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A. INTRODUCTION

Increasing importance is now being given to the
role of fungi in causing various systemic and super-
ficial skin disorders in humans. Particularly in
countries located in tropical and subtropical regions
of the world, where the fungal contamination of the

atmosphere and soil is known to be high, the possible
health hazards due to fungi have to be considered
seriously. The situation is further accentuated by
the widespread use of broad spectrum antibiotics and
immunosuppressive drugs in controlling bacterial
infections and other disorders. It is well established
that some fungi considered as mere contaminants or
saprophytes can , under altered physiological cond i-
tions, be the causative agents for diseases.

A few surveys conducted earlier ,have clearly shown
that mycotic infections are fairly common in India.
Hence the importance of detailed investigations in the
area of fungal infections needs to be hardly stressed.
The research project entitled ‘Human Mycoses ’ was
started in September 1971 with the following
objectives: to study superficial mycotic infections
and their causal organisms~ to examine their patho-
genicity and host-parasite relationship, and to study
the mode of action of antifungal drugs.

The results achieved during the programme peri od
(September 1971 - June 1977) have significantly helped

in understanding the etiolo~ r of superficial mycoses,
their pathogenicity and immune responses they elicit
in host animals. Besides , the efficacy of miconazole,

~
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a synthetic antifungal drug , has been clinically
evaluated and its molecular basis of action elucidated.

The results have been presented in Half—yearly

reports (six), Annual reports (five) and progress
Report Abstracts (two). This report wherein the
results from recent work and a summary of the earlier
work are presented, represents the final technical
report of the programme. .
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Among the infe ctive diseases of man and anima ls
the diseases due to fung i are widely distributed
throughout the world . Superficial mycotic infections
are more commonly encountere d in tropics than in
temperate parts of th~ world . The tropical climate
of India is supposed to influence and favour the
occurrence and maintenance ci’ these infections in the
population. The superficial mycotic infections are
confined to the skin and its appendage s like nail and
hair. The clinical symptoms are highly variable
depending on the individual factors and the etio-
logical agent s involved. —

Studies have been carried out to examine the in-
cidence of dermatomycoses and to isolate and identify
the etiological agents. The studies have revealed
that these infections are caused both by derrnatophytes
and species of C~andida. The studies on p-athogenicity
of species of Candida in experimental animals re-
vealed the pathogenic ability ci’ species other than
C. albicans (pages, 5 - 2 5) .
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STUDIES ON SUPERFICIAL MYCOSES
VIJAYA MANOHAR , M. SIRS! AND G. RAMANANDA RAO

Microbiology and Cell Biology Laboratory,
Indian Institute of Science, Bangalore 560 012.

ABSTRACT

India being a tropical country, most of its parts are under the influence
of sustained periods of combined heat and humidity, and it is supposed to
have hi gh incidence of mycotic infections. Studies carried out in different
parts of the country on the incidence of dermatomycoses and their causal
organisms have rendered varied findings. In the present study 374 patients
with suspected superficial mycotic infections were examined. The etiological
agents of these infections were isolated from the lesions and characterized
as to their species. Susceptibility of these causal organisms to various
antifungal agents generally used in clinical practice was determ ined.

Ever since Sabouraud’s classic publication, ‘Les Teignes’ appeared, the widespread
occurrence of dermatophytes is well established from the finding s of various workers
throughout the world. However, derinatomycoses are more common in the tropics
tha n in the temperate parts of the world, India being a tropical country, situated with in
the tropical and subtropical belts of the world, is supposed to have high incidence of
mycotic infections. Most parts of India are under the influence of sustained periods
of combined heat and humidity recurring annually; and these geographic factors directly
or indirectly influence the occurrence of mycotic infections and their maintenance in the
popul ation.

The study of dermatomycoses was started in India in early 1920s mainly at the Calcutta
School of Tropical Medicine ’. Since then several such studies have been made in various
parts of India. During the last decade, surveys have been carried out on the incidence
of dermatomycoses and their causal organisms2 9 . The findings varied depending upon
the parts of the country and population studied.

In the present study, 374 patients with suspected superficial mycotic infections, who
attended the dermatolog ical clinics were examined. The etiological agents of these in- 7
fections were isolated from the lesions, and characterized as to their species. Their suscepti-
bility to various antifungal agents generally used in clinical practice was determined. 4

MATERIALS AND METHODS ‘l
The samples were collected at the Skin Department (Out Patient) of Employees’

State Insurance Hospital , Rajajinagar, Bangalore, and Government Hospital , Bellary.
A total number of 374 patients suspected of superficial infections were examined over a 

--.- -~~~~~~~~~~~~~ --~~~~~~~~~,- - -
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period of 2 years. The proforma used to collect the relevant information of the case
is shown in Chart 1. The cases were diagnosed as ‘ti nea’ denoting fungus and a suffix

CHART 1— PROFORMA FOR THE CASE REPORT

E. S. I. No. : Date :

1. Name : Age : Yrs. Sex : Male/Female
2. Address : Religion :
3. Occupation :
4. Durauon of the illness:
5. General health :
6. History of animal contact :
7. Family history :
8. Clinical lesions :

(a) Primary site of disease : Skin Nail Hair
(b) Regions affected :

Groin Buttocks Axilla
Abdomen Foot & toes Cheek
Hands & fingers Back Chest
Thigh Loin Face

9. No. of lesions :
10. Size of lesions
11. Characters :

Border Redness Scales
Papule Weaping Lichenification
Vesicle Pigmentation Secondary infection
Pustules Depigmentation Itching

12. Provisional diagnosis : -

13. Differential diagnosis :
14. Previous treatment
15. Treatment advised :
16. Laboratory findings :

Direct examination :
Culture :

added denoting the site of infection, except in the case of ti nea versicolor where versi color
depicts the varied nature of the lesions. Besides skin infections, a case of external ear
infection and a vaginal infection were also encountered.

(a) Collection of samples. The skin scrapings and nail clippings were collected on a
clean paper using a sterile scalpel afte r cleaning the site with 70% ethyl alcohol . From
cases of t inea versicolor, samples were collected according to the method described by
Shing Lin Lu ’0. After treating the site with 70% ethyl alcohol , procaine was injected
intradermall y into the lesions, to form a wheal of 1 cm diameter. The epidermis was
then peeled off with a clean new razor blade and collected on sterile paper.

(b) Microscopic examination. A sample of the scrapings, and nail cli ppi ngs were
mounted in a drop of KOH—glycerine (10% KOH and 5% glycerine) on a sl ide, covered
with a cover slip, sli ghtly warmed over the flame and then examined under the microscope
for the presence or absence of mycelial bits , spores or yeast—l ike cells.

~~~~IlL...... 
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(c) Culturing of organisms. Sabouraud’s glucose agar (S.g. agar) supplemented
with antibiotics (chloramphenicol, 0.004%, cycloheximide, 0.05%) and Littman Oxgall
agar were used to isolate dermatophytes and yeasts. Some of the scrapings were spread
on agar slants and the remaining scrapings were placed in sterile petri plates. S.g. agar
(at 40-45 C) was poured into these plates and gently swirled to disperse the scrapings
evently. Plates were incubated at room temperature, and examined at intervals for a
month.

In addition to the above media, Martin-Scott’s medium”(sodium tauroglycocholate,
10%; oxopeptone, 5%; agar , 2%) was used for isolation of causal organism from tinea
versicolor. The epidermal pieces were inoculated on slants, incubated at 25C and 37C
and examined at intervals for a month.

(d) IdentWcation of isolates. The isolates were identified based on their colony
morphology and then subcul tured on S.g. agar slants. Further characterization of these
isolates was done by their microscopic and biochemical characteristics.

(e) Characterization of dermatophytes. Species of Trichophyton, Epidermophyton
and Microsporum were characterized by their colony morphology, viz.,shape, pigmentation ,
and presence or absence of micro-and macroconidia , chlamydospores, racquet, pectinate
and spi ral hyphae, on microscopy. Production of macroconidia in T. rubrum was con-
firmed using beef heart infusion tryptose agar (Difco Laboratories, London). Peptone
broth (peptone, lo g; distilled water 100 ml, pH 6.4) containing bromothymol blue as
indicator was used to study and differentiate growth properties of derrnatophytes parti-
cularly T. mentagrophytes and T. rubrum.

Chr istensen’s urea agar’3 (peptone, 1.0 g; NaCI, 5.0 g; KH2PO4, 2.0 g; glucose, 5.0 g;
agar, 20 g; 6 ml of 0.2% phenol red solution in 50% ethanol and distilled water, 1000 ml)

- containing 2% urea was inoculated with the dermatophytes and incubated at 27 C for
8 days. Urease production is indicated by change of colour from yellow to pink.

Lab-lemco agar ’4 containing Lab-lemco beef extract (Oxoid , London), 2.5 g; glucose,
5.0 g; agar, 20.0 g; and distilled water, 1000 ml was used to examine pigment formation.
The pH of the medium was adjusted to 6.5—7.5. Inoculated slants were incubated at
27C for 12 to 14 days and the reverse side was examined for pigmentation.

In all the above mentioned studies, standard strains of dermatophytes obtained from
School of Tropical Medicine and Hygiene, London, England, were used as reference.

(f) Characterization of yeast-like organisms. The characterization and identification
of species of Candida have been carried out by methods reported earlier’3.

(g) Preparation of drug solutions. Nystatin (Sarabhai Chemicals, Baroda, India)
was dissolved in sterile distilled water containing 1% dimethyl formamide at a concen-
tration of 1 mg/mi. Stock solution of griseofulvin (Sigma Chemical Co., St. Louis,
U.S.A.) was prepared in 50% diinethyl formainide. Miconazole nitrate (Ethnor Ltd.,

- -.
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Bombay, India) and buclosamide (active ingredient of Zadit , Hoehst Laboratories, Bombay,
India) were dissolved in 50% ethanol at a concentration of 1 mg/mI.

(h) Method of testing. Serial (two-fold) tube dilution method was used for yeasts.
Tubes containing 25, 12.5, 6.25, 3.12, and 1.56 pg/mI of the drug in Sm! of S.g. broth
were inoculated with 1.5 X l0~ cells of yeast in 0.1 ml of inoculum and incubated at 30 C
for 24—48 hr.

S.g. bwth tubes containing drugs at 50, 40, 30, 25, 15, 5, 2.5, 1.5, and 0.1 pg/mI in a
5 ml system were inoculated with 0.05 ml of the spore/mycelial suspension of dermato-
phytes (stock suspension adjusted to 85% transmission in Klett—Summerson colorimeter)
and incubated at 30 C for 14 days.

Minimum inhibitory concentrations (MIC) of the drug to bring about complete
inhibition of the growth was determined at the end of 24 hr (yeasts) and 7 days (dermato-
phytes) and expressed as pg/nil. Minimum fung icidal concentrat ion (MFC) to bring
about complete inhibition of the growth and viability was determined at the end of 48 hr
(yeasts) and 14 days (dermatophytes).

RESULTS

The incidence of fungi in clinical cases is shown in Table 1. Out of 374 cases suspected

Table I. Incidence of fungi in clinical cases

Number of cases studied 374 °/~Number of cases found positive by microscopy 129 34.2
Number of cases found positive by culture 123 32.8
Number of cases found positive either by microscopy

or by culture 184 49.2
Number of cases where mixed infections were encountered 14 3.7

of fungal infections, 34.2% were found positive for fungi by direct examination and 32.8%
by culture. Large number of patients had multiple lesions and some had even mixed
infections (3.7 %). In 9 patients, dermatophytes and yeasts were isolated together from
same lesions. The dermatophytes isolated were T. rubrum (5 cases) and E. f loccosum
(4 cases). In another 5 cases, T. rubrum and T. violaceum were isolated from the same
lesions. In some cases, multiple and clinically distinct lesions in the same patient yielded
different fungi upon culture.

Incidence of etiological agents in djfferent clinical types: A large number of derinato-
phytes and yeasts were isolated mainly from two types of clinical lesions, viz., t.corporis
and t. cruris (Table 2). T. rubrum constituted the most common etiological agent (31.6%)
followed by E. f loccosum (18.6%). T. mentagrophytes and T. violaceum were isolated
from 12 and 10 cases, respectively. M. canis was isolated from a single case oft. cruris.
A significantly high percentage of yeast-like organisms (32.3%) were isolated from various
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Fig. I Fig. 2
T. menwgrop h.vtes ( - . 450) T. meniagi-oph vies ( 450)
Clusters of microconidia Micro and macroconidia
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Fig. 3 Fig. 4
T. ine,,iag, vp / iv ies  ( .~ 450) T. rub,-un, ( -, 450)

Spiral hyphac Mycelium with nhicroconidia

Fig. 5 Fig. 6
T. rubrum ( x 450) T. violaceum ( x  100)

Myce t ium with macroconidia Mycelia

_______ 
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Fig. 7 Fig. 8
E. floccosuin (x  450) M. con/s (x  450)

Mycelia with macroconidia Macro and Microconidia

Fig. 9
M. cani s (X 360)
Raquet hyphae
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Table 2. IncIdence of causal organ isms in thif ereni clinical types

inter- Onychia & Otomy- Vulvo
Org anisms t. capitis t. corporis t. cruris t. pedis trigo paronychia coses vaginitis Total

T. m.ent~grophytes 1 4 7 ... ...  12
T. rubrum ... 25 17 ... I  43
T. violacewn 3 7 ... ... ...  10
M. cants ... ... 1 ... ...  ...
E.floccosum ... 7 15 1 2  25
Yeasts 2 8 13 4 9 7  1 44
A. nlger ... .•. ... ... ...  1  I

CHART 2 —  CHARACTERIZATION OF THE DERMATOPHYTFS

Pigmentation
Genus Species Colony Microscopy Growth in Lab-

morphology lemco agar

Trichophyton mentqgrophytes Granular, Abundant sessile and Growth on Pale brown
flat , few oval microconidia in surface with
aerial byphac, clusters, macroconidia craters in the
reverse few, cylindrical , 4-5 centre.
yellowish celled with blunt ends. Urease+ve.
brown Spiral hyphae.

(Figs. 1-3)
rubrum Granular w~th Abundant sessile Submerged Pronounced

central umbo. inicroconidia along the mycelia, a cherry red
Pinkish white hyphae. Macrocothdia few as
surface, a few absent, produced on hemispherical
aerial hyphae, beef heart infusion ball
reverse tryptose agar. 4-5 urease—ve
cherry red celled, cigar shaped

(Figs. 4, 5)
violaceum Creamy white No spores, mycelia Submerged Pale pink

or waxy later short and stout fluffy balls colour
becomes (Fig. 6)
violet pink,
very few aerial
hyphac

Microsporum canis Yellowish Macroconidia abundant Submerged Pale brown
brown on long aerial hemispherical
granular with conidiophore, spindle balls
brown surface, shaped, 4-5 celled
aerial byphae microconidia, oval,
present. se.asile, characteristic

racquet hyphae
(Figs. 8, 9~

Epidermophyton floccoswn Flat brownish Abundant mac.roconidia Partially Pale brown
powdery either singly or in submerged
colony with clusters, 3-5 celled, fluffy balls
radial furrows, club shaped intercalary
no aerial (Fig. 7)
mycelia

L 
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types of clinical lesions. A detailed account of incidence, isolation and characterization
of these yeasts-like organisms as to their species has been reported earlier 15.

Characterization and identçf ication of dermalophyles. Species of Trichophyton,
Microsporum and Epidermophyton were identified and characterized based on their colony
morphology, pigmentation, presence or absence of macroconidia, other hyphal structures
and some of their biochemical potentialities, as given in Chart 2. Like T. rubrum one of
the strains of T. mentagrophytes, viz., HM 147 produced yellowish red pigment, produced
both macro-macro-and microconidia as well. The identity of this isolate was confirmed
byproduction of urease in urea agar and inability to produce red pigment i nLab-lemco
agar (Chart 2).

- ,  No correlation between the types of clinical lesions and the etiological agent isolated
is evident. However, T. violaceum was always observed in t. capitis cases where lesions
were of either single or multiple kerion types, while in the glabrous regions the lesions
caused by T. violaceum were circinate with pronounced border.

Analysis of cases into different clinical types in relation to age , sex and occupation.
The distribution of different clinical types in men and women is given in Table 3. The

Table 3. AnaJysis of cases into different clinical types with relation to sex

Clinical types Males Females Total

t. capitis 8 1 9
t . corporis 73 82 155
t. cruris 94 11 105
t. pedis 20 19 39
intertrigo 6 9 15
onychia and paronychia 14 17 31
t. versicolor 22 8 30
vulvovaginitis — 1 1
otomycoses — 1 1

TOTAL 237 149 386

Table 4. Anojysis of different clinical types In relation to the age

10 yrs and 11—20 21—30 31—40 41—50 51 yrs and
ainical types below yrs. yrs. yrs. yrs. above Total

t. capitis 7 2 — — — — 9
t. corporis 21 18 47 38 23 13 155
t. cruris 2 4 45 31 II 12 105
t. pedis 6 5 11 9 6 2 39
intertrigo — 2 4 4 3 2 15
onychia and paronychia — 2 7 8 10 4 31
t. versicolor — 5 13 10 1 1 30
Otomycoses 1 — — — — — 1
vulvovaginitis I — — — — — I

TOTAL 38 34 127 100 54 33 386

- - -
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most common clinical type, viL, t. corporis (40% of the incidence) was observed equally
in both the sexes. T. cruris and t. versicolor were found more in man. But in women,
the predominant sites of infection are foot, nail and intertrigal regions.

F~ople in the age group of 21 to 40 years were found to be affected more than other
groups (Table 4). T. capitis was found only in the younger age groups of 10 to 20 years.

The analysis of clinical types in relation to the occupation of the patients is given
in Table 5. Infections of scalp were found only among students. T. corporis though

Table S. Anafr iLs 0/clinical types with relat ion to occupation

CllnicaJ types Students Housewives Factory Others’ Total
workers

t. capitis $ — I — 9
t. corporis 19 68 40 28 155
t.cruris 8 9 44 44 105
t. pedis 8 12 9 10 39
intertrigo — 10 2 3 15
onychia and paronychia 3 16 4 8 31
t. versicolor 6 6 12 6 30
vulvovaginitis 1 — — — 1
otomycoses 1 — — — I

TOTAL 54 121 112 99 386

‘include office workers, businessmen, artisans and manual labourers of both the sexes.

affected all the classes of people, factory workers and housewives seem to be affected
more (28.5%). T. cruris was found more in factory workers than in any other group.

The in vitro susceptibility of derinatophytes to antimycotic agents is shown in Tables
6 and 7. Gri seofulvin exerted both growth inhibition and fungicidal effect in the con-

Table 6. SusceptIbility of dermatophytes to antifungal agents

Griseofulvin Miconazole
Organisms

MIC MFC MIC MFC
(~&g/nti) (~&g/m1) (i&g/ml) (tLg/ml)

Epidermophyton
floccosum HM 358 1.5 1.5 0.5 1.5

Microsporum canis HM 382 5.0 5.0 1.5 1.5
Microsporum adounil ’ 1.5 1.5 0.5 1.5
Micvosporumgypseum’ 1.5 1.5 1.5 1.5
Microsporum nanum” 2.5 2.5 1.5 1.5

‘Obtained from School of Tropical Medicine & Hygiene, London, U. K.
“Obtained from Willmgdon Hospital , New Delhi, India.

MIC —Minimum Inhibilitory Concentration.
MFC—Mmimum Fungicidal Concentration.

_ _ _  
_ _
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Table 7. Vg aj gg lon hi the susceptibility of species and strains of Tnchophyton wii(fsmg.l to agents

Griscofulvin Miconazole
Isolates

MIC MFC MIC MFC
(pg/mi) (pg/mi) (pg/mi) (pg/mi)

T. menlagrophytes
HM 331 . 385 1.5 2.5 0.5 1.5
HM 325 1.5 2.5 2.5 5.0
HM 147 2.5 2.5 1.5 1.5
HM 106 5.0 3.0 1.5 5.0

T. nsbrum
HM 95, 183, 24, 280, 386 0.5 1.5 0.1 1.5

T. violaceum
HM 72 0.1 1.5 0.1 1.5
HM 163, 299, 377, 364 0.5 1.5 0.1 1.5

MIC —Minimum Inhibitory Concentration .
MFC—Minimum Fungicidal Concentration.

centration range of 1.5 to 5.0 pg/mI. Miconazole was more effective and showed fungicidal
effect at a concentration of 1.5-2.5 pg / mI.  Strains of T. violaceum and T. rubrum were
susceptible to both the drugs (Table 7). Strains of T. mentagrophytes exhibited slight
variation. Griseofulvin was found to inhibit the growth of 4 strains at 1.5 to 2.Spg/ml
level and was fungicidal at 2.5 pg/mI. The strain HM 106 was resistant to griseofulvin.
It required two-fold higher concentration to cause inhibition and twelve-fold higher
concentration for fungicidal action.

Susceptibility of Candkla species to various antifungal agents is shown in Table 8.
Table 8. Susceptibility of Candida species and strains to antifungal agents

Buciosamide Nystatin Miconazoie
Species and No.

of isolates MIC MFC MIC MFC MIC MFC
(pg/mi) (pg/mI) (pg/mi) (pg/mi) (pg/mI) (pg/mI)

C. alblcans 6.25- 25 1.56- 1.56- 1.56- 1.56-
(14) 25 12.5 25 3.12 3.12

(4)’ (7)”
C. pseudo troplcalls 6.25- 25 1.56- 3.12- 1.56- 1.56-

(12) 12.5 (1)” 6.25 12.5 6.25 6.25
C. krusei 6.25- 3.12- 3.12- 1.56- 1.56-

(3) 12.5 (3)” 6.25 12.5 3.12 3.12
(1)’

C. p arakru sel 6.25- 25 12.5- 12.5- 3.12 3.12
(2) 25 25 (1)”

C. p arapsilosis (1)’ (1)’ 6.25 6.23 1.56 1.56
C. tropIcal/s 3.12 6.25 1.56 3.12 1.56 3.12

MIC —Minimum Inhibitory Concentration.
MFC—Minimum Fungiddai Concentration.

‘not inhibited even at 25 pg/mI.
‘not fungicidal even at a concentration of 25 pg/mi.
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Miconazole inhibited the growth and affected the viability of all the species and strains
of Candida at a concentration range of 1,5 to 6.25 pg/mi. Whilemajorityofyeasts were
inhibited by the nystain at 1.56 to 12.5 pg/mi, a few required a concentration of 25 pg/mi.
Buclosamide inhibited yeasts at higher c. ncentrations, viz., 6.25 to 25 pg/mI. It showed
fungicidal effect only in 50% of C. albicans strains at 25 pg/mI.

DISCUSSION

The widespread occurrence of dermatophytes in the tropics is well known and the
present study indicates that they are very common in this part of the country affecting
the people of all classes.

A fairly si gnificant percentage of people had tinea versicolor, with microscopically
demonstrable ovoid spore masses and short hyphae in scales. Our attempts to cultivate
the causal organism either by using Martin-Scotts niedium ’1 or by following the method
of Shing Lin Lu 10, were not successful. -j

In the present study 7’. rubrum is found to be the common etiological agent , and
thi s finding is in conformity with earlier reports from our laboratory and other parts
of India. The second common etiolog ical agent encountered was E. f loccosum. A
similar high incidence of E.floccosum was reported from Bengal by Ghosh3 ; while 7’. menta-
grophytes was reported to be the second common etiological agent in other parts of the
country. M. canis was isolated from only one case for the first time in this part of the
country .

Another salient feature of the present study is significantly hi gh incidence of yeasts
in superficial mycotic cases. Their incidence, isolation, character isat io&5 and their
pathogeni c abili ty 16 have been studied in greater detial and reported elsewhere .

The predominance of infections in men may be attributed in general to excessive
sweating and abrasion of under garments , particularly in case of tinea crur is. Both
tine a corporis and tinea cruris were observed in great numbers in factory workers than
in any other group . Women , house-wive s in particular , were mostly affected by tinea
corporis infections , on foot , nail and inte r triga l reg ions. In women , the tinea corporis
was obser~~d chiefly around the waist aud under arms because of the typ e of clothing
they wear. The ti ghtly worn sarees and blouses cause abrasions in the skin , and sweat
provides a mircroclimate suitable for the maintaince of the invading fungus . Act on
and McGu ir& have described the predisposing conditions for tine a, as thinness of the
skin surface, moisture as in obese people friction by clothing and shoes, and constant
wetting of hands and feet. Incidence of scalp infections only among children up to the
age of 18 years and below is an interesting observation in conformity with earlier rep orts.

The dermatophytes isolated from these clinical materials have been tested for their
pathogenic ity in experimental animals like mice , rates and guinca pigs and sonic of them
were found to be pathogenic (detail’ s of experimental infection and pathoge nicity of
derm atophytes to be published elsewhere). -‘ .
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The in vj tro susccpiibility of dermatophytes and yeasts to various antifungal agents
was ex*znined. Miconazole appeared to be highly potent than other drugs tested.
Derinatophytes were more susceptible than yeasts. Griseofulvin and nystatin were
cifective at two-fold higher concentrations. Buclosamide needed higher concentrations
for its fungi static and fungicida l action both on dermatophytes and yeasts. The clinical
efficacy of miconazole as a topical agent has been studied and reported by us recently, ’7
showing 100% cure rate in cases of dermatophytes and yeasts without any recurrence
after the therapy is discontinued.
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In a recent study extended over a prei od of 15 months , 320 patients attending the
skin department of a local hospital , have been examined for the etiological agents in skin
infections . In near ly 31 per cent of the cases which are positive by culture , yeasts are
isolated as solecausative organisms . Mixed infections of yeasts with dermatophytes are
observed in another 9 per ceflt and the associated dermatcphytes are F . fioccosum
and T. rubrum . Yeasts are isolated not only from hands, feet and nails , but also frc m
body and groin . In all 42 yeast-like organisms are isolated fr cm 37 patients with
different clinical types . Based on their morpholo gy in different media , fermentation
tests , pseudomyeelia , chlamydospore and germ-tube form ation , 33 isolates are charac-
ten sed as to their species. They included C. albicans, C. paeudotropicalis, C. krusel,
C. parakruse l, C. parapsilosls, C. gulilermond li and C. tropicalis. In this study
C. albicans, a definitely prov ed path ogen accounted for 33 per cent ofthe yeasts isicat ed.
Further , a high incidence of C. pseudotropi calis, (28 per cent) is also observed.

Introduction

Among fungi pathogenic to humans and animals , importance of yeasts is well
recognized. Most of the pathogenic yeasts exist as commensals in humans and
animals and are frequently isolated from mouth , intestine , vagina etc. However,
during the altered physio logical conditions of the host as in infancy, pregnancy,
hormonal disorders , diabetes and due to prolonged treatment with broad spectrum
antibiotics , costicosteroids etc ., yeast-like organisms could be invasive and bring about
pathogenic manifestations (Chakravarthi et al., 1962; Balbir Singh and Sharma,
1962; Daftary et *1., 1962 and Raman et al., 1962). In surveys of the incidence of
fungal diseases of both systematic and superficial nature , yeasts are found to be
prominen t etiological agents (Ghosh. 1948; Desai et al., 1962; Indira et al., 1971).

In the present study from June 1972 to August , 1973, 320 patients with suspected
fungal infections attending the skin department of Empl oyee’s State Insurance
Hospital , Rajajinagar , Bangalore have been examined. Besides various species of
dermatophytes , yeast-like organisms have been isolated from superficial skin lesions
and charactensed to their species.
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Yeasts in Mycosis

Material and Methods
Clinical material : Scrapings are collected from patients by means of sterile scalpel
after clearing the site with 70 per cent ethyl alcohol.
Direct examination Scrapings are digested wi th 10 per cent KOH and then microsco-
pically examined for the presence or absence of fungal elements.
Culture : Sabouraud’s glucose (S.g.) agar supplemented with chloramphenicol
(0.04 mg.J ml.) and cycloheximide (0.5 mg./ml.) and Littman Oxgall agar, are used —

for the primary isolation. Scrapings are placed on agar slants and incubated at room
temperature. When yeast-like colonies appeared , they are transferred on to S.g.
agar slants, allowed to grow for 2 days at 30°C. and then stored at 0-5°C.
Morphology of growth in S.g. broth : Isolates are inoculated into S.g. broth , incubated
at 30°C. and then observed for the formation of surface growth or submerged growth.
Fermentation of sugars : - The ability of all the isolates to ferment the sugars glucose,
sucrose, maltose and lactose is tested according to the method of Beneke and Rogers,
1971. Tubes contained 4~5 ml. of sterile beef extract broth and 0~5 ml. of 10 per cent
sterile aqueous sugar solution. The broth contained bromocersol purple as pH
indicat or (0~ 16 mg./ml.) and Durham tubes to collect the ga~ evolved . These tubes are
inoculated with 0~ I ml. of 18 h. culture of the isolates in S.g. broth, then incubated at
37°C. for 48 h. and observed for the prod uction of acid and gas. The fermentation
properties are found to be same even after 72 h. 

—

Production of pseudomycetta and chiatnydospores : The relatwe efficiency of cornmea’
agar, chlamydospore agar (Moss and McQuoun , 1969) and rice agar with Tween 80
(Beneke and Rogers, 197 1) to facilitate pseudomycelia and chlamydospore formation
is examined.

Rice agar with Tween 80 is found to yield best results when tested with a standard
strain of C. albicans (Z 248) within 20 h . incubation. The chiamydospore production
was maximum at 20°C. than at 30 or -37°C. Hence rice agar with Tween 80 medium
and incubation at 20°C. are chosen for screening all the isolates for their ability to pro-
duce pseudomycelia and chiamydospores.
Formation of germ tubes in the presence of serum and egg albumin : Rabbit and guinea
pig sera are used to test the formation of germ tubes (Beneke and Rogers, 1971) with
the standard strain. Serum samples are inoculated and incubated at 37°C. After 4 h.
of incubation, small delicate germ tubes are found on microscopic examination with
a standard strain of C. albicans, Z248. Hen’s egg albumin (Gentles and La Touche,
1969) is found to be equally suitable and it facilitated the production of more pronounc-
ed and stout germ tubes. Hence the hen’s egg albumin has been used for screening
all the isolates.

Standard strains tested : In all the above experiments , pa rallel tests are performed
on standard strains of Candida species, viz., C. albicans Z248, C. Krusei Z70, C. pseu-
dotropicalis Z27 (got from London School of 1-lygienc and Tropical Medicine ,

_ _ _ _ _ _ _ _ _ __ _ _ _ _ _
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London), and C. tropicalis 509/7 (got from Vallahhbhai Patel Chest Institute , Delhi
University, Dethi) to serve as controls. -

Results and Discussion

The results of the study of 320 cases of suspected superficial mycotic infections
are shown in Table 1. In all , 93 cases (29.0 per cent) yielded causal organisms upon 

-

culture and they included both derniatophytes and yeasts. Dermatophytes accounted
fo r 56 cases (out of 93) and the isolated species are : T. mentagrophytes (8), 1. rubrum

(18), T. violaceum (10), E. floccosu m (20).

Table I. Yeast-lik e organisms in .uperhciil mycosea°.

Causal organisms encountered

F 

Site of infect ion
T. mentagr opbytes T. rubrem T. vlolaeeum F. ftoccoaum Yeast

Scalp 3 .. .. 3
Beard I .. .. I
Body 37 5 10 6 7
Groin 35 3 8 . 12 12~Hand (in ierdigital

region) .. .. .. I 4
Foot 6 .. .. .. .. 6
Nail and associate d
skin .. .. .. .. 9
Total 9.~ 1 18 10 20 37

•ln 3 cases yeasts were isolated along with E. f loccowm (2 cases) and T. rubrvm (1 case).
t In 5 cases yeasts were isolated along with F. floccosum (3 cases) and T. rubrum (2 cases).

Thc data is from 320 cases studied.

Among 93 cases that are positive by culture , yeast-like organ isms accounted
for 37 cases (40 per cent). They are isolated not only from hands , feet , nails and asso-
ciated skin regions but also from body and groin. While dermatophytes are predomi-
nant etiolog ical agents causing infections of body and groin (51 cases), yeasts are also
responsible in signhiicant number (21) of cases (29 per cent).

In all, 42 yeast-like organisms are isolated from 37 patients (in 5 patients 2 yeast-
like organisms are isolated from each) with different clinical types. Based on their
morp hology in S.g. broth , rice agar , fer mentation tests etc., 33 isolates are characteri z-
ed , as species of Candida , while the remaining 9 isola tes are not identified because of
the ~aried fermentation reactions and lack of pseudomycelia formation. The following
7 species of Candi da are encountered (Table II ) .

Group 1 C. albicans (14 isolates) HM I 2 , 27, 4Ia , 42, 66, 144 , 206, 28lb , 303, 309,
312, 318a, 318b, 343.

Group 2 C. pseudotropicalis ( I I  isolates) HM4O , 82a , l l 6b , 244, 282 , 290b, 295,
322a, 322c, 323b, R’ . 
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TaMe H. ~~~raeter1eatio. and i dentificatIon at yeast-like organisms.

- Fermentation behaviourOrganisms Growth in Morphology in Produc
e
- Species(isolate S.g. broth rice agar lion 

~~~ 
identifieds ra Glu MaI Sue Lac ge

Group I AG AG A~ .. No surfac e Pseudomyce lia + C. sibleans
(14 isolates) growth bearing terminal

chalmydospores
Group 2 AG — — AG No surfa ce Pseudomycelia — C. pseed .(11 isolates) growth troplcalls
Group 3 AG — — — Frothy myce- Pseudomycclia — C. kroasl
(3 isolates) list growth
Group 4 AG — — — No surface Pseudomycelia — C. parakruse(2 isolates) growth
Group 5 AG AG A — No surface Pscudomycelia — C. parapal-(I isolate) growth 1.1*15
Group 6 AG — A — No surface Pseudomycelia — C qollI ter -
(I isolate) growth mond li
Group 7 AG A AG — Surface Pseudomycelia — C. troplcbli(1 isolate) growth
Group S Varied reactions No surface Blastospores — Unidentified(9 isolates) growth

Group 3 : C. krvsej (3 isolates) HM4lb, 308b, R’.
Group 4 : C. parakrusei (2 isolates) HM265, 123.
Group 5 C. parapsilosis (1 isolate) HM 152.
Group 6 C. guilliermo.dii (1 ioslate) HM240.
Group 7 : C. (ropicalls (I isolate) HM279.
Group S : Unidentified (9 isolates) HM74 , 155, 204, 252, 280, 2Sla , 288, 289, 310.

The identity of isolates in group I as C. albicans is further confirmed by their
abil ity to produce chlamyd ospores (Plate XXIII, Fig. 1) and germ tubes in presence of
egg albumin (Plate XXIII , Fig. 2).

Several species of yeasts belonging to the genus Candida are isolated from super-
Lcial mycoses. In this study, C. albica ns, a definitely proved pathogen , accounted for
nearl y 33 per cent of the yeasts isolated ; further a high incidence of C. pseudotropi-
calls, I.e., i t  out of 42 (26 per cent) is of interest.

The present study establishes the occurrence of yeasts in dermatological lesions.
Whether they are present merely as saprophytes or responsible for the dermatologica l
lesions needs further stud y on their pathogenic ability in experimental animals.
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• Pathogenicity of several species and strains of Co.ndlda isolated from superficial skin in-
fections, in mice has been examined. Fifty per cent of yeasts isolated were found to be
pathogenic. In addition to C. albkans which is a definitely known pathogen, other spe-
cies of Candida viz., C. pseudot~opicaJis and C. parapsilosis have been found to be
equally pathogenic.

Introduction

Althoug h the occurrence of yeas ts . notabl y species of Candida . as commensals in
various parts of the human body. si:.. mouth (Young ci a!.. 195 1) . intestine (Marp les
and di Menna. 1952 ) and vag ina (Balbir Sing h and Sharm a. 1962) and theii pathogeni-
city under altered physiolog ical conditions. vi:., infancy (Taschdjian and Kozinn .
1957), old age, pregnancy l Daftary et a!., 1962), prolonge d hormone and broad-
spec trum antibiotic treatment (Cr ossby. 1967 and Raman ci a! .. 1962) are well docu-
mented , the it occurrence and function in superficial skin la sers are less understood.
While Drouhet (1960) reported failure to recover C. albicans from a large number of
health y skin samples , its definite pre sence and relation to age have been shown by
Marples and Somerville ( 1966) . Howeser . information is lacki ng on species of Candida
which are frequently encountered on the skin and their potential pathogenicity.
Though in earlier studies on superficial skin infections , yeast-like organis ms have been
isola ted as etiological agents . their identity and pa t hogenici t y are not reported.

The incidence, isolation and cha rac ierisation of yeast-like organis ms from super-
ficial skin infections have been reported earlier by the present authors (Vijaya Manohar
et a!.. 1975). The present paper deals with the pathogen icity of these yeast-like
organisms to Swiss albino mice.

Material and Methods

Organisms : The following strains of Candid , species (iso lated from patients
desi gnated as HM series) and strains obtained from London School of Hyg iene and
Trop ica l Medicine. London (desi gna ted as Z series) were used.

C. albicans : HMI2. 27 , 4 la , 66, 206, 303, 309. 312. J l 8a ,  3l8b and Z248.
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C. pseudotropicalis : HM4O, 56, 82a, 1 l6b , 244, 282, 290b, 295, 322a, 322b and Z27.
C. parakrusei HM265.
C. parapsilosis: HMI52 and Z40.
C. tropicalis : HM279 and ZI 56.

Preparation of inocula : Cells from an 18 hour culture , grown at 30°C. in Sabouraud’s
glucose (Sg) broth, were harvested , washed twice with saline and suspended in the
same. The cell population was quantitated by haemocytometer.
Experimental animals and mode of inoculation : Swiss albino mice of either sex in the
weight range of 15 to 25 g. were used. Animals were infected by intravenous route follow-
ing the procedure described ly Ramananda Rao and Sirsi (1962). As the strain Z248,
proved to b~ , pathogenic at a .dose of 5x 106 cells .w~th an average survival period of
less than 7 days,. all the isolates were tested by injecting 0.1 ml. cell suspension containing
5 and lOx 10’ cel ls. Isolates which were non-pathogenic at a dose level of 10 x 10’
cells were also tested at a dose level of 30 x 106 cel ls. Each group consisted of 5 animals
and control group received 0.1 ml. of saline. Body weights of the experimental
animals were recorded before and during the cour se of infection at regular
intervals.

Examination of the tissue preparation The mice were kept under observation and
mortality rates were calculated at the end of 30 days. The mice died of infection and
those which survived , were sacrificed at the end of one month , dissected and examined
for the presence of macroscopic lesions in organs like lung, liver , spleen, k idney and
brain. Smears prepared from these tissues were microscopically examined (after stain-
ing with I per cent aqueous methylene blue) for the presence or absence of blastospores
and pseudomycelia.
Culturing of the organisms : S.g. agar and broth containing cycloheximide (0.5 mg.Jmt)
and chloram phenicol (0~04 mg ./ml.) were inoculated with aliquots of tissue homogenates
and incubated at 30°C.

Results and Discussion

The animals infected with pathogenic strains showed loss in weight. Pathogeni-
city of strains of C. albicans is shown in Table I. The strain Z248 was found pathogenic
at both the dose levels of 2~5 and 5~0x 106 cells, with average survival periods of 10.5
and 6~2 days . respectively. All the isolates of C. albicans tested were found pathogenic
to vary ing degrees. Four of them (40 per cent) were highl y pathogenic with an average
survival time of 1.2 to 3~2 days and the rest were moderatel y pathogenic with an average
survival period of 6 8  to lO~5 days.

Among 10 isolates of C. pseudotropica/is , 4 strains were found to be pathogenic
to varying extent as seen in strains of C. albicans. Isolates HM295 and 322a were highly
pathogenic (Table iT). With a two-fold increase in the dose of inoculum , the average
su rv wal time of the animals infected with these isolates was considerably reduced
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Table I. Pa(bogeolclty of C. alblcmu strains’ to Swiss albino mice. 
—

No. of ~nin,als Average survival
Isolates Dose of infection died,’No. of period

animals used (days)

Standard strain
Z248 2~5 x 10’ cells 4/5 10~5

50 x 10’ ,, 4/5 6’2

Highly pstboganlc
HM303 50 x 10’ cells 4/5 1~2
HM 12 ,, 3/5 2~3
HM312 ,, 4/5 2~7
}IM4la ,, S/S 3~2

Moderately pathogenic
HM66 ,, 5/5 68
H.M206 ,, 3/5 Si
HM3 18b ,, 5/5 86
HM27 ,, 5/5 S’6
HM318a ,, 2/5 90
HM3 09 ,, 4/5 105

‘Since all the strains were found to be pathogenic at a dose of 5x10’ cells,
higher doses were not tested.

TaNe II . Patbogenicity of C. pseudotropkalls str*~~ to Swiss albino mice.

No. of animals Average
Isolates Dose of infection died/No. of survival period

animals used (days)

Patbogenic’
HM295 5X 10’ cells 5/5 5~O

lox 10’ ,, 5/5 21
HM322a 5 )~ 10~ ,, 3/5 8~3

lOx 10’ ,, 4/5 35
HM S6 5x 10’ ,, 0/5

lOX 10’ ,, 4/5 S~0
HM82a sxlO’ ,, 0/5

iox 10’ ,. 3/5 80
Nos-p.thoge&c

HM4O, ll6b , 244, 5x 10’ ,, 0/5
290b, 322c, lOX 10’ ,, 0/5
322b and Z27 30 X 10’ ,, 0/5

‘Strains which proved pathogenic at a dose level of lOX 10’ cells, were not
tested at a dose level of 30 X 10’ cells. 

~~~~~ 
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(5~O to 2.8 days and 8.3 to 3~5 days). The other two isolates viz., HM56 and 82a
were moderately pathogenic at a dose of lOx 10’ cells, with an average survival period
of 5~0 and 8.0 days, respectively. The remaining isolates and the strain Z27 were non-
pathogenic even at a dose of 30x 10’ cells.

Among other species tested, C. parapsilosis HMI 52 was moderately pathogenic
at a dose of lOx 10’ cells (Table II I). The tissue involvement in animals infected
with pathogenic strains is shown in Table IV. Only few strains viz., C. albicans HM27 ,
C. pseudotropicalis HM295 (Plate CIV, Fig. I) , HM322a and C. par aps ilosis HM 1 52
produced discrete lesions in kidneys. However k idney smears fr om all the animals
infected with pathogenic strains showed yeasts and pseudomycelia on microscopic
examination (Plate CIV, Figs. 2 and 3). No such macroscopic lesions were seen in
other organs vi:., lung, liver , brain and spleen , and microscopically smears did not
show any yeasts or pseudomycelia. But homogenates from all the organs viz., kidney,
spleen . li~er . lung and brain , yielded yeasts on culture. Recently similar fi ndings have
been reported i n case of C. albicans by Maria ni ta and Schmitt (1973). No macroscopic
lesions were found in any of the organs of the animals which survived and were sacrificed
at the end of one month , and tissue smears from these organs did not reveal either
blastospores or pseudomycelia. Further , homogenates from any of the organs fr om
these animals, did not y ield yeas t s on culture.

In the present stud y, the pathogenic ability of 50 per cent of the yeasts isolated
from skin lesions is established. In addition to C. aihicans which is a definitel y known
pathoge n, other species of Candida, vi:.. C. pseudotrop ical is and C. parapsilosis are found
to be pathogenic. Since these organisms were isolated from superficial mycotic lesions
(Vijaya Manohar et a!.. 1975) and found to be pathogenic in experimental animals , the

Table 111. Patbogenlcity of Caad1d~ spp. to Swiss albino mice.

No. of animals Average
Isolates Dose of infection died/No. of survival period

animals used (days)

C. parapelloils
HM 152’ 5 x 10’ cells 0/5 —

10 x 10’ ,, 4/5 13
C. pars psllosls

240
C. tropical Is L ~ x 10’ ,, 0/5

HM279 , 2156 ( 10 X 10’ ,, 0/S
C. psrskrusel 30X 10’ ,, 0/5

HM26 5

‘Since this strain proved to be pathogenic at a dose level of 10 X 10’ cells,
it was not tested at 30 X 10’ cells. 
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Table IV . Tissue Involvement In experimental candidlasis In Swiss albino mice.

Microscopic
Isolates Species Macroscopic lesions in organs examination of

kidney smears’

Highly pathogenic
HM303 C. albicans No lesions in kidneys and Yeasts and

other organs pseudomycalia
HM 12 ,, ,, ,,

HM4la ,, ,,

HM3 12 ,, ,,
HM295 C. pseudotropicalls Discrete lesions in kidneys
HM56 ,, No lesions in kidneys and

other organs
HM322a .. Discrete lesions in kidneys

Moderately patbo;enlc
HM66 C. albicans No lesions in kidneys and

other organs
HM82a C. pseudotropicalLs ,,
HM206 C. alblcans ,, ,,

HM318a ,, ,,
HM27 ,, Discrete lesions in kidneys
HM309 ,, No lesions in kidneys and

other organs
HM 152 C. parapillosla Discrete lesions in kidneys ,,

‘Smears from lung, liver , brain and spleen did not reveal any yeast-like organisms or pseudon ycelia
on microscopy but the homogenates from all these organs yielded yeasts upon culture.

need for cultural  diagnosis is emp hasized in selecting a suitable ~her ap> for super !~cial
mycotic infections.
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Since the etiology of superf icial mycotic infect-
ions are highly variable , t he study of their in vitro
susceptibility to antimycotic drugs would help in
selecting a suitable therapeutic  agent and its dos-
age. Though a wide spectrum of antimycotic agents

have be en reported , the number of drugs used in
practice are very few and often are highly selective

in their action on fungi. There is no single drug

which acts on all the etiological agents with equal

efficacy. The in vitro susceptibility of various

superficial mycotic agents to some of the commonly

used antifungal agents like griseofulvin, nystatin and
buclosarnide has been examined. Their antifungal
activity was compared with miconazole nitrate (a

synthetic antifungal drug with broad-spectrum action).

The results revealed that both dermatophytes and

Candida spp. were highly susceptible to miconazole as

compared to griseofulvin or nystatin or buclosamide.

Further the clinical evaluation of miconazole as a

topical applicant in patients with superficial

mycotic infections has shown that the drug effectively

cures -all the superficial mycotic infections irres-

pective of the etiological agents involved (pages 11,

12,27—30).
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i~ rIbhio!oi~\ and (‘elI B ioItic~ 1 .ahoraior~ . Intl ian Ins t i tu te  of Science Bangalore 5600 ! 2. Ind a
:\ lcdi~ .11 C ‘I Ieee . Be ! Ian . India

Requesi . liii rLprinis to be addressed to Dr. Rainananda Rao . Microbiology and Cell Biology Laboratory . Indian Institute of
e - Bang.ih ‘re 564M412 . India

~hstratt Patients and methods

\ lic,,na,,’le nitr i t e 2’ , cream ssa s esa luated in the Cases were selected from those attending a lo al hospital .
t rea tme nt ot superf ic ial m%c ’ses . Out ol 1 16 pat ients having who consented to take the treatment and to report
multip le c linical diagnoses . 66 cases v.ere found t o he periodically for examination. Irrespective of thci r age . se\ .
p~)5i tJsc h~ cu ltuic Species of Trii -hop hvwn ssere the severi t\ and duration of infection. with or without the history
predominant ct iologut II .i,~cnts ( in use r 60”~ ) followed by of pre’. b u s  treatment w ith available antifungal ~-.gents. eac h
C,oith,lo species 2 (Y * 4 and F.pi~lermop hvton jloci -osuni patient was supp lied ~ ith miconazole nitrate in the lorm 01

IS’ -Nil the cases selected for studs v~ere fo llowed up to a 2’7 cream in collapsible tubes. Each patient v. as asked to
criod of 4 - Is  months A cure rate of 94 .6 per cent v ,as smear t he lesions with the cream at least twice a da) - During

oh,erscd in all th~ cases ~ herc causal or~anisrri s were the night the drugsmeared areas were covered with
isolated. S ignif icantl y high cure rate (66~ ) was also seen in hutterpaper (occlusive method ) and bandaged. The e’te nt
case s s~ here causa l organisms could not he isolated, and sever ity of the lesions were recorded and photographs of
including cases of t inea versico lor. Results of mycolog ical few cases were taken before and after cure. Patients were
exam ination were in confirmit~ with the clinical results. exam ined once in a week and at each attendance the skin and

nail scrap ings were collected by the dermatologists and
exam ined by microscopy and culture in the laborators -

Introduction Several representative pieces of skin and nail scrapings

were examined microscop icall y for the presence of fungal
Nl iconazole nitrate has been shown to have a broad-spectrum elements after digesting with 10 per cent potassium
ot in vitro anti m icrobial activit~ . It inhibits the growth of hydrox ide. Sabouraud~s glucose agar supplemented is ith
dermatoph~tes. pathogenic and nonpathogenic yeasts and chloramphenicol (0.04’ -~ and cyc loheximide (0.5’~ 4 was
gram-positive bacteria (2. 4. II . 1 5). Its effective therapeutic inoculated with skin and nail scrap ings and incubated at 30°C
use as a topical applicant in treating skin and nail infections for three weeks , to isolate dermatophyte s and \e a s ts .
and in vaginal candidiasis has been recognised (1 , 3 , 5, 10. Miconazole treatment was continued for 30 days after the
12 . 13 . 14L Its use under tropical conditions in India clinical cure and later discontinued. At each attendance
necess itated a clinical and mycological evaluation in a patients were questioned as to adverse reactions to the
random population of patients. preparation they were using and is- hether the) found the —

* Read at the Symposium on Human Mycoses and Mien- preparat ion acceptable. An attempt was made t i  follow-up

nazole held in New Delhi, India. February. 1975 all the patients for a period of 4-I f )  months.
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2 I

( I )

r i i e~ ~xi bIa i ,,(Hi spp . (II I — —
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E i ~ I - I l i l c ic y  it uh ic i r i l  iole in t inea corporis utect ions . i nca b~~rb ae I 7 .  ‘i., - ( I )  I — —

Tota l 80 71 6 5

Resu lts c 0 o ~~~~p D:00ui . as  ~ - I 8  ,o nt hS. Deug le nt Cored 71 75 966~ . ~~.

One hundred and s I \ tcc Ii patients s-s it h multi ple d an fl ‘sc’s Out ‘I b) ) clinica l cl ag noses s-s here orcan isnis s-s crc’ is~l aied

s- s -c rc se lected for the stud y . Eiiihb~ c linical (ll1boiri,’sc. froiii iinea cruris accounted for 29 . followed h~ tinea circinate in
f~ r i l l e n ; .  y ielded fung i upon culture Table I 4 A 9 and tinea corporis in II cases . Onyc homy coses and tinea
sign ificant l high pcrcenia~ e of inc ide nce s-s as observed in pedis together accounted tor I I cases Thoug h iinca erur is

the age group ii 6—45 c irs s-s ho s-s- crc voting and heal ili’. - m eet boils s-S c i c  c mii sei l h a ,iI I Ct\ ot ci iolog ical age fits like

The ic i c  c i i t , iyc distribution ~if t hese cas e according to the species mit Tiim /u ’j ; / iv t o i i .  I-~ ’ ’ / ,  I / r I ’  ‘/1/Il I n  Iloetos miiI imfic .

sc\ s-s ,ms as (tu b s-s s — males 75 lenu, i c ’  21  and cli ilstr cn - 
(‘,i ,m,/ mco spp . all the d iscs s-s -c rc comp leteR cured h~

rhe lesu l ’ on he c Ih t , tc ~ ‘‘I I l l I e lib i / IC treat ment in iiiemuna,o le. S,m i larl~ 05cm ‘ NI percent cure m ite 55 115 seen in

ise’ s-s- hit h s-s crc pi is i ii s - c by c;il ture are sho’s ii in Tahlc’ 2 t I rica ci mc inata and II nc corpori s j ut cell /il. In t inca pedi
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Table 3. E f f i c a c y  of m i c o n a z o l e  in the t r ea t -  NlXK )14-71 -C-(l 4’) is nrat ctu lly acknos-s ledged. Authors
i t’ of superficial mycot Ic cases where w i sh to t h ank  I- thitor Ltd. - Bm~ i m h m s -  - lncli1 i t om tilt supp ls- of

e t i o bo g i c a l  agent was not is o la ted  rtl ic inli/blle crea m 
-

C l i n i c a l  Total Cured Not Not
diagnoses cured traced
________________________________________________________ References

t i nea  c r u r i s  1 14 12 2 -

I flea c i  rc I nata 10 7 2 1 I - Rotter, A -N - 1971 - Topical trca ’iiicnt ‘I nail and skin
t I flea co rpor I s 6 5 — I infections s-s it li mic-ronaiole a t ies-s hrm uact -s pec - Imumli
t i nea  ped is 14 1 3
t i flea rnanum 6 — 5 1 anti l t lycot ie. Nh kosen. 14; I h7- 19 1.

inea in ter t ri go 14 1 — 2 Rotter \ .  1972. l-ur thcr c’s-periences w ith
- onyc homycos is  6 2 3 1 miconazole nitrate , --  hrm uadspcetrum aniinm )ci/t ic with

t i nea ax i  1 Ia 2 1 1 — anti bacterial a c t i s - i t y .  \1~ koscn. IS 179-lf )3 .
t inea cap i t i s  I I — — 

3. Brucittans, J .P. . J. Nl sail ( utsem & D C .  lhienpont .
t mnea  ve rs ico lo r  8 6 2 - - 

. . - - -
_____________________________________________________________________________________________ 

l970 . Double—blind clinica l es- aluatim li l II nticona,ole in

Total 61 36 18 7 the treatment of chronic tmnea pedis -\I ch. l)ermato l.
102: 42f)-432.

‘Fob low—up period was 1 4 — 1 8  months 4. Godelro i, EF. , J Heeres , i van Cutseni & P-N J. Jan.-
sen. 9h9 Preparation and antimyemlt ic properties mmfderi-

and onsc hotti yc mmse s where Condithm spp. s -s -crc mnostl ) the Slbtis - e s (if l-phenetvl imidaiole. I Med Chem 12: 784—
causal organisms . niicona,ole treatment s-h,>s -s-ed complete 791.

cure in 7t) per cent of the Cas t ’s . When all the 75 clinical S (jodis, P .  P N ernmyl e,i & J s-an Cutsem. 197 1 . Clinical
d bag Ill ises s -s -cr c taken into accm uunt . the c-nrc rate s-s as 94.6 per es- al nation of mic-onaio lc’ ni t rate ri the mm c ii merit of
cent vag inal ca ndl idll msi s -\ rincitii Fnrsch 2 1 :  2 5 f -25 7

-5. high c-bird’ rate (eifl ’ r 55 , m s noticed elcm m in casc s where 6 I-lcinkc . I- 1972 Clinical csperie rmcc s-s- ith miconim, rle

causa l (lrg,mn is ms could riot he isolated ( ‘Fable 3) s-s ml Ii special con sIdc mlii ion 01 the con fers at is -c treat item
ot ony chomy ens, s antI paron\ (i i-. - \l~ k /sell I S:

(‘omments 7. lan es . I - - Ful tIm Jr P)T 5. \ l iconaiole therap~ (or
endemic tut ig lil d lsc, sc’ Ii. Denillitol - I I I S % — S 9~~ -

Species of i n,  hop/i v wn were c ncountc r~cI in m ajori t y of 8. K(il I - I: I )~ 2 I ‘cal tr cat ilme nb ~/t I ungus ni cc t mo ns ,rt

cases . T. rm thrmim being the most dotit itlant et iobog ica l agent. the skin (intl nails s-s ith I)akiarin. a ness ormid—spect runt

ca using the intections in groin and the corporial reg ions of ( m u m )  ~l 1t mC l b P C I l t  Schs-s-e,, - Rundschau \les-t 6 I

the body - Topica lly applied micona,ole ~ as tmuun d tmu he 1308 13 Ill.
highl y effective in the treatment nt itifections caused h~ bo th 9 . Lurie . D 972 \lmc,’mi:i,ole in the tre,mtment oh lmgm nal
derma toph~ bc’s and clis t s  as shisuss n by- clinical (mild cardidm as s Sctjs-s d l !  - R mmit,I s~hatm Nbc ’ - prIm s - i s )  ft I

my colmugica l exaillina tions (turing the treatment and 365-I

follow -up There s-s-crc no report s of relapse after the 10. Proust. I.. F. Niacs-Doch~ . Ni - Ncli s & I, 51(1 1 Cutsem

discontinuation of the miconatole treatment during the NI,conazole in the treattlicnt ot mn\co t ic s-’ulv,~s aginm ims
F ’ I low-up period ranged front 4-IS mmunuhs or of adverse side Alit J .  Obstet (jynecol. 11 2: 685-692

effec ts with the imse of miconazole cream. These findings IbIC I I .  Ratnananda Ran . G - ‘  K H Sreedhar,m Ss-s aIll\ . 51,5 ItrI

in conform i ty us ith the prim ur report s muf the efficacy of the K titliar & NI - Sm rsi - 972 - Ni lc,/na/ ,u lc’ andl its action on

m i ona/mule in during superficial niy CllsCs - Candida spccmd’s - P i t e  - mit t he S,uc - (if B mob. Chelul st s .
Ind ia I \hstr l lc ls  I 3 1: 25 .
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~iconazole nitrate [l— (2 ,4-dichloro—~ -(2,4—di-

chlorobenzyloxy)phenethyl)irnidazole nitrate], a

recently discovered synthetic imidazole derivative , is
a potent antifungal drug. The dru g is clinical ly used
in the treatment of superficial mycoses (including

those of Candida species) and systemic rnycoses.

2hough the chemoths-2rapeutic usefulness of i’ioona—

zole has been well document d , the rn~ ch anism by which
it inhibits the growth of susceptible organisms is not

known. Hence , invest igations have been carried out to
elucidate its molecular basis of action. The main
objectives are to relate th~ biological effects of the

drug on sensitive cells to the interaction be tween the

drug and its biochemical target in the cells and ulti-

mately to explain these interactions in molecular

terms. Secondly , these studies would explain the

basis of selective toxicity of the drug. A dotailed

understanding of the antifungal action of the drug at

the molecular level may generate new ideas for the

design of entirely novel drugs. Further, the drug can
be used as a probe to understand in detail the bio-

chemical processes which it inhibits.

With the above objectives in mind investigations

have been made using three different biological syst-

ems. These are: (a) cells of Candida albica,ns, a

pathogenic yeast , (b) mammalian erythrocytes, and
(c) rat liver lysosomes. Miconazole inhibits the

growth of C. albicans by impairing the cell membrane

function resulting in the loss of intracellular mater-

ials (pages 34—39). A close correlation is observed

between the loss of intracellular materials and loss

of viability of cells. The uptake of labeled precur-

sors and their incorporation into DNA , RNA , protein
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and lipid are inhibited by miconazole as a result of

cell membrane damage caused by the drug. Further, the
drug brings about hemolysis of mammalian erythrocytes

by direct interaction with the erythro cyte membrane
(pages 40-45). Miconazole binds strongly to membrane

lipoprotein fractions. Miconazole—induced hemolys is
is inhibited by serum and the serum components res-
pons ible for the inhibition have be en identified as
IgG and albumin. Studies have been extended further

to examine the effect of miconazole on subcellular

membranes using rat liver lysosomes as a model system.

Miconazole exerts a profound effect on the lysosomal

membrane and causes release of lysosomal enzymes
(pages 46—50). The results obtained so far clearly

reveal that the drug interacts with both cellular and
suboellular systems and impairs their membrane s’truc—

ture and function. The interaction of miconazole with

the membrane constituents present in these divergent

biological systems brings about disorganization of the

structure of membranes to an extent that they lose

their properties as permeability barriers.

A major achievement in these studies is that the

biochemical t-arget for the drug has been identified

as membrane in both cellular and subcellular systems.

The present -approach to study the molecular basis of

action of miconazole using three different biolog ical 
-

systems has yielded a more comprehensive view of

biological action of the drug. These studies further

show that the drug interacts with divergent biolo~4cal

systems such as ye ists, erythrocytes and lysosomes.

Further studies on the characterization of the binding

site of the drug on the mc-.nbr-tne and also its inter-
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action with model membranes will provide a greater
insight into the understanding of the action of micona-
zole and would throw more light on the subject of
membrane biochemistry itself. These studies are in

S
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Studies on the Mechanism of Action of Miconazole: Effect of
Miconazole on Respiration and Cell Permeability of Candida

albicans
K. H. SREEDHARA SWAM\’ , M . SIRSI , AND G. RAMANANDA RAO

Microbiology and Pharmacolog~ Laboratory , Indian Ins titute of Science , Bongalore.560012 , India

Received cot publication 20 December 1973

The antifungal drug, mic~na zol e nitrate , in hibits the growth of several species
of Ca ndida. Candida alvi cans , one of t he pathogenic species , was totally
in hibited at a concentration of approximately 10 Mg/mI . Endogenous respiration
was unaffected by the drug at a concentration as high as 100 pig/mI , whereas
exogenous resp iration was markedly sensitive and inhibited to an extent of 85% ,
The permeability of the cell membrane was changed as evidenced by the leakage
of 260-nm absorbing mater ials , amino acids , proteins , and inorganic cations. The
results we present clearly show that  the drug alters the cellular permeability, and
thus the exogenous respiration becomes sensit ive to th~ drug

Miconazo le nitrate 11-(2,4.dichloro-$-(2,4- Cell growth. For growt h studies both Sabouraud
dichlorobenzyloxy)p henethyl)imidazo le ni t rate]  glucose medium containing 2% glu cose and 1% Difco
is a potent antifungal dru g (4 1 , the structure neopeptone , and synt hetic medium containing 2%
of which is shown in Fig. 1. The dru g was glucose , 0.3% ( NH ,),SO ., 0.3% KH 2PO., 0.1%
obtained as a gift sample through the cour- MgSO,-7H~O. 0.1% CaCl ,.2H 10, and 30 ~tg of biotin
tesy of Ethnor Ltd., Bombay, India It is a per liter were used. The inoculum was prepared by

growing the cells in 250-mI Er lenmeyer flasks contain-white microcrystalline powder , has a molecular ing 100 ml of medium for 18 h on a rotary shaker (200weight of 479. and is soluble in 50% ethanol on rp m) at 30 C.
warming . Growth inhibition studies were carried out in 100

Miconazole has a broad spectrum of in vitro ml of Sabouraud or synthetic medium in 250-mI
antimicrobial activit ;,. It inhibits the growth of Er lenmeyer flasks with side arms. Required volumes
dermatophytes , namcl y, species of Tr ichophy - of micoriazole (di ssol ’.’ed in 50°5 ethanol) were added
ton, Microsporum , and Ep idermophyton , pa- aseptically to the medium to give various drug con-
thogenic and nonpat~uogeni c yeasts , and gram- centrations . The flasks were inoculated with 0.1 ml of

an 18-h culture of the organism grown in the samepositive bacteria (4 , 12). Its effective therapeu- medium , Control flasks contained equal volumes oftic use as a topical sipp licant in treating skin 50% ethanol. They were incubated at 30 Con a rotaryand nail infections in man and in vag inal shaker , and the growth was measured in a K lett -Sum-
candidias is has been reported (2 , 5, 16, 18). merson colorimeter using a no. 42 filter.
However , the mode of action of this drug has not Cell viability. The viability of the cells was deter-
yet been elucidated. In this paper we report our mined by serially diluting the samples with NaCI-
findings on the effect of miconazole on resp ira. peptone -water (0 5’~ NaC l , 0,1% peptone). A portion
tion and cell permeability of a pathogenic strain (0.1 ml) of the diluted samp le was thoroughly mixed
of Candida albicans , Z248. with 2 ml of molten soft aga r (1.0% peptone , 0,5%

NaCI , an d 0.7% agar ) at 45 C and poured over the
surface of Sabouraud glucose agar plates. The platesMATERIALS AND METHODS were incubated for 48 h at 30 C.

The microorganisms used in this study were ob- Respiration studies. Studies on respiration were
ta med from the followin g sources: Candida albican.s carried out using standard manometric techniques
Z248, C. p ar aps ilosis Z40, C. p seudotrop icalis Z27, (17).  Cells grown in Sa bourau d glu cose medium for 18
C’. krusei Z70, C. tropical is Z 156 , C’. pell ic ul osa Z220 , h were harvested and washed three times with physio-
and C. gu ill iermondii Z55, Mycological Reference logical saline and suspended in 0 05 M phosp hate
Laboratory , London School of Hygiene and Tropical buffer , pH 7.0 . Warburg flasks contained in s final
Medicine , London C. albicans 502/9, C. intermedia volume of 3.2 ml: 50 ~mol of phosphate buffer . pH 7.0,
512/9 an d C. trop ical i.s 502/7 . V .P. Chest Inst i tute , 50 MmoI of glucose, and 1 ml of cell suspension (12 mg
New Delhi , India. Cultures were maintained on Sa- dry weight) in the main compartment. The center -

bouraud glucose agar slants , well contained 0.2 nil of 20% KOH. In the side arm of
420

_ _  _ _  -
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P and C. tr opica li.s needed 1.000-fold higher con-
centrations for their complete inhibi t ion . In all
the studies described below , a pathogenic St rain
of C. albi cans , Z248, has been used. The growth

N patterns in Sabouraud and synthetic media andU their inhibit ion by miconazole are shown in Fig.
Cl 2. At 10 Mg/mI the growt h was almost corn-

whereas at 1.0 and 0.1 Mg/mI the effect was only
pletely inh ib i ted  in Sabouraud med ium.

CH 2 —C 14 —O CH 2 partial. En the synthetic medium ,  the inhibitory
effect of the drug was m arkedly reduced. Only
50% inhibition was noticed at 10 Mg/mI.

Effec t of miconazole on cell viability . The
inhibit ion of growt h of C. albicans in Sabouraud
glucose medium was paralleled by a decline in

ci the number of viable organisms (Table 2) . The
viabil i ty of cells is affected both by increasing
the drug concentration and by prolong ing the
t ime of contact.  At the 2.5 ug/ml level , more
than 60% of cells were killed within 4 h. and atFin. 1. Structure of miconazole. I - (2 , 4-dich loro- the end of 12 ii of eAposure the v iab i l i t y  loss was

~-(2 , 4 ’d ich loro benzylozy)phenethy l) imidazo le f li ’  81%. Doubling the drug concentration had nottrate. 
increased the effect sign i ficantl y. Howeve , at

the flask , 0.5 ml of drug at appropriate concentration 10 ~g/ml , nearl y 100% l oss in v i ab i l i t y  was
was taken and the control flasks contained 0.5 ml of observed by 4 h.
50% ethanol. The flasks were equilibrated for 10 mm Effect of miconazole on respirat ion . The
at 30 C , and the oxygen uptake was measured after effect of miconazo le on endogenou s resp iration
the miconazole was tipped from the side arm, of unstar ved and starved cells and exogenou s

Cell permeabil ity .tud iee . For these studies , cells respiration is shown in Fi g. 3. The freshly
were grown in Sabouraud glucose medium either in harvested cells of C. atb icans showed a ‘~er~the presence or absence of l”P]ortho.phosphoric acid high level of endogenous respiration , and this
(Bha bh a Atomic Research Centre , Bombay, I ndia ) at level was not affected markedly by miconazo lea concentration of 0.4 ~iCi/ml. After 18 h of growt h oo Only at 100 Mg/mI did it show a slight inhibi-a rotary shaker at 30 C , the cells were harvested and
washed three times with distilled wa t er and sui tion , and at 500 ag/mI it showed 30’~ inhibition.
pended in the same. The cells were exposed to On prolonged shaking of the cell suspension for
miconazole at various concentrations on a rotary 6 h at 30 C on a rotary shaker , the endogenous
shaker at 30 C. At d ifferent time intervals samples respiration was markedly reduced. Even on
were removed and the cell exudates were obtained by these starved cells the drug failed to show any
centrifugation. The cell exudates were examined for effect. When the endogenous resp iration
the 260-nm absorbing materials by measuring the
absorbance at 260 nm , proteins were determined by
the method of Lowiy at al . (9), and amino acids were TABLE 1. Susceptibility of Candida species to
ex ami n ed by the modified ca lorimetric method of miconazo le
Rosen (13) . Potassium and sodium were estimated by
flame photometry . The radioact ivity in the cell exu- Organism MtC (5gJmIt
dates obtained from “P-labeled cells were determined
in a Beckman LS-100 liquid scintillation counter. Candida parapsilosis, Z40 0.01

C. pseudot ropica lis, Z27 0.01
RESULTS C. krusei , Z70 0.1

C. tropica lis , Z156 0.1
Susceptibility of Candida species to mi- C. alb icans , Z248 1.0

conazole. Various species of Candida have been C. albicans , 502/9 1.0
screened for their susceptibility to the drug, and C. pe lliculosa , Z220 10.0
the minimum inhib itory concentration (MIC) C. guilliern tondii, Z55 10.0

C. inter media , 512/9 10.0values are shown in Table I . Candida species C. trop ica lis, 50217 - - 10.0markedl y differed in their susceptibility to ml 

-

______________________________________________
conazole. Whereas C. parapsilosis and C. pseu- The MIC was determined in Sabouraud glucose
dotr opica lis are hi ghly susceptible , species like broth by serial tube dilution method. All the values
C. pe lliculosa, C. guilliermondii, C. intermedu~, are from duplicate determinations.

L .__ ~~~~- —— - .-— -~~~~ -~~~- ---~~~~~~~~~ -- - - - --- - -- -~~~
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~g of drug per ml , and the inhibition exceeded
1.2 - SYNTHETIC MEDIUM over 80% at 100 ~g of miconazole per ml . Tota l

inhibition of glucose utilization was noticed at
500 Mg of miconazole per ml.

Effect of miconazole on cell permeability.
The leaka ge of various cellular constituents like
260-nm absorbing materials , proteins , and
am ino ac ids as affected by miconazole is shown
in Fig. 4. There was very little leakage of
260-nm absorbin g materials when cells were
exposed to 25 ~g of drug per ml. Concentrations
above 25 Mg/mI, however , broug ht about leak-
age , and it increased with time. But the max-
imum leakage occurred during the first 30 mm
of drug exposure . Appreciable amounts of leak-

1.2 - SABOURAUD ’S MEDIUM 35 - C

3 0-
4
U 0.9 - 25 -

us ~o -

5 -
U

_______ O
0 12 24 36 48 60 72 ~~, 20 - B

TIME (Pir) 16 -

F~o. 2. Effect of miconazole on the growth of ~Candida albicans . Symbols: 0, control; •, 0.1 ug/ml; ~~ 12 -

~~~, 1.0 ~g/m l; A , 10.0 ug/mI. 
8 -

151

Taaii 2. Effect of ,niconazole on viability of Ca.ndida 4 -

albicans’
Lo.a of viability at various incubat ion 

~ - AConc of times I ’drniconas oIe 

-
ag/ mi) 2h 4h  S b  12h 60

0 0 i  0 0 50-
2.5 31 I 60 I 81 83
5.0 34 61 I 85 I 91 4

10.0 69 97 99 100

‘Cells of C. albican, (2 x 10’ cells) (18 h old) were 
~~

inoculated into 100 ml of Sabouraud glucose broth in 20
250-mI Er lenmey er flasks and incubated on a rotary 

10shaker at 30 C. Samples were removed at indicated
ti me inter v al s and plated as described in Materials _ j _

and Methods. Colony counts were made after 48 h of 0 30 60 90 120 ISO 180
incubation at 30 C. TIME ( m i n i

Fin . 3. Effec t of miconazole on respiration of C.
was hi gh , the addition of glucose had not albie~n,. Endogenous respiration of unstarued cells
increased the oxygen uptake. Hence , the (A ) and starved cells (B) .  Exogenous respiration
starved cells were used in glucose utilization. (gluc os e)( C) . Symbols: 0, control; •, 10 st/nil; ~~~.

Glucose utilization was inhibited by 30% at 10 100 ut/mI; A , 500 ~g/ml.

—--- --

~
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~~~~~~~~~~~~~ ents is shown in Table 3. The leakage is
25 - c expressed in terms of counts per minute per

milligram (dry weight) cells. The total “P taken
20 up and incorporated by the cells during growth0

amounts to 3 10’ counts per m m per mg (dryIs
~~~~~ weight ) cells. From this data the percentage of

leakage of “P-labeled cellular constituents was
5 _______________ 

calculated. There was a very little leakage of
labeled constituents in the absence of the drug.
At 10 pg/mI the leakage was increased by

150 - B 10-fold. Higher concentrat ions brought about

120 -

14 -

_ _ _ _ _ _ _ _ _ _ _  

o N O
•

___________________________ 12 -

2-4 - A t O -

2-0 - c
1-6 -

4 8~~

5 -

0.4

0 15 30 45 ~~~~~~~~~~~ ~ -

TI M E (mini

Fia. 4. Effect of miconazole on the leakage of
260-nm absorbing materials (A), proteins (B), and 2 -

amino acids (C)  from the cells of C. aibicans (1.5 x
10’ cells/mi). Symbols: •, control; 0, 25 ut/mi; A, 50 _____

ut/mi; 13, 75 p g/mI ; 0, 100 pg/ ni l. I - — ..L I ______

0 10 25 50 7~ 
-- tOO

age continued to occur as the time of exposure to M I C O N A Z O L E  ~~~~~~~

drug was prolonged . The leakage of proteins (B) Fin. 5. Leakage of Na and K f r om the cells of C.
also showed the same pattern as 260-nm absorb - olbicans (2.5 x 10’ cells/mI) exposed to miconazole
ing materials. But at higher concentrations , the for 2 h.
leakage increased with time, and the maximum
leakage occurred within 30 mm of drug expo - TABLE 3. Effect of miconazole on the leakage of

“P-labeled cellular constituents from the cells of C.sure. Leakage of amino acids (C) also followed albi ca ns
the same pattern as in the case of 260-nm
absorbing materials and proteins. Radioac t iv i ty

The effect of drug on the leakage of potassium Miconazo le ~~0~~~t~~muuu 1 Leakage of

and sodium is shown in Fig. 5. The leakage of ( pg/mI) in exudates from ‘P-labeled
I m g ( drv wt ( of com p ound s( %)these two cations showed different patterns , cells’Miconazol e failed to cause any leakage of K~ —

ions at 10 and 25 pg/mI. At 50 pg/mI the drug 0 130 0.04
brought about marked efflux of K~ ions. A 

10 1,340 0.45
smal l amount of Na ions came out from cells of 100 18,000 6.0
C. oibicans in the absence of drug. In the 250 124,000 41.0

500 171 ,500 57.0concentration range of 10 to 25 pg/mi , the 1,000 182,400 61.0drug enhanced this leakage by two- to three 

-

___________ ______________ ___________

fold. Further increase in the drug concentration ‘Radioactivity of 3 x 10’ counts per mm per
failed to bring about increased leakage. milligr am (dr y weig ht) of cells befo re ex posure to

The leakage of “P-labeled cellular constitu- drug.

- - .-.--- - - - . - - - - - - - -
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an increasing amount of leakage. The leakage of some , namel y , (‘ . p arap silo.s is and C’ . p seudo-
57% of the labeled corn ,i it uen t s occurred at 500 trop icali.s, are 1,000-fold more susceptible than
pg/mi , A further increase of the drug by twofold , C . pe iliculosa , C. guilliermond ii , C. intermed ia , -

i e. , 1,000 pg/mI , has resulted in only sli ght and C. tr opi ca lis. The rapid uptake and stronger
increase in the effect. binding of the drug molecules by the highly

Influence of divalent cations on miconazole susceptible strains are possibly responsible for
effect. In synthetic medium where divalent these species differences .
cat ions l ike Mg ’ and Ca ’~ are present , the The ac t ivi ty of miconazole is affected by the
growt h inhibition of miconazole is less as corn - media composition. In the synthetic medium ,
pared in Sabouraud medium (Fig. 2) . Whether the decreased effect may be due to the reversal
these divalent ions have any effect on the caused by the divalent metal ions like Ca ’~ and
miconazole action was examined by studying M g’ . The leakage of 260-nm absorbing mate-
the drug effect on the leakage of 260-nm absorb- rials from cells of C. albicans is broug ht about
ing materials in the presence of increasing by miconazole. This effect is greatl y reduced in
concentrations of either Ca ’~ or Mg’~ (Fig. 6) . the presence of Ca ’~ and Mg ’~ ions. These
Even at a very low concentration of M g’, , divalent cations mi ght compete with micona-
namely, 1 mM , the miconazole effect was re- zole for bindin g sites , thereby reducing the
du ced by approximate l y 34”; and Ca ” at the effective concentration of drug to exert its
same level reduced the effect of miconazole by effects.
46%. In the concentration range of 1 to 10 mM , Miconazo le failed to affect the endogenous
Cs” exerted higher reversal than Mg ” . At 10 respiration , while greatly inhibiting utilization
mM level , both the metal ions caused a reversal of glucose. A wide range of compounds such as
of 82% , and further increase in the concer itra- amino acids , interme d iates of citric acid cycle,
tio n of divalent ions had no increased effect , and fats are known to be the sources of endoge-

nous respiration in microorganisms. Hence , the
DISCUSSION lack of miconazol e effect on endogenous resp ira-

Data presented in t his study clearly reveal tion suggests its inability to interfere with the
the potent growth inhibition exerted by micona - oxidative metabolism of these substrates. How-
zt le on various species of Cand ida. Although all ever , its potent inhibition of glucose utilization
the ‘.pecie ~ are hi ghly  susceptible to the drug , is probably at the level of substrate uptake by

damag ing the integrity of the cell membrane.
- ______- - -

~~~~~~~~~ 
________ 

Literat u re is extensive in the area of mem-
[ - — brane active antibacterial (1 , 3, 7, 10, 14) and

antifungal agents (8, 15). By affecting the
o membrane integrity and functions , they pro-

• Ca~~~ 
duce an initial rapid loss of hig h- and low-

3-0 - molecular-wei ght metabolites from the meta-
~~~~~~~~~~~~~~~~~~~~~~~~~~ bolic pooi within the cell. Compounds like

phenol ics also initiate autolytic enzyme activity
2 .4 which cause extensive breakdown of proteins

and nucleic acids. The hydrolytic products of
o these leak out from the cells in greater concen-

- tration. Antifungal antibiotics like polyenes
speci fica ll y combine with sterol components in
the membrane of susceptible organisms, resul t-

1 -2  - ing in the structural disrupt ion of mem brane
and the loss of essential metabolites from the
cell. The data presented here on miconazo ie

0-6 show that the effect is on the cell membrane of
the organism. There is very little autolytic

I action in the untreated cells. But miconazole
a ~~~~ brin gs about 

- 
rapid loss of essential cellular

constituents like proteins , amino acids , nucleo-
M~ or C o ( ‘ ~~~ ) tides and also monovalent cations . Its effect on

Fin 6. Reversal by Mg” and Ca” of the leakage membrane is also reflected in glucose uti liza-
of ~~0-nr n absorbing mater ial .s fro m the cells of C. tion. The fact that miconazole is active on a
olbicaro ( 1 . 1  10’ c e l ls /mI)  exposed to micona2ol e at wide range of gram-positive and gram-negative
a concentration of 100 pg /m I  (0.2 m M .  bacteria , besides yeasts and dermatophytes ,
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clearl y reveals its binding to components pres- Clin i cal  evaluat ion of micona zo le n i t ra te  in the tre at
ent in all these structurally divergent microbes. ment of vaginal candidia ai , Arzeim For,ch. 21:255- -

257.The effect of miconazole is probabl y not by 
6 Gott lieb . D , and G Nicolas 1969 Mod e of act ion ofbindin g to a specific cell membrane component lomofun g in App i. Microbial. 18:35-40.

like ergosterol , the site where polyenes bind to 7 Hugo , W . H. . and S. F Bloomfie ld . 1971 Studies on the
exert their effect. mode of action of the phenolic antibacterial  agent

fentichio r against Staphylococcus aureus and Eache-Antifungal agents exist which affect the cell richia coil II The effects of fenti ch lor on the bacterialmembrane and its permeability, although their mem brane and the cytopliamic constituents of the cell. jprimary site of action has been proved to be J. AppI. Bacterio l. 34:569-578.
elsewhere . Thus , lomofung mn (6) inhibit s the 8. Kinaky. S C. 1967. Polyene antibiotics, p 122-14 1. in D.

Gottlieb and PD.  Shaw led.). Antibiotic s , voi. 1.uptake of ura cil and thymidine , and pyrroini- Springer-Verlag, New York
tr in( 11) causes the leakage of26o.nm absorbing 9. Lowxy, 0. H., N. J. Rosebrough. A. L. . Farr . and R~ Jmaterials from the cells. Randal l  1951. Protein measurement with the Fol in

The present studies suggest the effect of phenol reagent. J. Biol. Chem 193:265-275.
10. Newton , B. A. 1953. The release of soluble constituent sm iconazole on cell membrane; to exclude site(s) from washed cell, of P aeudomonas aeruginosa by the 4other than membrane , further studies are re- action of po lymyxin. J. Gen. M icr ob iol . 9:54-64

quired. 11. Noes, M., and K. An na. 1969. On the mode of action of,
new antifungal antibiotic . pyr r olni t r in.  J. Antibiot
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STUDIES ON THE MECHANISM OF A( ’TION 0I ’
MI CONAZOLE - -- II .  INTE RACTION OF MI( ’ONAZOL I

WITH MAMMALIAN ERYTHROC \ ’TES

K . H. SRt l:l )ll~\ R-s S’,~.- ’,sn, M. Sttssi and (i. R - ~st -s \ \ \ t ) \  R M i 5
\lucro bi okig~ and Cell Biology Laborator y . In di an In s t i tu t e  of Science . lIangtilore- ~(o )l 2. In d i ,

(Reei !it ’t’cl ~ .liiqii .si 1975 zi - i e~ r, -d 2.7 O, -toh,’r 1975

~t’st rac t Inter ac t i o n of mic onazo lv’. an an t i f un g a l  agent , wi th  mammal ian  e n t h r , i c ~ te ’, ha s been -‘tad-
ted. \liconaiole hr t t t gs  about hemolysis of sheep cr~thro cytcs and 50 per cciii hcmol ’,s i - . is i b ser sed
at a drug concentratio n of 1-55 x It )  St. The drug-induced h emols s is  is dep end eni on d r ug :ce l l
ratio. Er~lhrocytes from different species do not show an si gttili catt t sar ia t io n  in the i r  se ilsIi i ’, i t \
to miconazole. The uptake  of mic oitazo le h~ e r \ t h r o c \ t e s  is sen rapid and major portion of the
drug taken up is associated with the cell membrane .  \liconazole binds  mo stl y to membr ane l ip opr ot et t i
lr aci i , ’n s containing a l t pid :pro l ein ratio of I-U . Mt cona, ,,le- induced hem olv sis is inhibi ted by seru m
and the serum components re sponsible for the  inhibi t ion h,is e been identif ied as ulbun sin and l gG.
But ne serum a lbum in  is found quite effective itt protecting cry th r i ’cy k’s against dru g- it t duc ed hetnol y s i s .
The hemot~ tt c- act iv i t y  of miconazole has been compared n i th  p olyene antibiotics . di g i ton i t i  at td
2— p heneth~lal coh ol . From these resu lt s  it is cutt cluded that  m iconit. ’ole in te r . t c t s  directl y ss i th  the  red
cell membrane and ,iliers its per m e abi l i t ~ .

\ l tcot ta ,ok -  nitrate [I-(2.4-dichloro-/I-(2.4 -dichloro - l. .S.. -\ . Amp hotericirt B and n \ s l a t i n  stere k i n d l y
ben,~ Iox~ I pheneth vl )trn idaz ole nitrate] has a broad- donated by E. R. Squibb and Son~. Inc.. Princeton.
spectrum of activity against most pathogenic fung i U.S.A. Micona ,ole n i t ra te  ssas a gi l t  sat t i p le from
and Gram-positive bacteria [1 3]. Its effective thera- Ethn or  Ltd.. Bombay . India.  [3 H]M ieo t iaiolc - Isp. act,
peuttc ti se as a top ica l app licant in treating skin and 202 -3 m( ’i rn—mole) sSas a k ind  dot iat iot i  ol Jat isset i
nai l infections and in vagtna l candidi asis has been l’harrnaceutica . Belgium.
stel l  documented [4 8]. Ei’ t ’tltt-uci -u ’ pre p w’al ioit. F resh blood from h e al th y

Biochemical and electron microscop ic studies on human adults . wistar ra t s. guinea p i gs. rabbit s at td
the mechanism of action of miconazole have been sheep (for non-nucleated ervthr ocvt esl or front
reported [9-- I l] .  The drug caused a si gnificant in- chicket i s lfor nucleated er s throcvtes i  ‘,sere obtained ’
crease in membrane permeability in cells of Cwtdida using A ls es er ’s solution as an at i t iet i ~t gu lat i t .  lrnmedi-
alliit ’an. s as es idenced by a rap id loss of intracel lular  ate l~ after collection. the blood ss as centrifuged at
materials [9]. At low concentrations. miconazole sel- l5 ( X ) q in a St i r sa l l  centrifu ge model RC-2B for l Ot i i i n
ccti~ely inhibited the uptake of purines and gkttamine at 4 atid the p lasnia atid the huffy coat wet e
by the cells of C. alh icwts [10]. Electron microscop ic remo ’ ed. The packed ery thr oc y l e s  wet e  washed four
ex amina t ion  of (‘. alhk ’wt.s cells exposed to micona— times with 0 15  N I Na (’l ( is otot l ic s, i l i t ie l  fol loxte d bx
iole revealed that the earliest drug-induced a ltet - - cent rifu gation . The cells after the last si ash o crc sti s-
ati on s are seen at the p lasma membrane before any pended in 0 - I S  N I N aCI to give  an en t hr o c ste  suspen-
other cy top lasmic organe lie seems to be in— siort contai t t i n g appr oxi m at eI ~ I - S  x I I ) ” cells ml h~tolte d [ I I ] .  These findings clearl y reveal tha t  hernoc yt otti eter c ou nh i .  Unless o therwise  specified , a l l
mtconazole impairs membrane function by inducing experiments stere done ss i l h  t h i s  cell suspensio n . . -\ l i -
selective permeability changes in the cell membranes quots of the cell stispension were pre-in cuhated for
of sensitive cells , IS  mm at 37 before the st ar t  of the reaction.

In an at tempt to determine whether the action of .~h’a.sur e,tic ’,tt oI I tentolt’s j .s. Hern oly sis was deter—
miconazole on membrane per meaht l it~ is restricted mined by the addit ion of 0-I ml of  o t shed er~ th t’ o—
to yeast cells or has a similar action on animal  cells . cy te s  to 49 ml of 0 - I S  NI NaCl (pre i t t euhat e d at
it s effect on the p ermeabil i ty of sheep cry th r oc~ tes for IS mit t ) conta in ing  miconazo le liii  50” ,, e t t i a t io l t
is in t c s t t g i i t ed .  The present pape r report s a s l t i dy  of t tt various conc etitr at iotm . Each samp le had a l i t ta l
various Itspec t s of tnterac t t on of micona zolc wit h red solu m e of S ml and ery throc y t e  ci t t iee nt r ~t t i o n  of
blood cells . 3 x I 0 ’ cells ml. Conlro l Itihe s con t a in ing  appr it -

pri ate quan t i ty -  of ethanol were in c luded  in each cx —

pen men I and the  final concent t a t  ott ~il et hat iol i i i\ R t I : K t x t ~~ t’,() \ 1t lUOl ) ~i
all  the sitn ip les ssas I per cent . ,.\tter the re qt tt re d

%lou ’r ii,I s . C ‘n sta lI m e bovine seru m tO bu tmin . cho— time of incubation at .77 - the I ttbc ’. xt crc centri F uged
lesterol . digtton tn and sodium dodccy l s u l phate ~ ete and the hemog lob in released wi ts  determit i ed b~ rnea-
purcha sed from Sigma Chemical (‘o., St. Loui s . su iring the absorhancc of the st t p err t a t a t l t  at S~I () nm

_______________________________ - — _________________________ in a Heckn iat i  t ii odel—I )I. spect rop h t ’ m onieter. Ih e
1’o v, hu m corresn ’n , l c nce sho u ld 1w a t , t r , —sse, I d : t t ; u  ss , r , ’ , ‘urr , ’, - i , ’d I , ,  t h , . r , -l , - ,,. , - ,, i h ,.,,,u,, I
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K. II.  Ssi i i i I I A K . -\ SO 550 \I Su ~ si timid ~ k ss m s~ ss.i , s ks ,  ,

OI”sL’ l S  ed iii contro ls. To deter mutti c the total  inioti t i t s  about I u - u ,  nig nig of t itet abr atie p r tml e imt  ( 1(1 I S j i t i i i i lcs
Of i t it r a ce t l u ila r hettiog lohit t . 0’ I n il i t l  cell stu s p c i i s i s i t t  of ’ ~ ‘ I I J t i i ii _ u t i . t i ole  ci i t it . i i t i c d in I) I S NI  \ . i(  I ‘t is
5% -i 5 ly sed iii  4-9 tim I of dist i lIed sx t i ter  atid ccitt ni I t t gcd . th e it added .i id t h e  I i t t  i I s ml univ ss as imide tip to
lh e  sul ’ucr tia t att t had an ab sorh aticy of ’ u- s i t  u ,il 2 -5 u I  ss oh U- I S Ni \ . a ( ’ I. I t i c uhal i u t i  sstis co t it in ui ed
54() nni . I .oss of hentog loh it t svti s  expressed as tu per for a I t i r t h e r  .7) I itt in ~itt d t he si ‘In h ilt ied mit en ili r a t ic s
L c u i t , i g L ’ (i f t ota I ccl In lar content of h e mmis i g l t It i ii i ii the a e m e  gel I t lIe red.
(t i l t  rc~iicd cells. SL’p l i , i l I e \  ( 1— I I S I colu ititi t4~ - I ‘2 cut I St is eq u i l t—

( j i f i l k ( ’ i f [.‘II] ?ti iu - i u i i— ,!u. [-‘H I Nlicontt , ol e  Isp. hrated st i t l i  I l - S  Ni \ . a ( ’ I 1) -UI NI Tnis l I (  1. p h 5 4 .

,ict ‘)2- .i ittC i u i—m otel was di luted ‘s ith  u tm labeled FIic dt ssolx ed t it etu br at t es ss e t c  lay ci cd ( u t i t ( i  t he
niicoii ~it uiIe to achiet e the desired nio ltur conceit— column and gel I t I t i a t t o n  ss ti s carried t u tu  at 25 . F
tr at  ciii (if th e drug. This di luted soluti ot i 4 x I 0 - 

~ ti ot us Of about I - S ml were collected. T h e  tract ot i s
Ni t SSt is u sed to measure t h e  uptake  of rn ieonaiole com pri sing w i t h i n  the peak at 25) ) m i n i  sscre at ial y sed
at ditlerent comleentrat ions in 0- I S Ni Na(’I I I (I I NI for protei n . li pid and m ’adtoact i S i t y  ‘ri k i n , p liu isp ho—
so,.I iun i p hosp hate  butler , p H 7-4. 1— r~ t ltr oey tes ( I  ‘6 li p id and cholesterol a cu e tletc rmttic d in (1’ I ( 12— n i l
IU ~ e c i ls u  stere incubated at 37 a ith different coticeni — samp les R t t d t t i a e t i v i t y  in 1 ) - I — n i l  samp le \S~ is deter—
tra ttot i s  of [3 1i]m icont i i ole dissolved in 50’’ ,, ethat iol. mined as described aboxe.
T h e  f ina l  volume of each samp le ss as 4 nil and coti — It t ct ihut io , i  t~f .serti luu uu ’it li [ 3 H ]uiult ouuit:o/i  aut d ,it ’/

t inned 4 I0 cells ml. After I 5 mm of iticubation . j tl tr iif io ic One ml sheep scrutt il a as incubated wi th
2—n i l a l i quots of cell suspet i s ion acre removed and [3H]micotiaz ole 11-1) 25 ;imoles l at 37 for 3( 1 t iti m i ~t ti d
cent r ifutg ed. -~l tq uot s I 1(X ) j i l l  oF supernatan t  fraction gel—filtered at 28 omi Sephadex ( i — 2 ( M ) colut ii ti
and total cell suspension were spotted on Whatman (53 x 2 cm) equ i l ibra ted w i t h  0-I NI ~~t i ( l 1) 1) 5 Ni
3 NI NI filter squiar es . dried tinder infrared lamp, and sodium phosp hate hufl’er , pH 7-4. I - t act u , t t t s  of 3 tiil
counted in Beckman LS-lOO li qu id sc inti l lat iot i  acre collected atid tih sorb t it i cy t t t  25 ( 1 tim ari d
counter using 10 nil scintillation fluid containing ( 1-4 ” ,, radioactivit y dctert iiined
PP() and 0005” ,, POPOP in toluene. The difference - t u u i , / i t i i ’ui / pr occtlto ’es . Protein was det ern i tmi ed by
between the counts in the sup ernatant atid t ot t t l  cell the proceduire of Lowry ‘ a!. [14 t~tt l i  cry s ta l l i t i e
suspension was taken as the amount of drug taken hovit ie serum albumin  as statid ~ird. N l ct i ib rane  lipids
up by the cells. \s e mc isolated h~ t h e  nie tl iuud of Blig h arid D~er [IS] .

The amout it of miconazole associated with th e Li pid phosphorous aes  det erm ii i nied by a m odification
c~top lasm and bound to the cell membr u tne xstt s of t h e  method of Bartlett  [16]. as reported b~ \ ta r -
determined in the following way .  (‘eli suispensiotiti in- i t l e t t i  [17] and p hosp holi p id was estimated b y mui l t i -
cuhated with [3 H]miconazole (I  x 10 M) s’, as p l~ ing the  l ipid  p hosp horus  content  by 25. (‘hole-
stashed twice with 0-IS N-I Na( I and acre then hiemo- ster o l ss as determined h~ t h e  method of G h t ck  ci

l’. sed in S ni N I sodium phosphate buiffer . p H 7-4. ,-\n a!. [Is].
aliquot 11 (X ) p I ) of the hemolysate stas removed for
counting and the remainder ss as centrifuiged at
20.(XX ) q for 2 ) 1m m to sep~ira t e the red cell membrane 

Ifrom the cytop ltism. Radio~u ct iv i t y  in 1 ( X ) jil of the
supernatant fraction (cytop lasm) ss-as determined its .\Iu ’ouia uh ’—i,mdui - i ’iI I tr ’n t of i s i.s . T h e  t ime cout se of
descr i bed above. The differet ice betweeti the amount miconazo le-indutced hemoly sis of sheep ery thr oey te s
of drug taken  by the cells and the amount in the is shown in Fi g. It t ,  At a miconazole c, ’t ic ct itrat ion
c~top lasm is tt tken as the amount  of druig hound to of I x l0 ~ N-I . the I i et i iol y sts  b~ micotia zole is x er \
membranes , rapid ,ind the rate is l inear utp to 21) miii .  ( onip lete

Pi’t ’p w’atioii ii/ cu’;’tIiroc ~t e ,;ic ’nt bra,ic.s . Sheep L-t ’y th — hemol y sis  resulted in 4(1 n ii mi. In control  tubes con—
rocy te membranes acre prepared by- th e procedu ire ta m ing ethanol  at a linal coticentrattot i  of I -- i con—
of Dod ge ci a!. [12]. The cells acme stashed t h rice centr ation equivaletit  to t h ose in ex per imenta l  i t thes i
wi th  0-IS NI Na (’l hr ceti tr ifugation at I SIX ) 

~i for hen iolysis is less thati  Il- S lien cetit.
I I t  miii at 4 - N iet t ibranes stemc prepared h~ the osmo— The effect of micotiato le eot icc i i t r at io n  on t h e  in—
t i c ly s i s  of stashed cry th r i t ey  te s by adding If )  volumes it i al  rate of hi emol y si s  is shost n in F ig  lb . Th e  cells
o) cold (v S t i i N i sodium phosphate buffer . p H 74 to tire incubated svit h vari ouis con cenl i ’, t t t o mi s  of druig for
I volume of packed cells and mixed a tb a magnetic 5 ni . ’~ it 37 - The ex tet i l  of Itemol y six is  m arkedl y
st i rr er  for IS  m m .  The hemol y sate ss ,ts cent ri fuiged t it influenced by the druig co t i e e i t t r a t i on .  I, p 1, ii drug
30.FXX ) q at 4 for 4 1) mm in a St i r s ah l  centrifuge model concentration of -2 x 10 ~ St the m , u t c  of liemoly sis
R( -2B Following cent ni fugat ion . ( lie post hemo l’s t i c  is se r y  sloss tuid t l icrc t i f t er  inc r e ,use s rap id l~ . The druig
residue t’,~is sst is h icd fou ur to si~ t imes a ith the stuiic com i cc n lrt t l iomi required for SI) p r  ccitt h iet it o ly sis us
butler and a f ina l  a ash a ith i sot , ’n ic saline. The mi lky  I -S8 x I ( I  - ~ NI ari d conip let e l ienio ly sis occurs ,it a
membrane prepar~it ion th u s obtained froni the last concci itr at iot i of 2 2  x 1( 1 ~ Ni ,
centr i lui g t i t i on . atis suspended in i s o to n i c  saline to a The loss of hiemog l ohi m i from t h e  er\ throcy l ’ s  us
pro t eim i concentration (IF 13 mg ml. dependent not omi I ’~ on lhe concern r u t  ion of t i i t c ’  Mi t-

SoI i , l ’u/u : uutioti  i t j  t - ’-) ’t/ tr oc - uii ’ mcnmbrant ’s and uj i ’! l i / u— zole in t lie i t icuh ation mediu im. hut also oil t h e
ratio,t , Soluh ihi ,ation of ery t liro c y Ic membranes timid number  oF cr y hrocy les present in the  st t spcii s i ~u i i .
subsequ ent gel f i l t ra t ion  St as done according to the W hen micont tto le com icen t r a tmoti  is held v t ’f l s )  t t t (  . t tti ul
method of Zimmer  i ‘ - 1. [13]. \ l e t t t h r ane  pr cp. irat ioi i  t h e  nun ik-r  of cellS per un i l  vo luime of suspend i~ g
conta in ing  9mg protein st t is incubated at .~ with n iedi itn i mx increased , the lienioly sms us pr ogressix el~
0-5S ml of I” ,, siidi u im d(xlccy I s u l phate For 30 n u n  dect etuse d st i thu  i i i e r c , us i i i g  cell conc ci itr .utio n II -  ig.  ~~~.

The cu ’ncei i urat ton of sodium dodecs I su lphate stas The hemol ysts us onl y ~~~
) amid 21) per ccitt at cry t h at- 
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I - ii . 2. I lI es I ol sheep -a ihrocr te com ic en i r t tm on (in
hetiuoly su s by a ic iui, i / , ’ Ie.  \I icotuaiole concelut rat ion.

Ib) - I t )  ~ \I.
-

Ii p oprot eimis indicate that  the h ipoproteins a h i  the
— hig her li p id conten t t ue  chuited first. To chutractert ie

/ the mmcontito lc binding site on menibrai ~s t h e  sohuhi—
/ lized niernhr tu i es tire incubated with [3H]mieomutti ole

— .( and gel-filtered T h e  pti t t ern of ehu t ion t of h i popro teimis

~~~~~~~~~~~~~~

J 

and i-t idiot ietiu nu  tire .sh ou tn in l ug. 4. The rtidioaet i —
t h y  peak coincided a ith the membrane h i popro tein

— petik ht iv in g ti li p id :prote it i ratio of h - t ( Ah out t  90
per cern of t h e  Iota 1 radioactivi t y p u e se t t u  dur in g the

— 
incuh atiomi of membranes whIt he drug got ehu ited
a ith 0-ic liproprotein fractions utidiett l i n g a strong

- h im i d iti g of miconato lc to ni cmbrttne conipo n emut s .
I I l uml i , b immt tu i  of lmeuiuuhv. si,s h~ -scr ioum , The cOcci of

a 4 8 2 6 20 24 h omologous serum on the micon aiole-tn du ced hiemo-
M,conozo ie concen urotion s lOs , M ly xis of sheep cry uhro ey tes is shioa i in Fig S. The

- - cmx t h u ro ex  (Cs tire pre it icubated with  seru im amid t h ei - ia I . Micon~i,o Ic—tn duecd t iemusls  ~u s of sheep ervthro -  - , - , - ‘
1 (0 Tim,, ,,ours of hi iii Is u s of sli,, 

~ ~ h rcai t ion is st irt cd hs ii i , ,  iddi t ion of miconazohe to
hs mic onat ole . \ t i s - , ’nar ofe concentration, I ~ I)) - -

~ ~t . ~ 
a hn a h conccntrt t t i on of I x l0~~ NI u tn d incubated

I- . ikct of mic onui~ote concentration on the ini t ia l  r~ite of for 20 mm at 37 - T h e  serum has ti protective act ion
he nuo )y sus of stteep s i s i h r o c r i e s . Incub ation time. _i mm at tttid inh ibits flue miconut zole-i ndu ced hemohysi s es cmi

37 - at how concentrations. At ( 1-2 ” ,, serum lesel . t h e  hemo-
ly s i s  is in h ibited by 60 per cent ttnt d at I” ,, the it i h ihi—

— lion is more than  90 per ccitt.
er te concentration of 3 x 10 tind 6 x hO cells ml.
respectivel y .

Uptake alit! di ,-s tr/hu t ?i u t  of omieoima:ok ’. Wheti cry -I h— ~
roer t es are incut -u tcd with {3H]micona zohe it non- 48 -

hemoh y t ic  concentrations for I S  mm ti t 37 . t h e  ~
uptake of dr tg by - cry thr iu e y  tes us cry rapid and is
linear sus er  th e com u e entr t it i on s  tested )Fig . 3). ~
N le , u s u t r e m uuen t s  of i ts  uptake hr red cells ~ut d t f l ’crent
concentrations ~l uui ~s tha t  more than 61) per cent of c 32 -
the drug added to the red cell sut spe n su o i i  us associated
ss mth  the red cells . The di stn i  huit ion of r ti diotict iu. i t y E
in cellular  Ir ~i e t t u u u s  uuf e r r throc y (Cs inc t ih ated s t i th  ~[ I I  }miconaiole sta s st tm d ie d. The major portion of ~ u~ -
t he r t id iotmci ix i t r  m , tken  tip hr the cells 83’’ ,, ) is found ~
, iss oc i , i icu f  t t i l h the cell membran e s. -

f l u  i / u u i , m  if [ I I  1~ ut - u u , i i:u if , - uuu ,‘ r t u !mroc ’%ie u ,it ’ni hrauie ~
ju t, mn . \\ l ie u sh eep err thro cy t e  membranes are I I Isoluh mlm , ed ss t t h  sodiu im dodecyh s u t l p hi t t t c  and gel fil— 

~~ 4 ‘ 8 ‘ 2 ‘tered on Sep h~ide’. ( u -  1 ( 8 ) , the pa r t  i t t !  seputrat ion of
membrane l ipoprot ct tis is achiesed. As the gel ti l t-  Muc onozole concentration , eQ . M

ration proceeds. the h i p id :prot e in ratio ch uti g e s  front I ti 3, Uptake of [ -‘H] micona,ole by sheep er y t lu ro c rue s
above I t ‘ ‘ , ih ,  s u i t  02.  This scpttr t tti on of memhr ttne In ct ihaito im tune. I 5 mn u t 
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~ F ig. 6. Bi iw f u ng i’)  [‘ I t  l tnics ~u u _ i l i i Ie  to se r u i i u i  p r o i e t i u — . I t h e[1 ~ ml sheep se r u tm uu a as  incu httie d ss i t  Ii [ t I I uu Ci  Sh i l l  ‘Ic tim i d
0 5 16 i7 8 9 20 2i 22 23 24 25 26 ~ gel- I iliere d on Sep ht i de x ( I . 2 1 2 1  c o t un um i .  -\l ueu eel i l l s  , i i ion .

each fraction ss,s s , uu , i h  sed for absorhan es tim 22( 1 mini  timid
Fracti on No rt tdss t icius i t y  -

l— ig.  -I. B u tidun g of ‘ l t j t i iue om i at ole iss  e r r  u ) u  ro c\ te menu—
brane I ip o p ro t e t u i  ) r t t c t i ons . t ry i l i r ocr  I c  nuembr anes . so l u— 

-
hi l ized w i t h  sodium dodecy I s t i l p l i t i ie . a e s e  incubt i ted st-i th Suice micontt ,o le binds to a lb um i n  it us  of interest

‘l - Ij ni icom it i t ole ami d gel-f i l tered on Sep l i t id es  ( ;—IO ( to see the hemo lyt ic  acti x i t y  of mteonaiole in the
cofui mn. - \ l t e r  gel f i l t r a t i o n . imid iv idu t t l  l r t i c u t o u u s  acre  anti- presence of a lbumin .  h - I r s  th roe s  tcs tire pre iticuhated

t y- sed or radmotie t i s mty ,  protein m d  lip id conteni. a— ith s ~i n i i s u x  t tmo ui nts  ol h iss inc serum al huniin for
3( 1 mm t t t 37 before the addit iot i  of nuiconaiole . . \ s

show mi in Fig. 7 the hemoh y t ic a c t iv i ty  of t ii ieont i,o lc
To ch aracteri ze t h e  serum componen Os) respon— is inhibited by- a lbumin and at an alh u imniim i comicem it—

sible for the inh ib i t io n  of miconazole-induced ticmo— rtm tion of 11-4 mg mI . the h en io ly sus is inhuihi ted  )~
‘
~ 68

Irs i s . serum is it i euh tm ted a i t h i  [3H]m iconazo he and per cent. T h e  hemoh y t ic  t ic tu x  i t y  of miconatole :, par—
gel—fil tered (in Sep hadex G— 2 (X ) (Fi g. 61. The r adio acti — tia ll y rettt tned tm t 2 mg ml albuim in cotucentr tt aont .
vi tv of the drug cluted in fracttons contu ti n ing I gG Re!a t /t -c I teimiolvtic eflc -i of t im ic t uu ia: u i h ’ colliJuai-e i !
and t t lb u imin ,  Aboul 40 per cent of the t otut I rztd io acti — us -/u /i t t/ m er u;ieitihu ’a , mu ’— a u- t/i’ u ’ i/ r o y  For coinpar isomi,

u l y  us fowid in lgG frt i ctmon amid 6f) per cent in the the effect of other nue mhra n e-~i c t i xe  u mgei i t s  l ike
a lbumin .  These results u mudict i te  t h a t  mm cont m zo le hinds poi r cite ant ibiot ics . di giton i mi atid 2— p h iei i e th r  luml co l io l
to serutm proteins and the inh ib i tory  effect of serum on sheep cry throcvt es is studied. The cells tue  incu-
on hemoly s ix  is ut c ssmu se que nec of mtconazohe binding hated wit h the difreren t cotucentr ati ot is of each drug
to serum pro t e I n s , for S miii tm t 37 and front t h e  grt m p hu ie p lot of t h e
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Serum conce nt rat ion , % B o o n e  serum albumin con cent r at ion , mg/mi

I 5. Inh ib i t ion  i i )  nui cona ,o lc—i m idu , .e , l  l i c i s s i n l ,  s i .  of Fig. 7 . I leo of ho t - inc s e r u m  t i t h u m i u t m i  s , ’ l i ceu l i r . i i  I ’ll l i i i
sh eep cr y i lirocy tcs  hy homologo u s sert inm. \l  ic ‘ii i, ’ ‘1k ’ cost— hcmol y’sis o) sheep ess  u I s t ier L’s hr m uui c it nt i, ,tle . \ t  ‘ i i .

e en i r tm ii i t n .  t I t )  ‘~ \ t  iote s- ,’ ibe e iu l r _ i u i , ’ i i . I x It
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xIs - ,. luam m isn m it ,i~ h i s i t i  o) m t u t s , ,ui. i tole -.e;i~1e~. ~~~

I ,ib ) c I I. otuu p t i r t i t i se  ) i ,,-nio l r m t s  Lt1L (~t til nmicon t i , ,i 15- ssi t h cx i e imi  .t ri (I re qu ire umbout I ~— l i i l d  I i i ae r  ,,- iu i t ce i i t r t m l t s ’ u u
,‘h) ic t t i m ,,- u i i f n r . mim , ,- .i ,,ti sc .i g ~’ m tt s  t h , t t m hu i uuam u - u r  ihm r o c r  t~s ‘I ’hu e mi u c l et i t ed cry th ir o e r is ’s

- — - — -  .- - —- - - _____ - -~~~~~ fron t ch ii ekei i are a Iso ei~(iti l I t  seit Sit R e li i  t h e  action
( iu t i ~’~i it t i  , i t t i i m i  ~i) d r u g  si.~u mm r s ’st (i f mi ii ( ’ i t m l ui , ( m l e t i t id  SI I’’ ,, hie iu i s i l s  sis occurs at 1m drug

l ) ,,i s i csies f 
_ _

~ 
_ 

b r  SIt” , h e mnimly sus  e ,i ui ce ti u l . t t u , i b i  of I 45 .~ 10 ‘ N I

\ t l i I i h i i i s i i , . ’tii 13 ‘) I~ . I i i

\ i shi t m i l  5 -1 . l I t  ‘ \l I ) IS ( I Si-’R) ’s
I ) i i i t i m i u m n  .~ -(o o I t t  ‘ ‘it , - .

. -I ’) se mi em ) url . t lc , i l i ol  5 7  ti 2 xl Flue ( I ru imu-m tm d uced hi etutol ys m s  oI red ce ll s is current l y
\Iieonti,’ole I -‘5 ‘ I I )  ° \I m h i i u g ht to occur by e i t h e r  of iss 0 bas ic mechi at tisn is

—~~ - — - — - - —~~~~~~ - - —— ——— —~~~~~~~~ — — — — ~~ .— — -—-— -—— ~ 19 22 1. T h e  f i rs t  i n s o l s e s  dm r c , ,’i mm u ter ut c t i o , i  i i )  the
t 0 to ‘es ci ‘mu i t i i i i  tri g dmlk r e iuu ci t mic e m im I .i t a ‘his of drug s, in- drug ss i t l i  I lie red cell item hr aii c st - hi cli result s in

di e,mi e d mm mi t e i1mhl c. ss t m stie st  sh eep err i t ir ocy tes  ac re  .idded ,, l i ,miuit e s iii memhr ,i i ie  st ruc t ur c ,  incretised pcrnue ahm-
t_
t) i I in~m I comu (’en t r t i i u s n u h  i i )  7 - I ) )  es’I l s  mmii , m mic uh ,iic d for l i t ~ _ ~t s t h i i u t i , ,  ss t eh l i t i g  tm nd hi enu ols s i s . In the xi.~c(ui t (t
7 i i i i t t  t i t  i~’ .it i d i i i i i i ic dit i tels  c emitr i t u t su ed.  I lie ( h e l i x  e l ishi n  . - -. 

- 
. . niecht in isni .  t he t hu tu e  I t i s i  peitetr ates tu tu  t h e  cell i i i —re le , i se d ss.is it iet m s tm r e ( f .15 described um ider \ t tm t e r i . i ls  m d  - 

- -

\ ) e l  li xk -~ t uu)x lmome r ie i mu  B t im i d ih \  s i , i t i i i  sserc du ss o)sed tim ten or ss here ii t hu s-i k-m s- s tt th u  ce l lu lar  i i ie t ah o lm s iu i  u l i t —

di t i te th s  lfon miut i m uu ide. di g i t o niu i  iii ab so lute  t u lcol i t i l  .iitd s t i lu — mi ia teh y re su l t  ing in nu en ih u .tuus ’ (ta nu. ige tind hie iuiolr s i s .

ii , n i i s ,n f  2 — p fi ent tur Itil co luo l iii S mt’ ~ et t u ti s I ’rhie c ,n iui r , t l  I he dru m g — im u du mc ed  hemo hr sis in the  ss’s ’ i uh d  m e chua nu ’rn
tubes e ,i i i iaiiicd the  s-qu i t  t i l en i t i i i uo t i m ii  , if sob cni s mi t ii ltu el t mar he ii im e i i i  em i/y nic deficiencie s . unstable hcntog l o—
the  drug v. as s l i ss i l l s  ~sF bins s ir ni iii (mite nuec l iai i ism s [ 20. 2 11.

I h e  pr escti i t i n d u n g s  r c scut I t h a t  nuic ont t ,o l e  v m s  a
d.m t  ,i . the concen t ru tt i o i i  ~‘) each d rug  nee sfed to hmui mi pro lound d ied on er r  t h roes Ic menu h rt m ne s t ructure
about SI i ’ ,, liemoly sis is calculated. \s ~lt ~tss it nt Tab le .511 51 hi t h u s  ,t houi t  rtt p id Itemoh y sis I ’h i s raises Ih ue pus-

- di gu t o n i m i  i- . a more ps ute t i t  It en ioly ) us . gc r i  I st h u e  s i h i h i t r  u . s  t hem tlr  sis is the result of a dir5 ’cb m n i , ,-rt ic—
2—p heneth s ha heoh i , i l us Is ’, st effect se I )i CO su it mu , I tori bet ss ccii rnicont ito le arid t hue p lasnia nienu brane
.unphoteri cin B _u i d a sta t i n  cause 5I F ’ ,, hu eim t ly sis at (if t h c  err t lu r ’ ‘s r  tes . \ prereq u is i te  to direct a I terat ion
til l , I - i nd I s-fold cs-s I concen I nt t t ion ti tan nut s - s ui a- of mm u emhrt i n e  periti cahi li ly is tha t  iii tcomiiole ni (ist
,ole. hesp cct i t e ls .  ( )n the other ht m nd.  2-p hetteth s h~m l- interact  ss th u the  cell memht ’aiie. D t t t t m  presented in
cohol require s ahouit 360— l’sm kh h i gh er coiieert i r~i t i o mu th u s ptiper sIios~ u h i . i t  ‘ h i Inui eoitato lc at host . non—h u e—
th t t n  ntic smna, o le to bring sh out 5)1 ’

, hem uii  ‘ly xi s . m aR tic coneetitrat ions hinds h arg eI~ to m lie red cell
/ 1, -molt-tie ,-tt, -t( if tr i ms I ‘t l s t J , , l ( ~ ti n ‘r t ’tliro t - u Is ’s lu’on u membrane t ind thus  st t t  sly ny  ii t iee css t i r r  coti dition.

/ul l s  rent p et / ‘ s . I - ry th irties les ru nt  different species Idem ui  dis ’atiofl of 0-ic hit id ing site ott the er s u h uroc y me
i re  exa iu iined t s r  their s t i s c ep t ih i l i t s  Ri nt icss n t i , s i l e  m i uenuhr amuc  s u i r i t t e e  stou ld hel p for ti better under—
I able  21 l ’ht c ssashed cry thno cr  Ic’ from dif ferent  spe- s t u tndin g of the  mechani sni of tr etion of ni embrane—

cues t i e  incuh ,tt ed a tb ( fifiere t ut s , n m i c c m i t r a t i o u u s  of actise drugs . In ~u um r ef fort to eharaetc ni , e t h e  n i i co i ut m —
mic iutu az ole I s i r  S mi nt  at 37 ,tnd I I sum a grt iphie p lot zo le—hinding  sOc on t h e  cry th uroc y Ic muuen u hr ~i mie . it )u~i~
sit the d , u t , u . the hemol s t ic  t tml u mc corresponding to 5 1t ’ ’ ,, heemu shoss n I tut U iii i commt i , o le hi mud s to n ie mh rt mmu e l ipo—
hemol ys is  is eti l cu il , i t c ( f \ imis i m i g the non —n u ele u tted proteins strong ly and I hat ni icomuti z o l e b i n ding is
cry thro cy tes , the s t  n i t  iou in t heir  suss - ‘I ih i l i t s  to mt mxi mu in i  iii h i poprote im i frt me t ion e o u t t a i m i i u u g  li pid
miconat tile— indu ced hen us il y sus  us not tens  signif i ca l i t . protein r at io  of I ‘1) . T h e  concent rt m t ion ii )  sodium
h - ry throcytes from hitinist er requtir e conup arat iselr  (tod ecy lx u ml pht it e  ((-( s tug SDS tag me t u ib ra u t e  pro te tu u l
l isa ci conce nt ra t ion  )U- ~) e 1( 1 ~ N h t hua u t cry thr ste y  ics enup los ed to sssl ut h ihiz e the  membrane ut t h e  p resemit
front huma ns  which es) uire a 3—I ’ t id h i gh e r  eoi~s- en— e\p ernu te iut  does not etmuise utn r loss of bi o li sguc ti  I t ic—
centr ut t i on I 2’ )s I I I NI) .  I - . rr  throc y tes from guitte ut us u t y  of t h e  iuuc r n br t tne [ h 3. 23]. arid no disruption of
p ig.  rabbits  t ind sheep are susceptible t s i  t h e  s~ime l i poprot ein struicture u I  t h e  utiembr anc is evident IFig.

-IL T h e  presetit exper in i et its . luoae ser . do riot indict i le .
Tt mhl e 2. He t ui ,s ls i u c effect of micont i ,o le (in err t l irt i cy u es the d if l er em ut tut l h imuding  ol t it iconaiole to e I t h er lipid

I’rom fi ffe r en i  species sir  proteim i part on t h e  m emhra uu c ,
__________ ____________________ ~~~~ — — The protect i ’ie ella ct of seru it it t i gau i st  mmcona ,ol e—

I i i i h c s ’ u l h  I .it ion sit ’ mic on ti -,ole induiced huemol s x i s  , i pptir cnt ls  resui lts frouti t h e  bind—
required for SI t’’ - h em ,s ls  os i i i  St of nu ico iit t iole to serum p r o t e u m i s  S e r u m it u a lbu it i iuu

I st h r o c r t e  s, ’urce I 10 
— 

is fou nd qui te  effecti se in protect ing ery throc y t cs
— — ~~~~~~~~~~ ‘‘ ~“~~~ “ - — - - — — - tg t u in st nu ict um ia io le— i iudt ieed hucniol y xis . I lie binding u i l

Rabbit  I -58 m uu ieomut i i o l e  to serum p rolc t u ts  svo ut ld r e su mh t ni a t ’e du m e—
Gui unet i  p ie I t tor t of elicet is e drug comicen t rat s itu t o  hr u m tg umbou tt
I t , t iu i s ter  

— 
I t  O t t  h e nt u sl y sus of err t h i ro cy les . Sev ertu I drugs tire k toss _ ti

Sh eep I -5 S tu ~ bitud to tt l bunt in in 0-me se r urn , butt t he biiud tr i g
I l u i m i m a u m  2 ‘un of mico n a ,ut he to luG , presented in I huts paper . raises
(‘hick en I 48 1st- ti possibilities . It ni t t y be cr0 -icr du ic  i i i t h e  b t i t d i n g

t i f  nticont t ,ole i i i  let  i t s e l l  or to t h e  e lu t i o i i  sq a h b u t —
The ss.ts tued err il iroc y tes 3 I t )  cells ni l )  from stifler— mmmi d ini crs Iu s r i t l s ’ tI ri thue serutt ui t t lon wit h IcC i . hut

nt  sp ss is  is a. i tu (u b  u t d s smihi d i ) 1 ,, rsmit s it f l t r  i t h  Ii I l t ~ I it O_ i iss th~ d i u is _ pi m i  m r ih b ui l ds  to t l h t u t u u t t i
nh t tmicsins i,ole k i m 5 win ii  17 a mv t cent rm fi i ged imm e di— ‘ 

— - - . -

.ii els I l e s s , ’  ti lob / tm rele t i s ,,-d suits nue t ts ui red is described tutu— hut due to I hue l o r m u t t u o m i  ol .u lh tu t i i i t t  ( l imiters the
(I cr ~ t u i s i  ~u I s  and \ l e t t t o d s . I - r s n n i  tIme ert ip h u ic p lot ‘‘I the r t t d u u i ,is ’I is  mr  appe .trs iii  the l g( i peak.

.t. the  s su i c s u n i  r i m ton ol d ru e  required for SI ) ’ ’ ,, hem ols- s i s  Po ly cite t in t ihiot ic s . ss hm ch f iat c becui ext  e t t s i \  ely
81i5 e.i l s i i l , i t s ’st 

— - stu d ied  l is m t h e i r  ment hr , i t u e s l . i m ut . i gung  properti e s 

- -~~~~~ - - - ‘-  —-~~~~~---. ~~~~~~~~- .-- - -- - --.~~~~~~~~- -
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—..r—, i-n. t t  ~u K i I i u t i s u u a ~ssu s s t t  st  ‘n u i t s i  , i t t s i  (.. t’( ai s \ s \ i i s  K s u i

h~ixe been c(uitup tmred is i t hu  i t t i s u  i i t , u , ~s l~’ f or t h eir hu c rut o — l i t . I I .  V . umi  I) ,,-m i It ~~~ I ’ . hi, ’ lu -in . i i i i’ ‘‘i s 2 1
Is t ic .is’ iS I t S . \ uii ( iti~ I h u e puu ly  cites . 1muut p ft o tc r t c iu i  B I I ‘u ‘ - I i
shuoss ed hu g huer hu eru t ol y t i e  ellect i l i , u i t  i t t i s ’ si m t _ i i t i l u ..’ 1mu i ( h I I . S t )i.’ \ ‘ H u t  m u d  s1 Burger s . .iui /n i uma ’,uui dm, i I 2, i4 I
ItS si ,i t in sh ots cit a hino st equa I etk-ct Di git on t m . .t ~ ~ Y ‘ i i
rm lt i uti s.tpOt t i t i _ s’xs ’ u i s  huie hi er h iemo h t t ic  a c t i s i t s  i h ta u t  12. 1 1 D I r- i ( \ t i l i l ucll . i t m d t )  J h I , m u i . i ) i , i i ,  i s ,  f i n

— - — — ! Iu , n u Ii, ’uu i.  I l i , n j ’I i i s . l I N t . I 9 f I ‘ S t i n t
i t u i c s u i m t i i s i l , , .  I sul  s s’ns’s .ii md s_ t p O t i i t t s  i i iduce itie i u tb r , tmue  -

- 
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Mechanism of Action of Miconazole: Labilization of Rat
Liver Lysosomes In Vitro by Miconazole
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Miconuizole , a potent antifungal agent , labilizes rat liver lysosomes. Its labil-
izing effect is followed by measuring the release of lysosomal hydrolases ,
namely, acid phosphatase , f~-gl ucuronidase , and ary lsulfatase A. The effect of
miconazole us concentration dependent in the range of l0~ to 1.2 x 10 M, How-
ever , at hi gher concentrations , miconazole inhibits enzyme release but does not
inhibit  enzyme activities per se. The effect of miconazole depends on the drug!
h ysosome rt t tj o and is influenced by the pH of the incubation media , being
minimal at alkaline p H. Membrane-active drugs such as nystatin , 2-phenethy l-
alcohol , hexachhorop hene , and di gitonin have been compared with miconazole
for their lysosome-labilizing action, The effect of miconazole on the h ysosomah
membrane is confirmed by a decrease in turbidity of the lysosomal suspension.

Miconazole {1-l2 ,4-dichloro -~j -( 2 ,4-dj chlon-o- rat liver h ysosomes. The present paper de-
benzy loxy)-p heneth y lh inu ida z o le  nitrate} has scribes the effect of miconazole on the integrity
a broad spectrum of antimicrobial activity of lysosomal membrane , providing further cvi-
against pathogenic and nonpathogenic yeasts , dence that miconazohe iuutert ic ’t s  with biological
dermatophytes, numerous saprophytic fung i . systems by impairing membrane function.
and gram-positive bacteria (13 , 25, 31), Chemo-
therapeutic activity of miconazole as a topical MATERIALS AN I )  METHODS
applicant is well documented in the treatment Chemicals. Miconazole nitrate was a gift sample
of skin and nail infections and vaginal candidi- from Ethnor Ltd., Bom bay . India. Hexarhlorophene,
asis (2 , 5, 14, 29, 32). Studies on the mechanism digitonin , 2-p henethy lalcohol , p -n itrop heny lp hos-
of biohogical action of miconazole has-c been phate ,p.nitrocatechol sulfate , phenolp htha lein-I3-o-
recently reported 9, 10, 28, 33; K. H. Sreed- ghucuronide, Triton X-100 , and tris lh ydroxymethyl)-
hara Swamy, M, Sirsi, and G. Ramananda aminomethane t Tr izma base) were purchased from

Sigma Chemical Co., St. Louis. Mo. Nystatin wasRao , Biochem, Pharmacoh., in press). The drug kindly donated by E. R. Squibb and Sons , In c  -indu ces leakage of in t racel lu lar  materials from Princeton N J .  All other chemicals were of anaI yi~cells of Cand ida albican.s ( 28) , and at low con- ical reagent grade,
centrations it selectively inhibits the uptake of Preparation of rat liver lysosomes. Inbred Wistar
purines and glutamine into these cells (33), A/u sc rats weig hing 100 to 120 g were kil led by
Electron microscopic examination of cells of C. cervical dislocation , and the liver was quickly di,-
alhican,s exposed to miconazole revet,led that sected out into ice-cold 0.15 M Na CI isotonic saline ) .
the earliest drug-induced alterations are seen The liver was washed twuce with 0,15 M NaCI,
at the plasma membrane (9 , 10), Further , mi- weighed , minced Finely with scissors , and sus-

pended in 0.25 M sucrose. The liver was homoge-conazole has been shown to induce hemolysi s of nized in 0.25 M sucrose (5 ml of suu lut ion per g ofmammalian erythrocytes and binds strongly to liver using ti Potter-Elvehjem glass homogenizer
erythrocyte membrane li poproteins ISreedhara with a motor-driven Teflon pestle. The homogenuite
i~wt my i-I u i l , , in press) , These investi gations was first centrifuged at 1,500 s g in a Sorvatl centri-
clearl y indicate that the paramount feature of fuge , model RC 2-B , ftur it ) mm at 4 C to sediment
the biolog ical action of miconazole is its inter- unbroken cells and nuclei.  The suupernatant was
action with cell membrane of sensitive’ orga- then centrifuged at 20.000 s g for 30 mm . and the
n isms , resulting in the impairment of mem- pellet containing the ly s susutmes was suspended
hrane function and eventua l ly  cell death. gently in 0,25 M sucrose to give a final concentra-

tion of 10 mg of protein per ml.In an attempt to delineat e th e  mod e of action Effect of miconazole on rat liver hssosomes, Th~of micri nazo le on cellular  and organel lar mem- effect of miconazole on lysosomeu- was followed by
branes and to obtain a more comprehensive measuring the release into the medium of lysosomum l
view of huolog ical action , we have carried out hydrolases. Rat liver lvsosomes (0.5 mg of protein
studies on the interaction of miconazole with per ml) were incubated in 0,25 M sucrose containing
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miconazole )dissolved in 50’Z ethanob . various mum by :io miii  and showed no further sign i fi-
concentrations for 15 mm at :17 C. All incu~stitio n cant inerete .-.s- up t o  60 mm of incubation , The
mixtures , incl uding controls , contai ned ethanoh at~ r etc-umsu- of acid ph iusp It ~u It ise ’  and ary lsulfatase ’ A
fi n a l concentration of l~~. After the incubation , the
tubes were chilled in ice and centrifuged at 20 .000 

by miconai .isle  it 60 nun is about 44~’? , and that
if ~~.g l u ,!~’~ u e u u n tduls( .  is t2 ’~ of the total enzymeg for 20 mm , and the resulting supe ’rnat ants wi n-

assayed for acid phosphatase , ~l.glucuronidas e ’ , and ac t i r i i ~ present in the- l~- smiso mes .
ary tsulfatase A. The enzyme activity in the super- The- effect of incr ea sir mg concentrations of mi-
natant is expressed as percentage of total act ivi ty conazohe on the’ re-least ’ of acid phosphatumse .
obtained in the presence of 0.1’4 Triton X-100 , The ary lsulfatast’ A , and /3-glucuronidase fro m lyso-
data were corrected for the release of enzymes in ~~mes is shown in Fi g. 2. The lysosomes were
control samples. incubated with various concentrations of mi-

Enzyme assays. Acid phosphatase act ivi ty was conazole in 0.25 M sucrose for 15 m m ,  Micona-
determined by the method of Igarashi and Hollan- zole caused an increased release of all three
der ( 17), using p .nitrop heny l phosphate as sub- h ysosomal enzymes up to a concentration of 1,2strate. x 10 i M , and further increase in the drugThe reaction mixture for fl-ghucuron idase assay
in 1 ml contained 30 mM acetate buffer , pH 4 5  concentration showed decreasing enzyme activ-
0.5 ml of the supernatant , and 0.4 mM phenolphtha - ities in the supernatant ,
lein- 13-D-glucuronide ( sodium salt), The reaction The labih izat ion of lysosomes is dependent
mixture was incubated at 37 C for 30 mm , and the not only on the concentration of miconazole ,
reaction was stopped by adding 5 ml of 0.2 M gly- but also on the amount of lysosomes in the
cmne-NaO}I buffer, pH 10,4. The absorbancy of the incubation medium. Increase in the lysosomal
color was measured at 540 nm. protein concentration (numbe r of lysosomes)

Ary lsulfatase A was estimated by the method of
Jerfy and Roy (18) . using p-nitrocatechol sulfate as per unit volume of suspending medium at a

constant miconazole concentration caused asubstrate.
Protein was estimated by the method of t~owry et progressive decrease in the release of enzymes

al, 122) . from lysosomes (data no t shown),
Influence of pH on the miconazole -induced

RESULTS labilization of hysosomes. The effect of micona-
Effect of miconazole on rat hiver lysosomes. zole on lysosomes is dependent on the pH of the

The time course of miconazole-induced release incubation media (Table 1). The release of lyso-
of lysosomal enzymes is shown in Fig. 1. At a somal enzymes by miconazole was equally
miconazole concentration of5 x 10 -5 M , the rate effective at pH 5.0 (0. 25 M sucrose-0.01 M
of release ofacid phosphatase and arylsulfatase acetate) and pH 6.8 (unbuffered 0.25 M su-
A showed an increase up to 40 mm and there-
after remained constant. On the other hand , • Acid  p h o s p hatase
the release of /3-glucuronidase reached mmd - A Aryi su i fa t ase  A

0 J 3-Gi ucuron idase

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  6 0-

• Acid p i no s p hatase
4
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TABLE 1. Inf luence of pH of the incubation medium on the release of lysosomal enzymes by miconazole
Free activity u ’~ of t.otalt

Incubation medium Acid phomip hatase Ary lsuifatase A p-Gluc~ironidase

5 x 10 ~~~ 1 0 M  5 x 1 0  5M iO - 4 M 5 x 1o-~ M io M

0.25 M sucrose-0.01 M acetate 11.6 30,8 15.8 46.2 16.0 35.7
(pH 5.0)

0.25 M sucrose (pH 6.8) 17.0 44,0 17.0 43.8 12.0 32,0
0.25 M sucro~e-0,O1 M Tris-hy- 5.0 16.5 10,3 20.9 5.5 19,4
drochloride (pH 8.0)

Lysosomes (0.5 mg of protein per m l )  were incubated at different pH values with the indicated
concentration of rniconazole for 15 mm at 37 C. After centrifugation at 20 ,000 x g for 20 mm at 4 C , the
enzyme activities released into the supernatants were determined. Total activity in each sample was
measured by incubation of lysosomes with 0.1% Triton X.100. After correction fo r release of enzymes in
controls containing 1% ethanol , th e data were expressed as percentage of tota l enzyme activity . Trig ,
Tris(hydroxymethy i )a minomethane.

Miconazole concentration,

crose), but the extent of release was reduced at TABLE 2. Comparative effect of miconazole with
pH 8.0 10.25 M sucrose-0.01 M tris(hydroxy- some membrane-active drugs on labi lization of rat
methyl )aminomethane-h ydrochloride). liver lysosomes”

Decrease in turbidity of lysosomal suspen - Free enzyme activity
sion caused by miconazole. Incubation of lyso- 9; of totat(
somes with miconazole in 0.25 M sucrose re- Drags Concn

suited in a decrease in the J ysosomal turbidity. (M) Acid Aryl. $-Gtu-
phos- sulfa- curoni-

It was measured at 25 C by adding lysosomes to phatase tase A dase
0.25 M sucrose containing miconazole, and the
absorbancy of the suspension was measured at Nystatin I 1 x 10~ 1.70 0. 97 2 . 40
520 nm in a Carl-Zeiss spectrophotometer at 2- Phenethy l- I ~ x 10~ 5.30 2. 90 5.80
different time intervals . The decrease in tur- alcohol I 1 x 7 Q4  2.40 1.10 2 .90
bidity of the lysosomal suspension after 2 mm 5 x 10- 5.40 1.60 11.70
was about 12 and 26% at miconazofe concen- 5 x 10~ 59.20 38.20 25.40
trations of 5 x 10~ M and l 0 ’~ M , respectivel y.
Under similar conditions , o.ic~ Triton x-ioo Hexachhoro- 1 x 10~~ 8.10 7.40 7.80
decreased the turbidity of lysosomal suspension phene 1 x 10~ 35.60 34.80 58.80
by about 71%. Dig itonin I x 10’s 2.00 1.00 11.70

I x 10 46.70 40.00 63.70
Lysosome t abi h izing action of miconazo le as Miconazole 1 x 10- 4.20 4.40 3.40

compared with other membrane-active drugs. 1 x 10~~ 44.00 43.80 32.00
For comparison, the effect of some membrane- —

active drugs such as nystatin , 2-phenethyi- “ Lysosomes uO.5 mg/mI) were incubated for 15
mm in 0.25 M sucrose containing different concen-alcohol , hexachlorophene , and digitonin on rat trations of drugs (as indicated in the table) and

liver lysosomes was studied (Table 2). Nystatin centrif uged at 20 ,000 x g for 20 mm at 4 C. The
was relatively ineffective in releasing enzymes enzy me activities in the supert-matant w’.~re deter-
from lysosomes. 2-Phenethylalcohol required a mined as described in Materials and Methods. Tsstal
very hi gh concentration (5 x 10. 2 M) to induce enzyme activity was measured by incubation of lyso-
drastic changes in lysosomal integrity, result- somes with 0.19k Triton X-100. Nysta tin was di.s-
ing in the release of lysosomal enzymes. Both solved in dimethylformamide. Digitonin , hexachlo-
hexachlorophene and digitonin disrupted lyso- roph ene , and micona zole we’re dissolved in 50~
somes, and at 10~ M the lysosome labilization ethanol, and dilutions of 2.pheneth y lalcohol were

made in 301- ethanol. The control samples containedbrought about by these drugs and miconazole solvents at concentrations present in experimental
was quite similar, tubes

UISCUSSION phosphata so, ~3-glucuronidase, and arylsulfatase
The data presented in this paper clearly A from lysosomes. Its effect is concentration

reveal that miconazole has a profound effect on dependent, and, when lysosomes are exposed to
lysosornal membrane and causes release of acid different concentrations of micuunazo le . an opti-
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this optimuny concentration. The decreased en- in press) show that the drug interacts with
zyme activities in the supernatant at higher both cellular and subcellular membranes.
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4a. Development of expe r imen ta l  de rma tomycoses  in

laboratory animals.

Experimental infections in laboratory an imals help
not only in establish ing the pathogenicity of an iso-
lated fungus but also in several other purposes , viz. ,
to obtain the tissue phase of certain fungi like
Histoplasma, Cryptococcus, etc. , to determine the hair—
spore relationship of an isolated fungus, to under-

stand the role of fungi in allergy and the host-immune
response and to evaluate antimycoti c agents in vivo.

In order to standardise and study the co urse of an
experimental derrnatophytic infection in a susceptible
host , laboratory animal spe cies liKe rats, m ice and

guinea pigs were examined for t1~~ir susceptibility to
various dermatophyte species (Table 1). Guinea pigs

were found to be susceptible to Trichophyton mentagro—
phytes var granular when infected by cutaneous scarifi-
cation method. In brief the method is as follows. The
animals were clipped and shaved over the flanks. The
shaved skin was scarified with No.1 grit sand paper and
0.5 ml of spore suspension in saline (60mg dry ~veight )
was rubbed-in. The peak of infection was seen by the
end of 21 days arid lasted for 35 days with spontaneous
clinical recovery. The morphology of the lesions
during various phases of infection and mycological
examination of skin scales and hairs are described in
Table 2. The lesions were initially boggy and erythe~
matous , later became scaly and dry typical of a ring-
worm lesion. -The fungus was present in skin and hair
as mycelia and arthrospores. The invasion of the hair
was of ectothrix type. 
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Repeated infections.

The animals which were infected and self-cured ,
were repeatedly infect~’d for  4 time s and the course of

infection and the morphology of the lesions during
each infection were examined. The results are presented
in the Table 3. The result s revealed that reinfections
in once infec ted  and self-cured animals led to rapid
recovery and increased dermal reactions indicating the
development of acquired immunity.

Immune respons e duri ng the course of experime nt al
dermatomycoses in guine -a_pi gs.

The spontaneous cure of the primary lesions and the
development of inc reased r.3istance to reinfections
indic.ite the operation of imm une me chanisms dur ing the
infection and recovery. Tht- immune response during
the infection and recovery was analysed as to the
amount and types of circu i ting antib od ie s in the
sera. A low titer of pr e cipitating , agglutinating and

complement f ix in g  ~nt iboc i es  - -~~re detecte d (Table 4 ) .
The an imal s showed a del ~~ed- type of hypersens it ive
reactions to tLe s o lu c i L  e x t r a c t  of T. ment agrophytes
when challenged intrath r- .-. ,ll,,- ( T a o l e  5). The reactions

appeared 2 weeks af t~.r t :. , inf~~~t ion , inc re ased there-
a f te r  and remaine d at ni~~ . l~.-ve l even a f t e r  clinical
recovery.

4b. Analysis of immune rc spons e in guine a pig s
immunized wi th soluble e x t r a c t  of T. mentagrophytes.

Analysis of immune rL sponse duri ng the course of
infection and recovery inclicat -s that both antibody-

_ _ _ _ _  - - 
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TABLE 4. LEVi~IS OF ~~ TIB ODI~ J I~J ~~ RA OF GUIii~~ FIG.~
Ii-~F~ CTED ~‘ITH TR.L C~iOIc~YTON I JT~~RO i-~ L 2~~
DURING V~ RI0U 3 ~~~ES OF L~;FECT ION ~ND

RECOVERY.

Types of ~arly Peak of Declining Clinical
antibodies infect ive infect-  phase recovery

phase ion

on da~ on day on day on day
7 21 25 40

titer titer titer titer

Precipitin nil 1:4 1:8 1:4
Agglutinin nil 1:40 1:40 1: 320
Complement-
fixing nil 1:2 1:8 1:8

T~bi~ 5. OE~ L-iV~IDIATED ILfJMUi~E RESPONSE IN GUINEA PIGS
1 F ~~O D U D  WI TH PRICHO PH Y TON ~~~NTAGROPH ~ TES .

Hypersensi- Early Pe ak of Declining Clinical
t ivity infect ive infect- phase recovery
reactions phase ion

on day on day on day on day
7 21 25 40

diameter of induration (mm )

Delayed— 6 to 8 9 to 15 13 to 16 11 to 15 

~~.. .~~~~~~~~~..- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~. ,rc~- - -  ‘.—~~~-,‘ - H-
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:~cd i at e d  ~nd cell- rae~~i. it u d  immune re sponses ar ~ in
oper~tt ion . Th~ presence of 1o’~’~ t i ters  of the anti-
bodies miHht probab ly be due to the lack of adequate
antigenic stimulus . Sin ce the organ ism is confined to
supe rf icial  layers , the amount s of d i f fu s ible antigenic
components reaching the lymphoid system might be very
low. Hence the immune responses in detail were studied
in ac t ive ly  immunized -animals.

Soluble extract from acetone-washe d 7-day old

mycelium of T. me-ntagrophytes was ~ ‘epared in 0.1 I~
phosphate buffered saline (pH 7.2). The dialyzed

extract (12 rag protein) in Freund ’s Complete Adjuvant

was injected subcutaneously in three doses at weekly

intervals. One more dos€. ‘as given 14 days afte r the
third injection to boost the level of antibodies and the
cellular reactions . Animals were examined for the
circulating antibodies and the delayed-type hyper-
sensitive reactions. The levels of circulating anti—
codies in sera of immunized animals are shown in
Table 6. The t i ter  of precipitating antibodies was
doubled with a booster dose. But there was no change
in other types.

The cellular immunity was stud ied in detail. In

summary the following techniques were employed for  the
study and the result s are show n in Tab le 7.

1. Delayed-type of hypersensitivity reactions in
animals challenged with soluble extract  of the fungus .

2. Inhibiti on of migration of peritoneal exudate
cells from the capillaries in the presence of soluble
extract.

3. ~ntigen r ’.~co~ n it ion  capacit y of the sensitized 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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TABLE 6. LEVE LS OP C IRCU L-n TING AN TIBOD J~~S IN GUINEA
PIGS ACTIVELY I~- IMUNI~ ED WITH 1OLUB LE EXTRACT
OF TRIC HOPHYTON i~-LNTAGROPH1T~ S

Dose of antigen Titer of antibody types

Pre cipitin AggJ.utinin Complement
fixing

Soluble extract
(12 mg protein) 1:16 1:1024 1:8

Booster dose
(3 mg protein) 1:32 1:1024 1:8

TABLE 7. CELLU LAR RE AC TIO NS IN GUINEA PI GS ACTI VELY
IMMUNIZED ~N ITH SOLUBLE EXTRACT OF
TR ICHOPHYT ON IVIENT AG-ROPHYTES

Skin reactions (DTH ) 18-22 mm of
against soluble extract induration.

Migration of peritone al inhibited
exudate cells in the
presence of soluble extract

Transformation of lymphocytes 15 - 20%
in the presence of soluble
extract

Antigen recognizing cells 19%
( immunocy toadhe re rice)

L —---- -- -~~- .—- -~~~~~~~~~~ - -
~~~~
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lymphocytes from spleen as studied by the immunocyt o~
adherence (ICA) test.

4. Transformation or blastogenesis of sensitized
lymphocytes from spleen when exposed to soluble extract
as antigen. This was studied both by microscopy and
3H-thymidine incorporation during blastogenesis.

The immun e ser a was fur ther  tes ted  for  its bio-
logical ac t iv i ty  on the s pores of T. rnentagrophytes.
The germination of macroconidia of T. mentagrophytes
was completely inhibited whe n inc ubated with immune
sera at 10% level. Further this inhibitory action in
the presence of ‘complement ’ is be ing examined.

These studies indicate clearly that on immuni-
zation there is a significant increase in the titer of
circulating antibodies (which are biologically active)
and the cell mediated reactions.

The soluble extract used for immunization is
known to cont ain complex mo 1~ cules like lipopoly-
saccharides and proteins which are highly immunogenic.
Lipopolysaccharides and proteins were separated by
phenol-water  e x t r a c t i o n  and trichioroacetic acid
precipitation methods. The sera from the imi~. zed
animals were tested against these components and
soluble extract for precipitin bands in gel diffusion
method. The soluble extract gave 3 precipitin lines,
the proteins 2 and the lipopolysaccharide fraction only
one.

The capacity to evoke hypersens i t iv i ty  reactions
by these component s was also examine d b y intradermal
adminis t ra t ion.  The pr~~tL i n  f r i c t i o n  e 1icitecz~ only
the del ayed— type of hypersensitive reaction. The

- -  - - - -~~~ ~~- - - - - -  ----- -
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lipopolysaccharide f r a c t i o n  could not evoke eithe r
immediate or delayed— type skin reactions. Th~se
studies indicate that the lipopolysaccharide fraction
is spe ci f i c  f o r  circulating antibod ie s and the pro-
tein fraction for both circulating antibodies and
cell-mediated reactions.

Modification of infection and immune response in
the immunized animals.

The active immunization with soluble extracts ,
led to the development of increased le vels of both
ant ibody-mediated and c~ 1l-mediated responses s imul-
t aneously. Since the sera from these an imals showed
in vitro toxicity on the test  f ungus it is interesting
to stud y the course of infection and immune respons e
in these animals .

The immunized animals ( having a titer of pre cipi-
tin of 1:16 and a delayed-type of hypersensitive
reaction of 14— 15 mm) were infected with
T. mentagrophytes and the co urse of infection and
immune respons e were examined. The re su lt s are shown
in Table 8. The complete clinical cure was noticed by
21 days .

The lesions were highly orythemat-i~ with
increased levels of delayed hypersens itive reactions.
There was no increase in the levels of precipitins, but
the titer of complement— fixing antibodies was reduced.
These studies ind ic ate tha t active immunization would
help in the development of resistance to the dormato-
myc ot ic  infect ions also. 

~~~~~~~~~~~~~~~ - -~~~~~~ --~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --~~~~~~~~~~~ ---~~~~~~~~~ ----- - - - - - - - - -.
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TABLE 8. MODIFICATION OF INFECTIONS A1’JD IMMUNE
RESPONSES IN ACTIVELY IMMUNIZED ANIMALS .

Antibody type s Early Peak of Declining Clinical
infect- the in- phase recovery
ive fection
phase

7 d  14 d  18d 2 1 d

Precipitin 1:8 1:8 1:8 1:8

Complement-
fixing 1:10 1:4 1:4 1:2

Delayed-type of
hypersensitive
reactions 14-15 14 18 18( induration in
mm)

Duration of the
control infection 7 d 21 d 25 d 40 d

~~~~~~~~~~~~~~~ - ——- - -— - — - - - -- 
~~~—-~~~~



-— -~~~~ —~ —~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ 
___ __ — - - ? ‘ W ” r ~~~~~t~~~ T

4c. Adoptive transfer of cell-me diated immunity to
non—sensitized animals.

With the exploration of cellular and biochemical
aspects of immune mechanisms, th e role of “transfer
factor” in transferring the immunity in a numbe r of
diseases is extensively studied and reco~~ized. Our
s tid ie s have shown th at active immunization would help
in resisting the infection by triggering the immune-
cells. Hence the sensitized lymphocytes from the
actively immunized animals were examined for the ir
“transfer ” capacity.

The lymphocytes from the spleens of sensitized
guine a pigs were harvested and washe d aseptically and
suspe nded at a cell density of 90 x 106 cells per ml
in phosphate buffered saline. Either the whole- cells
or cell-free extract (prepared by freezing and thawing
for 10 times) were administere d sub cutaneous ly into the
shave d fl anks of non-sensitized guine a pigs. After  an
incubation period of 20 hr, the animals were challenged
intradermally with 0.1 ml of soluble extract or
protein fraction or lipopolysaccharide fraction of
T. mentagrophytes. The cross reactivity with the
related d~rmatophytes was also examined by challenging
with the soluble extract or protein fraction or lipo-
polysaccharide fraction of I. mentagrophytes. The
cross reactivity with the related dermatophytes was also
examine d by challenging wit h th~ soluble extract from
Trichophyton violaceum, Trichophyton rubrum and
Microsporum canis. The delayed type of hype rsens it ive
reactions developing 24 hr later were recorded
(Table 9).
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TkB LE 9. ADOPT IVE TRANSFER OF CELL- MEDIATED IMMUNITY
TO TRICHOPJ-IYTON MENTAGROPHYTES IN GUINE A PIGS .

Antigenic material Skin reaction (in mm) in
animals infected with

Lymphocytes Lymphocyte-
extract

Trichophyton
mentagrophy-tes
soluble extract
( 2 0  ~ig protein) 12 11

Protein fraction 11 10
Lipopolysaccharide
fraction (20 ~ighexoses) 0 0

Trichophyton
violaceum 10 Not tested
soluble extract
(20 ~ig protein)

Trichophyton
rub rum
soluble extract
(20 ~ig protein) 6 Not tested

Microsporum canis
(20 ~g protein) 9 Not tested

~

-- - -

~
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A positive reaction was elicited in the animals
injected with both whole cells and their extract.
Both the soluble extract  and protein fraction but not
the lipopolysaccharide fraction evoked delayed hyper-
sensitive reactions. Significant levels of positive
reactions with the soluble extracts from other related
dermatophytes indicated the cross reacti vity.

These studies re veal that lymphocytes sensitized
to a dermatophyte do possess a “transfer factor” in
addition to various other cellular reactions as observed
in some of the syst~nic mycoti c infections like histo—
plasmosis and coccidioidomycosis. The chemical natur e
of this “transfer factor” and its in vivo efficacy in
curing experimental dermatomycoses are being investi-
gated.
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C5. BIOCHEMICAL STUDIES IN ~LICROSP0RUM CANIS

SPORE GE RM INA T I ON AND ~~~~~~~~~ OF

CYCLOHEXIMID~ RES I$~~~NCE
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The fungi  are an impor t ant group of organis ms fo rm-
ing a distinct group and possess a relatively simple
type of basic organization and high degree of speciali-
zation. These feature s with marked plasticity of form
in response to environmental conditions make them
su i tab le  organisms for morphogenic studies and as

such studies on these fungi should contribute to the
understanding of eulcaryotic biology as a whole.

Dermatophytes , v i z . ,  specie s of Trichophyt on,
Micros~porum and Epidermop~hyton constitute the group
responsible for superficial infections of keratinized
tissues like epidermis , hair and nails. Dermatophytes
are generally pleomorphic in nature and produce in
their  l i f e_ cyc le  three types of spores - macroconidia ,

microconidia  and artlirospores. The spor es of these
fungi ire importan t becaus e of their pathogenicity and
involve~~t~at in the spre ad of infect ions. The bio —
chemical  and physiological s tudies  of sporulation and
germination in du r m at o p h y t e s  would h~ 1p in be t t e r  under-
standing of the mode of infection , host-parasite
re lat ionship  and specia l ized  nature of parasitism.

Among the three genera of dermatophyte s ,
Microsporum i less p le omorphic -tad produces more
macroconidia than microconidia. Hence it was chosen
as a representative organism for study ing differentiat-
ion in dermato phytes.

5a. ~rov~tf ~ and sporulation of Microsporum can is.

.~uveral species and strains of Microspprum were
t e s ted  t o r  t hei r  - iui 1~ t y  to sporulate in me dia which
d i f f e r  w i t h  r espect  to  c arbon , nit ro gen and vitamin — 
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sources. Only a few strains of M. gypseum viz., 144 ,
130 and one strain of M. canis, HM 382 sporulated well
in Sabouraud ’s glucose agar (SGA) medium. Alteration
of carbon or nitrogen source did not have any signif 1-
cant effect on sporulation of Microsporum spp. How-
ever , replacement of peptone in SGA with tryptone and
addition of yeast extract and KH2PO4 resulted in the
increased sporulation in lvi. canis HM 382, M. ~ypseum
144 and 130. As the sporulation was quit e abundant in
M. canis HM 382 , compare d to other specie s and strains,
it was chosen for morphologic al and biochemical aspects
of spore germination.

M. canis sporulated well at 3000 in ab out 10-14
days . The opt imum pH for sporulation was fo und to be
6.2 .  Though decrease in pH did not have any deleterious
effect , increase in pH of the medium towards alkalinity
resulted in drastic inhibition of growth and sporu-
lation of the organism.

5b. Germination of macroconidia of M. canis.

Distinct mor~ho1ogica1 changes could be observed
by 4 hr when macroconidia were suspended in SG broth.
By 6 to 8 hr emergenc e of germ tubes takes place and
by 24 hr more than 95% macroconidia showed multiple
germ tubes.

Effec t  of nutrients:  Tho ugh 40-45% macroconidia
germinate in saline,germ tubes forme d by 8 hr failed to
elongate and form mycelia. Glucose had no effect on
germ inat ion either at 30°C or 37°C. On the contrary ,
peptone at 1% markedly ~nhanced the germination as in
SG broth. 

--~~~~~~~~~ - ---
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Heat resistance of macroconid ia: Macroconidia
germinated we ll at 30°C in peptone br o th . Heatir~ the
macroconidia fo r  2 mi.n at 5500 resulted in the loss
of ability of macroconidia to germinate both in peptone
and SG broth.

Effect of spore concentration : Optimal spore
concentration for germination was found to be 3 x 106

niacroconidia/mi of germination medium. Increasing th~
spore concentration to 10 x l06/ml resulted in a
decrease in the number of spores germinated by 8 hr.

Effect of peptone concentration: Decreasing the
peptone concentration from 1.0% to 0.1% caused 50%
inhibition in the germination of macroconidia. At
concentration less than 0.1% peptone failed to stimulate
germination.

Ef fec t  of L- amino aeids~ As the additi on of peptone
increased the germination rate of macroconidia , several
amino acids were t sted for their capacity to sti:~ulate
germination. Out of 19 amino acids tested only
L-leucine and L-glut amic aci d at 10 mM concentration
stimulated the germination by 37% and 30% respectively ,
by 24 hr.

5c. Macrornolecular changes.

The macromole cular changes taking place during the
active phase of ge rminat ion ( during 4 to 8 1w) and
earlier have been examined. The changes in dry weight ,
prot ein , nucleic acids , amino acids and nucleotides
have been given in Table 1. Despit e th~ incre ase in
the rate of germination dry weight of macroconidia did
not show any marked change and so alsO the protein
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f~ i3LE 1. CHANGLS IN CHaM ICAL COMPOS ITION OF M. Oi~NI5

~IAOROCONIDIA DURING GERMINATION
a.

Duration of germination (hr)

0 2 4 6 8

Dry weight (mg )b 102.25 94.75 110.25 112.0 107.0

Protein (mg) 6.0 5.82 5.62 6.00 5.70

RNA ( p g )  1410 1480 1200 1120 1850

DNA ( p g )  108 177 152 144 163

~ uc1eoti des (~ig)  637 623 492 511 251

Amino acids (mg ) 2 .32  1.96 1.82 2.10 0.68

Sugar (mg ) 2 .60 3.0 2 . 3  2 .4 5  3. 35

a 
~erminat ion sy s ter i  contained: Macroconidia , 4xlO6/ml;
peptone , 10 mg/mi .

b All values are calculated per io8 macroconidia.
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conten t .  The rj b onu clc ic  -acid cont ent decreased during
e ir l y germination and i t  vias followed by considerable
increase between 6 to 8 hr of germinati on. In
cont ras t , the level of nucleot ides  decreased gradually
throughout the 8 hr germination period . Studie s using
labelled pre cursors revealed tha t cons iderab le macro-
mo1~~cular tuniover takes place during germination of
macroconidia.

5d. E f f e c t  of inhibi tors  on. in vivo macromole cular

synt hu sis.

E f f e c t  of puromycin: Puromycin , which inhibit s the
protein synthe sis by acting as an analogue of amino
acyl- tRNA , at 50 and 100 ~g/m1 failed to inhibit the
in vivo protein synthesis during germination of macro-
c oni di a.

Effect of 2-phenethylalcohol (2_ PEA ): 2-PEA
inhibited the germination and in vivo protein aynthesis
considerab ly at 10 mM. At concentrations higher than
10 mM , its inhibition was more pronounced.

Effect of cycloheximid e: Cyclohexiinide (CHI), a
potent inhibi tor  of eukaryot ic  protein synthesis failed
to bring ab out any inhibit i~ n of in vivo prote in
synthesis at concentrat ions r~ n~ ing fcc :: 5 to 250 ~~/n1.
In contras~~, it i nhib it ed  th in vivo p r ct e in  cy rit h~~sis
of ~~pe rgil1us niger, a s a j~- rap hy t i c  fungus by OVer 85%
at 100 ~g/m1. Growth of or E a n lJ n v~ s also not a f f e c t ed
even at concentrat ions of 0 .5 te 2 .~ rng/Ll , ~n ile  t n -~
growth of A. n~g~ - r was compl~ t~~ly inn ib it ed  at 0.5 mg,-
ml (Table  2 ) .  In order to  c lu cid  at e  the  na tire 01’

res i s t ance  of M. canis to O f - I , the  e f f e - : t  was examine d

in greater detail.

_________________________________ __________________________________
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IAd L~ 2. EFFECT OF CYCLO !- N~XIMID~ ON GR OV/ TH AND
$PORUL’JIOII OF 1. C~ NIS.

Organi sm Cycloheximide Growth a Sporulation
(mg/mi)

M. canis 0.0 ! 1 t I

0.1 -g--H- l-

0.5 +4-

1.0 ++ +

2.5 ++

A. niger 0. 0 -HH-+ -H-H-

0.5 - -

a 
~t f t e r  7 days. Organisms were grown in SG agar
plates.

- nil; + negligible; 4--f- poor; +++ fair; I I I  good .

_ _
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The i neff ec t i venes s  of CHI on growth and protein
synthesis of macroconidia during germination could be
due to: a)  lack of pe rmeabi l i ty  of the drug into the
cell , b )  a l terat ion of r ibos ome s of the organisms ,
c) de toxi f ica t ion  of the drug , and d) adaptation of
the orN anism to Ci-il .

Lack of permeabi l i ty  of the drug: Al terat ion in
membrane s t ruc tu re  during germination of fu ngal
spores has been reported. As a re sult of such
al terat ion in membr ane s t ruc ture some an t i funga l  agents
like pentachlorophenol, respiratory inhibitors can
gain access into the spores during germ ination and
become e f fec t ive .  The f ac t  that  CHI remained in-.
e f f . ctive not only during germination but also in
mycelia suggesting that pe rmeabi l i ty  may not be a
barrier for the entry of the dru~ into the macro- -

7l~~~~~ ~~~~~~~~~~~~~
conidia. At tempts  made to permeabiiize the ma croconidi e
to Cl-l I by the use of detergent s like sodium dodecyl-
sulfate  and miconazole ni t rate , an ant ifungal agent
were unsuccessful.

Alterat ion of ribo$ome s of the organis m: As the
sur face  act ive agents themselves inhibited germination
and grow th of macroconidia , it was considered neccssary
to study the e f f e c t  of CHI on the in vitro protein
synthesis of the organism in order to e1ucid-at~ the
natur~ of resistance of the organism.

5e. Characteris ti cs of in v i t ro  protein synthesis in

m~ celia and m-acroconidic.

The ~-30 extracts derived from germinating macro-
conidia an d mycelia of M. can is synt hesized poly- L-
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phenylalanine at 30°C. Unlike in the rnycelial
ext rac ts , p re incuba t ion  of ma croconidial extracts  fo r
10 mm at 3000 decre ased the incorporation by 30%.
The protein synthet ic  -activity of the 3-30 extracts
was quite unstab le ; ~o% activi ty was lost on keep ing
the extracts  at -20 °C for  24 hr.

The important character is t ics  of -amino acid
incorporation were studie d by dele tion of essent ial
component s or addition of spec i f ic  inhibitors to the
reaction mixture. [The complete reaction mixture
contained the following (in ~moles unless otherwise
specified) in a total volume of 1.0 ml: Tris-HC1
(pH 8.0), 50; magnesium acetate , 10; potassium
chloride , 2.5 ; ammoniurn chlor id e , 50; f3— mercapto-
ethanol , 5; spermidine , 2; yeast tRNA , 100 p.g;
adenosine triphosphate (ATP), 2.5; guanosine tn - .
phosphate (GTP) ,  0 .2 ;  phos phoenolpyruvate, 5.0 ;
pyruvate kinase, 10 p~

; polyuridylic acid (poly-U),
100 ~g; 

14C-L_ phenylalanine (sp.act. 153-180 mCi/
rnmole), 0.2 p~0i; each of the 19 other amino -acids,
0.04; 3-30 extractj.

The incorporation was dep endent on ALP, an energy
source , magnesium and poly-U. Incorporation v~as
enhanced by yeast tRNA and to a lesser extent by GTP and
pyruvate kinase. The system was sensitive to ribo-
nuclease , puromycin , sodium fluoride, miconazole
nitrate and less sensitive to CHI, deoxyribonuclease ,
chioramphenicol and 2-phenu thyl alcohol (Table 3).
The protein synthesis was maximal at 25CC and decre ase d

considerab ly at 37°C and 42 °C.
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TABI~ 3. EFFECT OF INI-IIEITORS ON THE IL~ VITRO PROTEIN
SYNTHES IS IN MACR000NID IA AND MYCELIa OF

M. CANIS.

Inhibitors Mac roconidia Mycelia

Incorpo-. Inhi- Incorpo_ Inhi-
ration4 bition ration bition

(%) (%)

Complete
system 3608 - 3140 -

+Cyclohexi-
mide 50 ~g 2445 32 —

+Cyclohexi-.
mide 100 ~g 2450 32 2102 34
+Puromy cm
100 ~g 1542 57 499 85

+2- Phene thyl-
alcohol - - - 29 20 8

+Miconazole
50 ~g 876 75 644 80

+Chlo ramphe ni-
col 50 ~ig 3750 - 3123 1

+RJase 50 ~g 292 89 213 94
-4-NaP 50 ~g 1304 64 -

~ Incorporation expressed as OPM/mg protein. 
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51’. E~f fe c t  of CHI and its analogues on in vitro
protein synthesis.

CHI, at concentrations ranging from l0 7M to
failed to inhibit in vitro prot ein synthesis both

in mycelia and. macroconidia. Its analogues like CHI
oxime , CHI acetate , isocycloheximid.e and strepto-.
vitacin A were also found to be ineffective. One of
the analogues, CHI semicarbazone showed a slight stimu-
lation of the amino acid incorp oration.

In contrast to  the e f f e c t s  observed in M. canis,
CHI inhibited the in. vitro protein synthesis in

Saccharomyoes cerevisiae by 50% at l0~~M and 80% at
1O~

3M.

The e f f ec t  of CHI was examine d in a he terologous
system wherein nibosomes and 3-100 fraction of M. canis
and S. cerevisiae were cross- mixed (Table 4). OHI
showed over 65% inhibition in the system where the
nibosomes are from S. cerevisiae and S_lOO fraction
from M. canis. No inhibition was observed when ribo-
somes of M. canis and 3-100 fraction of S. cerevisiae
were used. The results suggest that resistance ~o CHI
in M. canis is at the 1~ve1 of ribosomes.

5g. ‘Limiting factor’ in the macroconidia for protein

~ynthesis.

The fact that germinating conidi-a have a high
incorporating activity as compared to ungerminated

conidi a, suggest that ungerm inated conidia have a
limiting factor in protein synthesizing mechanism.
Such limiting factor could be: tRNA , amino-acyl tRNA
s~nthet-ases, transfer enzyma (soluble fraction) and/or 

j
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TABLE 4. 14C~.PHENYk~JJ~NINE INCORPORATION WITH RIBOSOMES
FROM MA CROCON IDIA OF M. CAN IS AND VEGETATIVE
CELLS OF S. CEREVIS lAB.

Microsporum canis S. cere visiae Cyclohex— Inhi-
imide bition

Ribo- S-l00 Ribo- 3-100 concent- (% )
somes somes ra ion /

+ + - - 0 0

÷ ÷ - - lO~~ +25

+ + - 2

- - + + l0~~ 50

- - + + ~~~~~~~~~~~~ 80

+ - - + lO~~ 18

- + + - iO~~ 58

The incubation system was as describe d in the text,
with 300 ~g of 5-100 protein and 250 ~g of ribosomal
protein. 3-100 and ribosome s were mixed separate ly
and added to the reaction mixture.

L~~~~~~~
. 
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ribosomes. Studies carried out by cross-mixing the
ribosome s and .~-l00 fractions of ungerminated and
germ inated conidia indicate that  ribos ome s of unge rmi-
nated conidia and not the S-100 fraction that is
defective (Table 5). Further, the phenylalanine-tRNA
sjnthetase activities were found to be quite similar
in both ungerminat~:d and. germinated conidia. The
defect in the ribosomes could be in the absence of
certain essential proteins or presence of an inhibitor
or association of ribonuclease activities with the
nibosomes. In fact , our studies indicate that nibo-
somes of ungerminated conidia have an increased RNase
activity compared to ribosomes from germinating
conidia.
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TABLE 5. 14C—PHE NYLALAN INE INC ORPORAT ION ~i ITH RIB OS OMES
FROM UNGERMINATED AND GERMINATED MACROCONIDIA
OF M. CANIS.

Ungerminated Germinated ‘4C-phenyl-
alan.ine in-

Ribosome s 3-100 Ribosome s 3— 100 corporation4

- - + + 3830

+ + - - 858

- + + - 5130

+ - - + 884

• Incorporation expressed. as CPM/rng ribosomal protein.

The incubation system was described in text .  300 ~ig
S-b C protein and 250 

~~ 
of nibosomal proteins were

used.

- -- - - —
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C . 6 .  BIOS YNTHETIC POTENTIALIT IES OF CANDIDA SPECIE S4

Cont r ibu t ions  of Dr. T .K.  Narayanan and Dr. V.P.

Ohoudary , research s cholars associated with Principal

Investigators.
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Yeasts , in comparison to other microorganisms,
have been more intimately associated with the progress
and well being of human race. Their contritution to

man ’s progress has been based largely on: their capacity

to bring about rap id -and ~ff1cient conversion of sugars
to alcohols and C02; their role in elucidating basic

b iochemic al and meta bolic processes in living cell
and their varied biochemical potentialities in produc-

ing several metabolic products .

6a. Production and mode of action of aromatic alcohols.

With th e exce ption of a few reports, the b io-
synthetic -ability of Candid a species to produce aro-
matic alcohols has not received a thorough examination.

Hence these species have oeen exam ined for their
ability to produc e v arious compounds when grown on

L-phenylalanine , L-tyros ine , -and L-tryptopkian. P~
simple me thod of extract ion and purif icat ion of these
compounds from culture filtrates has been developed.

Besides alcohols the presence ol’ other compou nds ,
intermediates in culture filtrate s, has -als o been
tested. The production of alcohols and hydroxy acid s

by Candida species has been quantit ated and the use of

Candida species to produce labelle d compounds investi-

gated. The results revealed the biosynthetic ability

of Candida spp. to produc e ‘~3-phenethylalcohol and

p-phenyllactic acid (pages , 80-87 ); p-(4_hydroxyphenyl)-

ethanol -and ~_ (4 .- . hy droxypheny 1) 1act i c ac id (page s , 88-93)
and ~— indole ethanol and ~-indole lactic acid (pages,94—99).

Extensive lit~ratur~ is available on the mode of
action of PEA in mammalian -and plant cells, bacteria
-and viruses. The isolation of PEA , HOPEA and lEA has

~

-— -- -

~
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~ 
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provided an opportunity to make a comparative study of
their mode of ac t ion in ye asts. The ir effec t  on
dimorphism, growth inhibition and reversibility,
respiration , uptake of labelle d precursor s, macro-
molecular synthesis and membrane function. in C. albicans,

has been investigated and dis cussed. The results

(details presented in the Annual Report 1975—76 ,
pages 60-89) suggest that these alcohols interfere

with several cellular processes , and their effect can

be explained by their interaction with cell membrane.

6b. Enzymology of PEA biosynthesis in Candida

guillie rmondii

Though the pathways involved in the biosynthesis

of phenylalanine , tyrosine and tryptophan in yeasts have

been extensively studied, little is known about the
enzymology of the ir catabolism. The enzymology of the
biosynthesis and regulatory aspects of PEA and lEA
are of great interest in view of their reported auto-
antibiotic activity. Hence in the present study,
investigations have been carried out on the enzymology
and regulation of the biosynthesis of PEA and PLk from
L-phenylalanine in Candida guillerm ondii (pages 100-105). - -

~~~~~~~~~~~~ - --- ~-- -~~~--- -~~~~~~~ -- -
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SlJMNARY~ 2—Phenethy l alcohol (2_PEA) and 2—phenyllactic acid ( 2—P L A ) were
isolated from the cultur e filtrates of Candida species grown in media contain-
ing paptone or phenylalanine as nitrogen source . These compounds were chara-
cterized by comparing their CV , IR, and NMR spectral properties with authent i c
samp les. Candida species dif~ered markedly in their production of 2—PEA and
2—PL A . Experiment s using 1:1 C] —phenylalanine indicated that both 2—PEA and
2—pLA are synth esised from L—phenylalanine. A pathway for the biosynthesis

F of 2—PEA from L—p henylalanlne has been proposed.

INTROL4JCTION

The biosyn thetic ability of species of Saccharomyces and Candida have

been extensively exploited in the production of alcohols ( 1) ,  vitamins (2)

and enzymes (3) . 2—P hene thy l alcohol (2—PEA ) was isolated fr om cul ture fil—

trates of Candida albicans when grown in Sabouraud’s broth (4). Whether the

production of thi s compou nd is unique to only C. albicans or shared by other

species of the genus Candida, as well its physiolog ical role and the enzy me—

logy involved in its biosynthesis are some of the aspects about which nothing

is known. The purpose of this study is to examine the abi ity of both patho-

genic and nonpathogenic species of Candida to produce 2—PEA and the interme-

diates involved in its biosynthesis.

MATERIALS AND METHODS

C. albicans Z248, C. guilliermondii Z55,  C. krusei Z70 and C, tropicalis
Z56 were obtained from London School of Hygiene and Tropical Medicine, London
and C. intermadia from V. P. Chest Institute , N ew Delhi , India. Stock
cultures are maintained on Sabouraud’s glucose agar.

Erlenmeyar flasks (500 ml) each containing 200 ml of the medium wore
inoculated with 5 ml of 24 hr broth culture in the same medium. The cells
were grown at 31 or 37 C on a rotary shaker for 2 or 7 days. The cell s were
sedimente d by cent r ifugat ion at 2000g for 20 mm in a Sorv~1l RC —2B and the
su parnatant (desi gnated as culture filtrate) was decanted . The cell, pellet

(~ pvrzglu -~ / 974 h -~ ) k/ em g(-  I ’ r -s ’. , b e .
A/ I ri~’hts of r~’pr ,ibu~ luni in one /1,110 ,ew r ted

- 
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Table 1. Physicochemical and spectral properties of 2—PEA and 2—PL A
isolated from culture filtrates of Candida species.

Property 2~pEA 2_PLA**

Liquid/solid oil (colorless) leaflet crystals

m.p./b.p. 220 C 120 C

Solubility in acetone highly soluble highly solubl e
ether ,,
chloroform ,, slightly soluble

Optica l rotation — +90

RI value s 0.72 (~Lc)e 0,96 (paper c~ rorn ato—
graphy)

U . V .  (A m a x ) &  259 ni~i 258 nm

I.R. abs orptio~~ 3575 (~ ) c —o~i 
3450 (eb) C2—OH

range Cm 3350 (b) 1 1740 (sh) Ci~~

1460 (sh)~ 1460 (sh) ~1508 (sh )~ C6E5— 1500 (sh) ~ C6H 5-
1615 (sh)~ 1610 (sh) I

NMR signal sC 7.40 singlet C6H5— 7.40 singlet C6R -(~ values)
2.90 triplet —CH2— 4.30 quadruplet EC

3.90 triplet 
~~2 3,0 quadrup let —C H 2—

1.70 singlet C —OH 2 .60 multiplet D*1S0

On exchange with D2O
d singlet at~~1,70

of C1—OH
disappeared

* From C. guillieritondli CC From C. tropicalis
a Ethyl alcoholic solution (10 mg/100 ml), Uni cam SP 700A
b Neat’s spectrum (2—PEA) and Nujol spectrum (2—PLA), Carl Zeiss Model UlO
o 2-PEA in CDC13 and 2-PLA in D1450-D6 (10—15%) , Varian Model T60 MH2
d 2—PEA was treated with D20 and kept overnight for exchange
e Solvent system: petroleum ethersether ( 1: 5) — Identification by

iodinat ion
f Solvent system: benzene :aeetic acid :water (15:6:3) — Identification

by spraying with 0.1% KMnO4
(sh) sharp; (b) broad; (w) wide .

was washed twice with distilled water and the washings were pooled with
culture filtrate .

Extraction and purification: Procedure I —The filtrate from 2 litres
of culture was extr acted with chloroform (1 vol for every 10 vol) and the
extraction was repeated fou r times . The chloroform extract was dried over

729 
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anbydrous sodium sulphate and evaporat.d to dryness .t 37 C. Th. oily mate-
rial thus obtained was treated with 5 a]. of acetone and the acetone insoluble
material was filtered off. The filtrate was dried and th. acetone precipita-
tion was repeated twic.. The acetone —free material (250 ma) was applied to
50 I 1.5 cm column of silica gel and eluted with petroleum ether : ether
(4~t v/v) mixture. The first tOO—150 a). of the eluate was evaporated at 37 C
and the r.sidu. (30 ag) was dried in vacuum and used for spectral studies.

Procedure 2 —Stop A: On. litr, of the culture filtrat, was extracted
with solvent ether ( 2 vol for every 10 vol ) twice and the ether extract
was dried at 37 C. The material was taicen in 100—150 ml of warm water and
the ph was adjusted to 8.0 with sodium bicarbonate and extracted twice with
ether • The ether extract was dried over anhydr cu s sodium sulphate and evapo-
rated at 37 C. The oily material was treated with 5 a]. of acetone and the
acetone..jnsolubls material was filtered off and the filtrate was evaporated
at 37 C and dried in va cuum and used for spectral analysis. Stop B: Th.
alkaline aqueous solution from step A was acidified to pH 3.0 with BC]. and the
pr oc.ss of ether extraction and acetone treatment was repeated as in step A.
Th. crystalline material obtained was dried in vacuum and used for spectral
studies.

RE~ JLTS AND DISQJSSION

From to. cultur. filtrates of ~~. guilhiermondii grown in gluoos.—peptone

broth ( Table 2 , Medium 1 ) an oily material wa s isolated by a modified extra-

ction and purification procedure 1 (4) . Its physicochemical and UV, 111 (Fig.l)

and NNR (Figs. 2, 3) spectra]. properties have been examined (Table 1). This

compound was characterised as 2—PEA and confirmed with authentic 2—PEA ( EDH

sample). Beiides j. ~uillieraondii, other species of Candida like C. albicans,

730
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C. krusei and C. intermedia also produced 2~PEA under identical conditions

(Table 2). However , only in £• tropicatis no detectable amount was found.

To define the culture medium, peptone was replaced by ammonium sulpha te

at a concentration of 0.25% (Table 2, medium 2). At this concentration ammonium

sulphate supports good growth of all species of CandidaSbut none of the species

produced 2—PEA. This indicated that amino acid(s) present in peptone is

required for the biosynthesis of 2—PEA. Hence,the effect of L—ph.nylalanine,

a compound possibly utilized in the biosynthesis of 2—PEA was examined, With

L—phenylalanine as nitrogen source all species including ~~. tropicalis produ-

ced 2—PEA (medium 3). The presence of ammonium sulphate along with L—phenyl—

a].anine, however, had not interfered in the biosynthesis of 2—PEA (medium 4).

The possible presence of other compounds in culture filtrates was exami-

ned by altering the method of extraction (procedure 2). By this procedure, a

• V. P. Chowdary and G. Ramananda Rao , unpublished data.
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Table 2. Influence of nitrogen source on the production of 2—PEA by
Candida species ~

Species Medium I Medium 2 Medium 3 Medium 4

F C. guilliermondii

C. albicans
~ produced not produced produced

~ . krusei produced

C. interme dia

C. tropicalis not not produced traces
produced produced

* Cells were grown in 2 L of medium at 37 C for 7 days. Isolation was
by Procedure 1.

Medium 1 glucose, 4; peptone, 2%.
Medium 2 : glucose, 2%; (NH4)2S0~, 0.25%; KH2PO4, 0.35%; MgSO4.7H20,

0.25%; Cad 2, 0.25% and biotin, 3 ug per 100 ml.
Medium 3 same as 2, but (NH4)2S04 is rep laced by 1% of L—phenylalanine

(Sigma)
Medium 4 both (NHk)2S04 and L-phenylalanine were present at the same

concentrations as in media 2 and 3,

Table 3. Production of2—PEA and 2—PLA by Candida species

Species 2-PEA 2-PLA Total of 2-PEA Conversion
(ag) (mg) & 2-PTA (mg)

C. guil].iermondii 578 8? 665 66.5%

C. kru.ei 308 28 336 33.6%

C. intermed.ia 158 378 536 53.6%

£‘ ~~~~oans 168 412 580 58

C. picalis 18 620 638 63.8%

* Cells were grown in I L of medium 3 .t 31 C for 2 days. Isolation
was by procedure 2.

732

-.-
~
—-

~~~~—-~ —-—-~ .-~----—~~~~~ .~~~~~ . -.-— - -. - — — - - --~ - .- -~ --—--~ .~~-~ -- -~~-- --~~--~~-——~ -.~ .— - ~~—-~~-——~.- ~-~--- .-.~~~~~- - —--- .---- — — —



r -
~~~ ~~

— - -‘--——-
~~~~

-—.-— — - — ——-- — —~~
- —

Vol. 58, No.3, 1974 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

J. J. ~~~~~~~~~~~~~~~~~ ~ I.

I.

AUT) 070

0- 

54 14 04 04 VIII) 0.5 54 14 (4 0

PlO. I. 000.100 UM00I~ 1000010* 11OCt10 V (110.0)00 ISA) 000 00T00*)lC (IS) f t V I  AlTO. S~o uc.m.o

crystalline material in high yields was isolated from ~ . tropicalis and was

characterised as 2—phenyl].aotio acid (2-PTA) by its physicoohemical, IR (Fig. k)

and NMR (Fig. 5) spectral properties (Table I) and it was confirmed with authen-

tic sampl. of 2-PTA (Sigma).
Employing procedure 2, the production of 2—PEA and 2—PTA in Candida species

has been quantitated (Table 3). Candida species differed markedly in their

capacity to produce these compounds. C. ~uilliermondii had produced high

amounts of 2—PEA and low amounts of 2-PTA. The same is true with C. krusei

while the reverse is the case with C. tropicalis. The conversion of L—phenyl—

alanine into Z—PEA and 2—PTA (together) by various species ranged from 3~ to

67%.

Experiment, using (~‘qj .(U)—phenylalanine were also carried cut. Labelled

2—PEA and 2—PTA were isolated from culture filtrates of C. intermedia (Table ~).

Th. total yield of both labelled 2-PEA and 2-PTA was about 52%. This agreed

733
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Table 4. Isolation of L1¼J_labelled 2—PEA and 2—PTA fr om culture
filtrates of C. intermedia

Phenyialanine left in the culture 
- b

filtrate after extraction 1.2 x 106 cpm

Phenylalanine utilized 9.8 x 106 opm

Counts in 2-PEA (190 mg) 1.6 x 106 cpm 
~ 6

6 5.l x lO spm
Counts in 2—PU (410 .g) 3.5 x 10 cpa ~
% Incorporation into 2—PEA 16.3 ~

~ 523
% Incorporation into 2—PTA 36.0 ~

Cells were grown in medium 3 supplemented with 8 uCi of [14Cj.(U)-L-phenyl-
alanin. (8p. activity, 153 aCi/imeole, obtained from BARC, Bombay. India)

well with the quantitative data obtained in experiment using cold L-phenyl—

alanine (Table 3).

The data pzivsent.d reveal that all the five species of Cand.ida are 2—PEA

producers and they posses s th. ability to convert a normal stetebolite like

L—phenyla]anine into 2—PU and 2—PEA. 2-PEA is possibly biosynthesised by

734
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th. following pathwayz L-Phenylalanine — Phenylpyruvto acid — Phenyllastic

acid — Phenethyl alcohol.

The pres.na . of amino acid pool, in £. utilis (5) and their excretion

into th. mediu* during f.rm.ntstion (6) have b.en reported, lit , conversion

of excess phenylalanine in th. mobile intrace llular pool into 2—PEA and its

excretion is a possibility.
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~ (4-hydroxyphenyI) lactic acid by Candida species. Can. J. Microbiol. 22: 384—389 .
NA R A Y A N A N . T. K.. and G. R. RAO. 1976. Production of ~-(4-hydroxypheny l)ethanoI and

Two crystalline compounds were isolated from the culture filtrates of Candida species grown
in synthetic medium supplemented with [-tyrosine as the sole source of nitrogen. These corn-
pounds were characterized as ~-(4-hydroxyphenyI)ethanoI (HOPEA) and p-(4-hydroxy-
phenyl)lactic acid (HOPLA). The production of these compounds in five species (both patho-
genic and non-pathogenic) was compared and marked differences were revealed. Experiments
using L-(14Cltyrosine indicated that both HOPEA and HOPLA are synthesized from L-tyrosine.

NARAVANAN . T. K.. et G. R. RAO. 1976. Production of ~1-(4-hydroxypheny l)ethanol and
~-(4-hydroxyphenyI)Iactic acid by Candida species. Can. J. Microbiol. 22: 384—389.

On a isolé deux composes cristallins des fi ltrats de culture d’espèces de Candida cultivCesdans j
un milieu synthétique additionné de 1-tyrosine comme seule source d’azote. Ces composes ont
été caractérisés comme Ctant l’ëthanoI-~-(4-hydroxyphényl) (EJOPEA) et I~acide- (4-by-
droxyphCnyl)Iactique (HOPLA). La production de ces composes chez cinq espèces (pathogCnes •1
Ct non- pathogènes) a été comparée et des differences marquees ont été observées. Des
experiences utilisant Ia L-tyrosifle l’4C1 dCmontrent que I’HOPEA ainsi que I’HOPLA sont

- 
synthét isés ii partirde Ia L-tyrosine.

[Traduit par lejournal]

Introduct ion Z70, and C. tropicalis Z56 were obtained from London
School of Hygiene and Tropical Medicine, London, and

13-Phenethyl alcohol (13-PEA) production by C. inf ermedia from V.P. Chest Institute, New Delhi,
Candida albicans grown in Sabouraud’s glucose India. Stock cultures were maintained on Sabouraud’s
broth has been reported (4). This compound and glucose agar.
hydroxy acid, viz., 13-phenyllactic acid (13 PLA),  Medium and Growth Condil ions
have been isolated from several species of The following medium was contained in 100 ml of
Candida grown in a defined medium containing disti lled water: glucose, 2 g; KH2 PO4, 0.35 g; MgSO4~
L-phenylalanine (6). When L-phenylalanine ~ 

7H20, 0.25 g; CaCl2 ’2H20, 0.25 g; biot in, 3 Mg; and
L-tyrosine, 0.1 g (Sigma Chemical Co., St. Louis, Mis-

replaced by L-tryptophan, Candida species pro- souri, USA). The pH of the medium was 7.0 and it was
duced 13-indoleethanol and 13-indolelactic acid.2 sterilized by autoclaving at 120 °C for 15 m m .

Production of 13-(4-hydroxyphenyl)ethanol- Erlenmeyer flasks (500 ml) each containing 200 ml of I(tyrosol) (HOPEA) by Saceharomyces cerevisiae the medium were inoculated with 5 ml of a 24-h broth

(2, 9) and Gibberella fugikuroi (I) and ~-(4.. culture prepared in the same medium. The cells were
grown at 31 °C on a rotary shaker for 2 days. The cells

hydroxyphenyl)lactic acid (HOPLA) by Oidium were sedimented by centrifugation at 2000g in a Sorvall
lactis (3), Proteus vulgaris, Escherichia co/ i (7), RC2-B centrifuge and the supernatant (designated as
and Bacillus subtilis (8) has been reported earlier, culture filtrate) was decanted. The cell pellet was washed
En this paper we are reporting the production and twice with distilled water and the washings were pooled

with the culture filtrate.

Step A

quantitation of both HOPEA and HOPLA by
pathogenic and non-pathogenic species of Isolation of Compounds from Culture Filtrates

Candida. One litre of the culture filtrate was extracted twice
Materials and Methods with 200 ml of ethyl ether each time and the ether extract

was evaporated to dryness at 37 °C. The crystalline
Organisms material was taken up in 100— 150 ml of warm water and

Candida albicans Z248, C. guilliermondii Z55 , C. krusei t he pH adjusted to 8 with NaHCO3 and extracted twice
with ether. The ether ex tract was dried over anhydrous

‘Received June 20, 1975. Na2SO4 and the solvent evaporated at 37 °C. The
2Presented at the 43rd Annual Meeting of the Society crystalline material was treated with 5 ml of acetone, the

of Biological Chemists (India), held at Ludhiana, India, acetone insoluble-mater ial filtered off, and the filtrate
during November 1974. evaporated at 37 ~C and dried in vacuum (compound I). 
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Fic. I. Infrared spectrum of ~.(4-hyd roxyphenyl)ethaflOJ isolated from C. a/bicans.

Step B of C1—OH coupled to methylene protons which
The alkaline aqueous solution left after ether extraction disappear on D20 exchange. The triplet for

from Step A was adjusted to pH 3 with HCI and the pro-
cess of ether extraction and acetone treatment in Step A —Cl-I 2— group at 6 3.6 merged with the singlet
was repeated. The crystalline material obtained was dried of phenolic —OH which disappeared on D20
in vacuum (compound II). exchange and the triplet for —CH 2— group

Chromatography becomes clear. The other triplet (J = 6.4 Hz) at
Compound I was run on thin-layer chromatography 6 2.8 for —CH2— merges w ith the signal for

(tic) on silica gel (National Chemical Laboratory, Poona, DMSO. The absence of methyl group singlet
India) using a solvent system consisting of ether between & I and 6 2 and the presence of two
petroleum ether (bp 40 °C to 60 °C) 4:1 (v/v). The com-
pound was detected by spraying with FeCI3 solution, triplets indicate that —C6H4— is separated

Compound Ii was chromatographed on Whatman from C1—OH by an ethylene linkage. The signal
No. I paper with a solvent system consisting of benzene— at 84.3 is due to HDO.
acetic acid — water 5:2:1 (v/v) along with an authentic From the mass spectrum the molecular weight
sample of HOPLA (Sigma Chemical Co., St. Louis, of the compound I (HOPEA) was determined as
Missouri, USA). Compounds were detected by spraying
with FeCI3 solution. 138 (Fig. 3).

The phenolic hydroxyl in compound I
Spectra (HOPEA) was further confirmed by its colorThe ir spectra (Nujol Mull) of the compounds were
determined in Carl Zeiss model WI0 spectrophotometer reactions: with FeCI3 it gave a blue color and •1

The nmr spectra of the compounds (10—15% solution) with hot concentrated H2S04 it yielded a red
in dimethyl sulfoxide (DMSO)D6 were determined in a color.
Varian model T60 MHz instrument. For compound I the The physicochemical properties of compound
spectrum was also taken after D20 exchange.

The uv spectra of the compounds (10 mg/100 ml (HOPEA) are shown in Table 1.
ethanol) were determined in a Unicam Spectrophotom- The ir spectrum of compound El is shown in
eter model SP 700A. Fig. 4. A sharp peak at 3450 cm -‘ corresponds

Mass spectrum of compound I was taken in an AEL to the C2-hydroxy l group; a broad peak at
MS 70z mass spectrometer fitted with electron bombard- 3200 cm ’ to phenolic hydroxyl; and a charac-ment source. ter istic peak at 1740 cm - to the carbonyl group.

Results and Discussion As compound 1, compound II showed peaks at
The ir spectrum of compound I (1-IOPEA) is l460 cm~~, l520 cm~~, and 161 5 cm ’ for the

shown in Fig. 1. Assignments of various peaks pheny l group; peaks at 1100 cm and 1250
are aromat ic ring (phenyl group) at 1460 cm ’, cm~~ further support the presence of hydroxyl
1520 cm - l, and 16 15 cm - ~; phenolic hydroxyl groups.
group at 3400 cm ’; C1-hydroxyl group at The nmr spectrum of compound II (Fig. 5)
3150 cm~ (which is mostly hydrogen-bonded). showed a pair of doublets (J = 8 Hz) centered at
Peaks at l240 cm ’ and l050 cm~~ further 6 7  for the—C6H4— group. Thequartetsi gnals
support the presence of hydroxyl groups. centered at 6 4.2 (J = 4 Hz) and 6 2.8 indicated

The nmr spectrum of compound I (HOPEA) H H
(Fig. 2) showed a pair of doublets (J = 8 Hz) that protons of —C— and —C— are coupled
centered at 6 7 corresponding to —C6H4-----. The H
triplet (I = 4.5 Hz) at 8 4.5 showed the presence with each other. 
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Fic. 2. (A) Nuclear magnetic resonance spectrum of ~3-(4-hydroxyphenyI)ethanol (isolated from
C. k rusei) in DMSO-D6. (B) Nuclear magnetic resonance spectrum of ]3-(4-hydroxyphenyl)ethanol
(isolated from C. krusei) in DMSO-D6 + D20.
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FiG. 3. Mass spectrum of ~-(4-hydroxyphenyI)ethanol (isolated from C. krusei).
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TABLE I. Physicochemical properties of compound I ~3.(4-hydroxy-
phenyl)ethanoi and compound II ~-(4-hydroxyphenyl)lac(iC acid - 

-

Properties HOPEA HOI°LA

Solid Crystalline Crystalline
needle-shaped leaflets

mp 9 3 C  168 ± 1°C
Solubility :

acetone Highly soluble Highly soluble
chloroform Sparingly soluble Sparingly soluble
water Soluble Soluble
ether Highly soluble Highly soluble

Optical rotation — + 20° at 30 ~C(c 2.5 in ethanol)
Re value 0.46* 0.04 t
~~~~~~ (nm) 275 275

°Thin-layer chromatography on silica gel using a solvent system of ether —

petroleum ether (bp 40 1C to 601C) 4: 1 (v/v); identitication by spray ing with
FeCI, solution.

tPaper chromatograp hy on Whatman No. I using a solvent system of benzenc —
acetic acid — water , 5:2:1 (0/0) ;  identification by spraying with FoCi3 solution.

b C
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Fia. 4. infrared spectra of authentic and isolated (C. tropicalis) ~.(4-hydroxyp heny I)lactic acid.

Based on these spectral properties, compound searc h Centre. Bombay, India). The total incorp-
II is characterized as ~-(4-hydroxypheny l)lactic oration was I0~ (Table 2).
acid. Its spectra are identical with that of the All the five species of Candida tested produced
authentic sample (Sigma Chemical Co., St. both l-IOPEA and I-IOPLA. However, they
Louis, Mo., USA). Its physicochemical proper- differed considerably in the quantities and pro-
t ies are shown in Table I. portions they produced (Table 3). Candida

Labelled HOPEA and HOPLA were isolated guilliermondii and C. krusei produced more
from culture filtrates of C. ini’ermedia grown in HOPEA than HOPLA ; the reverse is true with
medium supplemented with i-[U)4C]tyrosine C. tropically . Candida intermedia , and C. albicans
(sp. act. 189 mCi/mmol) (Bhabha Atomic Re- produced both compounds in almost equal 
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FiG. 5. Nuclear magnetic resonance spectra of authentic and isolated (C. tropicalis) ~-(4-hydroxy-
phenyl)lactic acid.

TABLE 2. Production of labelled I3-(4-hydroxy- amounts. The pattern of HOPEA and HOPLA
phenyllethanol and ~-(4-hydroxyphenyl)lactic production by each organism is similar to that

acid by C. inter,nedia of ~-phenethy lalcohol (J3-PEA) and ~3-phenyl-
lactic acid (~-PLA) production by the same

Counts of i-[U- ’4C]tyrosine added 3 .77 x 10’
Counts left in the culture filtrate organisms. But the total yield of HOPEA and

after extraction l . 15x  lo~ 
HOPLA ranged from 10 to 21° , of 1-tyrosine

Counts taken up by the cells 2 .62x 10’ used in the medium. This is considerably lower
Counts in HOPEA (73 mg) I .97 x 100 than the total product ion of a-PEA and ~3-PLA
Counts in HOPLA (41 mg) 0.7 X 106 from L-phenylalanine by these organisms whichPercentage incorporation 10% ranged from 34 to 67~~ (6).

TABLE 3. Production of l3.(4-hydroxyphenyl)ethanol and ~3-(4-hydroxypheny l)lactic acid by
Candida species

Yield in mg/litre of medium
containing I g of i.tyrosine % of L-tyrosine

conversion to
Yeasts HOPEA HOPLA Total HOPEA and HOPLA

C. guilliermondii 160 51 211 21 .1
C. krusei 120 20 140 14.0
C. intermedia 63 45 108 10.8
C. albicans 51 47 98 9.8
C. tropicalis 11 107 118 11.8

_ _ _ _ _ _ _ _ _ _ _ _ _ _
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The autoinhibitory effect of 13-PEA on the Naval Research, Washington, D.C., under con-
growth of these Candida species and differences tract No. N00014-71-C-0349, for his research
in their susceptibility to J3-PEA have been re- program.
ported (5). The reasons for the lower production
of HOPEA and HOPLA are not known. How- I CROSs . B. F., R. H. B. GALT . J. R. HANSON . P. J.
ever, HOPEA could exert higher autoinhibitory CURT IS.J. H. GRovi . and A. MORRISOS . 1963. New

metabolites of Gibberella fi ij ik uroj .  J. Chem. Soy.effect than 13-PEA, thus regulating its own bio- (Part III). 2937-2943.
synthesis. Alternatively, a low intracellular level 2. F.HRI ICH. F. 1911 . lJher die vergarung des Tyrosine
of L-tyrosine either due to loss uptake or rap id Zu p-oxypheny lathy l-alkohol (tyrosol) . Ber. Dtsch.
in sil l ,  utilization through other metabolic path- Chem. Ges. 44: 139—146 .

3. hois t I CH . F.. and K. A. JA (t) BSiN . 1911 . (Jher dieways may be responsible. umwandlung von Aminosauren in oxysauren durch
The data presented reveal the ability of Schimmelpilze . Her. Dtsch. Chem. Ges. 44: 1(88.

Candida species to conse rt a normal metabolite 4 . Li N G~ PPfro . B. T.. M. PRPsSA D. Y. LINGAPPA. 0. F.
such as L-tyrosine to HOPEA and HOPLA. HUNT . and K. BIEMANN . 1969 . Phenethy l alcohol and

They are possibly hio\vnthesiied by the following Tryptophol: autoantibiotics produced by the fungus
Candidc, alhj s-un.s . Science. 163: 192—1 93.

pathways : 5. NA R A V A N A N .T. K.. and G. RAMANA NDA RAO. 1972.
L-tyrosine hydroxyphen’,l pyruvic acid . Phenethyl alcohol and its effect on Candida species.

I hydroxypheny llactic Proc. Soc . Biol. Chem.. India. 31: 23
acid 6. NARAYSNAN . T. K.. andG . RAMANA NOA RAO. 1974.

2-Phenethyl alcohol and 2-phenyllactic acid produc-
hydroxyphenylacetaldehyde tion in Candicj a species. Biochem. Biophys. Res.

hydroxyphenylethanol. Commun. 58: 728-735.
7. SASA KI , T. 1917. The infiuenceofconditionsofbacter-
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Candida spp. grown in synthetic medium supplemented with t-tryptophan as
sole nitrogen source produced /3-indoleethanol (/3-lEA) and /3-indolelactic acid
(/3-ILA). These compounds isolated from the culture filtrates were characterized
by ultraviolet, infrared, and nuclear magnetic resonance spectral studies.
Using DL-[3Hjtrypotophan in the medium, labeled j3-IEA and $3-ILA were iso-
lated. Further, p-lEA was produced as a result incubating log-phase cells of C.
albicans with /3-ILA. Both /3-lEA and /3-ILA inhibited the growth of gram-
positive and -negative bacteria. Autoantibiotic action of these compounds on
Candida app. and the reversal of this inhibition were studied.

Candida spp. produced f3-phenethylalcohol in aqueous solution (10 mgllOO ml) were obtained in
(5, 7) and its corresponding hydroxy acid, p a Unicam SP 700A recording spectrophotometer.
phenyllactic acid (7). The autoantibiotic action Reversibility of growth inhibition caused by II-
of /3-phenethylalcohol has also been reported (5 lEA and p.ILA. Side-arm Erlenmeyer flasks (250

ml), each containing 100 ml of medium (described in6). Production of /3-indoleethanol (tryptophol; Table 5), were inoculated with 1 ml of 24-h broth/3-lEA) and /3-indolelactic acid (/3-ILA) by Agro- culture in the same medium. After 8 h of incubationbacter ium tumefaciens (3), Diplodia nata lensis on a rotary shaker (200 rpm) at 30 C, the compounds(1), Acetobacter xylinum (4) , Aspergillus niger were added aseptically to two flasks and incubated
(2), and Rhizobium spp. (8, 9) has been de- further for another 8 h. The cells thus exposed to the
scribed. In this paper we report the production compounds were centrifuged and washed four times
and quantitation of 13-lEA and /3-ILA by both with sterile medium, suspended in the same volume
pathogenic and nonpathogenic species of Can- of fresh medium, and incubated. The culture filtrate
dida grown in the presence of L-tryptophan as from the flask to which /3-ILA was added was ex-

tracted using the isolation procedure previously de-the sole source of nitrogen. These compounds scribed, and the product was identified by chroma-have also been examined for their antibacterial tography.and autoantibiotic action.
RESULTS AND DISCUSS! ONMATERIALS AND METH Ol)S

Organisms. Candida albicans Z248, C. guillier- The physicochemical properties of ~3-IEA and
mondii Z55, C. kruse i Z70, and C. tropicalis Z56 13-ILA are shown in Table 1.
were obtained from the London School of Hygiene The infrared spectrum of /3-lEA is shown in
and Tropical Medicine, London, and C. intermedia Fig. 1. The assignments of the peaks are aswas obtained from the V. P. Chest Institute, New foflows: (i) a sharp peak at 3,400 cm t corre-Delhi, India. Stock cultures were maintained on 

~ /Sabouraud glucose agar. Escherichia coli , Proteus spends to N of indole nucleus; (ii) a broadvulgaris , Paracolobactrum aerogerzoides , Aerobacter Haerogenes, Bacillus subtilis , B. megaterium, and B. peak at 3,200 cm corresponds to C1—OH,
cercus were from the culture collection of this lab- which is mostly hydrogen bonded; (iii) peaks atoratory and were maintained on nutrient agar 1,430, 1,470, and 1,620 cm~ show that it is an

Isolation of compounds. The growth of organisms aromatic compound; (iv) peaks at 1,050, 1,100,
and the procedure for the isolation of compounds and and 1,190 cm further support the presence of
their purification were similar to those described the —OH group.
earlier (7). The infrared spectrum of f3.ILA is shown in

Spectra. The infrared spectra were taken in Nujol Fig. 2. The assignments of the various peaks
in a Carl Zeiss model W1O spectrophotometer and are as follows: (i) a sharp peak at 3,400 cm ’the nuclear magnetic resonance spectra of the corn- \ /pounds (10 to 15%) were taken in a Varian model corresponds to N ; (ii) a peak at 3,500 cm
160MHz. The ultraviolet spectra of the compounds H
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TABLE 1. Physicochemica l properties of (3-lEA and 6Hz) correspond to two —CH2— groups coupled
13-ILA isolated from a culture filtrate of Candida to each other. A sharp singlet at 28 and a broad

species

Property p-lEA p-ILA singlet at 8.28 correspond to C —OH and N
H

Liquid/solid Crystalline leaflet Microcrystalline of indole, respectively, which disappear on D20
powder exchange (Fig. 3). The shift of the singlet of

Odor Fecal odor Fecal ordor C1—OH in Fig. 3A is due to the concentrationMelting point (C) 58-59 100 ± difference. A singlet at 4.78 in Fig. 4B is due toSolubi lity in:
Acetone Highly soluble Highly soluble HDO. The absence of a methyl group singlet
Chloroform Solub le Sparing ly soluble between 15 and 28 and the presence of two
Ether Soluble Soluble triplets indicate that the indole nucleus is sepa-Water Sparingly soluble Soluble

Ultraviolet spec- 278 278 rated from C1—OH by an ethylene linkage.
tram ( ~~~~~~ The nuclear magnetic resonance spectrum of
(nm) /3-ILA shows a multiplet signal similar to /3-Optical rotation +6~ at 30 C lea. 2.5 LEA centered at 7.48, corresponding to an in-in ethanol)

R, value 0.41” o.4o~ — 
dole nucleus (Fig. 5). The two quartet signals at
4.28 (J 5Hz) and 3.28 (J 5Hz) indicate that pro-

“ Thin-layer chromatography solvent System: petroleum H Hether (40 to 60 C)-ether (15:25, vol/vol); identification by tons of —

~~
?— and —C— are coupled to eachiodination.

HPaper chromatography solvent system: benzene-acetic other. The signal at 2.55 is due to Me2SO.acid-water (15:6:3, vol/vol/vol); identification by spraying
with 0.1% KMnO,. The physicochemical and spectral properties

of the isolated compounds are identical to au-corresponds to C2—OH; (iii) sharp peaks at thentic /3-lEA and /3-ILA (Sigma Chemical Co.,
St. Louis, Mo.). All Candida app. tested pro-1,700 and 1,720 cm ’ correspond to C=O; (iv)

.— duced both /3-lEA and /3-ILA (Table 2). C. guil-
peaks at 1,400, 1,480, and 1,640 cm~ show the liermondii and C. krusei produced more (3-lEA
aromatic nature of the compound; (v) peaks at and less /3-ILA. The reverse is the case with the
1,080, 1,100, and 1,200 cm~ further support the other three species. This pattern of producing
presence of the —OH group. either alcohol or hydroxy acid in excess is simi-

The nuclear magnetic resonance spectra of /3- lar to the production of /3-phenethylalcohol and
lEA are shown in Fig. 3 and 4. A multiplet its corresponding hydroxy acid, /3-phenyllactic
centered at 7.45 corresponds to the indole nu- acid (7). The total yield of (3-LEA and /3-ILA
cleus. The triplets at 3.95 (J 6Hz) and 2.98 (J ranged from 14 to 24% among Candida app., as
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Flo. 1. Infrared spectra of isolated and authentic (3-lEA (tryptop hol) . 
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Fic. 3. Nuclear magnetic resonance spectra of (A) isolated and (B) authentic /3-lEA. 
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compared to 34 to 67% of /3-phenethylalcohol fl-lEA, fi-ILA also inhibited the ~~ wth of E.
and fi-phenyllactic acid together (7). co/i at 6 mM and B. cereus at 15 mM.

Labeled /3-LEA and fi-ILA have been isolated The autoantibiotic property of /3-lEA on Can-
by using DL-(3Hjtryptophan (5T) (Table 3). Ap- dish app. is revealed by the data in Table 5. All
proximately 17% of the tr~~tophan taken up by species examined were totally inhibited at con-
the cells is found converted to p-LEA (specific centrations of 6 to 12 mM. However, C. trope-
activity, 0.21 ~.tCi/mmoJ) and /3-ILA (specific ca/ is , which produces the lowest level of fi-LEA,
activity, 0.165 p.Cijmmol). The specific activi- is highly susceptible to fl-LEA as compared with
ties of both labeled compounds remained the other species. This was also observed with /3-
same after repeated purification. phenethylalcohol (6).

fl-LEA inhibited the growth of both gram- Some data illustrating the nature of inhibi-
positive and -negative organisms in the concen- tion exerted by /3-LEA and /3-ILA on the growth
tration range of 6 to 12mM (Table 4). However, of C. albicans are shown in Fig. 6. When /3-lEA
gram-negative organisms in general are more was added to log-phase cells, no further growth
susceptible than gram-positive organisms. Like took place. The inhibition of growth was seen

as long as the cells were in contact with fl-lEA.
Tssi.x 2. Production of fl-lEA and (3-ILA by After washing the cells free of /3-LEA, the cells

Candida species exhibited a growth pattern similar to the con-

Yield (mg/liter of medi trol. This clearly shows the reversible nature of
um C0fl the inhibition by fl-lEA. A similar effect istam ing 1 g of L-trypotopban)”___________________ exhibited by fi-ILA as well. The inhibition
% Con-

Yeasts version TABLE 4. Influence of /3-lEA on the growth of gram-
of ~ positive and gram-negative bacteria(3-lEA (3-ILA trypto- % Inhibitionphan 

____________________________ - :added Organism 12 15mM 6mM 9mMC. gui lliermondii 93 62 15.5 
• mM mM

C. krusei 132 50 18.2 _____________________________________________
C. intei-media 28 116 14.4 Escherichj o co/i 12 60 90 100 100
C. albi cans 25 122 14.7 Parocolobactrunz aero- 60 100 100 100 100
C. tropicalis 15 193 24.3 gergoides

Pro teus vulgar is 16 90 100 100 100
“' The medium used consisted of: glucose, 20 g; Aerobacter aerogenes 40 90 100 100 100

KH 2PO4, 3.5g; MgS0.~7H2O, 2.5g; CaCl2~ZH 20, 2.5 Bacillus subtiiis° 25 50 75 100 100
g; a-tryptophan, 1 g and biotin, 30 ~sg; distilled Bacillus cereos’ 25 25 50 75 100
water to I liter. Cells were grown at 31 C for 2 days Bacillus megaterium0 25 25 50 75 100
on a rotary shaker. • p-lEA concentration.

Since Bacillus app. form pellicles, the growth inhibition
is graded visually. Nutrient broth (5 ml) was inoculated
with 0.1 ml of an 18-h culture and incubated at 37 C for 24 h.TABLE 3. Isolation of ((3- °H] IEA and [(5 3H]ILA Growth was measured in a Klett-Summerson colorimeter atfrom culture filtrates of C. intermedia sto am.

Tiyptophan Counts/ 
TABLE 5. Autoantibiotic effect of fl-lE A on growth ofmm

Candi da speciesAmt added 3 x 10~Remaining after % inhibition
the extraction of culture Species

3mM” 6mM 12 mM 18 mMfiltrate 1.27 x 10~ ______________________________________________

Taken up by the cells 1.73 x 108 C. albicans 60 86 100 100
Converted to: C. tropecalis 91 100 100 100(3-lEA (28.2 mg) 0.80 x i0~ ~ 2 ~ ~ 

C. krusei 57 73 100 100(3-ILA (122.8 mg) 2.16 x 10~ C. guilliermondii 68 88 100 100— C. intermedia 60 85 100 100“ Cells were grown in the medium described in
Table 2, which was supplemented with 10 ~iCi of os~- “ /3-LEA concentration.
F°H]tryptophan (5T) (1,600 mCi/mmol) obtained from The medium used consisted of glucose , 20 g;BARC, Bombay, India. The compounds were iso- KH 2P0 4, 3.5g; (NH ~

) $O~, 2.5 g; MgSO 4~7H ~O,2.5 g;lated as described in the text, and radioactivity was CaCI 2’2H ~0, 2.5 g; and biotin, 30 tog; in 1 liter ofmeasured in a Beckman LS-100 liquid scintillation distilled water. A 5-mi amount of medium was inoc-counter. About 17% of the tryptophan taken up by ulated with 0.1 ml of a 24-h culture and incubated at
the cells was found to be converted to /3-lEA (4.6%) 30 C for 48 h. Growth was measured in a Klett-and (3-ILA (12.4%). Summerson co lorimet er at 540 nm. 
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FIG. 6. Effect of /3-lEA and /3-ILA on growth of C. albicans.
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N00014-71-C-0349, is gratefully acknowledged.fi-ILA to /3-LEA is revealed by isolating fl-LEA
from a culture filtrate of C. albicans incubated
with /3-ILA for 8 h. However, the antimicrobial LITERATURE CITED
effect of fi-ILA by itself is evident from stwlies
on gram-positive and -negative organisms.
Thus, the autoantibiotic effect of fl-ILA might 1. Bailey, G. B., and A. C. GentIle. 1962. Indole corn-

pounds synthesized by Diplodia natalensis. Plantbe due to its conversion product but may also l~ Physiol. 37:439-445.
considered as its own effect. The data presented 2. Duorniko va, V. P., C. K. Skryabin, and N. N. Suroroy.
reveal the ability of Candida spp. to convert a - 1968. Tryptainine conversion byAspergiflus niger. (In
normal metabolite such as L-tryptophan to p.. Russian) Microbiolo~ r 37:190-193.

3. Kaper , .1. M., and H. Veidatra. 1956. On the metabolismLEA and fi-ILA. They are possibly biosynthes- of tryptophan by Agro bacterium tu mefi2ciens.ized via the following pathway: Biochim. Biophys. Acta 30:401-420.
4. Larsen, P., A. Harbo., S. Klungso.yr, and V. Aaaheim.i~-Tryptophan 

1962. On the biogenesis of sonic indole compounds in
indole pyruvic acid # indolelactic acid Acetobacter xylinum. Physiol. Plant. 15:552—568.

5. Lingappa, B. V., M. Prasad, Y. Lingappa, 0. F. Hunt.
and K. Blemann. 1969 . Phenethy l alcohol and trypto-indole acetaldehyde —s indoleethanol phol: auto-anti biotics produced by the fungus Can-

The differences in the quantitative production dida albicans. Science 163:192-193.
6. Narayanan, V. K., and C. Ramananda ltao. 1972. Phen-of various alcohols from the corresp onding ethyl alcohol and its effect on Candida species. Proc.amino acids may be due to the substrate speci- Soc. Biol. Chem. India 31:23.

ficity of the enzyme and/or to the automhibition 7. Narayanan, T. K., and G. Ramananda 11*0. 1974. 2-
exerted by the end products, namely, the alco- Phenethyl alcohol and 2-pheny liact ic acid production
hols concerned, in Candida species. Biochem. Brophy s. Rca. Com-

mun. 58:728-735.
8. Rigaud, J. 1966. Synthese d’acide indo lyl-3 lacti que etACKNOWLEDGMEN TS de tryptopho l par Rhizobium cultive en presence de

We thank M. Sirsi , V. R. Kasturi (Department of Or- tryptop hane. CR. Aced. Sci. 262:100-102.
ganic Chemistry), V. S. R. Rao (Molecular Biophysics Unit) 9. RIgaud, J. 1970. L’acide ino ly l-3 lactique et son metabo-
for helpful discuss ions. lisine chez Rhizohium. Arch . Mikrobiol. 72:293-307.

~



Vol. 69, No. 2, J 976 BIOCHEMICAL AND BIOPHYSICAI. RESEARCH COMMUNICATIONS

,o~

BIOSY NTHESIS OF ~—P}~~NETHY L AL~ OH0L IN C kNDIDA GUILLI~ EM0NDII

1. GOPALAKRISFINA , T.K. NARAYANAN AND C. RAMANANDA RAO

Mic robiology and Cell Biology Laboratory,
Indian Insti tute of Scienc e, Banga.lore—560012, India.

Received December 19, 1975

SUMMARY: C andida ~i4lliermondii produced ~—phenethyl alc ohol
and ~—phenyllactic acid when grown in a synthetic medium contain—
ing L—phenylalanine as sole source of nitrogen. The cell—free
preparations from these cells showed the following enzymes:
phenylalanine aminotransferase , phenylpyruvate decarboxyl ase,
phenylpyruvate reductase and phenylacetaldehyde reductase. The
cell—free preparations of ~~. ~uillierinondii grown in medium with
ammonium sulfate, lacked these enzyme activities, indicating the
inducible nature of these enzymes. The results indicate the role
of ~—phenylpyruvate as a key intermediate in the pathway of bio-
synthesi s of ~—phenethy]. alcohol and ~—phenyllactic acid fromL-phenylalanine.

INTRODUCTION

L—Phenylalanine is converted to either L—tyrosine or

fl—pheny3.pyruvate in bacteria (1,2), to cinnamate in most of the

plants and fun~ ., and to tyrosine in mammalian systems . Thus ,

the pathway involved in the catabolism of L—phenylalanine varies

widely in diverse organisms. However, in phenylketonuric patients,

phenylalazilne metabolism leads to accumulation of ~—phenylpyruvate,

~—ph enyll actate and phenylacetylglutaniine (3) .

The biosynthetic abilities of different speoies of

Sappharomyces and Qandidp have been exploited in the production

of alcohols (4—7), vitamins (8), and enzyme s (9). ~andi&a albicans

excretes ~—phenetbyl alcohol (n—PEA ) when grown in Sabouraud’s

broth (10) or defined media (11). Several species of Candida have

been reported to produce aromatic alcohols like u—PEA (11),

~—(4—bydroxyphenyl)—ethanol (HOPEA ) (12) and ~—indoleethanol

(~ —IEA) (13) when L—phenylalanine, L—tyrosine or L—tryptophan

Copyright ~ 1976 by Aeade,nic Pres.% . m i - 4 17

All rig / i ts of reprod uewoi in any form re.wr r -e i/ .

~

-

~

-

~

—-

~ 

-



— - —~~~~ --~~~~~— —,-
~~~

.- - -~ 
- . 

I

Vol. 69, No. 2, 1976 BiOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS
/0~
served as sole sources of nitrogen, respectively. Though the

pathways involved in the biosynthesis of these aromatic amino

acids in yeasts have been extensively studied, little is known

about the enzymology of their catabolism. The enzymology of the

biosynthesis and regulatory aspects of ~—PPJ and p—lEA are of

great interest in view of their reported autoantibiotic activity

(14). In this communication, we report the demonstration of

the activities of the enzymes ,~iich convert L—phsny].alanine to

p—PEA and p—PLA in ~,. ~uilliermondii.

MATERIALS AND METHODS

Ohemic al a: L—Phenyl a]. amine, p—phenylpy ruvate, p —phenyl—
lactate, ~—phene’thy]. alcohol, a—ketoglutarate, NA DH, NADPH, PLP,
and TPP were obtained from Sigma Chemical Company, St. Louis,
Mo, U.S.A. Phenylacetaldehyde obtained locally was puri fied by
distillation.

9~qaniem: Qandi.~dp ~ui11iermondii Z55 was obtained from
the London àohool of Hygiene and Tropical Medicine, London. Stock
cultures were maintained by bimonthly aubculturing on Sabouraud’ e
glucose agar slants.

Growth: The medium used for growing cells was of the
composition: glucose, 2%; (NH4)2 S04, 0.25% or phenylalanine,
0.1%; CaCl2.2H20, 0.25%; 14gSO4.7H20, 0.25%; KH2PO4, 0.35%; and
biotin, 3 ~.&g/l0O ml.

Erlenmeyer flask s of 500 ml capacity each containing 200 ml
of medium were inoculated with 20 ml of 10 h culture of ~~~. guillier—
m~ndjj in the same medium, and grown for 12 to 24 h on a rotary
shaker at 30±1°C. The cells were harvested by centrifugation in
Sorva].1 R0 2—B centrifuge at 4,000xg at 0—4°C . The cell—pellet was
washed thrice wi th ice—cold 0.05M phosphate buffer, pH 7.0.

gell—freç prenarations: Cells of Q,. ~uil].~~tnondii were
ground for 15—20 mm with twice the amount of acid—washed sand
~60—80 mesh) in a precooled mortar. The slurry was extracted with
0.05M Tris—HC1 buffer , pH 7.4. The suspension was centrifuged at —

l8,003xg for 30 m m .  The supernatant was used to assay various
enzyme activities. Protein content was estimated by the method of
Lowry j~ ~~~~

. (15).

~nzyme assays: Phenylalanine aminotransferase aotivity
was assay ed according to the procedure of Li ~~ ~~~. (16).

Phenylpyruvate formed was estimated as its enol—borate
complex, which absorb s at 300 ma.

Phenylpyruvate decarboxylase activity was assayed using
standard manometric technique (17), by measuring carbon dioxide
released.
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Table 1. Enzymes involved in biosynthesis of p—phene tbyl alcohol
in Oandida zu.ill iermondii

Enzyme Substrate System Specific
activity

1. Phenylalanine amino- L—Phenyla].anine Complete 210
transferaae~ — a—Keto— —

glut arate
- Phe -

- PLP -

2. Phenylpyruvate 1
~—Pheny1— Complete 47decarboxylaseb pyruvate — TPP -

-

— Substrate —
3. Phenylpyruvate 

~—Pheny1— Complete 18reduo taee0 pyruvate

4. Phenylacetaldehyde Phenyl— Complete 1600reductased acetaldebyde

a. Complete systeza,in a final volume of 2.5 ml, contained L—pheny] .—alanine, 30 ~&molea; a—ketoglutarate, 30 ~imoles; pyridoxal
phosphate, 10 nmoles; potassium phosphate buffer, pH 8.0,
250 ~&molea; and enzyme protein (1.5 zag). Assay temperaturewas 37°C.

b. Complete system, in a final volume of 3.2 ml, contained ~—pheny1—pyruvate, 20 ~mo1es; MgC12, 1 .tmole; thiamine pyrophosphate,2 ~moles, potassium phosphate buffer , pH 6.0, 1 mmole; and
enzyme protein (1.5 zag). Assay temperature was 370Q.

c and d. Complete system, in a final volume of 2 ml, contained
~3—pheny1pyruyate, 20 ~imoles, or phenylacetaldehyde, 10 ~mo1es;NADH or NADPIi, 0.2 ~.tmoles; potassium phosphate buffer, pH 6.5,50 ~mo1es; and enzyme protein (0.5 zag). Assay temperature was2500.

The activities of phenylpyruvate reductase and phenyl-
acetaldehyde redu.otase were assayed by determining the decrease
in absorbency of reduced pyridine nucleotides at 340 ma in a
Carl Zeiss spectrophotometer.

One unit of activity is defined as equivalent to that
amount of the enzyme which catalyzes the conversion of one nmole
of substrate per minute. Specific activity is expressed as
units of enzyme activity per milligram protein.
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RESULTS AND DIS. USSION

The ability of Q. guillearmondii to grow in synthetic media

containing L—phenylalanine as sole source of nitrogen and to

produc e p—PEA has been reported earlier from our Laboratory (11).

Cell—free preparations from these cells showed phenylalanine

aminotransferase (PAT ) activity (Table 1). The enzyme displayed

an absolute requirement for pyridoxal phosphate for its activity.

The occurrenc e of PAT in several organisms (1) including yeasts

viz., ~~. cerevisiae (18), and in ~~. fragilis (19) was reported

and its role in the metabolism of L—phenylalanine reviewed (1).

Phenylpyruvate decarboxylase which catalyzes the non—oxidative

decarboxylation of ~—pheny1pyruvate to phenylacetaldehyde , was

also detected in the cell—free preparations. It required both

thiamine pyrophospha te and Mg24 for its activity. The occurrenc e

of this enzyme in bacteria was reported (20). Cell—free prepa-

rati ons of Q. guilliermondii also showed activity of phenyl—

py ruvate reductase which catalyzes the reduc tion of ~—phenyl—

pyruvate to p—PLA , and the reaction is reversible. Both NADH

and NADPH served as electron donors. The product of the reaction

catalyzed by this enzyme. viz., p—PLA. was isolated and identified

by paper chromatography (11). The presence of this enzyme was

also reported In phenylketonurics, who excrete p—PLA, L—phenyl-

alanine, ~—pheny1pyruvate and phenylacetylglutamine in urine (21).

Conversion of ~—phenylpyruvate to p—PLA has not so far been

reported in microorganisms including yeasts.

Phenylacetaldehyde reductase which reduces phenylacet—

a].dehyde to p—PEA requiri ng either NADH or NADPH for its activity

was also detected in cell—free pre parations of ~~. gujUjermondit.

Though a possible mechanism of its conversion in plants has been

420
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proposed by earlier workers (22), its activity has not been

demonstrated. However, an enzyme converting p—hydro~ r phenyl—

acetaldehyde to tyrosol in ~ . cerevisiae was reported (18).

Cell—free preparations of Q.. guill~ermondii grown on

ammoniu.m sulfate  as nit rogen source failed to show these enzyme

activities indicating the inducible nature of these enzymes.

The results presented here indicate the role of ~—pheny1pyruvate

as a key intermediate in the conversion of L—phenylalaxiine to

p—PEA and ~—PLA by the pathway proposed below. A similar pathway

might be operating in the biosynthesis of HOPEA and p—lEA from

L—ty rosine and L—tryptophan, respectively, in Candida species.

Studies on purification and characterization of these enzyme s,

and their role in the regulation of the pathway are in progress.

The proposed pathway for the biosynthesis of p—phenethyl

alcohol and p—pheny llactate from L—phenylalanine in Candida

guilliermondii is as fo llows:

L-Phenylal amine O._CH2~
CH

~
C0

NH3.1~~—Phenylpyruvate

/\ ff

~ 
—Phenyllac tate O._CH2_?H_C0

~ ~~~~~~ CH 2—~=0

OH Phenylacetaldehyde

3_0H2
_0H

2
_OH

~—Phenethyl alcohol
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6c. Regulation of phenylalanine aminotransferase
activity in Candida. guillierinondii

Phenylalanine aminotransferase , the first enzyme
of the pathway in the biosynthesis of PEA, converts
L-phenylalanine to ~-.phenylpyruvic acid and is induced
by L-phenylalanirie by 15-20 fold. The enzyme was
maximally induced by 6 hr with an optimum concentration
of the inducer at 6 nM. The fact that the induction
is blocked completely by cycloheximide at as low a con-
centration as l0 4M, indicates that the enzyme is
synthesized de novo. Removal of glucose from the
induction medium reduced the activity by 60%. Induced
synthesis of the enzyme is inhibited completely by
l0 3M each of azide , DNP, cyanide and antimycin A.
These results reveal that the induction of the enzyme
is energy-dependent. Metabolites of L-phenylalanine
viz., phenylpyruvic acid, phenylacetaldehyde , PEA and
PLA have been tested at 1 mM , 8 mM and 10 mM concent-
rations for their repression on the enzyme synthesis.
Among these only PLA at l0~~M concentration showed over

90% repression of enzyme synthesis. Present results
explain the regulatory properties of phenylalanine
aminotransferase activity and how its activity is
contro1l~d by the concentration of PLA .

6d. Regulation and properties of nitrate reductase
in Candid-a utilis

A study was undertaken to delineate the enzymo-
logical basis of nitrate assimilation in yeasts and to
gain further insight into and understanding of this 
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complex process as a whole. Lmphasis was laid on the
regulatory aspects of nitrate reductase in ord~.r to
explain the subtle differences it may possess from th~
enzyme from oth~r sources.

Candida utilis known as ‘Pood/Fodder yeast’, was
chosen for the study as it provides an ideal system for
investigation on nitrate assimilation by virtue of its
structural simplicity, non-pathogenic ity, rapid growth,
adaptability to a wide range of conditions and above all,
for its ability to readily utilize a variety of nitrogen
sources, including nitrato (La RMe, T.A., and Spencer,
J.F.T., 1968, Can. J. Microbiol. 14, 79-86).

Aspects investigated include: Decryptification of
nitrate. reductase activity (pages,].O8-lll ); its
characterization (pages, 112—122 ); its regulatory
properties (pages, 123-130 ) and its molecular basis of
induction (pages, 131-135).

L ~~~~ - - -  
~~~~~~~~

— -~~~~~



-- ~~~ ~~~~ _ ‘  
~~~~~~~~~~ ‘~~~~~~~~~ ---- ,.-~_ . —v ’ ’~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ 

.-

Reprinted from ‘ Curr. Sci .,~ May 5, 1~ 7ö, Vol. 45, No. 9, 32~ — .s 2 7

DECRYPTIFICATION OF NlTR.~’IE ItEDUC IASE .~ CT t V i IY  iN T IlE ~‘E~ SI Ci VI)lD 4 (ITILIS

V. PRABHAKARA CHOUDARY ~r’w G. RA~s IANA NI)A RAt )
Microbiology and (‘ cl i Biology Laboratory, Indian Ii,si it,in of Scienc e, Bangaioi-t ’ 5(0 012 (India)

ABSTRACT
A diverse vari ety of chemicals and drugs are known t~i affect thi cell walls of bacteria

acid yeasts resulting in an enhanced access of the intracellul ar enzymes c- .~ the added substrates.
‘lhe ability of organic solvents, antifungal drugs , detergents , and chelating winpounds to
decryptily NAD( P) H nitrate oxidoreductase (EC 1.6.6.2 ac t iv ity in Ca i Ii / a uii lij , ha~
be..cs investigated. 01 these, toluene. butanol, 2.phenykthanol and amphotericin B, in that
order, are ef lective. ‘rhe degree of decryptihcation is dependent on the conc entr ati o n of the
agent, and at 2 5 %  (v~ v ) ,  toluene-ethanol elicited highes t enzyme .ictivity These permeated
cell preparations great ly aid it, the rec ulatory studies of s.i rt OUs yeast en/ylnes 111 5/111.

INTRODUCTION St. Louis, U.S.A. M conazote ( I  ; 2-( 2, 4-dich lor o-
phenyl )-2-( ( 2, 4-d:ch )o i-o pheny l) met hoxy ]et h~ t~-I U-1NV ESI1GArIONS concern:ng regulatory pheno- imidazo c monon [late) ssas a kind gift frons

mena, viz., induction and repression of var ous Jansscn (‘hat mace ut ca , B-234)i. fkerse , Belg um,enzymes such as ~-galactosidase in Esc/ terzch a coli th ou gh the courtesy of Flhnor , ltd., Boniba~.
wete carried out in situ using permeated bacterial Sulfan lainide was purchased from the Indian
ceilsi a , thus doing away with the laborious process Drugs and Pharmaceuticals , Ltd .. India and
of preparing cell-free extracts . The growing N-tl-naphthy li eth ylenediamine. 2 HC1 front Bl)I-l .
awareness in the recent past of the fallacies inheren t Ltd., I’oo l e . England. Other chem cais ~ erc of
in inferr ing the in c i c - o  situation from in vitro analyt ical  grade from 13DB Ltd., Bombay, India
observations further strengthened the surge of 

~ Riedel—De Haenag Seelze—Uannos-er. (k.many .
interest in the development of novel methods to Oi- ui i i i i ~,ii act, ! t/a,,cienan,-,- ..——— .( ,,nc/da u:di.s CBS
decryptify various enzymes and assay the activities 4511 was obtained from the (entraalbuicau coo,
in si tu in permeated ce lls of a variety of Seh~mn cel cul tu ces , Delft . The Nethcrtands. The
organisms4”, yeast was mainta ned h~ subcu ltuc ing once in two

The detailed studies on the regulation of yeast months on Sabosccaud’s elo~ose agat slants con-
nitrate reductase (EC 1. 6.6.2) (NAR) under ta m ing neopeptone, i ~ glucose , I ‘~~ and YCit~ t
investigation in our laboratory which involve extract , 0-2%.
deterni nation of rapidly chang ing enzyme levels8, Media and ( u!t i cazj on Techn iques —The basal
necessitated t he development of an alternate assay m~dum was essentially the same as described by
method , w hich is simpler, rapid and more sensitive W ickerham ’ I w ith a few modifications, and con-
than the conventional in vitro procedure. tu ned potas~~um nitra te , 50 mM (N)  as nitrogen

The paper is concerned with the examination of SOUrce ( j n m : IC I ’ o f l  medium). The ~east WaS
the relat ve effi .caoy of different compounds ~ c ultured by inoculat ng tquid med om in 500 m~-decryptif y ing NAR activity in induced Candida Erlcnmcyer Ilask’, w ith 5’7 ( c / v ) of 24 h
uti lis cells. The typical method used to assay the culture , act ated by shaking on an Emenvee gyratorv
decryptified NAR activity ii’ Situ using permeated shaker ( 18 ) )  rpm) at 30’ C. rhe cells in late
C. h ilts cells is also described , exponentia l phase of growth ( 12 h after inocula-

MSTE RtALS A Nt ) METHODS tion ) ssere harvested. washed with chilled phosphate
C/sc ’rn ica ls.—Lab reagent grade benzene was pu l- buffer, and packed by centrifugation at 6,000 v g

chased from Sarabhai M. Chemicals , and solvent et her for 5 mn . at 4’ C in a Sorvall RC 2—B centrifuge.
from Alembic Chemical Works Co. Ltd., Baroda. The packed cells were stored frozen at — 10’ C
Analytical reagent grade chloroform, DMSO, DMF, till use.
acetone , propano l, butanol , amy l alcohol , potass ium Induct~oic of \ ,4R. —Thit cell’ of C. uiil i ,c grown
nitrate , sulfur -free grade lab reagent to luene and on KNO.~ 

( I  ‘; . w v as nitroge n source had high
polyethylene glycol 400 were purchased from BDH levels of NAR ictiv ity . The nducih litv of NAR
Ltd.. Bombay, India. 2-Phenylethanol. amphotericin in C. I4~j / ~s by NO.1 ssa s repo rtediC .
B, nystatin . griseofulvin, sodium salt of EDTA. l’reparat ion of Pernc”ated Yeast Ce//s —The

• NADH. FAD, DTT, and crystall ine bovine ‘~entm genera l procedure of permeating the s-east cells was
albumin were obtained from Sigma C hemical Co , as follows : An aliquot of 0’OS ml chilled



decryptihing agent aas added to 2 ml of the cell relatise kscls is . .~AR act is it y of the cells
suspension [1 (8 ) mg t iresh a t  ) of induced cells/mi permeated by different solvents showed totuene to

of ‘preparation buffer ’. 0- I ~sl phosphate buffer, be the most ellect ise . and benzene the next beat
pH 7-0 containing It) \l 1)1] and I S  104 M ‘lab le I). A~~tun~, DM50 . c ilorolorm, ether and
EDFA1 in a 16 mm test-t ithe , and shaken for DM1- were not cflic ient us permeating ‘agents .
2 mm at 4 C on a Ja~ Vortex Mixer. Suitable
ali qtio t~ of th is plepac,i t ion were used to assay IA i 3 I k  I
N A R  in .situc Deer vpti/ ic5itt. ”, ci nitrate reducatas,. acti l i l t .  in

C. utilis by curious compounds
E,,:vn,c .4.cs,cs : - — ______________________________________

\ - l  R in c o n — t h e  Icact ion mixture contained, Solvent NAR s pecific actis lty

KNO , (( 02 M 0 5  ml 1 5(1 tug fresh wt) of _~~~~~~~

permeated ce ll prepaiai on, and 0’ I M pyrophos- Or~anw c~~ i e i i ,
phate buffer . pH 7 - ) )  10 g ive a final volume of 

Toluc nc 18 0I ml. The tcaction v.a’. carried out 10 mm . at
Benzene 9 9 -57’ C and terminated by the addition of I ml of Acetone i1% sulfanilamide n ~ \ HCI . The nitrite content DMS () 0’Iof an aliquot of the s uipe m natant obtained after low

speed - centrifugation ssas determined. There was Alcohols :
no significant reduction of nitr ite in blanks under Butan -1- 0 1 16-2
the assay conditions ?-phenylethanol 1 4 7

1-ihanol 13 2A ~aI’s1ieu! A ‘so ’ Polyethy lene e~~col 100 7’8‘s , triic ’ — [he ni 1m~te content of I mI-reaction 
~~opan— 2 - ol 5.4

mix ture was determined colorimetrically by a
modification of the diazo coupling procedure Membrane- c:, e .‘rug. 5
described by Snell and Snelt~~, with I ml of 1% Am photera-i n B 12-0
(w - s sulfani lamide in 3 N HCI followed by 1 ml Micona,ole 8 0
of 0 0 2 ; Ia” . N- i  t - nap hthyl) ethy lenediamine - -

dihydrochloride . and dist il led water to give a final a used at a concentration of s”,, v . 
- —

volume of 5 ml. After It) mm , the color intensity b The final concentration was I mM
was determined at 54) ) nm with a Beckman model C Assayed in iou at 3 ’  ‘C for In mm
DU spectrophotometer . The at ,sorbancy values

Butanol , to l lowed by ethanol , was the best amongveere converted into nmoles of nitr ite by mu lti plica-
(ion with the slope of a nitrite concentration the aliphatic alcohols tested in decryptifying NAR
refe rence curve made ss ith sodium nitrite, activity. Phenykthanol , the only aromatic

alcohol teste d was almost as effective as butanol,fr ,1,15 an,! Specific A ct is ’mtv .—One unit of activity

is defined as equivalent to that amount of the Although polyeth y lene glycot 400 and propanol did
enzyme which cataly zes the formation of I nmole show some effe ct , the relative levels of NAR activity
of nitrite per I mm and the specific activity is decrypt ified, however , svere not significant ,
expressed as units per mg of total extractable A number of antifungal drugs, known to affect

cell membranes of the susce ptible organisms, wereprotein (55 mg’g fresh yeast ) .
also tested for their efficacy in permeating yeast

RESULTS cells . Amphot ericin B was most effective
Relatire Efficacy of Variou s- Per,neatcng Agents folowed by miconazole , a synthetic corn-

in Decrypti fy inc ,’ NA R  A c t i v i ty  in C. u~ lis.—To pound recently coming into increasingly wide
select a suitable permeating agent that can effec- use as a broad-spectrum antimicrobial drug.
tively decryptify NAR in C’ . util is , cells from Nystatin and griseofulvin, at the concentrations
exponential phase of growth acre harvested , was hed, tested, had litt le effec t . Various detergents like
and suspended in the preparatia n buffer to give Triton X-loo , Hrij, sodium deoxyc holate either
100 mg ( Wet wt )  of cells ,ml , and treated with failed to bring about any decryptificatjon of NAR
various permeating agents reported in the literature, activity or inactivated the enzyme. Similarly,
such as diffe rent organic solvents including alcohols, EDTA ’ and bovine serum albuminT used bw
membrane-affecting drugs , c helating agents . etc., earlier workers as permeating agents, were not
according to the t y p ica l procedure . described under useful in decryptify ing NA R act i. mty of C. util i .,
Materiak and Methods . A compar ison of the cells.
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EJJc’i -i of C oncentration of t he Perm eating Agent ilic cni yn lat ic putc ii t :ai of she h eated cells. The
on Decry pti fiewiou of NAR Activi ty — Further , absence of NAR activity in cells treated with EDTA
the effect of vary ing the concentrat ion and com- (wdely used by other workers to peimeate cells)
position of the permeating agent on decrypt.ifica- may be the result of the inhibition by EDTA of the
Lion of NAR activ ty was investigated. Figuie 1 activity of NAR, a metallofiavo-prote in rather than
sho’sss the effect of different concentrations of toluene , its failure to permeate yeast ce l ls i 4 .
ethanol and their mixture on permeation of the Ihe toluene-treated cells showed high NAR
yeast cells. Although toluene was very effective activity under in situ conditions withou t added
in pcimeatmng the yeast cells, its effect was enhanced cofaclorsttt, contrary to the property of NAR in vitro,
ss~ niftcani!y ,  a heis it was used in combination where the enzyme showed an absolute requirement
with ethanol , as indicated by increased levels of for NAD (P) Hi4~~ . However , the addition of
NAR activity. Nj asmm al enzyme activity was eoenzymes increased the in situ activ ity by 50%.
elicited by 2 5 %  (v ! V )  toluene-ethanol (1 : 4, Ihe initial high in situ activity could be due to
v/s - I .  Higher COncc ntr at ~.On5 of totuene’etlt,,nol, the paiticipatiion of endogenous NAD (I’ ) H and
however , were deleterious to the enzyme activity ’4 . FAD in the reaction. Presence of adequate
This could be due to the probable sensitivity of the intracellular concentrations of NADH and cAMP
enzyme to alcohol because tolue ne, by itself did in yeast cells was recentl y reported by Gancedo and
not affect NAR activity at higher concentrations. Gancedo l8.
Untreat ed cell s , however , showed no evidence of

The proposed in situ assay, thus, is muchdecryp l i lied NAR act iv ity, 
simpler , less expensive, quite sensitive and reliable,

~~~~~~~ and enables one to overcome the apparent short-°2 0r
~ 

conh ngs attributed to the in s ’itro method of assay.
~~~~~~~~~~~~~~~~~~~~~~~ The additional advan tage that the cells need no

4

other supplement of the coenzymes for routine
assay of the enzyme activity in Situ , makes thisU I4 procedure uniquely d istinct even over the other
in situ assay methods known, where the only‘° / advantage over the conventional in vitro methodsU

is that whole cells can be used in place of cell-free
preparations. All our subsequent studies on the
regitlatory phenomena controlling the biosynthesis:

~~~~ of NAR in C. utilis , wh ich involve handl ing ofI

innumerable concentr ations , and assay of NAR
- i _ _ _ . _.L... ..__ ..L____. i

0 5 ~o i~ 20 25 activities at brief time periods, are conducted
OEC RYP7i FY i NG AGEN T , ‘I. , V / V  using the in situ technique and the results appear

Fiu. I. Decryp t ifi cat io n of nitrat e reductas e elsewhere.

act ivity in C. sit i l is as a function of the concentra-
tion of the permeat ing agent. An O.D. of 1-0 at ACKNOWLEDGEMENT
540 .ir ’ c”-respond~ t o  (0 nmoles of nitrite formed!
mm /mg ~ . .-~eir. toluene ; (A ) ethanol ; We are pleased to thank Profs. T. Ramakrishnan(Li) 5oluene-etha,, : 1, v/v (i,) toluene-
ethanol , I : 2, v/v ; ( 0) toluene-ethanol, I : 4, v/v. and M . Sirsi , for their keen inte rest and valuable

stugges t ons . -
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ABSTRACT

The assimilatory nitrate reductase [NAD (P) H : nitrate oxido-
reductase, EC 1.6.6.2] of the nitrate-utilizing yeast Candida utilis was
prepared in soluble form from cells grown aerobically with nitrate as the
nitrogen source, and some of its properties studied. The enzyme is
cytoplasmic in intracellular distribution and its activity is NAD (P) H-
dependent. The enzyme utilize d both NADH and NADP}1 as electron
donors but not reduced viologen dyes, flavins and other reductants.
Flavin compounds, at higher concentrations, decreased the enzyme
activity, while at very low concentration s, FAD (10_a M) showed
little stimulation.

The optimal activity of the enzyme was obtained when the reaction
was carried out for 10 n u n  at 37° C at pH 7’O with 20 mM KNO3,
0 1  mM NAD (P) H, 0.01 mM FAD and 140 ~ag enzyme protein.

Complete loss of enzyme activity was observed on exposure to
50° C for 3 m m .  pHMB, cyanide, azide and EDTA, in that order, inhi-
bited the enzyme activity effective ly. The inhibition caused by pHMB
was largely reversed by DTr.

I. INTIIODLJC’IlON

NITRATR reductase, which catalyzes the first step in the assimilatory reduc-
tion of nitrate, viz., conversion of nitrate to nitrite, attracted best attention
for its biosynthetic complexity’—6 and mechanistic intricacies.~-~ It has
been well characterized in plants, algae, fungi and bacteria .~~” On the
other hand, the information on this enzyme from nitrate-utilizing yeasts is
yet scarce,’2~’3 except for the preliminary investigations by Silver ,14 and

185
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Pichinoty and Metenier’5.’6 on Hansen ula anomala. These studies indicated
that nitrate reductase (NAR) from H. anomala is an inducible metallo-
flavoprotein , similar in all respects to that of Neurospora crassa except for
the difference in the specificity for reduced pyridine nucleotides. Later,
Rivas et a!.,12 working with Torulopsis nitratop hila, corroborated this obser-
vation. Further, these authors reported thatjthe enzyme from T. nitratop hila
exists in active and inactive forms, which are interconvertible, and to effi-
ciently use NADH, MVH and BVH as electron donors for its activity.

Recently, interest in this enzyme from yeasts has been revived with
intensive investigations initiated in our laboratory on assimilation of inorganic
nitrogen compounds by various yeasts including the food yeast Candida
utilis. The occurrence of inducible nitrate reductase in the cells of C. utilis
grown in presence of nitrate was reported .’7 Detailed studies were conducted
on various aspects of the regulatory phenomena that control the induction
of nitrate zeductase in C. utilis.’5

We report in the present paper the pleparation and in vitro characteri-
zation of a soluble NAD (P) H-nitrate reductase from C. utilis grown on
nitrate and compare its properties with those from other systems, already
reported in the literature.

2. MATERIALS AND METHODS

CHEMICALS

NADH, NADPH, FMN, FAD, glutathione (reduced form), pHMB,
p-mercaptoethanol, L-cysteine, DTT and methyl viologen were obtained
from Sigma Chemical Company, U.S.A.; sulfanilamide from Indian Drugs
and Pharmaceuticals Ltd., Hyderabad; N-(1-naphthyl) ethylenediamine
dihydrochloride and benzyl viologen from BDH Limited, England, and neo-
peptone and yeast extract from Difco Laboratories, Detroit, U.S.A. KNO3,
hydrazineH2SO4, aminonium sulfate and KH2PO4 were analytical reagents,
and NH 2OH.HCI, urea and EDTA lab reagents from BDH Ltd., Bombay.
Analytical grade NaNO5 was purchased from Sarabhai M. Chemicals Ltd.,
Baroda, K2HPO4 from J. T. Baker Chemical Co., New Jersey, U.S.A., and
sodium dithionite from E. Merck A. G. Darmstadt, Germany. Sodium
pyrophosphate was obtained from Reidel-de Haenag, Seelze-Hannover,
Germany.

BuETERS

Buffer solutions were prepared by the method of Gomori’9 using $

potassium phosphate salts.

_



Yeast nitrate reductase

“ Preparation buffer ” : 0.1 M Phosphate buffer , pH 7 0 , with 0~l5 mM
EDTA and 0~1 mM DU.

“ Washing buffer ” ; 0~ 001 M Phosphate buffer , pH 7~3 with 0 15  mM
EDTA and 0~l m M  D1T.

MEDIUM

The basal liquid medium for zo utine cultivation of yeasts was prepared
essentially according to the formula of Wickerham.’° KNO, was used as
nitrogen source and manganese, 400 ~ig/L and molybdenum 500 j~g/L were
additio nal i nclusions .

ORGANISM AND MAINTENANCE

Candida utilis CBS 4511 was obta ined from the Centraalburea u voor
Schimmelcultures , Deift , The Netherlands. The yeast was subcultured
every two months and maintained by transfer and growth on Sabouraud ’s
glucose agar slants containing 1% neopeptone, 1% glucose and 0.2% yeast
extract.

CULTIVATION OF THE YEAST

The yeast cells from a slant grown for 24 h were suspended in 2 ml of
sterile distilled water and 75 x l0~ cells used to inoculate 200 nil of
the medium contained in 500 ml Ellenmeyer flasks. The flasks were
then shaken for 12 hrs on an Emenvee gyratory shaker (180 rpm) at 30° C.

CELL-FREE PRE PARATIONS

The yeast cells thus grown in presence of nitrate were harvested , washed
with ice-cold distilled water and washing buffer , and packed by centrifuga-
tion at 4° C. The cells were then homogenized by grinding for 15 mm at
4° C with three times their weight of chilled carborundum and extracted
with three volumes of cold preparation buffer. The supernatant, obtained
by centrifugation of the slurry foi 20 mm at 20,000 xg in a refrigerated
RC2—B Sorvall centrifuge, was used to assay the activities of various enzymes
in vitro.

ENZYM E ASSAYS

NAD(P)H -NITRATE REDUC TASE (NAR) : NAD(P)H-nitrate oxido-
reductase (EC 1.6.6.2) activity was assayed essentially according to the
procedure described by Nason and Evans.~’ The assay mixture in a final
volume of I ml contained pyrophosphate buffer , pH 7~0, 0~O4 M; KNO2,
Q.02M; FAD, 0.01 mM ; NAD (P) H, 0~l0mM ;  and sufficient enzyme 
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to result in the formation of 5—40 nmoles of nitiite. The reaction was carried
out for 10 mm at 37° C, terminated by the addition of 1 ml of 1% (wfv)
sulfanilamide in 3N HCI, and the nitrite formed was estimated. A zero-
time control was included to correct for turbidity caused by the enzyme.
One unit of activity is defined as equivalent to that amount of the enzyme
which catalyzes the formation of 1 nmole of nitrite per minute, and the
specific activity is expressed as units per milligram protein.

REDUCED FLAVIN NUCLEOT IDE-NITRAT E REDUCTASES (FN H2-NAR) : The
reaction mixture for determination of FNH,-NAR activities consisted of
KNO,, 0~02 M; FAD/FMN , 0~0l mM; enzyme, 0~1 ml (~ 1 mg protein) ;
0~03 ml of a freshly prepared solution of dithionite (8 mg per ml of 0.8%
NaHCO,) and O~l M phosphate buffer, pH 7~0 to give a final volume of
O~5 ml. The reaction was started by the addition of dithionite and was
allowed to proceed for 10 m m .  The assay mixture was essentially anaerobic
under these conditions, owing to the presence of dithionite. The reaction
was stopped by vigorous shaking of the test tube on a Jay Vortex Mixer to
destroy dithionite and the nitrite formed was determined. The results
obtained were corrected for values obtained in identical reaction mixtures.
shaken at zero time. The activity units are the same as in the case of NAD
(P) H-NAR.

REDUCED VIOLOGEN-NITRATE REDUCTASES (MVH-NAR/BVH-NAR) :
Essentially the same procedure of assay was followed for determining MVH—
NAR/BVH—NAR activities as for FNH2—NAR. Methyl viologen/benzy l
viologen (10-4 M) replaced FAD, and 0-02 ml, instead of 0-03 ml , of dithio-
nite solution was added to initiate the reaction. The activity units are the
same as in the case of NAD (P)H-NAR.

ANALYTICAL ASSAYS

PROTEIN : Protein was estimated by the Biuret method,22 with crys-
talline bovine serum albumin as standard.

NITRITE : The nitrite content of I ml reaction mixtures was determined
colori metrically by a modificatio n of the diazo coupling procedure des-
cribed by Snell and Snell ,” with I ml of 1% (w/v) sulfanilamide in 3N HCI ,
followed by I ml of 0-02% (w/v) N-(l-naphthyl) ethylenediamine and dis-
tilled water to give a final volume of 5 ml. After 10 miz, the color intensity
was determined at 540 nm with a Beckman model DU spectrophotometer .
The absorbancy values were converted into nmoles of nitrite by multiplica-
tion with the slope of a nitrite concentration reference curve made with $

sodium nitrite.

_



r - - - - -  - - -- -
~~

•-
~

- - -
~
- - - -

Yeast nitrate reductase

The presence of added reduced pyridine nucleotides at usual enzymatic
assay levels did not interfere with color development to warrant their
removal. However, in the cases where high levels of NADH and NADPH
were used, like during determination of substrate saturation, the residual
excess amounts of the coenzymes were precipitated by adding 0-2 ml of
I M zinc acetate, and removed prior to the measurement of nitrite.

3. Rmuurs

INTRACELLULAR LOCALIZATION

Cells of C. utilis grown in presence of KNO3 were grouhd with carbo-
rundum, fractionated by differential centrifugation and NAR activity of
various fractions was determined (table 1). Bulk of the total NAR activity
was found in cytosol (S—I 00), indicating the soluble nature of this enzyme.
SUBSTRATE SPECIFICITY

REQU REMENT AND SPE CIFI CITy FOR EXOGENOUS ELECTRON DONOR :Nitrate reductase showed an absolute requirement for a reduced pyridine
nucleotide for its activity (table 2). NAR activity obtained with NADH
as electron donor was 2~0 to 2~5-fold higher than that observed with NADPH.
Activities of FNH2-NAR, MVH-/BVH-NAR were not detectable. None
of the other reductants tested could serve as electron donor for NAR acti-vity (table 3).

SPECIFICITY AND REQUIREMENT OF ADDED FLAVIN COMPOUN DS : Omission
of FAD from assay system did not result in decreased enzyme activity, irres-
pective of whether NADH or NADPH was the electron donor (table 2).
The infl uence of various flavin compounds on NAR activity is shown in
table 4. At 10 M concentration, riboflavin, FMN and FAD, in that order
lowered the enzyme activity significantly. Hence, the effect of FAJ) was
examined over a wide range of concentrations. Added FAD, however,
failed to stimulate NAR activity.

Vario us other enzymatic properties of NAR, optimal pH, temperature,substrate concentration , etc., as determined with S—20 preparation of theen zyme filtered through Sephadex 0—25 column, previously equilibrat~~ withpreparation buffer are presented in table 5.

THERMAL STABILITY

Figure 1 portrays the thermal stability of the catalytic activity of
~~~~j) (P) H-NAR from C. ut ills. A rapid loss of activity occurred o~exposure of the enzyme to 50° C for 3 mm . 
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Table I . Intracellular localization of nitrate reductase in C. wills

NAR activity
Fraction Volume Total

protein Total Recovery
(ml) (mg) units (%)

A. Crude homogenate 68 918 10,280 100 0
B. 1,500 x g supernatant 66 478 10,319 100 4
C. 20,000 x g supernatan t 63 463 11 ,898 1 1 5  7
D. 20,000 x g pellet 2 5 38 0-4
E. 104,000 x g supernatant 58 362 12 ,755 124 -1
F. 104,000 x g pellet 4 16 18 0-2

Fresh cells of C. wi/ is (25 g) were hon&ogen ized and cell-free extracts prepared
as described under Materials and Methods. The crude homogenate , diluted to
70 ml with precooled preparation buffer and designated fraction A, was centri-
fuged for 10mm at 1,500 x g, and the pellet (unbroken cells and cell debris)
was discarded. The supernatant (Fractio n B) was centrifuged for 30 mm at
20,000 x g to give supernatant (fraction C) and a par ticulate (mitochondria , etc.)
pellet (fraction D). Fraction C was further centrifuged for 1 hr at 104,000 x g
to yield supernatant (fraction E) and a pellet (fraction F). The enzyme assays
were carried out according to the typical method described under Materials and
Methods .

The higher levels of NAR activity recovered in fractions C and E may be due
to the removal of inhibitor(s) present in the crude homogenate (fraction A).

Table 2. Tnfluence of various cofactors on the activity of C at i/ is nitrate reductase

NARa
Assay system specific

activity

Complete (NADH + FAD) .. 15-6

FAD omitted .. 14-0

NADH omitted *

Complete (NADPH + FAD) .. 7•6

FAD omitted .. 5-3

Minus cofactors .. *

6Assayed In vitro at 37° C for 10 mm as described in the text ,
Not detectable.
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Table 3. Suitabi lity of various reductants as electron donors in reduction of nitrate by
C. alit/Is nitrate reductase

NAR ’
Reductant (1 mM) specific

activity

NADH .. 15-2

NADPH .. 7.~
Dithionite .. *

Borohydrate .. *

$-Mercaptoethanol .. *

Djthiothrej tol .. *

Glutathione (reduced) .. *

Cysteine .. *

Ascorbic acid .. *

Formate .. *

Succinate .. *

Malate .. *

Lactate .. *

GAssayed in vitro at 370 C for tO mm as described in the text; NAD (F) H was substituted
with the red uctant under investigation.
* Not detectab le.

Table 4. Influence of added flavin compounds on nitrate reductase activity from C. utili.v

Flavin Concen- NAR’
compound tration specific

added (M) activity

Nil (control) .. .. 14• 0

Riboflavin .. 10-’ 8- 1
FMN .. 10—’ 9-0

FAD .. 10-s 6~1

10—’ 1O~7

10—’ 15~6
10—s 14-7

10-’ 14-0

10~2
6 Assayed in vitro at 37°C for 10 mm as described in the text. The electron donor was
NADH 10-’ M, and the flavin concentration was varied as mentio ned in the table.
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Table 5. Summary of optimal conditions (or assay of C. u/I/is nitrate red uctase activity in vitro

Property Optima

pH .. 7-0

Temperature .. 37’C

Substrate (NO, -) concentration .. 20 mM

Specificity for electron donor - - NADH/NADPH

Concentration .. 0- 1 mM

Electron carrier .. FAD

Concentration .. 0~01 mM

Protein (enzyme) concentration . - 140

Reaction time . - 10 mm

The enzyme reaction was carried out in vitro at 37° C for 10 mm as described in the tex .
except for the particular condition under investigation , which was varied ever a wide range for
determination of the optima. NADH was the electron donor in the assays in determining the
above optima except for the electron donor.

100

~,,,e (mm)

Figure 1 Effect of heating on nitrate reductase activity from C. atilis. A sample of 2 - O m
of the cell-frft preparation passed through Sephadex G-25 column previously equilibrated with
re pa ration buffe r contained in a test tube, 13 x 100 mm , was placed in a water-bath at 50° C
pAt the indicated intervals of time , 0- 1 ml aliquots wer’ withdrawn and pipetted into 0- 1 nil c f
cold preparation buffer . When all the heat .treated samples were ready , they were assayed by the
5tandarQ procedure for NADH—NAR activity . Aliquots from untreated enzyme (cell-free pre-
paration) san ples served as cont rols.
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• EFFECT OF ENZYME INHIBITORS

In order to prepare a suitable buffer medium for maintanining the
enzyme in a stable form after isolating from cells, sensitivity of the enzyme
to various stabili zers and inhibitors was tested. The enzyme activity was
inhibited by pHMB, cyanide, azide and EDTA very effectively (table 6). The
i nh ibition of pH MB was largely overcome by the addition of DTF.

4. Discussioi,~i

Nitrate reductase, reported to be soluble in Neurospora ,8 plants ss and
some bacteria ,ss and particulate in the yeast If .  anomala 16 and some bacteria,26
is apparently soluble in C. utiis.

Several enzymatic activities such as flavin-dependent NADPH-cyto-
chrome C reductase, FNH2-NAR, MVH-/BVH-NAR were reported to be
associated with NADPH-NAR in nitrate-induced Neurospora8. Nitrate
reductase from C. utilis displayed only the reduced pyridine nucleotide
dependent activity, i.e., NAD (P) H: nitrate oxidoreductase (EC 1.6.6.2),
thus differing fro m NAR of N. crassa,8 H. anornala” and T. nitra iop/z i/ a.12
However, the cell free preparations were not examined for NAD (P)
H-cytochrome C reductase activity.

Formate, lactate, pyruvate and NADH served as effective electron
donors for N03-reduction in Escherichia co/i.27 However , of a wide range
of reductants tested , only NADH and NADPH served as electron donors
for NAR activity of C. utilis (table 3), suggesting a specific requirement of

Table 6. Effect of vari ous inhibitors on C. tail/s nitrate reductase activity in vitro

Inhibitor NAR activity
(I mM) (% Control)

Cyanide . .  2 -9

Azid e - .  18-6

EDTA . .  1 1 4

pHMB ..  1 4

DTr .. 62~1

pHMB + DTF 67-2

NADH—NAR activity was assayed in vitro at 37° C as described in the text. Enzyme pre-
paration (equivalent to I mg protein) v,as incubated with the inhibitor for 5 mm at room tem-
perature before it (along with the inhibitor) was added to the reaction mixture .

_________________________________________________________________________ 
- 



- 

/ 2 . 1
494 V. PRAB I-1AKARA CHOUDA RY AND G. RAMANANDA RAO

a reduced pyridino nucleotide. C. utilis NAR, thus, resembled the enzyme
f ro m H. anoinala ’5 and plants sa and differed from Neurospora 8 in its higher
affinity for NADH over NADPH, The failure of added FAD to enhance
NAR activity may be due to the endogenous flavin , tightly bound to the
enzyme.

This enzyme had no latent activity as reported in the case of N. crassa5
and was fou nd to be unstable on storage and dialysis.’3

The extreme sensitivity of the enzyme to cyanide, azide and EDTA
suggests the involvement of a metal, shown to be molybdenum by earlier
workers28 ’29 functioni ng in the electron transfer during nitrate reduction ,
catalyzed by NAR (table 6).

The inhibitory effect of pHMB suggests the i nvolvement of one or more
relatively accessible sulfhydry l groups in the initial part of the electron trans-
fer sequence (functioning possibly in the bindi ng of the electron donor),
catalyzed by NAR. -
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ABBREvIATIoNS USED

NADH : reduced nicotinanij de adenine dinucleotide ; NADPH :
reduced nicotinamide adenine dinucleotide phosphate; FMN: flavin mono-
nucleotide ; FAD: flavin adenine dinucleotide ; FNH 2 : reduced fiavin
nucleotide ; DTT : dithiothreitol ; EDTA : ethylenediaminetetracetic acid
pHMB: p-hydroxymercuribenzoate- ; MVH : reduced methyl viologen, and
BVH : reduced benzyl viologen.
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A si mp le and rap id procedu re to make yeast cells permeable by agitating with to luene — ethanol.
(T E) 1:4. v /v was developed. The permeated cells retained their abili ty to catalyze certain
enzyme reactions. Temperature and duration of agitation during TE treatment played an impor-
ta nt role in retention of the catalytic potent ial of permeated cells. The in situ assay using
permeated cell preparations was more sensitive even in the absence of added cofactors than the in
vit ro assay in detecting assimilatory nitrate reductase (N AD (P )H:n i trate oxidoreducta se . EC
1.6 .6. 2) (NAR )  activity in Candida a n u s

Using in situ assay technique , different mechanisms regulating the biosynthe sis of NAR in C.
utilis were investigated. Nitroge n starvation did not lead to derepression o fNAR.  NO~ ion s were
absolutely essential for induction and maintenance of high levels of NAR act ivi ty.  Cells grown on
ammonium nitrate possessed relatively lower levels of N AR.  Kinetics of NAR induction were
followed as a function of time and inducer concentration. The influence of various caftons on the
i nduction of NAR by nitrate was investigated. A wide range of 0-amino acids induced NAR
sy nthesis. Of 22 L-amino acids tested only phenylalanine induced significan t levels of N AR.
Various intermediates of the pathway of nitrate reduction influenced the rate of NAR induction.
There was a rap id d isappearance of in vivo activity of the enzyme of induced yeast cells on
nitroge n starvation , and the rate of loss was accelerated by the presence of NH 4~.

C i-iOuDA Ry , V. P., et G. R. RA0. 1976 . Regulatory properties of yeast nitrate reductase in situ .
Can. J . Microbiol. 22: 35—42.

Une procedure simple et rapide pour rendre les cellules de levure perméab les par agitation avec
Ic toluene—éthano l ( 1:4 . v/v) fut développCe. Les cellules permCabilisées retiennent leur abi l ité a
catalyser certa ines reactions enzymati ques. La temperature et Ia durC e de l~ag itat ion au cours du
tra itement TE jouenc un n5ic important dans la retention do p otenticl ca za lyH que des cellules
permeabi lisees. Uessaie in situ ut il isant des pre parations de ce llu les permeabi lisCes est plus
sensible mCme en l~absence de cofacteurs qui laissent in vitro pour détecter Ia nitrate réductase
assi milatoire (NAD(P)H: nitrate oxidoréductase. EC 1 .6.6.2) (NA R ) chez Cundida it t ills .

En uti l isant Ia méthode d’essaie in s/Ill nous avons étudi C diffCrents méchan ismes rCgular isant
Ia biosynthesis de NAR de C. ut ills . La privation d’azote ne conduit pas a Ia dérépression de
NAR. Les ions nitrates sont absolument essentiels pour I’ induction ci Ia maintenance de hauts
niveaux d’act ivitCs NAR. Les cellules qui se sont développées stir Ic nitrate d’ammoniuni
possédent relat ivement de faibles niveaux de NAR.  Les kinetiques de l’induction du NAR furent
suivies en fonction du temps et Ia Concentration de l ’indu cteur. L ’in fluence de cations varies sur
l’induction du NAR par Ic nitrate fut aussi étudiée . Une grande var iCt C de o-acides aminos induit
Ia synthCse du NAR.  Des 22 i-acides aminés essayés , seulement Ia phEny lalanine indu it des
niveaux signiflcatifs du NAR. Des intermédiaire s vanées du chem in methabo lique de Ia reduction
du nitrate influencent Ic taux de reduction du NAR.  II y a une disparition rapide de l’activ ité in
v ivo de l’enzyme induite chez des cellules de les’u re sur une diette d’azote . et Ic taos de
disparition est accélCré par Ia presence d~amonium.

(Traduit par lejourna ll

Introduction enzyme in the pathway of nitrate assimilation.
Nitrate reductase (NAR ), which cataly zes the Its regulation and properties were extensively

reduction of nitrate to nitrite , is the ‘first ’ investi gated in plants (3), algae (20), fung i (2 , 31),

‘Received April 28, 1975. and bacteria (8). Despi te the fact that the ability to
2A preliminary account of a portion of this study was ass imila te nitrate formed a chief criterion in the

presented at the 15th Annual Meeting of the Association identification and classifica tion of yeasts (36),
of Microbio logists of India , December 19-21 , 1974, little was known of the physiolo gical and bio-
Bangalore , India. 

. chemical aspects of nitrate metabolism in yeasts
‘Recipient of a Junior Research Fellowship of the .

University Grants Commission , Ness .)elhi , 1970 10 1973, (27) with the exception of a few prelim inary
and presently Senior (Predoctoral) Researc h Fellow of the reports on NAR by Silver (29), Pichinoty and
Indian Institute of Science, Bangalore , India. Méténier (24), Rivas et a!. (27), and Choudary
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and Rao (4).  I t was iherefoj~e of great interest to Permeation of Ce/Is
study the regulatory mechanisms of NAR i n Washed yeast cells were suspended in preparation
yeast , par t icular l y in various species of (‘andida, buffer to give 100 mg (wet wt.) /mI . An ali quot of 0.2 ml of

chilled toluene—ethano l (TE), 1:4 , (v/v) was added to ~which vary widely in their capacity to assimilate 2 ml of the cell suspension in a 16mm test tube , and
nitrate , shaken for 2 mm on a Vortex mixer at 0°C. Suitable

Several ingenious methods were developed to aliquots of this preparation were used to assay NAR in
assay enzymes in situ in permeated cel ls of situ.
bacteria (26), yeasts (28), and in intac t nodulated Enzyme Assays
roots ( 13) and leaf discs (25). The present paper 1. NAR in Vitro
reports an improved method to permeate cells of The reaction mixture in a final volume of I ml contained

sodium pyrophosphate buffer , pH 7.0, 0.04 M; KNO 3,C. ut//is , and the results of in situ experiments on 0.02 M; FAD, 0.01 mM; NAD(P)H , 0.10 mM; and
kine tics of induction , repression , and in ViV O 0.1 ml of enzyme (~ I mg protein). The reaction was
stabil i ty of yeast NAR (NAD(P)H : nitrate oxido- carried out at 37 °C for 10 mm , terminated by the addi-
red uctase , EC 1 .6.6.2). tion of I ml of 1% (w/v) su lfani lamide in 3 N HCI , and the

nitrite formed was estimated according to Snell and
Snell (30).

Materials and Methods 2. NAR in Situ
Chemicals The reaction mixture in a total volume of I ml con-

NADH ,4 NADPH , FAD , and i- and 0-amino acids ta m ed sodium pyrophosphate buffer , pH 7.0, 0.04 M;
were obtained from Sigma Chemical Co., St. Louis , KNO,, 0.02 M; and 0.5 ml (50 mg fresh weight) of
U.S.A.; sulfanilamide from Indian Drugs and Pharma- permeated cell preparation. The reaction was carried out ,
ceuticals Ltd., India; and N- (i -naphthy l)-ethy lened iamine terminated , and the nitrite content in an aliquot of the
dihydrochloride from B.D .H. Ltd., Poole, England. Other supernatant obtained after low-speed centrifugation was
chemicals were of analytical or reagent grade from B.D J-I . determined as described under the in vitro method.
Chemicals Division , Glaxo Labs. (India)  Ltd., Bombay ;
Sarabhai M. Chemicals , Baroda , India , or Riedel-De Units and Spec,fic Activity
Haenag Seelze-Hannover , Germany. One unit of the enzyme is equivalent to that amount

which catalyzes the formation of I nmol of nitrite per
Organism, Media, and Growth Conditions minute , and the specific activity is expressed as units per

Candida utilis CBS 4511 was obtained from the milligram protein. The specific activity in the case of
Centraalbureau Voor Schimmelcultures , Delft , The permeated cells is expressed as units per milligram of
Netherlands. The basal medium without nitrogen source total extractable protein (55 mg/g fresh yeast).
was essentially as described by Wicke rham (36) with a
few modifications , and contained in addition , either of the Analytical Assays

Protein was estimated by the method of Lowry asnitrogen sources. ammonium sulfate, 150 mM(N), modified by Hartree (10), with crystalline bovine serum‘ammonium medium ’; or potassium nitrate , 50 mM(N) ,
‘induction medium. ’ The organism was maintained on albumin as standard. The nitrite content of 0.1-mi reac-
medium solidified by the addition of 2% aga (Difco). The tion mixture was determined by the method of Snel! and
yeast was cultured in liquid medium in 500 ml Erlenmeyer SneIl (30) with the addition of 1.0 ml of 1% (w/v) sulf-
flasks on an Emenvee gyratory shaker (180 øm) at 30 CC. anilamide in 3 N MCI , followed by 1.0 ml of 0.02% (w/v)

N-( I -naphthy l)ethylenediam ine dihydroch loride , and dis-
tilled water to make up the final volume to 5.0 ml. AfterInduction of NAR 15 mm , the color intensity was read at 540 nm in aCultures grown ti l l  late exponential Plase in am- Beckman model DU spectrophotometer.monium medium were harvested , washed , transferred to

the induction medium , and shaken for 4 h at 30 CC. Results
Preparat ion of Cell-fr ee Extracts NA R A ct/v/:y in Permeated Cells of C. ut//is

Cells were washed , packed , and ground with three To detect NAR in situ , yeast cells grown t ill
times their weight of carborundum for 15 mm at 4°C and late exponential phase in induction medium wereextracted wi th three volumes of preparation buffer
(0. 1 M potassium phosphate buffer , pH 7.0, wi th harvested , washed , and suspended in 0. I M
1.5 x I0~~ M EDTA and I0~~ M DTT). The supern?- potassium phosphate buffer , pH 7.0, to give
tantobtained by centrifugation ofthes lurry at 20 000 x g 10mg (wet wt.) of cells/mI. Chilled TE (50 ~l)
for 20 mm in a refrigerated RC2-B Sorvall centrifuge was was added to 1.0 ml of cell suspension and sub-
used to assay NAR activity in vitro. jected to uninterrupted vi gorous shak i ng for

5 mm on a Vortex mixer at 30 °C. The cells thus4ABBRE vIATIONS us~o: NADH , reduced nicotinamide
adenine dinucleotide; NADP H , reduced nicotinamide 

permeated according to an earlier method (28)
adenine dinucleotide phosphate ; FAD , flavine adenine failed to show NAR activity in situ , indicat ing
dinucleotide ; EDTA , ethylenediaminetetraacetic acid; that either the cells were not sufficiently per-
DTT, dithiothre ito l . meated to facilitate the entry of added nitrate , or

~
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(data not show n). This procedure facilitated

minimu m risk of inactivation unlike the con-
- 

isolation of enzymes with greater ease and

/ 
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\’\

\

~

\1 

ventional procedures for microbial cell disrup-
t ion.

_ _ _ _ _ _ _ _ _ _ _______________________ NAR Activity in Situ and in Vitro
To determine the relative efficacy and sensi-

tivity of the in situ and the in vitro methods of
- assaying NAR , yeast cells grown in induction

0 medium were washed and divided into two
batches. One batch was treated with TE and
exa m ined fo r NA R in situ. The second batch was
used to prepare the cell-free extract (termed

~~~~~~~~~ - 

_—. ‘crude preparation ’) which was divided into two
0 3 4 • parts. One part was left as such at 0 to 4 CC , and

TiN E , mm the second was passed throug h Sephadex 0-25
Fin. I .E ff ect of temperatureand mixing on pcrmeat mon column , eq uilibrated with preparation buffer ,

of C. utilis cells. NAR was assayed in situ as described in and both fractions were examined for NA R(he Materials and Methods section. (s), TE addition
followed by mixing at 0 C C ;  (0), TE addition followed by act ivity in vitro. The specific activity of N AR was
mixing at 30°C; (s), TE addition at 30°C, no mixing; 2- to 2.5-fold higher in situ than in vitro
(A), TE addition at 0CC , no mixing. (Table I ). In the absence of added cofactors , the

enzyme failed to catalyze the reaction in vitro.
the conditions of treatment resulted in inactiva- Addition of an electron donor, either NADH or
tion of the enzyme. This necessitated standardiza- NADPH , appeared more essential than FAD
tion of the conditions of permeation as depicted (Table I). The enzyme showed partial loss of
in Fig. activity on gel filtration, and total loss on heat

Chilled TE (0.2 ml) was added to each of treatment for 3 mm at 49 T, indicating its labi le
2.0-mi aliquots of induced yeast cell suspension nature.
(100 mg (wet wt.) of cells/mI) in 16-mm tubes , For its great er sensi t ivity and non-requirement
and shaken for 0, 0.5, 1, 2, 5, and 10 mm on a of added cofactors, the in situ method was used in
Vortex mixer at 0°C or 30°C, as indicated, regulatory studies of yeast NAR.
These preparations were examined for NAR in Influence of Nitrogen Source on the Induction of
situ, As Fig. I illustrates , whether at 0°C or NAR
30 °C, agit~tion was essential to make the The yeast cells starved of nitrogen or grown on
enzyme accessible to the substrate. Although ammoniu m sulfate failed to show any NAR
agitation at 30 °C resulted in rapid permeation activity. However , the cells exposed to nitrate
initially, prolonged mixing beyond 2 mm resulted showed the h ighest specific activity (Table 2).
in rapid loss of the enzyme activity. On the NH 4NO, ind uced onl y low levels of NA R , and
othe r hand , treat ment at 0 °C, while making the ci-amino-N.butyrate just minimal levels. All
cells permeable within 2 mm , did not affect t he other compounds tested failed to induce NAR .
enzyme activity even afte r extended periods of
mixing. Agitating cells in the absence of TE at Time Course of NAR Induction
both temperatures failed to make cells permeable. NAR activity began to appear shortl y after the
The permeated cell preparations were stored at add itio n of the induce r , and the specific activ ity
0 to 4°C up to 48 h without appreciable loss of rose to significant levels within 30 mm without
NAR activity, appreciable increase in cell mass (Fig. 2). The lag

However , whe n the TE-treated cells were period preceding the appearance of NAR activity
frozen at liquid nitroge n temperature and was very short unlike that in Neurospora crassa
thawed , repeated twice, considerable amount of (15) and Uslilago maydis (17).

proteins appeared in the soluble (20 000 x g Dependence of NAR Induction on Nitrate Con-
sup ernatant) fraction , which showed higher centra tion
specific activity of NAR than the cell pellet The induction was maximal with KNO 3 at
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TABLE I . Relative efficacy of in situ and in vitro assay methods in detecting nitrate reductase
activity in C. ui//is’

NAR specific activity

In vitro

G-25 filtered
Assay system’ In s /f u r Crude S-20 S-20

No added cofactors 26.2 — —

Complete (NADH + FAD) 39. 7 19.2 15.2
NADH omitted 29.7 — —

FAD omitted 31.2  14.6 14.0
Complete (NADPH + FAD) 30.2 7.6 7.4
FAD omitted 26.4 4.4 5.3

The yeast was grown for 12 ha t  30° C on 0.5~~ (w /v) KNO ,.
‘The assay system was as described in the te s t.
‘Specific act ini ty express ed as units per mi ll igram of to tal prote in.
Noic: — , Not detectable.

TABLE 2. Induction of nitrate reductase without permitting growth of cells while co-
in C. utilis cells grow n on various baltous , lead , cupric , and silver nitrates inhibited

nitrogen sources growth as well as enzy me formation (Table 4).
Nitrogen source’ NAR ’ sp. act. Induction of N A R  by L- and D-AminO Acids

Of 22 L-amino acids tested , L-pheny lalani ne
Nitroge n starvatton — .
Ammonium sulfate — 

ind uced NAR in significant levels , and L-
Potassium nitrate 31 . 1 asparagine , L-aspartic acid , and L-th reonine
Ammonium nitrate 13 .7 induced marginal levels (Table 5). The other
U rea — L-am ino acids could not induce NA R.  On the
~-Amtno- ’-b j ty rate 3 .2 contrary, all the I S D-am ino acids tested induced
Neopept one — 

NAR activity to va ry ing extents. D-no rleucine ,
i.Asparagine — D-threonine , and 0-ser ine induced relatively hig h

Non: Ammonia -grown c ut i/i , cells were levels, followed by D-aspartic acid , D-isoleuci ne ,
transferred to mduc ti on me ith

h
d
~,
ffereflt D-va line, D-leucine , and D-histid ine , in that order.

30°C for i 2 h , and the NAR activ ity assayed In gene ral monoamino monocarboxy lic hy-
in situ. —. Not detectable. ‘ .

‘Concentration , O.5~~ (WfV). droxy-monoam ino monocarboxyl ic monoam ino
‘Assayed is, situ. .dica rboxy lic , heterocy clic , aromatic , and mono-

amino dicarboxy lic amino acids with amides , in
50 m M ( N ),  and was less at lower concentrations that order , were better inducers than the sulfur-
(Table 3) showing a va riance from the situation containing ones (Table 5). Except L-cysteine ,
i n N. crassa where onl y a low level of nitrate was L-threonine , and D-cystine , none of the amino
required to enha nce the capacity to synthesize acids inhibited growth.
NAR (33). Repression of NA R
Influence of Cations on Induction of N A R  The influence of different nitroge n metabo lites

Sodium and potassi um nitrates supported related to nitrate reduction on NAR induction by
grow th of yeast cells equally well and induced nitrate was examined (Table 6). NH 4 * repressed
maximal  levels of N A R .  Magnesium and calcium the synthesis of NAR by l4.7°~ at 10 mM(N ),
nitrates induced only low levels of NAR although and by 37.7~ at 50 m M ( N) .  Nitr i te ,  hyd rox y l-
they permitted growth to occur (Table 4). amine , and hyd razine showed a high degree of
Mercuric nitrate blocked the enzyme synthesis repression even at 10 mM(N) concentration.
completely, but did not i nterfere with growth. while urea and gluta mate repressed the enzyme
Li th ium , ferric , zinc , and manganous nitrates by more than 50% only at 50 m M ( N )  concentra-
allowed induction of marginal levels of NAR tion. 
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FIG . 2. Time course of nitrate reductase induction in C. ut ills. NH 4 * -grown yeast cells were trans-

ferred to induction medium and shaken at 30 ~C. Al iquots were removed at different intervals of
time and nitrite content of the culture filtrate determined. NAR activity of washed cells was assayed
in situ. (0) . growth rate in terms of increase in cell mass (wet WI.) during induction ; (s), NAR
specific activity; ( n), nitr i te  content of the culture filtrate , nmoles N02. .-m I .

TABLE 3. Effect of nitrate concentration TABLE 4. Influence of cations on induction of ni t rate
on induction of nitrate reductase reductase in C. ut//is by N03

in C. u/ i/is
Nitrogen source’ Increase in

Potassium nitrate (nitrate of )  wet wt. ’, g NAR ’ sp. act.
concn., m M (N)  NAR ’ sp. act.

0.15 33.0
0.00 — Na~ 0. 15 33.0
0.0 1 6. 9 Li 5 — 6.5
0. 10 7.3 Ca2

~ 0. 15 16.5
1.00 13.3 Mg 25 0.20 20.0

10.00 27 .6 Mn 2° — 1.5
50.00 50.6 Co25 — —

100 . 00 49.5 Zn 2
~ — 3.0

- . Fe3 0.05 5.4
Note - The yeast cells were induced with 2 +d ifferent concentrations of KNO 5 . All other Pb — —

det a ils as under Table 2. Cu2 + — —
‘Assayed in sit u . Ag2 + — —

Hg2
~ 0.20 —

In ‘i to  Stability of V.4 R ‘Induction was carried out as dencrib ed in the text. KNO3 was
The presence of ni trate not onl y stabilized in ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

vivo NAR activity but also resulted in its en- ‘Assayed 1 situ.
NOTE: —. Not detectab le.

hancemen t. Nitrogen starvation as well as the
presence of NH 4 + led to about 50% loss in NAR able , the use of chelating agents ( 16 , 19), polyene
act ivi ~~ within I h, and the rate of the loss after antibiotics(S), di methy l su lfox ide( I), and toluene
2 h wa s much higher in the presence of NH 4 5 ( I l , 23, 28) is well documented. Among these
( Table 7). agents, treatment with toluene found extensive

use since it allowed the treated cells to retain
Discussion and Conclusions considerable metabolic potential ( I I )  while

In making cells of yeast and bacte ria perme- rendering them freely permeable to a variety of 

—~~ ‘ , ~~~~~~—-  .~~~~~- - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~- -
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TABLE 5. Induction of nitrate reductase in C. ui//i s
by L- and D-amino acids

NAR’ r d .  act., NAR’ rd . act.,
t.-Amino acid’ 7~ D-Amino acid0 7.

KNO 3 ’ (control) 100 KNO 3’ (control) 100
Glycine —

Alanine — Alanine 2.5
Isoleucine — Isolcucine 10.9
Leucine — Leucine 8.7
Valine — Valine 9.0

Norleucine 27.8
Serine — Serine 16.5
Threoninea 0.5 Threonine 18.0
Aspartic acid 1 .6 Aspartic acid 12.0
Glutamic acid — Glutamic acid 5.0
Asparagine 2.4 Asparagine 7.6
Glut amine —

Arginine —

Lysine —

Cysteined —

Cystine — Cystine’ 3.8
Met hionine — Methionine 3.6
Phenyla lanine 9.0 Pheny lalanine 7.4
Tyrosine —

Tryptophan — Tryptophan 7.4
Histidin e — Histidine 8.4
Pro line —

Hydroxyproline —

‘Concentration . 7 mM.
‘Concentration . 3 mM.
‘Auayed In situ.
dffgj~~ to support growth.
Nois: —. Not detectable.

TABLE 6. Repress /on of nitrate reductase in C. wi/is
by various nitrogen metabo lites

Concn., Increase in NAR’ rd . act.,
Addition ’ m M ( N )  wet wt. 0, g

None (control) 0 0.80 100
Potassium nitrite 10 0.20 10.9

50 0.10 1.4
Hydroxylamine~HCl 10 0.10 7.1

50 0.05 6.8
Hydrazine°H2S04 10 0.10 1.9
Ammonium sulfate 10 0.20 85.3

50 0.30 62.3
Glutamic acid 10 0.35 97.6

50 0.25 45.4
Urea 10 0.65 91.5

50 0.40 18.0
‘The induction media were as described in the text. They contained different N-metabolites

in the concentrations mentioned in addition to 0.57, (w/v) KNO3; control had no addit ion.
‘The init ial wet weight of the cello before induction woo 0.4 g.
‘Aoaayed In situ.

substances (23). In the light of these reports, we cell-free preparations passed through Sephadex
developed an improved method to assay yeast G-25 supported the earlier report of the highly
NAR in situ (Fi g. I) , which was more sensitive unstable na ture of NAR in yeasts (27).
and simple than the in vitro method (Table 1), Candida utilis NAR was similar to that of
The consistently lower specific activity found in Hansenula anomala (29) in its preferential
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TABLE 7. In vivo stability of nitrate reductase in C. uti/is

NAR’ relative activity, %

Duration of No nitroge n
exposure , h KNO 3 source (NH4)2 S04

0 100 100 100
I 114 .6 50.4 54.2
2 125.9 50.4 54.2
3 138.8 50.4 43.8
4 159.2 50.4 29.2
6 152.5 34.6 20.4
8 1 5 1 .7  34.2 17. 1

NoTE: The procedurr of induction was as described in the tex t .  Nitro 0en source was
KNO5. 50 mM(N); or (NH u)5 SO*, 150 mM(N).

‘Assayed in si tu.

affini t y for NADH over NADPH (Table I). The enzyme as reported in Chlorella (20) .  N I-I 4
5 was

yeast NAR thus closely resembled plant NA .~ shown to promote in vivo inactivation of N A R
and differed from the Neurospora enzyme which by reduction in Chlamydomona.s ( 18), by
was reported to have a marked specificity for degradation in (I. maydis (17) and cultured
NADPH. tobacco pith cells (37), and by a protease action

In Chiorella vulgaris , Ankis trodesmus hraunii , in maize roots (35).
and Platymonas tetra thele, a substantial increase

Acknowledgmentsin NAR activity after nitroge n starvation of
NH 4 ’~-grown cells was repor ted ( 14 , 20, 34). We are pleased to thank Profs. T. Ramakr ish-
However, in C. utilis, nitrogen starvation did not nan and M. Sirsi for valuable commen ts, and
result in the appearance of NAR activity. Thus , Dr. (Miss) G. Clairon for translation of articles
the N03 -dependent NAR induction in C. utilis from French. One of us ( G R R )  is grateful for
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SUMMARY

Temporal separation of tranacription and translation during
nitrate reductase in-s uction in Candid a utilis ‘nan achieved by the
use of actinornycin D and cyclohexi’nide. The yeast fail~ d to syn-
thesize nitrate reductase when nitrate was not provided during
transcrittion. ~itrate thus aepeared to induce durin~ transcript-
ion the cap2city to synthesize nitrate reductase. Presence of
nitrate , on the other hand , vvas not obligatory during translation
excent for its es sen t ial  ro le  in maintainir i~ the  s ta ci l i t y  of nit-
rate reductase after its formation as well as its mRNA .

The regulation of assimilatory nitrate reductase [N~D(P)H:

nitrate oxidoreductane JJ l.6.6.2~ has been the subject of inten—

sive investigation in variou.s or -~an isrn s (2,4—9,11). In most of

the systems investigated hitherto , nitrate reductase synthesis has

been shoun to recjuire nitrate as inducer (-~,2). Using different

combinations of cycloheximide and actinomycin D, Sorger and

Davies (9) demonstrated tn~ t .J0~ ions are esse~itial for the

su c c e s s f u l  t r a n sl -~t ion of NADPH—ni t ra t e  r e d u c t a se  mR~ A specie s

bu~ not fo r  the transcription of the n i t r a te  reduc tase  g e n e ( s )

in ~ieurospora.

‘i~e re port  in t 1 1 3  corn ra un i cat ion  the ind uced t ranscr ip t ion—

dependent synthesis of nitrate reductase in the yeast Candida

2 t i l l a  , and ~i~ cu~ a t i u  f i n  in:;s on thin imp ort-nt v:.riation in

comc~ n i—o i .~i th  t e  othe r relevant literature reports.

r ..’.i~~.tI;~L3  ~,JT ~1.~T . O L S

~ r e m ic a l s:  .~c t i u o : n y c in D and c ye lo h e x i n i e were p u r c ha s e d

t roT . 3i .~ ia ~n~’-nic ’~1 ,10. , ut .  Louis , .1. .,. -~~. .~est o~ t he che -n i-~ a1s ,

598
q’~~~in

nt/ c / ‘) (, b~ - ) , -a~ht ’,na - I’ , , ,  I n ,
4/! v,.~/,ns , ,/  ~-p ’ ’,/u I,,,,, in inn tin ?; i-,,,,, te d .
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apart from those described earl ier (2), we r-~ all of analytical

grade and outained from either 5DM (I~~ iA) Ltd. , or from

Sarabhai P. Chemic als , Baro da , Ind ia .

Organ ism and maintenance:  C. u t i l is  CBS 4511, obt aIne d

from the Centraalbureau voor Schimmelcultures , Delft , The

Net herlands, was use d in all the expe rime nts.  The media , and

procedures for maintenance and growth of the yeast and for induct— —

ion of nitrate reductase were as described earlie r (3).

Permeation of cells and assay of nitrate reductase: The

procedures follov,ed to permeate ind uced cells of ~~. utilis to

aonay nitrate reductase activi ty in si tu an d for analytical assays,

and the definitions of enzyme units and specific activity were as

described previously (2,3).

RES~~i~TS

Effect of actinorn,-jcin D and cycloheximide:  In indu.cible

enzyme systems in bacteria, the inducer  is known to enhance the

enzyme levels by boosting the synthesis of the specific mRNA . An

inducible  enzyme can oe synthesized from the preformed mR~A even

if simultaneous transcription is bloctced , and also in the absenc e

of the inducer , provided the tn~t~~ is stable enou .~h. Basing on

th is f a c t , ~urner et al. (12 ) devised a s imple technique to achieve

temporal separation of transcription and trarislition during induc t-

ion of kynureninase in Neuros.ppra and then continuin~ the Incubat-

ion in inducer—free minimal medium without the dru~ .

.‘~doating a similar procedure to separate transcription and

~rann1ation d.ari n,-~ aitL’ate reductase ind uction in C. utilia, an

attemp t -‘.as made to identify the spe cific s tep of the enzyme

synLhenis durin,~ v.hi.-h nitrate , as inducer , exer ts  i ts in f luence

on the overa l l  re ;ul~’t ion of n i t r a t e  r educ ta se  induct ion .

599
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S Actinomycin D, known to prevent DNA—depe ndent RNA synthesis  in

— eukaryotes  as well as in prokaryotes , at 50 ~g/ml concentration ,

completely inhibited induction of nitrate reductase in C. utilis.

A rel~’tive1y high concentration of actinomycin D ‘.sas used in vie w

of the earlier reports on fungi (6,10). Similarly, cycloheximide ,

a potent inhibitor of translation , at all concentrations ranging

from 1 to 10 mg/ml, effectively bloc’ked nitrate reductase induct-

ion (Table 1).

However , cells exposed to nitrate in presence of cyclo—

heximide , after removal o4’ the drug and inducer followed by incu-

bation for 2 h at 30°C in fresh minimal medium , showed consider-

able levels of nitrate reductase activity (Table 1). On the

contrary, the cello exposed to actinomycin D, after similar pro-

ced ure , failed to show any nitrate reductase activity.

DISCUSSION

The to ta l  f a i lur e  ci’ nit~’ate in the presence of actino—

mycin  D to induce nitrate reductase in ~~,. utilis indic ates that

nitrate reductase is od-nthesized de novo and that the ind uced

synthesis of the enzyme is transcription—denerident . The cells

exposed to nitrate in presence of cycloheximid e had apoorently

accumulated the capacity to synthesize nitr’.te reductase which was

translated in minimal medium once the d r u g  was removed. These

results suji~est that the presence of nitrate is absolutely neces-

sary only for formation of the specific maNA but not necel’oary

durin .~ translation of the mRN~ . However , the fairly lcw level

of nitrate reduetase activity of these cells compared to those

of the control ones indicates the high lability of nitrate—

% reductase—rnRNA species and possibly of the enzyme also, as In

the case of Neurospora (10,9); we have already reported that
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nitrate reductase in ~). ~ttiis is rap idly in-~ctivated in vivo

in the absence of nitrate (2).

Thus , these resu lt s  -~i en -r l y  es tabl ish  th~ t n i t r a t e  ions

are reauired d~ rin. tran.scriptio’i for accunul~ tion of the capacity

to synthesize nitrate reductase in ~~. utiLis, contrary to the

situation in Neurospora , where the presence of nitrate was reported

to be essential for successful translation of nitrate reduc tase—

to~~N .0t type(s) but not for the transcription of n i t r a t e  reductase

5~erie (s) (~~). However , thu important role of :-iitrate in maintain—

ing the s t aci li t y  of nitrate reductase , af ter its format ion , in

C. u t i l is  is analogous to the r egu la t ion  of the enzyme in

Neurospora (1).
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