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The problems of the utilization of microorranisms for cuantitative
biochemical analvsis have been uriefly covercd ir the review paper by
Paley (19L0), Rabotnova (1947), Tyerusalimskiy (1547), Odintsova (154%),
ard Marcashev (1950),

(ur naper presents = more complete review of the methods for determining
amiroacids, It was prepared ir a somewhat different format and takes into
ar~rount somc of *he most recent literature data on this problem,

e of th bases for the develop-ert of methods for the use of microbes

as te=t reagents for various orgaric {(and inorganic) compounds encountered

in animal oreariems are the irvestipations by Nentckiy (18R1) and other of

the chemical composition of microbes dnd by Ushinskiy (1892) who showed

that the cnlture of microtes ir synthet'r media is possihle, Lster, the
talented Rucsiar sciertists Vinopradekiy (1897) and, partirularly, Omelyarskiv
roirted ont that 1§ was pessible t~ u-e microbes as chemical reagents. One

of the parers by Mmelvarsviy (197);) was actually titled "Microorpanisms ae
Chemical Reapente”, ©till later, the cortribution by Soviet scientists toward
the develnrmert of microbirlopical methods di” mich to adant these methods

for binchemiral {rvestigatinrs,

Tarire the last decade, microbiolorical methods for determining amino=-
acide, vitamirs, ard ~ther compovrds ercourtered ir orpanisme came into wide
nee becanse n” their simrlicity ard uriversality (simple eauipment, tech-

riaue af determiration, and sta-dard reacents for al) determinations).

A pood thermostat or a thermostat room, autoclave; burets an’s microburets,
renhelometer, aralvtical c-~larce, ordinary laboratory were (including a
sufficient number of standard-type test tubes), and reapents is essentially
all that is renuired to rerform a microbiological quantitative analvsis,
A1} this i= available to any laboratory, In addition, it i= pos-~itle, in
most cases, t~ dispense with the nephelometer.

A shortcoming of this met-od 18 the riquirement of presently still
critical rearents for the synthetic media which are usually of complex
comrositions As we shall see below, our own scientists were, in various
instances, successful in cvercoming this basie difficulty by developirg
methods whirh utilize media of more simrle compoiition, The laboriousness
of the method is another of its shorcomings, In addition, for an accuracy of
the order of 5-10 percent, which i= quite satisfactory for ordinary bio-
chemical aralyres, and for a high sersitivity, which would permit the
aralvais o7 wvery smally samples (for the determiration of amiroacicd come
rosition, e,r., ?0-30 mp. of proteir are renuired), the microbiological
method ~arnot yet cornete, in this resnect, 4ith semaral othe» methods of
biochemical aralvsi s havine ar accuracy of up tn 1 percent (ar) somctimes
even fractions of a percent),
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However, the sensitivity, the simplicity of the procedures, and their uriformity
are factors which rather favor the use of microbiolorical methads in biochemical
investigations,

The specificity of miercb.ological methdds still has certain limitations,
Thus, for example, it was shown by Meysel (19%50) that, on the basis of
thiamin (vitamin 81), all microtes can be classified into five prouns, of
which some exhibit a growth reaction for the pyrimidine or thiazole portion
of the molecule of vitamin Bl or for both portions of the molecule, but
are not linked in the same mammer as in the thiamine molecule, Tt i3 wll
known that the vitamin activity of these related ecmpounds, with respect
to higher animals and humars, is not the same; this shomld be taken into
account in order to avoid erronecus results.

Shultz and others (19h2) prorosed t» eliminate a pos=ible source of
error by conducting a parallel, blank sulfite exverimert, TIr this manner,
by elimiratine the influerce of the thiamine alone on the erowth reactiorn,
it i= pos-ible to obtain, by dif "erence, the figure correspondire to the
content of the actual vitamin By,

Some aralors of riboflavin ca» be used a- substitutes for it, in
determi-ing the irfluarce or th- srowtk reactior of lactobacill: (lambooy,
1951),

Tryotophare, arthrarilic 2cid, ard pos<ible "predecescors" of
ricotinic acid car be uced as a substitute for this vitamir in feedire
certain microbes (Davis and others, 195)),

Some strains of bacteria can synthesize biotin on the basis of pimelie
acid; this should be taken into accourt when they are utilized for the
microbiological determiratior of biotin (Du Vigneaud and other, 1942;
Melville, 15i4). Accordimg t - Me, sel (1950), some microorganisms require a
complete molecule of pantotheric acid, while other are content with
beta-alanine. In feeding Streptococcus faecalis, pyridoxine (and
probably pyridoxamine) can be replacsd with alanine, provided the latter
is furnished in considerable amounts (Snell ancd Guirard, 1943; see also
Holden and other, 19L9). According to Kicher (1945) and Kiditschek
and other (1949) reducinp substances can replace vitamin Bjs in feeding
1actobacilli, According to Koft and others (1950), the decomporition
products of folic acid oroduce a more active growth reaction of microbee
than pure folic acid., These data, however, reauire verification,

It was established by Meysel (1947) that, in the case of mary
microbe«, portions of the cleaved vitamine separate out into the outer
madium rot only 2e a re=:1% of thc exchanpe of lower (ant higher)
oreanirms but also ir the decomnoeitior of cells ar’ tis=ussz, Ac~ordire
t> Meysel (195N}, many microorparisms adjusted themsclves to the nse of
sych frapments,

These fa~tara, of coyrse, irfluence the spnecificity of the microbiolng-

ical methode, topether wth the well-known capacity of microbes to
svrthesiza, under d@firite conditiors, one nr anothe- "prowth substance"”
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which they are called upon to determine, Tn addition, tke requirement 1
by a microbe for definite components of the feeding medium can vary, !
dependiny on their quantitative proportions or on the presence of other
substances; this was established by Meinke and Holland (1948, 19L9) in
the c¢2se of the aminoacids serime and threorine and by the same authore
(1950) in the case of calcium lons, Finally, the growth of the microbe
can be influenced by various, as yet incompletely investigated, substances,
the action of which can retard or activate this growth (Iyerusalimskiy, 1947;
sec also Eme-y and other, 1950).

Tn a paper by Mardashew (1950), the outlook for the uce of
microbinlopical methods for biological materials (prcteirs), without orior
hydrolysis, is r~ther allurire,

bl

The nroblem of the ro-sible apnlication of microbiolopical determinations

for auch biclorinagl materiale, such as arirmal ard plart tis=ues, blood

nrlasma, urire, ete, jo of special i-tereat., Ore cannot disarres with
Mardashev (198N) who warred sg-inst the urcritical attitude, widespread

amo~r American invectigstors, resardire the u-e o microbiolorical methods

for eneh purrosre, Tt is sufficiert to rote the results of the

irvesticatiore by Williame and "eger (19LC), later confirmed irdirectly

by Axelrsd ard others (1948) and by Tr=ger (194R}, whirh point out the
stimlatine irfluence of Tats nd fatty acids or the growth of microbes

(used for the determinatior of biotir), This nroblem, however, requires
further examiration, since the e are cortradictions in the irstrurtions of

the American authors, As an jllustration, we wish to point out the data

by Tomarelli and others (1950) repardirg the retarding influence of fatty
acids on the prowth of certain lactobazilli, Meysel (1950) shows that it is ]
possible, in some irstance=s, to reolacs para-amirobenzoic acid with purines :
and aminoacids (methionine), Tt is ~ufficient to cite the 2ata by Hodson
(1549) repardine the possible replacement of folic acid with
desoxyribomicieoinic acid f~r some indicator microorranisms and, finally

the data by Light ara flarke (19L3) and Stokes and Martin (19L43) regarding
the influence »f{ diffe~ent concentrations of glucose on the growth of
indicator micronrganism:, in orider to become convinced of the existence

of various po-sible source~ of errors ir the ap-lication of microblolopical
methode for determinsrpg the above pamed (and other) substances in biological
material. Therefore, the mrtrods of prevarirp biological 1iquids and
tis~ues for amalysis with ai* of microorpgirisme require extra care for

| the elimiration of the interfe~ire influence of these substances.

Microbioloeists a~e well aware o" th- fact that th erowth reaction
doers rot alwavs reflect comrletely the recuirement by th microre culture

for ore or arother vitami: (gee Tysrusalimskiy and Nerorova, 10L6; Meyecel,

The anecificitvy of the microbiolorical methads aprear jrcomplete
terguce the vitam ~s can be ~resert in the biological material ir the form
of compounds with proteirs or other substarces ard, in suesh a form, canrot
influence the srowth of the microbes, Acrordi-r to Burkholder and othe-s
(1945)%, more than half of the vitami~ ir some food products is fourd ip a
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combined form. In such instances, in order t - make the te<t subst-nce
available for the =ction of mi~robes, it is first necessary to liberate it
by oreliminary hydrolvsis (includinp erzymatic hydrolvsis),

#The presence of combired ascortiic acid ir tis—ues was concluszively
shown by the irvestipations of Gol'dsheveyn and others (19,7, 198Na
1020b), Mashhite (1949), ard Sumtsnva (196r),

The fact of stareorhemcial "discrimipation” by micro~rpanirmg is alen
a well known fact, For examnle, ordinarilv, microtes nse orly l-amiroarids.
Yet accordinre tn Steel ar? othera (19L4%), there are also snch cultnres of
micrahes which do not diff{erentiate betwe: n the d= ard l-forms of
aminoacids, Althourh the latter case is =til1 orly one example o the
non-speci ficity o microbe ~ection, still, Mardashev (1950) roints sut
correctlv that, in microbiological determinations, this difficulty car
be avoided by usinpg twosmchk cultures of microbes, of whi~h one i=
strictly svecific for the determiration of 3 definite optical antipode
(levorotatory form), while the other uses both forms (levo- and
dextrorotatory)s In this manner, it is possible to determime the content
of both ontical artirode~ (Dunn srd others, 1947).

Tn order to familiari-e the reader with the differert stapes o“ 2
microbiological method, we will d2srribe, as an examnle; the well known
method for the dete~mination of glveocoll (glyvcine) in proteins, Three
ml, of 10 nercant H"]1 3e adiad ta 30-40 mer, of »voteir in a 15-ml,

mnouleb the amnoule is scaled, sealed, and hydrolvels is rarried out for S hrs.

at 110°€, After coolirp, the hydrolsate is trar-fer-ed nuantitatively
irto a 2€-m] volumetric flask, water i~ added to the mark, ani the flask
{c vent (u~de- a laver of toluere) ir a refripera‘or, In nrder to mave

a determinati-r, ar alinuot rortion of the hvdrolysate ir= tranferred

into annthear 2Caml, volumetric flaak; at first, & N caustic 2cda i~ ad'=d
a»t them 0,05 N canstie so”a until a pH of - ,R {i¢ reached, after whirh,
vater is added to the mark,

Pirst, a complete syrthetic medium (not excluding glycire) ias
prepared ir accordance with the table, in order to adapt the culture of
microbes to this medium, The determination 8 carried with the aid
of Leuconostoc me-enteroides Peo0, the daily arar culture o” whi.n i:
adapted with 24 hours to the synthetic medium of the same comrositi n
as that used (later) in the experiment, After a day, the culture o“ bacteria
is centrifuged for 2C mimutes at 5000 r.n.m,, the liquid is decanted, and
the residue is shaken in physiological solutian, <he turbidity of the
bacterial suspension is <et at a constant value with the aid o7 a
nepheloneter, after which, a control bacterioscopy is carried out,

In order to comstruct a standard curve, S ml. of glycine-free
synthetic medium are measured into each of tem test tubes, A standard
solution is orepared consistimg of 2 mg, perceng (accuratelv}) of glycine
which had bteen previocusly dried in vacuum st 30 and keot in a vreuum
desicrator with calcium chloride, Contimiously increadirg amourts
(0.5 to S ml,) of this standard solutism zre measured irts each of the

k.




_vwolume 0 10 ml: thie {e follawed bv i-orula‘ior of the eulture, incubatior

ten test tubes containing the synthetic medium, The final volume of the
contents in each test tube is diluted with water to 10 ml, an” all th
te-t tube: are 1eoft 4 A autorlave for 30 mimites under a pressure of
1 atmosnhere, after which, each test tubs i« inoculated with the daily
culture of lLauconostoc mesente roides Pgb0 (previously adapted to the
synthetic medium) and incubated in a thermostat for 72 hours at 37°

After this time interval, the intensity of the prowth reaction of
the microbe 1 determined ty titrating the lactic acid ir each test tuhe
with 0.0% N caustic soda.

Cn the basie of the titration resuits, a standard curve js constructed
showire the amourt of lactie acid formed a= a function of the concentration
of the determirable glvcine,

At the same tine, a 4uantatative determiratior i« made of the
rlvcire in the te-t altumin, For *+his purpoes, differert amounts (ir wl,)
nf® the Ailuted albumir hdrolysate are meacured into test tubes cortainirg
a srthetic medium 67 the same preparation ard water {e added to »

i & thermostat, ar” titration with 0,05 N cau<tic aoda (a= prescribed
for sta-dar® solntiors). The plveire contert i= calcnlated from the
siardard curve (tak'r- i-to accourt the depree of dilutior of albumir
rvdrolvsate),

Or the btasis of the above, it 1= possible to state th:t sractically
every microbiolopiral method consists of the fullowing stares: (1)
preparation of laboratory ware and apraratus, (?) preparation of the
wmedia an’ the culture of a definite microbe, (3) preparation of standard
solutions of the test sample, (L) sterilization (autoclaving), (5)
performance of actual expe-iment, (6) iroculation of the culture and
incubation in a thermostst, and (7) recordirg the measurements, in
particular, =rarurements of the intensity of growth of the microbe
(turbidity, =-i-ity, weight).

Preparation of Laboratory Ware

The nesd of thoroughly washed and serilized laboratory ware for
microbiological determinations need h-ordly be demonstrated. This can te
mo<t simplv accorplished by washing the test tubes with water and then
immersing in a bichromate solution (1070 om of corcentrated sulfurie
arid {= carefully added, while stirrinpe, to 100em 0 hot SO percent
sodium bichromate solutinn), leavire overnisht in a ste=m bath,
drainirg the 1inmid, removine traces of the 11qid by repeated washing
with tao water and 'then with distilled water, immersing the test tnbes
ir a plass vesrel with distilled water, Sover're the ves-el, anrd
antoel ~ving far 20 mirutes,

Preraration of Media

The success of the microbiclopi-al method depends greatly or the
therourh preparation o the svnthetic media which must cortain all the
aminoacids,
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vitamins, purine and nyrimidine derivatives, and also

carbohydrates, mineral salts, and water necessary for the rormal growth

of the microbs, As is well known, the principle of the microbiological
method is based on the execlusion from the synthetic medium, in which the
microbes grow, of that component whieh is determired quantitatively from
the intersity of growth of the microbe:, The latter should be oroportional

to the concentration of the given component (this must first be determined
thoroughly).

The sulstances necessary for the normal prowth, develomment, and
bacterial multiplicatior, in very small amourts besides, are customarily
called growth -ubstancex or factars of growth, This term is usually
aprlied to vitamins, specific amiroacids, anz ne and pyrimidine
derivatives, However, as it correctly pointed by Meysel (1950),
there are no svecial prowth substancrs, The erowth of cells and of the
orpanism is the summary result of the mo-t diverse processes, th
di =turbarce of which can be btrought about by the exelusion o arv lirk
from their chain ard not juct o vitamins or irrerlaceable amiroacids.
Thus, hv makire a a uantitative determination o” ary component of the
syrthetic medium, we are rursuir~ strictly oractical aralytical erds,
withoyt nredatearmining the rhvsiolaries) eippificance A the riven
componant.,

Ve yieh to rote, hoever, th:it t'. mirratialoi-ical methnis have
urdoubltedlv rrceeded their imnortarce as ocurelv techri~al procedures,
sirce the work 'f orerarine the cyrthetic media, ir correctior with the
developmenrt of theee methods,leads to ar acrmmulation o“ facts whi~h are
irstrumental im revealirg the rature o the excharre vrocesses o" the
substances,

It follows from th: above that diverse and , besides, specially pure
reagents, are necessary for th: preparation of synthetic media, As anr
example, we will cite the composition of mecia employed ir different
methods for determinirp aminocacics (Pumn, 19L9).

The given tsble is a graphic example of the complex composition of
synthetic media which cortair up to 50 different components,

Within recent years, Anglo-American investigators have prorosed
various modifications of the methods; these have frecuently been
dictated only by possession of snecial reagents and by desire
to sugpgert their “owm" modificatiore, Tr rarticular, the method of
the Americanr investirators Cardiral an~ Hedrick (1948), as shown in
the table, irapires 1little corfidence, The basis of their proro=ed
modification is the work by Sharkman (19L42); however, this paver has
ro data that folic acid 1= also a corstituert o the synthetic medium., On
the othe- han?, Cardiral ar- Hedrick (1948) indicate that they increased
terfold the corcentration of the foliec acid,

Tr the lirht o tha 3rove, the fruitful efforts of Soviet biochemists
tovar- salecting mears tor =imn'{fyirp the microdbiolorical mathads are of
srecial {rterest, Some Soviet authore utilized pepton treated with

6,




S

hydroper peroxide as a source of aminoacids, As a re-ult of such treatmen?,
it is necersary to add to the medimm only tryrtorhare, tyrosine,

methionine, and cystine, sires all the remaining amiroa-id= are therebdy
retained. The authors have u-ed with success Russian-produced pepton

for ar equivalent medium (ir determinins tryotophane, this amircacid is,

of course, excluded from thc mpdium),

Formulations for media (mee, for example, Snell, 19LR) used in
microbiological methods for the determination of vitamins are ordinarily
alsc quite complex and require scarce reagsnts, even when these media “re
serirvnthetic an! prenared, fur example, with casein hydrolysate
separated from vitamirs,

Yn this resnect, the microbiolopical method of dete mirime folic
acid, as proposed by Fershir and Shcherbakéwva (1951), is of interest,
These author= were sic-essful ir rreparirp a simple ~edium havinr as
it< base salte, plucose, a fermentation proructs of casir, Folie
acid woc rermcved from thic by repeated ad=morption with charcoal at a
pH of 33 ir thic process, micotini~ and parthotenci acides are lost and
mct be added tn the medium, whereas, the additior of other vitamire ir
rnt. rermrs-gry, Persor ard Scherbakova vprepsred =everal mach sedia
whirh pave a-g8lopous remlte i~ th determiration ~f “alic acid ir syrthetic
vrenaratiors, The au*hors point out correctlv that the use of this
methad for th Cetermiration of folie aci~ i{n biolorical material: requires
srerial stndy,.

The comno-~ftiors of some synthetic media nronosed mo t recerily for
microbiological methods are given in a paner by the author {1561).

As poirted oul above, media of comparatively simple camposition are
used for th: determiration of folic acid with the aid of reurospora or
veast fungi. Recertly, Odintsova, Meysel, and Cuseva {(1951) have made a
critical evaluation of the methods pronosed by foreign authors four the
determipa%ion of vitamin By by utilising its cocarboxylase action during the
cleavape 0" prroracemic acid or o© the fermentative reaction of the
microorganisms or vitamin By (see also Odintsova, 1949). These Soviet inves-
tirators have proro-ed a method of determining vitamin Bl, vitamine thiarzole,
and cocarboxylase by utilising the fermentative method with the culture
Endomyces marmueii in a sugar-phosphate medium of rather simple composition,
The starting material can be any commercial supar powde-, treated with
activated charcoal and added to th~ acarmireral mediu-, to which 0,) percent
yeast extract i~ also sd-“ed as a source o7 vitamir B] and biotin. The
sarcitivity of thi- method was. noted by Smirnov and Dykman (1949) who
uced it for the determiration nf the cortent of thiarine ir the rervous
sy-tem of carc fish,

™rther invectipstiors by Soviet seierti{+ts will undoubtedly lead to
a =t{17 further sirmlificatior of the compo~ition o0¢ syrthetic meiia; thic
wil)l be a considerable «timlus fur the wide adantatior of mirrabioloriral
methode in hiochemical {rvestirations,

Microbiolopical mrtho s, which nermit the use of smaller amoupts of
th- svrtratic medim ar- o° rearerts, ir pereral, have heern urder develormert
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!
COMPOAITION OF BABIC WEDIA OF LACTO BACILLI VEED 1IN THR DETERMIMATION
OF AMINOACLDS BY DIPFERENT AUTHOM
(Compiled by Dipp, 1048)
1 Componeanta Drel and Patioa Cardinal Yolik and Neinghs and Rollead Meller
Pratoa and and others Rodteoni and
othare Kearch
1 (1) () [3) {4) [8) {s} (1) [8) (0] 10} i (18] (13}
] Cluccee, m. ] 1 1 ] 4 1 3 3 1 1 ] 2
1 (W) 80, en. 0.3 0.¢ 0.3 0.3
1 Sodium Acetats, gm. 2.0 0.¢ 0.¢ 1.2 3.4 0.6 1.3 0.4 0.¢ 0.4 0.8 1.1
4 N,CL, gm. . 1.9 0.4 0.3 0.6
3 K)ii,PO4, gu. 0.18 0.03 0.08 0.03 0.1 0.1 0.1 0.1 0.03 0.1 0.0% 0.08
1 K2HiOy, m 0.2 0.0% 0.03 Q.03 9.1 0.1 0.1 0.1 0.03 0.1 G.08 0.08
) eSO, TH20, gm. 0.08 0.03 0.03 0,02 Q.04 0.03 ©.02 0.03 0.02 0,03 0.03 0.02
1, RaCl, gm. 0.004 0.001 0001 0001 0003 0,001 ©0.000 0.000 ..001 0001 0.001 0.00%
) 780, T30, gw. 0.004 0,001 0.001 0001 0003 0.001 0.001 0001 000} 6.001 0.001 0.001
w50, U0, gm. 0.0i8 0.001 ©0.001 0.00] ©0.003 0.000 0,001 0.001 0.00; 0.000] 0001 0,001
K thusitol ¥ 230 230 2350
Choline Chloride Y 230 230 250
1 Thiamine hydrochloride’ 100 30 100 200 10 100 30 100 10 20 100
E Pyrodixine hydrochlor—
[ (TR 100 40 20 180 30 30 180 160 20 30 200 160
1 Ca panthotenate ¥ 100 20 &0 200 00 10 200 20 20 10 20 200
Para-sainobenzoic acidY 8 4 0.01 0.02 30 0.1 0.1 20 30 4 o o1
Riboflavin ¥ 100 20 10 200 400 10 20 30 20 10 20 2cQ
Nicotintc acia T Y00 20 20 100 400 10 130 20 [0} 0.03 20 200
Motin T 0.3 0.08 0.01 0.3 1.0 0.08 0.3 0.1 0.3 10 0.02 0.3
1 Polic acid ¥ 0.3 0.2 10 200 0.4 1 0.4 0.4 ] 1 0.2 0.3
Acenine sulfete, ag. 1.0 1.0 1,0 1.3 1.4 1.0 1.2 1.0 ) | 1.0 1.2
Guanine hydrochloride,
(T8 1.0 1.0 1.3 3.4 1.0 1.3 1.0 [) 1 1.0 1.2

3 Uracil, wug. 1.0 1.0 1.2 1.4 1.0 1.3 1.0 s 1 1.0 1.2
Ianthine, wg. 1.0 1.0

] Alanine, ag. 20 10 20 300 400 200 100 30 40° 20 20 100
Aspsraginic soid, ug. 10 - * 40 200 40 40 40 20

4 Asparagine, ag. 40 10 (1] 80 to

1 Argintne kydrochloride

i .. 10 20 20 N 1e 100 . %0 10 20 10 20 0

\ Cystine, ng, to 20 10 12 24 10 20 10 10 10 20 12
Qlutamic scid, mg. 80 20 20 13 30 100 80 40 © 100 20 13
Glyctne, mg, 10 20 20 10 10 10 10 10 0 100 20 10
Wistidime bydrochloride
ne. 10 20 20 10 4 10 10 10 20 10 20 2
Hydroxyproline, ag. 20 20 20 20 10 20
laoloucine, ng, 30 20 20 18 30 20 20 30 20 10 20 13
lewcine, wg, 10 20 20 1.8 18 10 20 20 20 10 20 7.8
Lyeice hydrochloride
g 20 10 20 18 3 10 20 10 20 10 10 18
Nethionime, »g. 30 20 20 4 (] 20 10 20 20 20 20 4

1 Norleucine, wg. 20 20 10 30 20 20 20 20 20

I Narvaline, ag. 10 20 20 2n
Preerlslanine, Bg. 20 20 20 8 13 1] 10 20 20 30 20 []

‘ Foulire, sg. 10 30 30 2.8 s 10 10 20 10 20 2.3
Zerite, mg. 10 20 20 [] 18 20 . + 20 20 . ]
Yereunine, Bg. 20 20 20 4 0 20 + . 20 20 ‘ @
Tyt - .ene, wg. 10 ©0 20 1,0 3 10 ) 10 20 10 40 1.0
10 <0, B, 10 30 20 3.0 [] 10 10 10 20 10 29 3.0
Yalile, ag, 20 30 0 18 30 20 20 20 a0 20 20 13




withir r-cert timer=, A descrintion of sucrh "micromethoda" is eiver in our
paper (Asatiari, 1951).

Preparatior of the Sample and of the Standard Solutions

Thr preparatinr of the material for analysis ir deperdent or the type
of compound snbject to auantitative analy=is.

Tn vrenarin~ the material by the method o entymatic hydrolysis, it
i= necensarv to take inmto :mccount the content of l«tryntophare ir the
erryme vreparatiorge, For thi~ purpore, a simultareous cortrol experiment
i~ carried out under identical corditions by subjecting the enzyme
rreparations to hydrolysis, The content of l-tryrtophare in the protein
hydrolvsate i calculated by cubtractirpg from the cortent nf l-tryptorhanre
determired in the main exmerimert the content of this amiroacid in the
enrvme preraratior,»

Rabinwiteh ard sther (194R), considerirs th:* the erzyme
rvirolveate o” casin car contain < ubstarces whirh will affect
the erowth reaction of the microbes, recommended that these be
rerova! by twofol” treatmert of the hydrolysate with char: ¢ 1
e~ aleo Pershir ar- Shcherbakova (1951),

Althouph the errzvmatic hvdrolysis is the natural ard least harmful
methoi of preparine proteir for the determiratior o ita amiroacid
comno~ition, sttll, a- Mardachev (195C) poirts out, the nroducts of such
hydrolysis can cortair pentides and the actior of these on the microbes
car alter the resulte of tr~ determiratior, This is corfirmed by Turr
and McClure (1950 whosudied the rrowth reactior of lactobacilli in
the produrts o the parti ] hvdrolysi=z of protein= and also by Klunpsoyr
and others (1951),

The preparation of tisz=sue= and blood for the determination of free
aminoacids an of the totsl amourt of aminoacid by the micrcbiological
metho? is described below,

Th~ animal is killed an? the tis-uc i~ immediately removed, wranpad
is filter parer,ard th n nlaced ir a thermos bottle cortairine dry ice
(solid carbon dioxide), The frozer tissue is weirhed, triturated with a
cooled pestle ir a mortar (into which pieces of dry ice are thrown) to
the consi<tercy of coarse sard, and transferred, topether with the dry
ice, irto a plass which i= heated or a water bath tn remove the greater
vortior of the carbon dioxide,

The prorer amourt of 0.013 N acetic acis (10 ml, per em. of tiscue
of liver, Hdrey, ar spleen and & ml. per gm. of heart or skeletal muscle)
is added to the glas- and the mixture is rapidly heated and boiled for 4
mirutes with constart stirrine,

Then follows hor~renizatior for 10 mirutes in a “aring blender, afier

which the suspension is apain boiled for L mirutes, ther it is diluted to
the proper volume an” filtered,
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Ore volums of 0.6 N sulfuri~ acid is added to ten volumes of the
filtrate and a sufficient amcurt of 10 percent sodium tungstate solution
for the complete precinitation of the proteins, Ordirarily, 1 ml, of
this solution is sufficierd for an amount of tissue extract corresmordinrc
to the following amounts of tissue samples: skeletal muscle 7.F mpe.,
1ive~ S pm,, ¥idnev ? gm., heart misacle lpm,, and spleen 0,8 gm. A
smal)l excess of tupstic acid does not irte-fere with the subseauent
microbiolorical determination,

After a 1€ mirute rest, the solutior is filtered ard caustic =oda
solution is ad”ed to filtrate tn-4ve a pH of 7,

For misrobioloeical dete~minationsi solutions of different
corcentrations are orepsred (60 mp, of mecle <issue, 25 me. of liver
tic-ve, ard 15 mg, of kidrey or spleen tissue ver ml,}, The samnles
are kept in a refriperator u~der tnluere prior tn aralysis,

Ir order to determire the total amourt of non-vproteir free aminoacid
of the test tissue#, 1ml, o° roncertrated hydrochloric acid is added to 20
ml, o the rorcertrated tunestate filtrate o~ the tiscue ani the mixture
ie ther autoclaved for L hcures at 170°, At the end of the avtoclavir-,
the nH of the solutior is adjusted at 7 and the solutior is diluted to a
definite corcentration for the microbiolorical determiration,#

#This ireludes the total content of the giver ariroacid in
the hydrolysate o” th- vrotein free filtrate, ircludive also the
"free" form of aminoaci-' which is subject to microbiolorical
determination -rior to hydrolwsis,

+#Jt {- necessary to ooint out that, in autoclivirr, partial
decompositior (or racemization) of some amirmacids i alwavs
roassible, The extert of th resulting error is {prnred bty
Armericar anthors,

Tr order to determie the aminocacid comrositior of the entire tissue
after hydrolvsis, the exact sa-ole (1-2 gm.) is palaced in a rlas~ and
hvdrolyzed bv autoclavine with 20 ml, of 6 K hvdrocloric acid for 10
hours at 120°, The sample i= ther adjusted at 3 rH of 7 and diluted to a
corcertration of about 0,5 we of tissne ver w1, The determiratior of
individual aminoacids is made bty the micratiolorical rethod.

The determination of free arincacida arn' tlood erythrocytes 1=
carried out ir the followi-g marner, The volr-: o7 plasma and erythroecytes
ir the nenarirized blood is determiri: first,.h n thc nlasma is
separated ani a protein-free turpstats fil*rate iz rrensred from it in the
usual manrer,

As repards th= erythrocytes, tho upper laye- i~ first removed by
suction from th- residue of plasma &nd leukncytes, ther 1 volume of the
ervthrocvtes (<amrle of ervthrocvtes is weighed ard the weiprt is
multinlied by 1.092 to corvert 1t tc a voiume basic) is hemolyzed by the
addition of L volumes -~ water, after whirch it is allowed to stand for
20 mimites. 0
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While shaking the hemolvzed mi ture emerpetically, 1,5L4 volumes

of 10 percent of sodim turgstate soluvtion and 1,65 wvolumes of 0.667 N
sulfuric acid are rapidly added, The precinitate is filtered off and the
transparent filtrate (which should be free o tunpgatate and proteins) is
reutralized ard thickered by boliling down to half its volume, The plasma
an the ervthrocvtes (filtrates) are kept frozen under toluene prior to
aralysi=s, Ordinarily, 1 ml.of the filtrate of ervthrocytes corresponds
to 0,7 ml, of ervthrocytes and 1 ml, of the filtrate of the plasma to
0.3t ml, of plasma,

The dete-mination of the individoal aminoacids irn these filtrates is
accornlished with the aid o microbiolorical methods (Johnson and Bergeim,
19%1),

A similar metho” for th- preparation of tissues for microbiolorical
determinatior fo free aminoacids is used also by Shurr and other (1950)
who rerformed the aralysis with a tunestate, nroteir-free seciment of
tissue homogenate,

As rerards urire, the micr-tiolorical determiration of aminocacid-
thereir is n1suallv made by acid hydrolysis (Dunn.ard others, 1949; Camien
ar? Durr, 1950},

A< regard vitamins, almost all the microbiological methods of their
determination are utilized only after the riven vitamin has been liberated
from its "cembined" form which ordinarily makes it unavailable to the
action of the microorpariem, It should be borme in mind that in different
tissnes the riven vitamin car be present in differently combined forms ard
that, or the other hand, some microbes have th~ capacity to utilize also
the combined form of the vitamir (Meysel, 1950},

Tt follows from thic that the choice of the method of extracting the
vitamirsx depends on the type of microbe ir the tiscue to bhe aralyzed,

#Peacrirtion of Microbiolopical Methods of Determining Vitamins
(a=zatiant, 1949, 1951)

The followire methods of preparine material for the determimatior of
vitamins are the most widelv used (Snell, 1948).

For the determination of biotin, hydroly~is b autoclaving at 120°C and

with /» N sulfuric acid for 1-? hours are usually emrloyed, More prolonged
heating can result ir partial decommosition of the biotin,

For the determination ~f choline, the materisal is vrepared by

autoclavine with 10 ml. of 3 N sulfuric or hydrochloric acid per 100mg, of
dry, triturated material.

Por the determiration of folic acid, the mample is thoroughly
triturated with wate-, c ooled, and subjected to fermentative hydrolysis at
a pH of .5 for 16 hours at LS®, The ferment Preparatioz is obtained from
the kidreys o pigs or from the pancreas of chicks, For the determinat on
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of inosite, the sample i= hydrolyzed by boiling with s reflux cordenser in
the presence of an exceas of 18 parcent hydrochloric acid for a period of
6 honre, after which the hydrochloric acid is distilled off in vacuum,
while the residue 1s dissolved in water arnd adjusted at the rroper rH,

For the determination of nicotiric acid, the thoroughly tritarated
rample {s shaken with 2 suffi~ient amourt of N sulfuric acid t~ pive a
concentration of 1 microgram, of nicotini~ acid per ml. of mixture, whish
is autoclaved (pres-ure of 1 atm,) fo- 15 minutes, ther cooled, and nreut-
ralised with causti~ soda,

Parthotenice acid is determined after prior autoclavine of the saronle,
triturated with water to 2 corcentration of about 6-20 micrérram nercent
(pH of about 7), for 15 mirutes (pres<ure of 1 atmosphere); ater coolire,
1s first subjected to fermentative hydrolvsis® and filtered. The
determinatior i=s carried out with a transcarent filtrate,

In order todtermine riboflavin, th. thoroughly triturated sawple is
shaken with a tenfold amount (by weight) of 0.1 N hydrochloric acid,
autoclaved for 15-?0 mirutes (pressure of 1 atmosphere), cnoled, oH adjusted
at 4,5 by adtition of 2.5 ml, of sodium acetate solutior, ard filtered (it
is possible to make the determination also after fermentative hydrolvsis,

RPor the determination of thiamire, the thoroughlv triturated sample
is shaken with a 15-fold arount (by weioht) of 0.1 N sulfuric acid, heated
for 30 minutes on a water bath (taking care rot to allow the pH tn rise
above 1.5), cooled, and adjusted at a pH of L=lL.< by the addition of sodium
acetate sclution; after this fermentative hydrolysis is carried out ty
addir 1 ml, o 10 percent takadiastase solutior or klarase for every 10
microprams os thiamine and ircubatior is accomnlished in 3 hours at
15-60° or overnicht {under toluere) at 37°,

The determimation of vitamin By i= per~formed with the susnension of
the sample contairine 2 microprams of vitamin in 1RO ml. of 0,055 N
hydrochloric acid. The mixture is autoclived {or 5 huurs (pressure of 1
atmosphere) cooled, ard adjusted at the prooer pH,

#Instead of the ferment preparation "mgtlase P", recommended
for this purpo=e, 1t is nermissaible to use the prevarations
takadiastase (10 percent solution), klarase, or other similar
fermerts (oH o~ about L,5, incubatior for 12-24 hours at L45-50°),
In peneral, the orepsration of material with the aid of
fermentative hydrolysis, i.e,, the most natural method, should
be given preference in tho-e instances ir which there iz certainty
of conditions which assure complete hydrolysis ans exclusion of
substances that may exert 3an influence or the intensity of
the prowth of the microbe.and; thereby, on the accuracy of the
determination,

The preparation of standard solutions for tho ~onstruction of a

standard curve and the collertion of 4 yperimental data for the curve
corstitute a critical factor, uoon vhfch th. accentability and acemrancy of
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the metrn? deverd, The whole exmariment for the establishment of the
resno~sive prowth reactisr o~ the micrcbe i= carried out bv adding different
amourts o” thia comnound (in the form of standard solutiors of different
cnncentrations) to the equivalert sythetic medium from which the test
compourd 1~ excluded., The various standard solutions are treated the some
as the test samples, The amounts (usually in micrograma) of the substance
to be dete-mired (saminoacid, vitamin) are plotted at the bottom, along the
abscisca of a system of axes, while the amounts (in ml,.) of alkali used in
the titration are plotted from the left, along the ordinate Points are
marked at the intersections of the lines extending upward (from the mmber
denoting the content of the substance) and horizontally (from the number
indicating the amount of alkaline solution nsed), A curve is then passed
throush these points, ioinine the points with straight 1lines, TIn a "good"
standagd ourve, all the points lie &n the =ame straipht line.(within certain
1imits .

Tn & similar manper, a stardard curve car also be constructed from the
results of turbidometric or gravimetric analysis,

'mfortunatelvy (sirce time ard materials are requirad), the stardard
curve is usually not prepared "once and forever,” but for each individual
exverimert, parallel with basic determiration, The cause of this lies
ir the 2iffienlties irvolved ir keening track of all the factors which
can affect the r-sults of the determination, i.,e., the intensity of
develorment of the microbe, In this respect, co-sideradble irterest was
aroused by the attempts o~ our own irvestipators (Mardashev, 1950) to
develon conditiors (use of a medium of the same preparation and retained
under sterile e¢onditions) whirh would permit the use of the same standard
curve for a whol~ serics of experiments,

Sterilizatior

Autoclaving can, undoubtedly, btring about chemical changes in the
composition of the medimm. Tt is irteresting to note that some lactobacilli
grow poorly in noneautoclaved media. The cause of this phenomenon is still
not clear, although, a= pointed out by Snell (19L48) i+ the case of

Strentococcus faecalis, it is the reducing substances which can be
replaced with cvsteine., This problem was d-fined more ac urately by
Schweigert and others (1950) who showed that the growth reaction of
Lactobacillue leichmanrii in rltathoime ic preater thar irn cystine or
cvsteire, {f these substances are contaiped in the feedinpg medium prior to
sterilizatior, and alike, if thevy are introduced into the feedinpg medium
after sterilizatior, Ir other substances (Strentococcus silivarius), the
growth of the microbe t-kea place after th addition of acdtic aldehyde to
th- ron-autoclaved me~jum, UUmially, the carbohvdrate component of the
medium decomroses during the autoclaving, especially in the case of a
reutrsl or alkalire reactior and in the the nresence of phoenha* s and oxyren,
Autoclavire at a high temperature can produce a reaction of th~ glucose
with the amiroacids 4ir the mediur, As repards cystine, sich a reaction

(accomparied by structior of the cystine) was observed evendurinrg
moderate autoclavire,

Pyridoxine, ruridoxal, thiamine. and vitaminr B12 can urdergo changes
durine autoclavirg (Herdlir and Soars, 1951), Finally, a shortcoming of
autoclavir 1is also the non-unformitf2of the results, which is caused by
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the unlike distributiorn of the material in the antoclave, Ir order to
avoid (ever partially) the destructive influence of autoclaving, some
investigators (Camien ard Dunn, 1950, and othera) have alr ady after
sterilization, added a sterile solution of rlucose, under ascertie condi-
tions, to each test tube,

In some instances, it is advantapeous to replace glucose with
saccharose (Patton and Hill, 1948). Howewer, this is not always possible,
inasmnch as certain types of lacto bacteria do not use saccharos: (Camien
and others (1547).

The interfering influence of autoclaving can, to ce taln extert, be
com-ensated by the circumstance that both the sample and the standard
solutions are subjected to aatoclaving at the same time, In some, thoigh
rare, cases, wvhen a medium with a low original pH and of relatively simnl-
ccupoesition is used and the incubation period i= not prolonged autoclaving
cam be renlaced with sterilization by means of simple steamine (100° for
S mirutes). Complete eliminat!on of the proc:ss of hot sterilization and
autoclaving (if this were possible) would be the most radical solutior ot
the protlem,

Tn this respect, the statement by Mardashev (1950) that antoclavipp
car be rerlaced w ith cold sterilizatior through ~rope:i filtera if of
considerable irterecst, Purt'erstndv o the problerm will, obwiouslvy, show
determinations, This would have preat practical sierificarce.

A peneral cormiitior which would facilitate the use of microdiolopical
metho~s is the poaci’le complete stardardization of all the cordit:ion- of
the experiment. This beine attained by using ware of the same acuality
and o the same dimersiore and by operating alwave urder the same corditions,
Ir particulsr, 4t is nececssary to create, as far as possible, the same
corditions, for all the test tubes (these sh~mld be o° the same size) in
the autoclave and thermostat, not to sha%e {individual test tubes selectively,
eithar rot to shake at sll or tn shake éontinuously:all the test tubes,
It a constant-temrerature water bath, with corstantly stirred water, is
used instead of a thermostat, it 1= necessary to avoid uneven vibration
of the test tubes with the inoculated medium; uneven vibration may result
ir different inte-sities of growth,

Inculatior and Incubatior

In a special parer dealing with the factor which intluence the
accuracy of microbiodogical met ods, Tosnnies and Gallant (19L8) state that
the size of the drop of the bacterial susvension used for inocul-tlion docs
not affect the results of the snalysis, -Experience on the part f Soviet
investisators (Mardashev, 19.0) rdicate that th-se conclusions are
groundles-,

The number of microbe cells used for inoculation can, in most cases,
affect the outeome of the determinatior, It iz best to maintain the came
dilutior of the culture and the same sise of drops of the bacterial —usper-
sior (with the aid of calibrated pipet ©r platirum evelet) which is used
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for iroenlatior, afte~ the ontimum concertratior of microbes for each
method has first beer established, of course, In those instances, when
this 18 possible, large dilution of the bacterial suspension makes it pos-

eible to use larpe volumes (1 ml.,) for inoculatior and, consequertly, to
make more accurate measurements,

The standardization of the inoculation conditions is accomplished
more easily, if the hasic medium is sterilized separtely before it is
plsced in the test tubes for the evperiment. The medium is then cocled,
inoculated, and the iroculatedmedim is distributed, under asceptic
conrditions, in prepared sterile test tubes for the experimert. OSuch a
procedure was used successfull with yeast fungi (Srell, 18.2).

The in~ubatior eorditionrs should also be constant and uniform for all
the test tubes in which the determiration is tc be made by the same method.
For this rurpose, it 1= neces=arv to h~ve a pood thermostst or a thermostat
room: the temrerature variatior should ir ro case exceed 1° (it is
desirable that varistiors be much less), Snell (1948) recommends for
incuBation the nee of water baths with a device for stirrirpg the water
unifor-lv,

I Sl irctances, the liphting can affect the results of the
d-te-mirat ‘nr (ir particular, riboflavin ard vitamir By are sensitive to
11zht). This should be taker into account, in order to provide the proper
liphting (or t- use ware of special plasr).

E-fecting the Measurements

In view of the considerable laboricusness of the microbioloeical
methods, it is corvenient to utilize devices whi~h facilitate mess work.
Sych devices, ircluding measuring instrumen‘s and others, are described
in the book by Asatiarmi (1951),

As stated above, the moct widely used method of measurement in
microbiological methidds is titration of the lactic acld with caustie
soda solution of definite normality. In workicg with lacto bacte~ia (and
vith certain others), the amourt of acid formed ir ardinarily of the order
of 10 ml, of 0,1 N acid per 10 ml. of the medium contaldtmel percent
glncoze., This amount can be increased to 15-20 ml. of C.1 F acid by
doublinp the amonrt of plucose ir the medium (it 4= neces<sry to maintair
the buffer effsct o the meAium at a sufficiently hirh level). Such a
hieh outout of lac*ic acid i= all the more favorable, since it hsprens
rarelv., With prorer skill, the measuremert of the irten=ity of
electrometric titratior car ircrease the accwiacy of the determiration,

The turbidometric methods are used less widely, but they car ¢ive
results of the same degree of accuracy as the acidimetric methods. It
i+ only necessary that the test sarpies be optically "pure" ani the
turbidity durireg i-cubation should depend only on the growth of the
microbe and not or ary other factors, Tn order to obtair a urifam
suspension, the test tube is shaken prior to photameterinpg, after which
one or two secords are allowad for the air bub les, which my form durirg
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the shaking, to dlsaprear from the suspersion. Readines are made with a
photoelectric colorimeter (nephelometer), A drawback in turbidimetry

is the extremely dark coloration of the test sampnle; this is encountered
rarely, With sufficient skill, the measurement of the irtensity of

turbidity can be accomnlished much faster than titration with solution
of alkall,

The turbidometric determinatior is used in methods whi~h employ
yeast fungi; the volime of the COp formed it rarely measured ir this
case, The intensity of the turbidity is meacured also ir workirg with
different (non-lsctic) bacteria. In these instarces, especially in
workirp with Neurcanora, the method of separatinc the outgrown mycelium
(which 12 extracted with a mreedle or bty filtration), with subseanent
washing, dryvine, and weiphirg, i= also sumetimes employed, This
procedure is, of course, more com lex than titration or turbicimetrr,

Lately, microbinlorical metho'= are heinp combired with other
methods ir tiochemical irvestirations, As an examnle, ve wiish to point
out the micrnbiolorical method of determirire vitamir B 12 in accordance
with Wireter ar Eipen (1950), The so-called method o "bioautneraphs,”
as developed by the authors, is based on the principle of the combination

of chromatopgraphi~ analysis with t:- ricrobinlorical method of determiring
vitanirs,

The esssnce of the method of "bioautographs™ 1= as follows, A drop of
the solution contairing the growth factors to be determine” is investirated
by 88 method of paper chromatoeraprhy. The paper chromatogram is placed
on the surface of the apar feedine me~ium which has ween inoculated with
the proper bacterial culture (the authors used Lactobacillus lejchmannii 31%)
The apgar medium should contair all the factors necessary for the growth of
th~ test microbe, with the exception of the test e-mponent,

Aftor the removal of the paper strips and incuvation in a thermostat
at 37°, zones of the prowth of the microve are formed in different
sections of the location of the paper chromatoprams, The position of the
different growth factors under these conditions depends on the yalue of
their Rf for the system of solvents# which was used for the development
of the chromatogram. From this position, 1t i{s pos=ible to characterize
and idertity the difreyant factors present in the test sample,

Y is the coefticient of the rate of movemert of the
separable substanrces on the paner chromatnrram,

At present, Soviet irvestipators are succes=fully geins 4n
biochemical investigations bacterial decarboxvliases ("ardashev, 1949)
in combination with chromatographic methods (Mardashev and Semina, 19L9),
There i= les= information a ailable repardire the use o microbiolopical
methods in combiratinn with the method of tracer atoms, The apnlication

of this i~ microbioldgv ic descried ir the review paner by Konikova and Kritsmar
(1951).

The usual accuracy of microbiological methods 1= & jp percent,
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However, by oveserving A1l the conditions thorourhly, it ia poscible to
imnrove this aceuracy condlderably,

\\‘\The ranre of aprlicat. on ~f microbiological method=z in biochemical
{rventirations is continuocusly expanding, It is sefficlent to point out
that, in addition to aminocacide an? water-scluble witamirs, microbiolorical
methr's are used for tha determination of pyrimidine base= (Merrifield ard
Pune, 19C0), antibiotics (Sager and Arriponi, 1950), fat-soluble vitamira
T~ apd D, (hodieek, 1850), sul®vr (MeMarme ard others, 1950 ), and varjous
other -;ba'lnees.{‘

As already noirted ant above, the suitabiiity of - microdiological
method iz determined by the followirr means:

(1) a-reems nt betweer results o° sevoral determinatiors of the test
substarce (added to the test sample);

(?) agreement between results of the determination of the =ame
substarce with the aid of microorpanisms;

(3) arreemert. between results of the determimatior by microbiological
ar* other methods (chemircal ete);

() agrecment (after proper corversion) between results of the
detemination of different cnrecentrations of th. same substance,

(5) stability (reproducibility) of recults with the same method.
This summarv gives the basic criteria of the suitability of
microbiolopical methods, which, while constantly teirg improved by Soviet

investirators, will undoubtedly find the widest aprlicatior ir biochemical
irvestirations.
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