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3. Studles of Xappa-type phage

mm‘#‘“*‘t""l ACPIENIEL v r e e a mane -l

~ The host rangs, serological properties and
electron nicroscorve morphology of kappa-type phage
vhich is produced svecifically dy the Celedes type
%1 Tor vidrio wers investigated. nppo;mo» phage
indusing effects of ultravinlet light and mitomyein
C were also examined. Lysogeniocity of kappe~type
phage in 31 Tor vidrio alpearsd tn be unstadle.
A kappe~type phage Qetection nethod for rapid
diagnoeis of Celebes type 21 Tor vidrio carriers
was Jeviced.
Aprplication of fluorescent antidody technijue to
cholera studies,

Applioedility and limitation of fluorescent
antidody teshaique on diagnosis of cholers vidrio,
end oross staining reaction of various vidrios
inocluding NAG vidrins and V. parahemolyticus with
fluorescent antibody technique were surveyed.
Biochemical properties »f eo-colled watsr vidrios

Biochamiocal properties of 43 strains of water
vidrins were studied and comvared with those of
known vidrin strains.
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I. PURPOS® 0™ ™% SUBJECT

The purpore nf the present study under the Contract FNo.
DA-92-55T7-FFC-37969 i3 tn clarify the diolnglcal properties
of %1 Tor and Asiatic cholers vibrios and apply the results
to iifferentiation, classificatinon and laboratory diagnosis
of these vidbrios.

The repnrt in the follawing consista nf three different
part. The first sectinn describes the prnperties and prac-
tical apnlicatinn nf kappa-type phage, which ia praduced
apeeifically only by the Celebes tjpe %1 Tor vidbrio, and
crngequently can be used far édiasnnstic purpnse., In the
secrnd sectinn. several exveriments on fluorescent antidody
technique are described, which is also comsidered as ueefulv
screening methnd for early diagnnsis nf cholera patients or
carriers. The last part consists onf deécription of bdbio-
chemical prnperties of "vibrios." PFrom the results obtained,
it has been concluded that some strains must be excluded

from vibrio species,
II. STUDITS OF KAPPA-TYPE PHAGE

1. GRNZRAL PROPERTIES OF KAPPA-TYPE PHAGE




a. Host Range and Serological Prapertizn: 1As >s-
poried earlier (6), most strains of Bl Tor vibrios ianlated

in the epidemius nf Southeast Asia prnduce the specifis tenm-
terat: pnege with very narrnw host range, and'thié was fenp
sitively desimated as kapna-type phage. Purther studies

an the lysagenic praperty nf ®1 Tar vibrias (7. 9, 10) heave
=avaalel that the tenmperate phages 1liverated Irom three strains

i3nlated in Sarawak in 1961 (S® 1-3) had exceptinnally wide

O

nnst rergs, and these thages were desimma<ed as 573 thagss,
“he Tnrmer wis lytic anly tn Vidrie canlerae strain 218
and a few ather atrains, while the latter were lytic to 39
n? 149 strains nf Bl Tor vibrins and to 22 a2 53 strains o2
V. chnlerae, Plaques nf 3ll the temperate phages on H2i8
were turbid, ut clear piasque mutant aﬁpeared rot rarely
in the rate of around 102 to 1072, The host raage of suczh
a mutant was much brdader than that qf'the orizinal paages.
A1l the izanpa~type phages were 7ot lytic to H218 mutania
recictant 41 nther kaopa-type phages or ST phages, whiie S%
phages were lytic tn H?18 strains resistant tn kappa-type
phages. _
Heutralizatinn‘test was carried out on various
keppa-type ani 57 phages with rabbit antisera prepared against
a kappa-type vhage (Itazuke) and a SE phage (ST 3). As
shnwn in Table 1, the neutralizatinn indexes far the anti-

kappa-type sera nf SE phages were as high as those of kappe-

™~
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tyve phages (90-100), while thnse for anti-SE 3 phage serum
were widely diatriduted from 39 tn 199 1rrsapeq<:fe of tq:;r

types.
: \
Prom the re;:\%s abave atated \all the tomperate

phages produced by %1 Tnr vibrios so far tegted are cnn-
gidered to bde sernlorically closely related. Therefore,

S™ phaces can pocsibly be regarded és the hast range mutants
of kappa-type phsge. ’

The five phages used by ifukerjee (4) for s purpnse
nf phage typing nf Rl Tnr vidrios, were sleo examined for
serolosical nronerties. All five phages eave the similar
results in neutralizatinn test usin~ the sera ahave stated,
and were considered tn be clnsely related with nur phages

(Table 1).

b. Marphnlnzical Prnnerties nf Kappa-Tyne Phage
{6, 9. 10): Wlectron micrngraphs were propared by the nega-
tive staining technisue using sodium phosphotungstate solution

2s a contrasting material. Both kappa-type and S% phages
were indistinzuishable in.morphnlogy. They were tadpole-
1ike, and had a hexagonal head (about 450-550 A diameter) and
tail (about 800-1,000 A length and 150-200 ‘A width) with
cross striation. Ghnet phages with empty head and cnntractad
tail sheath were frequently observed (Pig. l).
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2. STABILITY OF LYSOGENICITY IN ©L TOR VIBRIO STRAIRS

It has been alresady reported that twn»strains iso-
ased dn ojaxﬂrta in 1961 (VE 12 and 13) were nnt lyangernic

vhen rﬂceivszkg?“;u: 1abnratory (17). On the other nard, i

gzvamal ctrains af Celebes tyve 71 Tor vibrins have deenme

v n-1yaengenic during successive cultivatinnu. Hnrenver,

15 s¢=aii2 1snaTated during the Celebes “type 71 Tor vibrin
soidamics in Fhilippines'ahd cultivated succesgsively unil

A lavestigation mn kapﬁa-type rvhage productiorn, 2130 have
trer. cravad ron-lysogenic. As shown in Table 2, these nrga-
n1sis wew2 suscaptible %n kappa-type phage excepi iwo sirains

(vi 2 2né 13), and the lysngenized organisms could we ian-

(o]

1a%ad fram the sent:r of turbid plaque., TFrom thease findings,

<t ig nfababla that she "curing" had occurred nptu*a’ly in

theae strains resulting 1 loss of prophage (13).
mhern‘nrc, ircluding the original cultvrcs of anzk
gtrainz, several lvsngenic ®1 Tor vibrios were exanined on

thoge-pradicine ability far ianlated aingle cnlnnies. The

sagnltz sn far ab%iired were nnt cnnsisient, but in some
atrainz. the nen-lvsngenic colonies were nbtained in fairly
hjgﬁ rahte {Pahia YY), The nauure nf this phennmonﬂn ia
55311 nuseure, and furthor studies are needed for clari-

.'i ‘.“.L n (9’ 13)0
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3. IRDUCTION OF KAPPA-TYPR PHAGE

a. Induction by Ultraviolet (UV) Tdght (11, 13):
Tnducing effect nf UV irradiation far lysogenic T1 Tor vibrins

wga examined according tn the method nf Field and Naylor (2}.
These phages were ensily induced by relatively short time .
irradiation nf UV (15W, 9Ncm, 15-2N32¢). Fig. 2 shows an
exanple nf UV dnsis-yield relatinship. The one-st2p induc-
tisn ecurve is shawn in ¥Fig. 7. In “his experiment, vhage
t.ter reached tn its marmum 159 minuteg after TV irradia-
tian (QNem, 3Nsec}, and yield was ahout 10%-£014 ot non-
induced enntrnl. In normal cultures, a ratio nf colony

z
araers/plaque formers is around 10” as indicased bty broken

by

1iin27 The inductinn rate and dburst size calculated fre=
shese curves were 94.5% and 159 respectively. As shown it
Pig. 2, net production of ohage is larger far shorter i-radia-

ti5, dbut inductinn rate was mich lower in such a case.

b. Induction by Mitomycin C (MC) {13): Inducirg

effect of MC was also examined ancnrding to the method of
Otsuji e%t al. (5). Appropriste amount of NC was added to
the growine culture nf Celebes type %l Tor vibria, 2znu the
vhage titer was measured after 3 hours., As shown in Pig. 4,
the aptimal enncentration was arnuni 0,5 meg/ml in the

shaking oulture, dbut in the stadnding oulture, that was only
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0,05-7.1 mog/nl. The turbidity of the growing culture sud-
belly'deeree-edfebout'603n1nutee erter'the addition of MC,
and thie docrueee_nf~turb;ditj reached its maximum within

. another 60 or Qd'hinutes (Fig; 5) From the ohe-etep in-

ductinn ocurve in Pig. 6, 1t was shown that reletively small
fraction nf the populetion was induced by MC and totel yield
of phage was on1y7103-fold or the control‘culture.

' 4. APPLICATIOW 0? SmREP"OMYCIN-R~SISTANT INDICAGOR
STRAIN ON‘DETFCTION OF KAPPA-TYPE PHAGE

Recently wetsucceeded tn get highly resistant
(ca. 1 mg/ml) mutant of the indicator strain H218 for etrep~
tomycin (SM) by’meaﬁeuof direct selection technique. Thie
strain (H218 Sﬁr) has the same euseeptitility range and
%.0.P. value with the orizinal H218 strain (12).

By th: use of this etrain with su-containing median,
quantitative phage assay and spot test of diagnnstic purpose
has been simplified. Even when whole culture of test organism
1s mixed with the indicator organism, only the free phages
can be detected by plaque formation under the presence of

SM, end'celony formation or phage‘production:atter the growth

'of test organism are'inhibited. Consequently, any time-

consuming sreatment suoch as oontufuetiaa or filtration i
no lenger nesded for test cultures (13), |

6« . | . ;}-‘*h‘
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S. APPLICATION OP XAPPA-TYPE PHAGE OR RARLY DIAGNOSIS
OF CPLEBRS TYPE EL TOR VIBRIO CARRIERS

As already stated, mnat strains of Celebes type
El Tor vibrin produce the kappa-type phage about 10~3 per
dacterium. Therefnre, after the enrichment culture nf fecal
specimen, we can detect kappa-type phages simultanenusly with
the vibrin. Mareaver, as phage detectinn methnd requires
shorter time than ~rdinary isnlatinn culture technique,
this methnd seems tn he convenient as screening diagnnsis
tachnique H~f the carriers ~f Celebes type Rl Tnr vibrin.
In the earlier reprrt (8). the sipernatant fluid nf the en-
richment culture centrifuged at 4,99 rpm for 37 minutes
was used frr detectinn ~f kappa-type phage by means of spot-
ting nn a indicator nrganism overlayed on nutrient agar plate

with snft agar. After the establiahment of SM-resistant

indicatnr strain. however, the centrifugation of enrichment
culture is ommitted. and the culture fluid is directly spot-
ted »n the H218 Sm® mired with soft agar containing 100 meg/
ml of SM and overlayed on nutrient agar plate (Table 4).
This technique has been shown more sensitive than ordinary
culture technique (Table 5) and proved very applicable in
the field wnrk (13). |
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III. APPLICATION 0¥ PLOONESCENT ANTTRODY YECHNIQUE
70 CHOLSRA STUDIES S |

1. APPLICATICN OP PLUORESCENT ANTIBODY TECHNIQUR TO
12 DETECTION OF CHOLERA VIBRIO '

Applicability and limitation nf fluorescent anti-
Jody technique on the 4iagnnsia of cholera vidrio were
surveyed (14). Pluoresoent anti-El Tor vibrio antibody was '
prepared from hyperimmune rabbit sera according to the method
of NoDevitt et al. (3). ﬁetails‘of fluorescent microscopy
is shown in Tadle f. Both E1 Tor and Asiatic cholera vibrios

3

were stained specifically with anti-EL Tor vidrin fluores-
cent inxibndy irresvective nf‘theif types, whereaz laboratory
strains ~f Gram-negative rnds‘nther than vibrin species could
n"t be stained with the same antibody snlution (Tadle 7).
t ' In the fecal specimens from the non-chnlera patiaﬁts and
11thy persons, pnsitively stained nrganisms nr particles
re fnd in a very hish rate (88%),.1n which nnly a few
reistrnngly preitive (Table‘a). These pnaitively stained
| ganisms nr particles were easily differentiated from cholera
- .hrin in the erphnlogieal properties or strength 6f fluores-
mce. The differentiatinn of specific and non-specific
tain was nnt difficult especially witﬁ the aid of observation
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W 0m-tis1d 11lunination 0f Via same £1e14 using the
visidle 1ig@¢t, Pig. 7 shows the cifferentiation of Kl Ter
vidrio and 2s:nerichia onli by’ lut.a' of such a technique.

The iirit of bacterial concwntration in this tech-
nique t» find the gtaired organisms obriously in the smesr
was arnurd 105/a1, ‘..t after the enrichmnt culture for 6
hours, the vidrins can ve detected fr-m the material which
ipitially crrtained vibri:e as few as sever-l hundreds/ml
(Tadle 9). (r the whnle, tiis technique is crnsidered as an
effective scrieninez methnd to 2etect chnlera pasients nr
carriers, as thie techninue requires shorter time then the
ardinary isnlatian technique.

2. STUDIES CP CROSS STAINING ERACTION OP VIBRIOS (15)

Varinus *ibrin strains including NAG vibrios and
Vibrin parahaemnlficus were stained with the fluorescent
anti-E1l Tor vidbrie artibndy to examire the presence of cross
staining reaction,.

Although nn cmas agglutination extsted, the croese
staining reaction was o';aerved between cholerg vibrios and
nther vibrin species. Chinlera-like EAG vibrios and V. para-
haemrlyticus gave strong.y nr mnderately positive reaction,
wheresas nther species an¢ sn-called water vibrins gave nnly

weakly praitive nr negative reactism (Tadle 10). PFlagellum
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| wni-:tiincd in all the straing of chnlera vibéinn'cnd V. para-
haennlyticus tested, bdut negative in most nther strains.

The NAG vibrio wvith positive staining resction
(strain 4714) could adsard only the antidody reacting with

its awn antigen from the filunrescent antidody solution.

' On the ather hand, chnlera vibrins as well as E1 Trr vibrios

¢auld adsnrb the whole antibodies from the same solution
(Table 11),

The homnlogous staining reaction was not inhibited
by s~ntcation, heating and trypsin treatment, dut the stain-
ing reaction mwith hétérnlogaus fluorescent antibndy was strong-
1y inhibiled by such treatments. Treatment with cold or hot
trichloracetic acid inhidited both homologous and oross

- ataining reaotions. Treatment of acetnne~dried nrganiam

with 95€ phennl at 37 C and,trypsihizatinn thereafter, gave
etrmg inhiditinn ~f orves staining reactinn (Tabdle 12).

The results indicate that nnly the antigen nf 0-
nature coniridutes t» the specific staining reactinn; and
the ornss reaotion ~f ¥AG vidrins is due to the common anti-
gen(s) 2f yrvtein naturs, The use nf anti-NAG vibrio fluores-
oent antibndy gave the similar results and conoclusion.

IV. BIOCHEMICAL PROPNRTING OF 80-CALIED WATER VIBRIOS
As stated in the former section, some strains of eso-

19




called water vidrine gave negative fluorescent antidody

- staining, whereas most other vidrios gave ususlily positive
reaction. Biochemiocal properties were examined on these
vidrine in clarify the tuononio_.l' relationships detween
them (11). .

Pom-thrco strains of water vidrio, of which 5 were
stack strains and other 38 were newly isnlated, 2 .tﬁiu
~f V. ochnlerae, 3 strains nf El Thr vidrin, 2 strains of
EAG vidris, and 3 etrains of known vidrio species (V. met-
chniknvii. V. denekei and V. protsus) were tested for the
£n1lnwing binchemical characteristics: 1) Acid productinn

LR o i O % o

[P R

© T rn
~}

from glucnse, mannitol, mannose, galactose, fructose, arabi-
nose, rhamnnse, sucrnse and lactose; 2) Hugh-Leifson test;
3) VP test; 4) MR test; 5) reactions in SIX medium (st,
PPA and mntility); 6) indole; 7) cholera red; 8) reduction

C of nitrate; 9) urease; 10) gelstin liquefaction; 11) Kovac's
.oxidase; 13) cytochrome oxidase; ]_QICI tsst; 15) utilisation
of citrate (Simmons); 16) utilization of malonate; 17) lysine
decardoxyiase; 18) arginine decarboxylase; 19) growth under
the presence of 3% or 7% EaCl; 20) suasceptidbility to tri-
phenyltetraznlium chlaride (TTC); 21) susceptidility to
vibriostatic agent N/129; 22) fluorescence under UV light.

The results is shown in Table 15. V. cholerae, inc-

c luding E1 Tnr vidbrins, NAG vibrine snd other vibdrins show

th similar pattern in this tabdble, but 5 stnck strains of

it e i T U

11




water vidrin deem completely diffjriat. ’Aecorﬁing s Davis
and Park's oriterias (1), espeoislly negative sugar decom-
preition and resistance tn vibriostatic agen:, these strains

are considered t» be "Comamrnas" sp.. Twn nZ newly isolated
water vibrio showed similar characteristics. On the other
hand., we could not get distinct difference tetween Asiatic
chnlera vidrina and B1 Tor vibrios nr other 7idbrin species

O ONES PN TR S AR A A N '
. Lo i TR Y e ’

™~ ,
e by the bdinchemical characteristics so far teated. Differ-
: entiatinn Af such vidrins by bdinchemical methnd needs further
% investigatinn.
Y

12
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Novtrelizetion tosts of ! Tor videie tauparets phogee

Table 1, Neutralization testa of El Tor vibrio temperate

Meutrelisotion indense with
Proges Anti-hoppe typailtosuhe) |  Awei-SE(3) phege
hege serus. C earem
Rapps type phages
1teovhe [ g " 7
Sther 35 stveing ' TR 2 ;?.m
SE phoge i
sy ” 108 !
", 2 ” .l 5% - 109
o= |t ] 90
5{— n e 190
> l'l m 109 » -
! 3 1 » ”
:E v 19 4
Miﬂldlq tndos ¢ (l' - l,) /l‘ = 100 1
. !"w.dﬂmuomﬂm Lt

phages

l, s Wumber of plogwe m noutretisstion

.
e e

rd
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| Sensitivity of K type phage-negative
straina to K type phage

VE 12 - 61-7891 *
VE 13 - 61-7870 *
VE 126+ + 61-10348 >
PS 1e + 62-37%% *
PE 4 * 62-4191 *
PE g* + 62-4192 +*
P2 20* + " 64-1111 +
Mal 1* + 64-1751 *
Kal 3* + 641851 +
Msl 4* + 64-1879 +
JB 186* + 65-1270 +

65-1466 +

65-4382 +
® Lysogenicity was loat during the

successive cultivations.

Tadle 2, Sensitivity of kerpa-type phage-negative
strains to kappa-type phage

16
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) Percénﬁm-of lysogenic colonies found at random
o . Rensrations of successive cultures of Celedbes type
fo El Tor cholera vibrio
Generations PE 1 PE 4 PE 9 PE20 | Mal1 2
- of —
N successive | P*| A*| P | A | P | AJP | Al P]| a
cultures '
15 100 96 100
21 100 | 100 100 as 100
29 : 100] 98] 100 100{ 96 [100| 98| 100
N 39 96 | 100{100{ 100{ 98| 100| 98 | 100 | 100 99
- 44 98 , {100} . ] 98 100 97
58 100 | 100{100 | 100{100| 96| 98| 99 ] 98] 100
® P = peptone water; A = nutrient agar slant
{
Table 3, Percentage of lysoganic colonies foundvat random
generations of successive cultures of Celebes
type E1 Tor cholera vibrio
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Enrichment culture in alkaline peptone wnter
for 5~10 hours '

|
r 1
Isolation nf vidrio by "Spot test™ on SM-
nrdinary methnd resistant indicator
- , : strain H218 SM*
«©
Incubatinn for 8 hours
Iysis (+)
- Identification must be carried out
by neutralization test and/or lysis
i E— - test using kappa-type phage resis-

tant strain of H218.

R

bt 20 NEE4

Table 4, A schema for routine diagnosis of Celebes type

El Tor vibrio carriers
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~ Production of £ type phage in peptone
water culinre of Celedds type
Bl Tor cholers vidrio mixed with human feces

Tubde Xo. 1 2 3
Initisl population 0.12 1.2 12
of vidrio/ml ‘ ' ‘

No.ofPru/mp | 0 10 )
3 | "Spot test" - - -
hrs | Colonies on o o S )
TCES plate
¥>. a2 PPU/ml 0 1l.4n0? 2.6x10°
6 | "Spnt tess" - + +
hrs | Cnlonies on 9 o 52
TCBS plate ‘

Table 5. An example of model experiment comparing ordinary
isolatinn technique and kappa-type phage detection
t?chnique. In the tube 2, 6 hours after 1nocqla-
tion, bnly'kappa-type phage was detectable
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Micrsonpe: TLeits 6rtholux
UV-source: OSRAM HBO 200W
BExciter filter: Schott KGl, BG38 ant x UGl
Secondary filter: Kenko 140 or Schott UV-abs
Odbjective: Achromat x 100
Ocular: GF x 10
Camera: TLeica If with MIKAS
Pilm: Puji SS or Puji color R (ASA 100)
%omre: 1l to 2 min for black and white.

2 to 3 min for color picture

Tahble €6, Details of fluoressent mioroscepy technique
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- g .
& : .
i Stslatag resstiene of verieus Gren-nsgetive besterfe
f . . Basbor of streins shawiag flusres~ L
¢ Specios . of | conte with the fntensity of
; . stns 0 " * * gos
“* V. oomme (Asistic) 1 ? 3 ¢ ¢
¢ “ (Evee) | 17 7 o ] ()
; V. mochaihovi 1 ° ° ' s o
‘ V. preteus 1 ° ° ' ¢
; V. denchet ' . . ' o o
: " vitrle 2 e ' ¢ o
{ g: Veter vibrie s ¢ ¢ ¢ 2 3
¥ . ¥, perchesmsiyticus 10 ¢ ] ] L
¢ €. colt y ° ° ] N
LT Salm, typhese ' . s o o - |}
3 Salm. peretypht A { . . ° . ]
p Sala, poratypht § ' ° e . ¢
' Salm, typhiourive 2 0 ° ¢ & 32
Shigatte dyromterie & o ° 0 ¢ L
Shigetta flennert | (] ¢ 0 o t
« Protous wigeris 3 ] o o 4 2
Kiohsiolta proumenies | O} N ] ] [ N |
Aerebacter seregenes | 1 (] e o o
Servatis mercescens ' e 6 .0 1 (]
- | Peeudemenas servyl ' ° ° [ 6 1t
{ :

PRP
-5
-

Table 7. Staining reactions of various Gram-negative

¢
£
{
i
g
!
!
/
.
'
¢

bacteria

21




g 4,},1.,‘4%*0&‘““%‘ e ade ]

.

. -

“‘

-

e

)

Table 8.

Steining resctions of fecal smesrs from

Jnnhctnacro;pnlont:

Nusber of smeers showing fluorescence?
No. of cases | with the {ntensity of '

L oo ad *o0 > *

e -

3 2 3 20 s &

* The specimens were classified according to the
strongest fluorescence found in the specimen,

Staining reactions of foq*\ smears from mon-
cholera patients




e WO N LR srmeida A B d

-y

Fluorescent antibody staining of E1 Tor cholera vibrio after
the multiplication in enrichment culture for 6 hours

Inftial SIS 275 295 275 2.5
population . 105 x10* x10 x102 & 10!
(CFU/m1) '
Number of b3

1 in whole
vibrio in 118 31 3.1 0.5 fields
one micro- .
scopic field
Number of 1;5' 1.5 2.5 2
vibrio in 8 8 x 107 x !06

x 10 x 10
culture (/ml): |

fable 9, Plunrescent antibody staining of El Tor cholera

vibrin after the multiplication in enrichment
culture for 6 hours.
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) Srein Staining resetion Asuutination
! vasillary bedy fagellm roastion
m m‘ *d - - ((‘”’
ms had g -
Yater vidrie
s WM - - -
m - - -
we * - -
¢ | m : - .
C § wié * - -
! Vs parehecms~
[ 1ytiews .
0= * o -
0-2 - - -
0=3 - oV -
0-4 *» L 4 -
M * 'Y -
“ * ’ : -
=7 - . e -
0-8 > VY -
- Q=9 * oS -
0-10 - "o -
Y. netohaibevi * - -
'Y, pretows *” - -
° ¥, domshed *» - -
Table 10. Staining reasctions of various vibrios with

%! 7))

Staining renstions of warions videles vith asti~J0
(Rl Tor) fusressent antidedy

anti-JE5 (3gawa tyce %1 Tor) fluorescent

antlibody
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Steintan renetion of videtes by wet (51 Tee)
fleervesent antibody adoorted with wmeious wntigwme -

Mosrbing Stained Sintng reastion
o, JStinen orsmning meillary bedy flagellwe
Omve !
48
0.3
'0 netehaibovt
'. ”m
¥, denevet °

- ———- . o

\4

oaito*u»»oogoo»ctiuiog¥

P

amne

Y. setehnikevi

v, protove
¥, doneket

s
=3

me ns
. 0wy

%3 Toana
: 0-3

pe ‘ zuu ‘LOOOQIQQIOD;OfOOIOOQOO ILRRE ; ;i

Table 11. Staining reaction of vitrios by anti-JES
(Ogawa type ¥} Tor) fluorsscent awtibody
adsorbed u“‘\ various antigens
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L " Bffeet of Yarious Treatment em Ph-statn
' - of Bl Tor ant NAG Vidrioe
PTreataent 31 Tor e
Bene : 000 *e
_ ’ Beat (100%0, 10 min) eeee *
. Semiestion ' ' PR
. ‘ (10 x¢, 15 ain)
Soaisatien and heat " *
Soanication and * *»”»
srypein (0.25%, 39 min)
Sruicating, bheat e *
and Srypeia
Bot 704 (4%, 1907c, " .
10 .in
99% Phemol (3770, 4 days) ~ves :
Phouo] and typein s -
( ] — —
Table 12, Effect nf varicus treatment on fluorescent
antibady stain of F1 Tor (Ogawa type) and
¥AG vibrio ' ' |
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B T R L

Yoter vihrien V. choloras® | Other
ond vidrie
Stoek Rew) BAS vidrten | speeiond
- jpnlnce
[0 0/9ee 36/%8 i ad /3
Ona from 0,
Raangont 2 e | e moo s
Nannene ) 34/3% m - WY
Calaetone ’ 29/3% mt 8/3
Prustoes 0/% 3%6/30 " 3/3
Arabinese /% S/ T o/3
Secrove vs | et A 4
Lestene /s /38 m_ s
14 0/8 ‘ Y y
Letfoon \o /5 o/ o0 . op
{lg’ /3 L o» or? o
Mm () 1 r
wotility! 653 8/ gﬂ
b4 0, ¢
s, o | um | om
@ e o7 | B
Selntin n/s 0/% " /3
30/ 6 - 3/3
EToe- (B EE| B | B
0/ 6/% 1/7 2/3
7, [ Tad o/3
Sloant o Ye 3 33
lysine o/ /% /7 /3
Arginine O/g 9/% /1 b 1) ]
Pt 1/9 38/358 " 3/3
: u&i) ¥ | W% o on
_ﬂh@' o/s %/58 71 3/3
Flusreseense 0/5 o/% o/ o’y

& ¥, cholorne: V2, K18
B3 Tor vidrios JB%5, Mal 4, Tor A
BA® vidrio: 4714, 4715 .

Yo

1, V. denekei, V. orotews

rable 13. Biochemical properties of vibrios
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fsgure 1.

" (Itazuke).

Electrnn micrograph of kappa-type phage
Acomplete phage particle amd
gevsral ghost phages with contracted tail

sheath are seen.
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Induction of Colabes type El Tor
cholera vibeie JES by UV irredie
tien (ISw, Y0 em)

colony formers =

[ ]

- P e P P

Pigure 2,

1020 30 a6 88 60 76 88 s
. Time of UV irrediation (see)

Induction of Celebes i:ype El Tor cholera vibrio

JE5 by UV irradiation (15W, 90cm)
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H 3
¥ ¥
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f. g |
‘ ] . One-step induction surve
. - of Colebos type El Tor vibete
. . JES by UV irradiation
¥ 2 (1S w, 20cm, 3020e) :
¥ ‘ formars ‘
& , ) . . . . :
: '_ N e ) >y
§ ; " Time dtww iradiation (min)
i i
R S §
4 @
* i !
% S 1]
1

Pigure 3. OnQQQtop induotion ourve of Celebes typs El Tor
' vibrio JBS by UV irradiation (15W, 90cm, 30sec)
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Yigure 4,

u—— m’
wl weomee M'"',"*’

Novd frae phoges (log PPU/mi)

0 00y 002 o068 o1 02 e 10 20
MitomycinC pg,/mi

Induction of Calebes type El Tor cholera
vibrieg by mitemycinC

[R e - e e ——

Inductinn of Celebes type E1l Tor cholera vibrios
by mitomycin C, H218(kappa) and Mal 4(kappa)
are strains artificially lysogenized.
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Induction of lmppe-type phage cres
el  bymitemycinG in
~ BiTer vibrio JES
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°
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Pigure 5. Bffect of mitomycin C on thse growing culture
of Celebes type 21 Tor cholera vibrio JES.
MC was added at time 0.
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Pigure 6.

One step ixduction curve of Coalobes ty’o'
EL Tor chelers vibrie JES by mitemycin C

MC (08 pg/mid)

W -
W

Ploia oger, ’
|J’ 5___,/ 92

X —$0i-aqer '

PFU /i

- 0 120 11}
Time ofter contest with MC (min)

One-step induction curve of Celebes type
El Tor chnlera vibrio JE5 by mitomyecin C.
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Mgure 7.

Fluorescent antibody staining of E1 Tor .

cnolera vibrio mixed with E. coli., By UV
illumination, only El Tor cholera vibrios are
vieible (a). (b) is the same field taken by
visible 1ight. BR. coli can be seen only in (b).
Notice the morphoiogical difference between then,
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