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INTRODUCTION 

Most strams or Esch~richia ~have simple nutritional 

requirements. This tact .indicates .that these organisJBS are able 

to synthesize ell the ir requirements tor amin.o acids 1 purines 1 

pyrimidines, vitamins and other substances necessary tor growth 

in a mixture or a rew inorganic salts and glucose. Davis rmd 

Mingioll (8) 1 however, have isolated BlUtant straillS or 1 • .22lJa 

that require either methionine or vitamin B12 tor growth. 

Although the exact .function ot vitamin Bu in metabolism 

is not elear:cy understood DI8IlY studies or animals and bacteria 

illdicate that this vitamin is related either directly or indirectly 

with the biosynthesis ot deso:xyribosides and or methionine. Evi-

dence tor a tunction ot vitamin B12 in the production ot des~

ribosides is based mainly upon studies with lactic acid bacteria. 

On the other hand the resul ts or studies concerning methion:ill8 

synthesis indic a te that vi tamin Bu is required tor this process 

in chicks 1 rats 1 and 1. W.. 

Numerous investigators have studied interrelationships ot 

vi tamin Bu, other vi tamins and sulphur-containing amiJw ac ids 1 

both with animals and bacteria. The work or McLa.ugblan n Jl (34) 

iudicated that en interrelationship seemed to exist between 

vitamin Bu and thiamine in the metabolism or a mutant strain or 

1. ~ developed by Davis and Mingioli. The present work 1s a 

continuation or that study and is concerned primar~ with inter

relationships ot vitsmin Bu1 thiaDine1 pantothenic acid and 

sulphur-conta1n1ng amino acids in the metabolism or this mutant 

strain or ~. ~. 
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REVIEW OF LITERATURE 

1. Biosynthesis ot Methipp1po 

Lampen ü Il (2'7) investigated the sulphur metabolism ot 

several mutant stra.ins ot ~. ~ that were unable to utilize 

inorganic sulphate tor growth. Soma mutants grew when supplied 

with either inorganic sulphide or a sulphur-containing amino acid; 

a few grew on.ly when the medium contained 1-methionine. Atter 

determining the variety of different sulphur com:pounds utilized by 

each mutant, Lampen A.t .Il. suggested that cyste1De1 homocysteine and 

cystathionine were intermediate eompounds in methionine synthesis 

but the exact position of these compounds in the process was not 

determined. Fl1ng and Horowitz (13) and Teas jjc Al (49) also studied 

methionine synthesis but they used IIUtant stra.ins ot Neurospora. 

Teas .a.:li Il postulated the following schema for methionine synthesis: 

L-homoserine + L-cysteine -.........:::... L-cystatbionine ~ 3 carbon fragment + 

L-homocysteiœ ~CH3 ----lo...L-methionine. 

Several workers, including Simmonds (46) 1 Gots and Koh (14) 1 Davis 

and Mingioli (8) and Kalan and Ceitheml (22) tound that the inter

mediate steps in the synthesis or 1-:œethionine by i· ~ appeared to 

be identical to those postulated by Teas n Al. tor Neurospora. 

Davis and Mingioli (8) discovered that 1-methionine was replace

able by vi temin B12 in the nutrition ot some methionine-requiring 

strains or!. ~. Mutants that 11ere unable to synthesize cysteine, 

cystathionine or homocysteine did not grow when the medium contained 

vitamin B12 in place of methionine whilst those Dltltants that 119re 
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unable to synthesize methionine f"rom homocysteine did respond to 

vitamin Bu. Davis and Mingioli concluded that vitamin Bu was 

required tor the methylation of 1-homocysteine to produce methionine. 

Helleiner and Woods (18) also found that vitamin Bu was required 

for the synthesis of methionine by cell-f"ree extracts of a vitamin Blz

requirillg strain of 1. ~. 

Kalan and Ceithaml (22) stated that •the tunction of vitemin B12 

uuq be interpreted as being mvolved in methyl transfer or methyl 

group production which permits indirectly a more efficient utilization 

ot the four-carbon precursor in the formation of methionine"• On 

the other band Dubnott (9, 10) suggested a different tunction for 

vitamin Bu in the synthesis of methionine. Working with a JRU.tant 

strain of 1. g,gl;l. he found that this organism grew anaerobical.ly in 

the absence of vitamin Bu it holllOcysteine or certain reduoing agents, 

auch as glutathione or cysteine, that could reduce homocystine were 

present in the medium. He concluded that vi temin Bu was rel&ted 

either direetly or indirectly with the maintenance of the reduced 

forma of certain sulphydryl compound&, auch as homocysteine. 

In 1955, Stekol (48) reviewed the literature concerning the bio

syntbesis ot methionine. He stated that "vitamin Bu does not appear 

to be involved in ~ ot the processes of methionine formation with 

the exception of the synthesia of the methyl group s1A W2YQ trom the 

ct- carbon of glycine. The nature of the involvement of vitamin Bu 

appears to be indirect, since the deticiencies in eitb.er folie acid1 
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pyridoxine, or pantothenic acid in rats similer~ affected the 

extent of synthesis of the metbyl group of methionine from the 

o.-carbon of glycine u. 

Although several workers have .studied the .tunction of vitamin 

B12 in methionine formation there is disagreement as to the tunction 

or vitamin B12 in this process. It appears, theretore, that the 

exact function of vi temin B12 in methionine synthe sis is not yet 

understood. 
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2. The Use of 1. xQJJ. for the assq of Vitamin Bu 

Davis and Mingioli (8) tound that certain of the mutant 

strains of 1. ~ that they isolated could be used for the assq 

of vi temin Bu. One ot these lllltant straiDS 1 designated as 1. ~ 

11.3-.3, has been wide]J used for the assq ot vitamin Bu; reporta 

of both plate assqs (16, 51) and tube asssya (8, .3, 51 a:>) with 

thiB organism have appeared in the literature. Burk:holder (.3) 

described a tube assq with a more complex medium than that of 

Davis and Mingioli (8) • Chiao and Paterson (5) eompared the &lloun~ 

of growth of 1. ~ 11.3-.3 in the two media and found that this 

organism grew equal.ly we11 in ei ther medium; therefore, they 

recommended the simpler medium of Davis and Mingioli. They also 

recommended th at the cultures be shaken during incubation. Other 

workers (a:>, .34) also proposed minor moditicatioDB of Davis and 

Mingiolis 1 tube assq for vitamin Bu. 
Several factors seem to affect the extent of the growth 

response of 1, • .Q.QJ.111.3-.3 to vitamin Bu. Chiao and Peterson (5) 

f'ound that a rat.i.o of' methionine 1io vi tamin B12 (on a we1ght basia) 

greater than 501000 inval.1dated the assq for vitamin B12' since 

methionine stimulated growth. They also studied the affect ot 

other nutrients that might be present in vi tamin BJ_2-contain1ng 

materials. The growth-response was unaffected b,y the addition of 

9 water-soluble vitamins, or of a combination ot several purines 

and pyrimidines or of 15 emino acide, exclusive of methionine, added 

singcy to the medium. Other workers (201 .34) reported, however, 

that certain vitamine such as ascorbic acid and thiamine illhibited 

the growt.h of~. ~ 11.3-.3. 
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3. BiochemiceJ. Reactions of +hiemiœ 

Thiamine has long been known to be concerned with the decarboJCY-

lation of pyruvic acid, but its exact tunction in metabolism iB still 

unknown. Korkes t.:t, Dl. (26) showed that l. ~ required diphospho-

thiamine tor the diaJIUtation of pyruvate to acetyl phosphate, lactate, 

and carbon dio:xide. Reed (38) reported that lipothiamide, which 

con tains both ~ic acid and thiamine, is required by a mu. tant a train 

of j:. ~es a bio-cat~st in the following reaction:-

CH
3 

• CCOÏ + Co~ + DPN + lipothiamide CoA S.C-CH3 + 002 + DPNH 

" " - -0 0 

Co.A-SH representa co-enzyme A and DPN representa diphospho-

pyridine nucleotide. 

One suggested mechanism (40) for the biochemical action of 

thiamine 1s based upon the findings of Zima and W1 11 :i ems (55) who 

reported that thiamine is subject to reversible oxidation and reduction 

in pJvsiologiceJ. conditions. At a slightly alkeJ.ine reaction either 

Jvdrogen peroxide or o~gen) trom the air oxidizes the thiol form 

ot thiamine to a disulphide torm of thiamine. Zilia ü Al (56) found 

that the disulphide {Bl - S..S-BÛ iB reduced by cydrogen sulphide, 

glutathione or cysteine. Matsukawa and Yurugi (32) and Sahashi ~ al. 

(42) reported that the thiol and disulphide forma of thiamine react 

w.ith various sulpbydryl compounds to produce :mi:Ked disulphides. 

Matsukawa and Yurugi postulated that the following reactions occur 

when thiamine and cystine are dissolved in a phosphate butter at 

a slightly alkeJ.ine reaction. 



1 
r-
I 

Reaction A. 
H 
1 

N=C-NH C-S N=C-NH CHO 
1 1 2 1 --1 1 

2 Il 
CH -C C-CH -N 

3 Il Il 2 +\ ..........,..--- CH -C C-CH -N SH 3 Il Il 2 
\ 1 

N-CH C=C 
1 \ 

CH3 CH2 CH2 0H 
( 1) 

Reaction B. 

N=C-NH2 CHO 
1 1 1 

CH -C C-CH -N SH 3 
Il Il 2 

\ 1 + 
N-CH C=C 

1 \ 
CH3 CH2 CH2 0H 

(Il) 

N=C-NH2 CHO 
1 1 1 

CH-C C-CH-N S-S-CH-CHCOOH 3 
Il Il 

2 
\ 1 2 

1 
N-CH C=C NH 2 1 \ 

CH3 CH2 CH2 0H 
(IV) 

+ 

N-CH C=C 
1 \ 

CH3 CH2 CH2 OH 
(Il) 

S- CH2 CHCOOH 
1 
NH2 

S-CH2 CHCOOH 
1 
NH2 

(Ill) 

---

HS- CH2 CH COOH 
1 
NH2 

(V) 

...........__ 



1 
Q) 

1 

Reaction C. 

N=C-NH 2 CHO 
1 1 1 

CH -C C-CH -N S-
311 Il 2 

\ 1 
N-CH C=C 

1 \ 
CH 3 CH2 CH 2 0H 

(V 1) 

N=C-NH2 CHO 
1 1 1 

2 

+ HS-CH2 CHCOOH 
1 
NH2 

(V) 

~ 

N=C-NH2 CHO 
1 1 1 

.........__ 

CH -C C-CH -N S-S-CH CHCOOH 3 
Il Il 

2 
\ 1 2 

1 
+ CH -C C-CH -N SH 3 

Il Il 
2 

\ 1 
N-CH C=C NH 2 1 \ 

N-CH C=C 
1 \ 

CH3 CH2 CH2 0H CH 3 CH 2 CH2 0H 

(IV) (Il) 
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In reaction A, thiamine in solution at pH 7.5, forma an equilibrium 

mixture or the thiazole (1) and . thiol (11) forma or thiamine. 

In reaction B, thiol thiamine (11) and cystine (lll) react to 

produce the m:ixed disulphide thiamine cysteine (IV) and cysteine (f). 

In reaction c, the disulphide rorm of thiamine (VI) reacte with 

cysteine (V) to produce thiamineeysteine (IV) and the thiol form of 

thiamine (II). Matsukawa and Yurugi (32) stated, however, that this 

reaction is unlikely to occur ~ lil:Q since the ratio or thiam:ine to 

cysteiœ is very small. Sehashi .l1c Al (42) reported an .i;Q JiK2 

reaction similar to that of Matsukawa and Yurugi.1 s reaction "C 11 

occurring between thiamine disulphide and pantetheine and producing 

a mixed disulphide or thiamine and pantetheine. 

Saxena .ü Al (43) reported that the synthesis of thiamine by 

"wlld" strains of i,. ~ was inhibited by the addition of vitamin B12 

to the growth medium, but they did not offer ~ exple.nation for this 

errect. 

Leng and Chow (28) found that thiamine destroyed the micro

biologicel activity or vitamin B12 in solution particularly at a 

reaction c~oae to neutral.ity. Al.though McLa.ughlan ~ ,Il (.34) !OUJld 

that the addition of thiamine to the medium depressed the growth-response 

curve wi th vi tamin B121 the effect did not appear to resul t .from 

partiel destruction of vitamin B12• In view or the reported reactions 

or thiamine (55, 321 42) and or Dubnorr•s reports (9, 10) concerning 

the tunction of vitamin B12, McLaughlan ü .Il (34) suggested a mecheDiBm 

that might explain the inhibito17 action of thinine on the growth 

ot 1. .2..Qli ll3-3. In the highly aerobic conditions of the shaken 
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assq1 thiamine added to the medium becomes oxidized to thiamine 

disulphide. The disulphide interacts with eysteine or homocysteine 

synthesized b.1 the organism to produce a mixed disulphide and errectivelf 

diminishes the extent of growth in media contain:ing suboptimal amounts 

ot vi tamin B12• 
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4. Toxicitv ot Cystine tor Bacteria 

Several investigators have reported that cystine is toxic tor 

irarious bacteria (particularly when sutoclaved with media). Schuhardt 

ti 1.1. (44) investigated the toxicity ot cystine tor Brucella ab9rtus. 

They showed that cystine wa.s not toxic when it wa.s autoclaved at pH 1.5 

or when it wa.s sterilized by filtration and added to media asepticallyl 

but that it wu toxic when autoclaved in media at a neutral reaction. 

Schuhardt!! .!1 (44) isolated elemental sulphur trom autoclaved cystine 

solutions, and they foulld that colloidal dispersions of this elemental 

sulphur at concentrations as low as o.o6 J-Lg per 111. was toxic tor 

certain strains of Brucella. They postulated the following schema tor 

the breakdown of cystine during autoclav.ing of media. 

(1) A heat-induced rupture of the disulphide linkage with an 

associated dismutation or a portion of the cystine to cysteine and 

cysteine sulfinic e.cid; an intermediate unstable cysteine sulfenic 

acid is probable in this diswtation. 

2 ~R + 2H20 + He at ___...:..2R-SH + 2R - SOH 

2 R-SOH + Heat ~R-SOil + R-SH. 

(2) The cysteine is decomposed to pyruvic acid, ammonia and hydrogen 

sulphide by way of an unstable i.Jnino acid, or by way of llJ2llA-amino 

acrylic acid. 

R-SH + Heat ~H~ + CH2 = C - COOH or CH.3 - C - COOH 
. - 1 Il 

NH2 NH 

CH - C - COOH + H~~CH- C - COOH + NH.3 
3 Il . 3 Il 

NH 0 
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(3) The bydrogen sulphide reacts with excess cystine to form sulphur 

and additional cysteine. 
0 

HzS + R-5-S-R ~ 2R-SH + S 

Schuhardt ü Al stated that 11this last reaction is readily 

reversible, which fact might be expected to account for the esse ot 

neutralization of sulf'ur toxicity by excess SH compounds ". 

Heathcote (17) suggested that cystine was somewhat toxie for 

1euconostoc mesenteroid,es P 60 1 which is the test organism used tor 

the microbiological assq o:t cystine. He did not offer en explanation 

for this effect. Rose n Al (39) found that cystine autoclaved with 

the medium was toxic tor Lactobe.cj 1 1 us bifidus. The presence of a 

reducing suger such as lactose 1 during autoclaving prevented the 

toxieity. The addition of cysteine, thioglycollie acid or thiomalic 

ac ids to the medium after autoclaving also reversed the inhibi tory 

affect of autoclaved cystine. They tested colloidal sulphur but found 

that relatively large amounts were necessery to produce inhibition 

o:t growth and it appeared therefore that the cystine toxicity di:tfered 

.from that reported by Schuhardt ü .aJ. (44) • 

Woiwod (52) reported that copper sulphides inhibited the growth 

of Staphy1ococcus aureus and several ether Gram-positive organisme 

but that it had little or no affect on sever al Gram-negative organisme. 

He foUDd that copper sulphide was formed during autoclaviug of media 

containiug cystine and copper. The inhibition did not occur, however, 

when the medium was autoclaved in screw-capped bottles or sealed ampoules. 

He suggested that possibly the decomposition of cystine on heating 

is a reversible reaction and that an equilibrium 1s attained when the 
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heating is done in a closed system. Under any given conditions of 

temperature and pressure a limited amount of eydrogen sulphide is 

produced; if this amount 1s insufficient to exceed the solubility 

product of copper sulphide the re sul ting solution would not be toxie 

for bacterie.. He suggested that specifie enzyme systems were being 

interlered with, possibly those concerned with the utilization of 

sulphydryl groups. 

Konowalchuk ~ AJ. (24, 25) reported that autoclaved media con

taining cysteine and terrie iron were toxic for MOCcobacterium 

ia\berculoais. They isolated the toxie substance and :round that it 

appeared to be a colloidal complex of iron and sulphur. Prince and 

Cleverdon (.36) reported that cysteine inhibited the growth of 

lla.tobacterjp. species in simple chemically defined media. Hiatidine 

reversed the inhibition but sever al other amino ac ids were also 

partially effective in reversing the inhibition. 

Rowley (.41) collected 356 strains of 1. ~ that were capable 

of growing in the simple medium of Davis and Mingioli ( 8) and found 

that the growth of all stra.:i.Ds was inhibited by certain amino e.cids. 

Cystine inhibited the growth of 40 straiml of 1 • .Q.W; methionine 

ef'fectively reversed this inhibition with e1l strains tested. He 

stated "Since all the organisme examined grew readily on medium lack

ing smino-acids, they must all possess the enzymes necessary for the 

synthesis of these amino-acids from ammoniUil salts and glucose. Yet 

in the case of some strains the addition or a given amino-acid prevented 

or deleyed growth. !he presence of the amino-acid which abolished this 
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inhibition presuma.bly supplies an end product of the particuler 

inh1b1 ted pathwq and the orga.niem grows freel.y". Apparentl.y Rowley 

did not autoclave the cystine solution. 

Ravel and Shive (37) reported that cysteie acid1 which is an 

oxidation product of cysteine, inhibited the growth of E,. ~. 

They postula.ted that cysteic acid, which resembles a.spartic acid, 

competes with aspartic a.cid in the formation of the 11substrate-enzyme 

complex" that normally produces (3- alanine. The resulting inhibition 

of grolrth :111q be reversed by increa.sing sufficientl.y the asp~tic acid -

cysteic acid ratio so that the competition for the specifie enzyme 

greatly favors the formation of the aspartic acid e~ complex i.e. 

reversal in a competitive manner. The inhibition mey also be reversed 

b;y addition of (3 -alafljne1 the product of the aspartie acid enzyme 

reaction i.e. reversal in a non-competitive manner. 
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5. Inhibition of Pantothenic Acid Synthesis 

The steps in the biosynthesis of Coenzyme A ( CoA) 1 which is the 

active form of pantothenic acid1 are reasonably l'e'ell established. 

The tollowing scheme, compiled from reports in the literature 

outlines some ot the probable steps in CoA synthesis. 

l. Aspartic acid~,3-alanine. (2J.) 

2. Keto-veline ~Ketopantoie acid ~ pantoic acid. (.31) 

.3. .13-alanine + pantoic acid~pantothenic acid. (.30) 

4. Pentothenic acid + eysteine~pantothe:nylcysteine. (2) 

5. Pantothe:cylcysteine~pantetheine~CoA. (.2) 

Several compoUllds whicb inhibit growth of E,. ~ in simple media 

do so apparently because of inter.t'erenee wi th pantothenic acid synthe sis. 

Wright and Skeggs (54) and King and Cheldelin (.2.3) observed that 

propionic ac id inhibi ted the growth of E,. ~ the inhibition was 

reversed by either ,8-alanine or pantothenic acid. King and Cheldelin 

concluded that propionate inhibited growtb by competing with ~-alanine 

tor a specifie enzyme that united pantothenic ac id moieties. 

Ravel 8lld Shive (.37) and Shive and Macow (45) reported that both 

c;ysteie acid and ey-dro:xyaepartic acid inhibited growth of ~. ~; 

the inhibitions were reversed competitively by aspartic acid and non

competitively by either (3-alanine or pentothenic acid. These workers 

postulated that because cysteic acid end hydro~aspartic acid resembled 

as partie ac id structur~ that they competi tively inhibi ted the 

decarboJcylation of aspartic ac id to produce fo -alanine which appears 

to be a precursor of pantothenic acid. 
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Mau aiid Davis (29) f'otmd that D-serine inhibited the growth 

of' l. ~ by interf'ering with the conversion of . /3-al.anine to 

pantothenic acid, but they sta.ted that the mechanism of the inhibition 

was obscure. Maas (3o) reported that salicylates also interfere with 

pentothenic acid synthesis. 

Jak:obovits jjë .caJ. (19) studied the inhibitory ef'fect of' certd.n 

amino acide on the utilization of p-alanine by straills ot Saçcheromypes 

cereriBiee. Methionine, glutamic acid, asparagine and <J.-alanine 

particularly inhibited growth in media conta.ining suboptimal amounts 

ot ~-alanine, but these amino ac ids were mueh less inhibi tory in 

the presence ot pantothenic acid. These workers suggested that 

d -alanine competed with (3 -alanine in pantotbenic acid formation; 

they also suggested that glutamic acid and asparagine mey inhibit 

growth ind:l.rectly through increased synthesis ot ci -alanine resulting 

from transamination reactions. 

Several compounds seem to inhibit the biosynthesis of' pantothenic 

acid. ~dro:xyaspartic aeid and cysteic acid li18\Y inhibit 13-alenine 

formation, whilst propionic acid end ol-alanille appear to prevent 

the utilization of t'-alanine. Certain other compOUDds also inhibit 

pantothenic aeid synthesis but the mechanisms are obscure. It is 

clear, however, that severa! compounds added singly to simple media 

li18\Y inhibi t growth of microorganisme due to interference wi th panto

thenic ac id synthesis. 
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ME THOIS 

1. Assa:y :tor Vitamin B12 Activity with i. ~ 11.3-.3. 

In most tests the e:tfect of various compounds on the growth 

ot i. ~ ll.3-.3 was evaluated in a semi-quantitative mannar by 

adding the compound or compounds to a standard solution of vitamin B12 

and deternûning the apparent vitamin B12 aetivity o:r this 11sample" 

by microbiological assa:y. 

Reagnt,s 

(a) StnMard, cobalemin stock solution - Sutficien~ 25% alcohol 1I8S 

added to a sui table quanti ty of cyanocobalamin reference standard to 

make a solution containing l }J-g• ot vitamin B12 per ml. This solution 

was stored in a ret.rigerator and was used no longer than 6 months. 

(b) Str,pdarsi coba1emip solution - Sut:ticient distilled water was 

added to 1 ml. ot "standard cobalemin stock solution" so that the 

final solution contained 0.05 mp.g. of vitamin B12 per ml. tor a 

stationa:cy assay or 0.2 IDfAg• of vitamin B12 per ml. tor shaken assq. 

(c) Basal gdium stoç]ç solution - For the preparation ot 500 ml. 

ot double strength basal medium the amounts ot ingredients llsted 

were placed in a 6oo ml. beaker. 

2.0 gm. 
1.0 • 
0.1 11 

0.5 Il 

.3.0 Il 
7 .o lt 

500 ml. 

This is Davis and Mingioli1s medium (8). 
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(d) Inoculum brçth - Two ml. of "vitamin-tree" casein hydro]J"sate 

(lO% solution) and 5 ml-Ag• ot vitsmin B12 were sdded to lOO ml. ot 

single strength basal medium stock solution. This inoculum broth 

was dispensed in 10 ml. amounta into 50 ml. Erlenmeyer tla8ks; the 

fiasks were plugged with cotton and autoclaved tor lO minutes 

(l2l - 12300.) 

(e) Am slant culture medium - One and one half gra:ms ot agar were 

added to lOO ml. ot inoculum broth and the mixture was heated on a 

steam bath with occasional stirring until the agar was in solution. 

Five ml. aliquote were dispensed into 16 mm. rimless pyrex test tubes; 

the tubes were plugged with cotton and autoclaved tor lO minutes 

(121 - woc.). The agar was cooled in a sloping position. 

(t) Stock culture ot 1. ~ 113-.3 - The test organi.sm !. ~ 113-.3 

was subcul tured twice week:cy- on the agar slant cul ture medium. Cultures 

were incubated for 8 hours at ,31°C. and were then stored in a refrigerator. 

(g) Tpnrna]pm .- A transfer ot cells was made using a heavy inoculum 

trom a tresh (24- 72 hour) agar slant culture of~. Wi 113-.3 to 

a flask of inoculum broth. The culture was incubated for 8 hours 

at 31°c., and was then transferred aseptic~ to a suitable sterile 

centrifuge tube and centrifuged tor 5 minutes. The supernatant 

medium was decanted end the celle were resuspended in 10 ml. ot 

sterile single strength basal mediUil; this suspension was sdded drop

wise to 10 ml. ot medium untll a tinal transmittancy ot approximately 

80% (Coleman Model 11) was obtained for the second suspension; this 

suspension was used tor the inoculum. 
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frocedure 

(a) Preparation of' tubes - Hard glass test-tubes, 22 x 150 mm., 

and other necessary glassware were cleaned meticulou:sly because of 

the sensitivity of the test organism to minute amounts of vitamin B12 

activity. 

Into clean test tubes o.o, 1.0, 2.0, 3.0, 4.0 and 5.0 ml. 

respectively of standard cobalamin solution was added using 3 

replicate tubes at each dosage level. Sutficient dist:Uled water was 

added to malœ 5.0 ml. 

Into clean test tubes 1.0, 2.0, 3.0, 4.0 and 5.0 ml. respeetively 

ot the sample was added using 3 replicate tubes at each dosage level. 

Sufficient distilled water 1f8.S added to make 5.0 ml. 

i'wo tubes were prepared, each containing 5.0 ml. of distilled 

water; these were used for diluting and suspending the inoculum. 

All tubes were transferred to another rack and arranged in a 

random order. Five ml. of basal medium stock solution was added to 

each tube; tubes were covered with a cotton pad and heated in an 

autoclave tor 3 minutes at 121 - 1230C. and they were cooled es 

rapidly as practicab1e. 

One drop of inoculum was added sseptically to each tube. The 

cultures were incubated for 16 hours at a temperature of 3100. Those 

used for shaken assays were incubated on a Yankee Kahn Test shaker 

with a speed of' Z75 oscillations per minute. 

(b) Measuremant of growth. - The tubes were cbilled to arrest growth 

and the contents of each tube was transferred to optical colorimeter 

tubes. Using an uninoculated tube of' culture medium and a filter 
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set ting of 540 m ~ the Coleman (Modal 11) spectrophotometer was 

adjusted to raad 100% transmission of light. The percent trans

mission values for all cultures was determined. 

(c) Calcula.tion of ap_parent vitamin B12 a.ctivity - A standard 

response curve was prepared b,y plotting the a.beorbance (2 - log G) 

readings for ea.ch dose of the standard vitamin Bu solution against 

mp.g. of vitamin Bu conta.ined in respective tubes. A ruler was 

used to dra.w the lina tha.t appeared to best fit the plotted points. 

The amount of vitamin Bu a.ctivity for each culture was determined 

b.Y interpolation from this standard curve. 

In microbiological ass815 since occasional inexplicable aberrant 

values are obtained in certain tubes, the series of values was in

spected and any which varied marked~ trom most of the series were 

discarded. Usu~ the potency of the sample was expresaed as a per

centage of the standard response. 

2. Assay for L-methionine with m. coli 11,3=,3. 

The assay for L-methionine was dona in essentially the same wq 

as the vitamin Bu assay (shaken) with ~. ~ 113-3. The standard 

solution of vitamin B12 was replaced b.Y a standard solution of methionine 

containing 5 }J-g of DL-methionine per ml. The affect of various 

compound.s on the growth of E,. ~ 11.3-3 wi th methionine was evaluated 

b.Y adding the compound(s) either to an ali quot of the s tandard solution 

of methionine or to the medium before its addition to the tubes, and 

determining the apparent methionine content of this "sample" by 

microbiological assay. 
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J. "One dose" assay for vitami.n B12 with ~. ~ l.J..3-J. 

Wood and Finney (53) described the one dose assay design; this 

design is only valid for assay purposes when the growth-response 

curves wi th the standard and test preparations are approximately 

linear and meet at the origin when they are plotted on an arithmetic 

scale. The growth-response curves for samples containing vitamin B12 

and cystine in the shaken assay were not linear, however, and usually 

the highest dose of the sample gave the lowest apparent "potency". 

The data tor the one dose assay were plotted with an arithmetic 

scala; the average absorbance value for the one dose of the standard 

was plotted and a straight line was drawn from it to the origin. 

The apparent "potency" of the samples was determined by interpolation 

to the "standard curve" and was expressed as a percent of the standard 

response. 

4. The pad-plate BBSS\1 tor vitamin B12 with 1. W,1 JJJ-3. 

The pad-plate assay was done as described by Williams §! Al. (51). 

In this assay filter paper dises containing vitamin Bu are placed 

upon a flat surface of agar nseeded11 with 1. ~ 11.3-3. Growth of 

the organism occurs around the dises and the size of the zones of 

growth is dependent upon the concentration of vitamin B12 in the 

paper dise. 

5. Direct toxicity tests with ~. ~ 113-J. 

The apparent toxicity of various compounds was evaluated in the 

following way. A series of tubes was prepared containing graded 

amoWlts of the compound being tested. In certain tests (e.g. cystine) 

the compound was dissolved in N/ 500 HCl. The volume of the liquid 
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in each tube was adjusted to 5.0 ml. and then 5.0 ml. of double 

strength medium were added to each tube; the medium contained 

sufficient vitamin B12 or methionine for optimal growth. A control 

series of tubes was also prepared containing similar graded amounts 

of a 11blank" solution of either water or N/500 HCl; five tubes were 

used at each dosage level. In some tests the compound being tested 

(and the Wblank solution") was sterilized b,y Seitz filtration and 

was added aseptically to the tubes of medium after these were auto

claved. 

Tubes of media were autoclaved and inoculated as described in 

.Method 1. Af'ter 16 hours the turbidities of cultures were determined 

and the average absorbance for the growth with each dosage level was 

plotted as the ordinate against the dose of the compound as the 

abscissa. 

6. The Laçtobaç1Jlus ]&icbmsnnii ass~ for vitamin Bu. 

The 11. leiehœepn1 i turbidimetric ass~ was done as described 

b,y Campbell !lt Al. (4); this is a modification of the u.s.P. XIV (50) 

microbio~ogical "tube" asstq :for vitamin B12• 

7. The thiochrome method for the assay of thiemipe. 

The thiochrome method for the assay of thiamine was done as 

described in 11Methods of Vitamin Assay" (J5). The thiochrome method 

depends upon the oxidation of the thiamine to thiochrome which 

fluoresces in ultra violet light. The fluoresence of the thiochrome 

solution is determined with a photof.luorometer. 



RESULTS 

A. Studies Relating to the +'hi nm1 M Inhibition. 

Experiment I. Test to detect destruction of vitamin B12 b.y thiamine. 

This experiment was dona to contirm the previous finding (34) 

that thiamine doea not destroy vitamin B12 in the~. ~ assey medium. 

Samples ot vitBllin B12 with and without thiamine were diluted witb 

~. ~ 11.3-3 basal medium to contain either 0.001 mg. ot vitsmin B12 

per ml. (sample A) or 0.001 mg. ot vitamin B12 and 0.5 mg. ot thiamine 

per ml. (samp1e B). Duplicata 10.0 ml. aliquote or samples of each 

solution were pipetted into reguler aasey tubes, plugged with cotton 

and heated in the autoclave for 3 minutes at 15 lbs. pressure. The 

samples were shaken at 31° tor 16 hours and then the potencies were 

determined with the lt. 1eichmeppii assay for vitam.in B12• Resulta 

ot the asseye are shown in Table I and are expressed as percentages 

of the standard vitamin B12 solution. 

TABLE I 

THE EFFECT OF THIAMINE ON THE STABILITY OF VIT!Mm Bu 
lN CONDITIONS SD4II.AR TO THOSE OF THE SHAKEN ASSAY. 

Sample Semple contained Potency found 
(percent of the standard) 

AI Vitamin Bu 99 

A2 Vitamin B12 103 

BI Vitamin B12 + thiamine 104 

B2 Vitamin B12 + thiamine 101 

The data in Table I indicate that thiamine did not destroy vitamin B12 

in conditions similar to those or the shaken assay tor vitamin B12 with 

~. WJ. 11.3-3. 
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Experiment 2. The affect of shaking the cul ture medium bef ore 
inoCulation and incubation. 

Another test was designed to con.firm the findin.g that thiamine 

does not destroy vitamin. B12 in the conditions of the shaken assq; 

this test was also designed to indicate the possible formation of 

toxic products. The effect of shaking the tubes of cul ture medima 

at 31° for 16 hours before inoculation and incubation was determined. 

In order to obtain. precise assqs a total of 120 cultures was used 

in this experiment. Resulta of this test are shown in Table II. 

TABLE II 

THE EFFECT OF SHAKING THE CULTURE MEDIUM FOR 16 HOURS BEFOBE 
INOCULATION AND INCUBATION oN THE VITAMIN B12-THUMJNE 

INTERRELATIONSHIP • 

Treatment of medium and 
type of' assay. 

Relative response 
(EJPreSSed as % of' stnpgapd re&ponse) 

&!;pt. I 

Cul ture medium shaken for 16 hours 
bef'ore inoculation - stationar,y assq. 99 

Culture medium held without shaking 
for 16 hours bef'ore inoculation -
stationsry assq. 95 

Culture medium held without shaking 
for 16 hours before inoculation -
shaken assay • 

EJwt. ~ 

97 

73 

It is evident from Table II that shaking the culture medium 

containing thiamine and vitamin B12 for 16 hours bef'ore inoculation 

and incubation of cultures had little or no affect on the growth response 

to vitamin B12• 
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The illhibitory effect observed in experiment 2 1s the usua1 

effect obtained with samples containing both vitamin Bu and thiamine 

in the shalœn assay • This test confirmed the previous findb.g that 

thiamine does not destroy vitamin Bu in the conditioll8 of the shsken 

assay; from this e::x:periment, it also appeared unli.ke]J' that a toxic 

degradation of thiamine is formed during the 16 hours incubation 

period of the shaken assay. 

Experiment 3. Test for the possible conversion of vitamin Bu to 
vitamin B12b by thiamine. 

This test was made to determine if thiamine converts vitamin Bu 

to vitamin B12b since verious workers (5, 20, 34) reported that 

vitamin Bl2b was only 75% as active as vitamin B12 for !. ~ 113-3 

in tube as:s~. McLaughlan At Il (33) foUild that vitamin Bl2b produced 

considerab~ larger zones of growth than vitamin Bu in the!. ~ 

ped-plate assay. Conversion of vitamin Bu to vitamin Bub by thiamine 

would be indicated by an apparent increase in potency of the sample 

containing thiamine. 

In this test a sample containing 1.0 mg. of thiamine and 1.0 JJo8• 

of vitamin Bu was dUuted with water and added to pads at the dosage 

levels of 0.01 and 0.02 IJ-g. of vitamin Bu par pad. T119nty-four peds 

were used on both the standard end test preparations • Thiamine bad 

no effect on the size of the zones of growth and therefore the potency 

obte.:i.rled was near~ 100% of the standard indicating that thiamine did 

not convert vitamin B12 to vitamin Bub in aerobic conditions. Although 

thiamine did not affect the size of the zones of growth a direct inhibitory 

effect of thiamine on the slight growth th at occurs tbroughout the 



whole plate was observed. Very large faint zones of inhibition 

surrounded each pad containing vitamin B12 and thiamine. 

Experiment 4. f.he effect of aseptic addition of thiamine autocl«Ved 
SQparately in acid so1ution. 

Since thiamine is parti~ destroyed by autoclaving in solutions 

at a neutral reaction (35) it appeared that degradation products of · 

thiamine might be toxic for!. ~ 113-3 in aerobic conditions. An 

experi.ment was done therefore in which thiamine was added aseptically 

to the autoclaved medi'lllll after the thiamine was autoclaved separate]J 

at an acid reaction. 

A solution of thiamine was adjusted to pH 3.1 with bydrochloric 

acid and diluted to contain 20 J-lg• of thiamine per ml.; an appropriate 

acid solution containing no thiamine was also prepared. The thiamine 

solution and the "blank" acid solution were autoclaved and 0.1 ml. of 

each solution was added aseptically to each tube of the test and 

standard series respectively. A contr-ol test was also done in which 

thiamine was autoclaved with the medium. 

The illhibi tory effect of thiSJnine amounted to approximately 37% 

in the control test, i.e., thiSJnine autoclaved with the medium, and 

35% in the test in which thiamine was autoclaved separately in an 

acid solution before addition to the mediwu. It would appear 

therefore that the inhibitor,y effect of thiamine in aerobic conditions 

is not due to the formation of torlc degradation products by auto-

claving thiamine with the medium. 

Experi.ment 5. Gro'fth of variante of E. coli 11}:3. 

Dubnoff' (lO) reported th at his cul ture of !. ~ 113-3 

contained variants that bad vitamin B12 requirements differing from 
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the original. cul ture. Therefore the cul ture used in this study was 

examined for the presence of s imiler variants. The stock cul ture 

was pla.ted and several. isolated cultures 11ere teated in vitamin Bu 
asseye. OnJ.y three of sevan cultures tested grew with vitamin Bu. 
Since the stock culture of l. ~ 11.3-.3 was maintained on a medium 

containing both vitamin Bu and methionine presuma.bzy the other 

isolated cultures requ:fred methionine for growth. The three culturee 

that grew with vitamin B12 were identical. to the original. culture 

with respect to both vitamin B12 requirement and thiamine inhibition. 

Sever al. months la ter the cul ture was plated aga.in and the isolates 

were tested in vitamin B12 assqs. Two of the five cultures tested, 

required considerably less vitamin B12 for growth than the original 

strain of i,. ~. The other three cultures appeared to be identical. 

to the original culture. Growth of the typical and atypical cultures 

was examined in the presence and absence of thiamine; the growth-response 

curves with vitamin Bu are given in Fig. I. The atypical culture, 

designated as No • .3, ha.d a relativezy small requirement for vitamin B12; 

thiamine depressed the growth-response curve of this variant by about 

50%. Isolate No. 7 appeared to be identical to the original culture 

with respect to both vitamin B12 requirement and thiamine inhibition. 

Experiment 6. The upta.ke of thiamine by ~. ~ 113-.3. 

Since relatively small smounts of thiamine were just as effective 

as much larger amounts in producing the inhibition, the affect 

appeared to be directly related to the metabolism of the organism. It 

was possible, however, that a physical factor such as an altered oxidation

reduction potential of the medium might be responsible for the affect 



-28-



Fig. 1. Growth-responae curves of •variants 11 of j. coli 113-3 
to vitamin B12 with and without thiamine; the cultures 
were shaken âtiring growth. 
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with added thiamine. A test was done therefore to determine whether 

or not 1. ~ 113-3 removed thiamine from the medium during growth. 

Tubes of culture medium were prepared containing the basal. medium 

and graded amounts o:t vitamin B12• One ,_g. of thiamine was added to 

each tube. Arter 16 hours incubation the cul. tures were boiled :tor a 

i'ew minutes to disrupt the cells; the cella wre then centrif'uged. 

The thiamine content of the ce11s was estimated by the thiocbrome method 

fo11owing a takadiastase treatment (35). The resulte o:t this test are 

given in Table III. 

TABLE III 

UPTAKE OF THIAMINE FROM THE MEDIUM BY GROWING CELI.S OF 
~- Q.Qg 113-3. 

Vi tam1ns added 
(L12. Ri!~ JrQ mJ..l ' 

Thiemipe content (JAg.) Tota1 % recovery 

~ :rJù,emjpe Of' supernatent Of Ce]JR 

0 1.0 o.64 0* 64 

0.2 1.0 0.41 o.v 68 

0.4 1.0 o.v 0.39 66 

o.6 1.0 0* 0.71 71 

0.8 1.0 0* o.6l 6J. 

1.0 1.0 0* 0.71 71 

l.O 0 0.17 

* Too low to estima te. 

It is evident from Table III that ~. ~ 113-3 (originel culture) 

removed thiamine from the medium during growth; with relatively smell 

amounts ot vitamin B12, however, growth of the organism was limited and 
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thiamine was incompletely removed from the medium. The total. recovery 

of thiamine was low but this was probably due to the instability of 

thiamine in solution at a neutral reaction. 

Experiment 7 • Relation between incubation time APC] the thiomipa effect. 

Although the turlbidities of cultures in both theahaken end 

stationary asseye are usually determined af'ter 16 hours of incubation, 

a different phase of growth is reached in the two assays; growth is 

essentially complete only in the stationar,y ass~. It appeared possible 

therefore that the difference between the thiamine inhibition in the 

shaken end stationary asseye might be related to the length of the 

incubation period. 

The thiamine inhibition was teated using a 12 hour incubation 

time for the stationar.y ass~ and a 24 hour incubation time for the 

shaken ass~. The data for this experiment are given in Table IV • 

'l'ABLE IV 

RELATION BE'l'WEEN THE lNCUBATION TIME AND THE 
THIAMINE EFFECT. 

Incubation time (hours) 

Shaken essq 

Stationar,y assq 

Response in presence of thiamine 
(eJWreBSed as % Of stepga;d) 

12 16 

71 

97 95* 

* Average value for several ass~s. 

The data indicate that thiamine produced little or no detectable 

inhibiti on of growth in the stati onar,y ass~ even with a short incubation 

time. The inhibitory effect of thiamine did not decrease with a longer 
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incubation time in the shaken assay. The data indicate therefore 

th at the difference in the thiamine effect wi th sheken and stationary 

asseye is not related to the different growth phases reached in the 

two essaya when growth determinations are made. 

Experiment s. The effect of aeration on (a) the thiamine inhibition 
8Ild ( b) the growth response to vi temin Bu. 

(a) Repeated tests (34) have indicated th«t the thiamine inhibition 

amounted to approximate~ 5% in the stationary assay 8Ild 25% in the 

shaken essey with 22 mm. culture tubes. The difference between the 

thiamille effect with the two ass~ appeered therefore to be related 

to the oJcygen tension of the medium. The o:xygen tension is increased 

by agitation of the medium and by" increasing the ratio of the area of 

the liquid-air interface to the volUJDe of the medium. 

The re sul ts of an experiment to evaluate the magnitude of the 

thiamine inhibition when cultures were grown in various sized culture 

tubes end flasks are given in Table V. Each value in Table V representa 

an assey for vitemin B12 with thiamine; 133 cultures were used in this 

test). 

TABLE V. 

RELATIONSHIP BETWEEN THE THIAMINE INHIBITION 
AND OXYGEN TENSION. 

Type of essey Percent inhibition 
(e:xpresse4 as % ot stePèlard recwonse) 

Stationary 

Sheken 

* 50 ml. Erlenmeyer flaslœ. 

16 

3 

21 

Diometer ot tubes mm. 

18 22 

26 25 

45* 

ll 
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The intermediate affect observed when cliltures were grown with 

thiamine in 50 ml. Erlenmeyer flasks was confirmed in a separate 

test. The data indicate that the extent of the thiamine inhibition 

is directly related to the o:xygen tension of the medium; within 

certain limita increasing the degree of aerobiosis produces an 

increase in the inhibitory effeet of thiemi.Jie. 

(b) \Uth relatively small amounts of vitami.n B]21 it was frequently 

observed that more growtb. occurred wi thin 16 hours in the sem

anaerobie conditions of the stationary assay than in the aerobic 

conditions of the shaken assay. Although the incubation temperature 

WBB the same for the shelœn and stationary assay, different incubatora 

were used. A test was done therefore in more controlled conditions 

to 1earn whether or not semi-anaerobic conditions stimulated growth 

with relatively small emounts of vitamin B12• 

Cultures of l. ~ 113-3 were grown wi th four concentratioi18 

of vitamin Bu, without shaking in 16 and 22 JDJD.. tubes and in 50 ml. 

Erlenmeyer nasks; each vessel contained 10 ml. of medium. Resulta 

of thiB test are given in Fig. 2. It is evident that more growtb 

was obtained with small amounts of vitamin B12 in semi-snaerobic 

than in aerobic conditions. 

Experiment 9. An atteJQPt to dQtect disulphide tormatiop. 

McLaughlan n .aJ. (34) have suggested that thiamine mey react 

with essential sulphydryl compounds, producing m.ixed disulphides. 

Cysteine aDd homocysteine are sulpbydryl compounds that appear to be 

intermediate compounds in the biosynthesis of methionine; theref'ore, 

reactions producing mixed disulphides may compete with reactions 
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Fig. 2. The ef'fect of the degree of' aerobiosis on the growth
response of' ~. ~ ll.3-3 to relatively small amounts 
of' vitamin B12• The degree of' aeration depended upon 
the diameter of the cul ture vessels; the cultures were 
not ahaken during the incubation. 
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producing methionine for these essential sulpPydr,yl compounds. 

It cultures grown aerobicelly with thiamine conta.ined a •pool11 

of inactive disulphides it eeemed likely that the dieulphides 

would be reduced when the cultures were placed in semi-anaerobic 

conditions. Cultures were grown a.erobically with thiamine and sub

optimal amounts or vi tamin B12 for 15 hours and then the cultures 

were placed in semi-anaerobic conditions and the growth or cultures 

wi th thiamine was compared wi th the growth of the control cultures. 

Twenty cultures were incubated aerobice.l.J.Jr in media containmg 

0.4 mpg or vitamin B12 per tube (Evelyn colorimeter tubes); 10 cultures 

contained also 0.5 pg. or thiamine per tube. .Af'ter 15 hours the 

turbidities of all cultures were read with an Evelyn colorimeter 

containing a 540 m...J4 filter. Five control cultures and 5 of the 

cultures with thiamine were then trensferred to another incubator 

and grown semi-anaerobically for 10 hours; the other cultures were 

grown aerobically during the same period. The turbidities of all 

cultures were determined at intervals with an Evelyn Colorimeter. 

The growth curves for this experiment are given in Fig • .3. 

It appears that cultures containing thiamine grew more than the 

control cultures during the period or sem-anaerobie growth, but 

there did not seem to be aJ.V i.ncresse in the rate of growth or 

cultures containing thiamine when they were placed in semi-anaerobic · 

conditions. This experiment did not appear to indicate that a "pool" 

or disulphides containing essential sulpbydr,yl compounds existed 

wi thin organisms grown wi th thiamine • 
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Fig. 3. 

-(.:·-

Qrowtb. curves of E,. ,Ç,QJJ. ll.3-3 with a growth-limiti:o.g 
amount of vitamin Bu, with and without thiemine (Bl). 
All cultures were shaken for the first 15 hours of the 
incubation period but halt the cultures were incubatecl 
without shaking for the last 10 hours. 
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Fig. 4. The effect of thiamine (Bl), of L-cystine (CYST) 1 
and of thiamine plus cystine, on the growth-response 
of 1. ~ 11.3-.3 to vitamin B12 in the shaken assay. 
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B. Studies Relating to the Cystine Inhibition. 

Experiment 1. IAe t4i,m1pe-cystine interrelationship. 

Ma.tsukawa and Yurugi (32) foulld that cystine reacted with 

the thiol form of thiamine to produce a mixed disulphide. It cystine 

inhibited growth due to disulphide formation with thiamine synthesized 

by the organism, it appeared likely that thiamine would reverse the 

cystine inhibition. In preliminar,y tests added thiamine seemed to 

partially reverse the cystine inhibition but only a few cystine-thiamine 

ratios were tested; therefore the effect of a range of cystine-thiamine 

ratios on the growth of~. ~ 113-3 was studied. 

In the first two tests all tubes contained 0.4~. of vitamin B12 

per tube and assqs were done as single dose assqs with 4 replicate 

tubes for each assq. The data for the lst test are given in Table VI. 

TABLE VI 

EFFECT OF THIAMINE AND CYSTINE ON THE RESPONSE OF 
1· 9.QLlll3-3 TO VITAMIN B12• 

(RESPONSE EIPRESSED AS PER CENT OF STANDARD RESPONSE) 

Thiamine added Cyst1œ sdded W/tube) 

().J.g/tube) 0 0.2 1.0 10.0 

0 100 103 100 90 

0.25 78 78 76 78 

0.5 77 76 74 74 

2.0 78 76 74 74 
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From the data it appeared that cystine wa.s not inhibitory at 

concentrations or 1 ~ or less per tube. With the relatively low 

concentration or vitamin B12 the cystine inhibition with lO ~ per 

tube was less marlœd ths.n the thiamine inhibition and there ns no 

apparent interrelationship or thiamine and cystine. i'he data tor the 

2nd test are given in Table VII. 

TABLE VII. 

EFFECT OF THIAMINE AND CYST:OO: ON THE BESPONSE OF 
~. ~ llJ-3 TO VITAMIN B12• 

(Response expressed as percent or standard response). 

Thiamine added 

0 

o.o2 

0.1 

0.5 

0 

lOO 

93 

77 

75 

Cystine add,ed efi'tube 

lO 

79 

90 

75 

72 

76 

80 

78 

75 

80 

80 

80 

75 

It seemed that thi•m1ne parti~ reversed the cystine inhibition 

with cultures contain:ing 0.02 and lO )"g ot thiamine and cystine respective~. 

In the Jrd test all cultures conta:ined 0.6~~t)'f; ot vitamin B12 per 

tube and 5 replicate cultures were used tor each ot the 16 e.ssaya. 

The resulta or this test are given in Table VIII. 
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TABLE vrn. 

EFFECT OF THIAMINE .AND CYSTINE ON THE RESPONSE OF 
~. ~ 113-3 TO VITAMIN Bu• 

(Response expressed as percent of standard response). 

Thiamine added Cystine a4ded (,Hg/tube) 

()"g/tube) 0 25 50 lOO 

0 lOO 4D 4D 36 

o.1 JJJ7 55 50 {:fi 

0.5 JJJ3 52 48 64 
1.0 94 51 46 66 

In this test growth was more abondant than usual and the 

thiamine inhibition was not evident, whilst the cystine inhibition 

was quite marked. Thiamine appeared to reverse partially the cystine 

inhibition particularly with cultures containing 0.1 ~g of thiamine 

per tube. From these tests it appeared that thiamine only slightly 

reversed the cystine inhibition. 

Experiment _ .2. The cystine inhibition with methionine. 

Thiamine did not inhibi t growth of !. .Q.QJJ. 113-3 when the medium 

contained methionine; therefore the effect of cystine was determined 

with methionine replacing vitamin Bu in the medium. Cystine was 

tested at a c_oncentration of lOO }Ag per tube and a series of cultures 

containing 0.5 J-Lg of thiamine was also included to test for the 

possible reversai of the cystine inhibition. 

The growth-response curves with methionine are given in Fig. 5. 

It seemed that cystine was taxie when the medium contained methionine 

and that thiamine slightly reversed the cystine inhibition. 
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Fig. 5. The effect of L-cystine (CYST) and of L-cysti.De plus 
thiamine (Bl) on the growth-résponse of !. ~ ll3-3 
to DL-methionine in the shaken assq;. 
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Experiment 3. The affect of several concentrations of cystine on 
growth with methiopille, 

The inhibitory effect of cystine appeared to be greater wben 

the medium contained methionine in place of vitamin B12• The 

effects of several concentrations of cystine on the growth-response 

curves with methionine were tested and the curves are given in Fig. 6. 

It appeared that the inhibitory affect of ~stina increased with 

increasing amounts of cystine. 

Experiment 4, Comparison of the cystine inhibition with vitamin B12 
and. rith methionipe. 

There is always some variation from one assay to another in 

the growth-response with definite amounts of a growth-factor, and 

possib]3" this might account for the apparent difference of the 

inhibitory effect of cystine with vitamin B12 and with methionine. 

Therefore, the toxicity of cystine with vitamin B12 and with methionine 

was tested in as near]J identical conditions as possible. Direct 

toxicity tests with cystine were done; all tubes contained relative]J 

large amounts of either vitamin B12 (0.05 14g) or DL-methiolline 

(100 ~g). 

l . .QQlJ. 113-3, isolate No. 31 wes used in this experiment and 

the inhibition curves are given in Fig. 7. It appeared that cystine 

was more toxic when l. ~ 113-3 was growing wi th methionine than 

when it wes growing with vitsmin B12• 

Experiment 5. The affect of cystine and homocystine in shaken 
and stationary assays. 

Thiamine had on]J a slight inhibitory affect in stationa:cy 

assqs and therefore the affect of cystine was a.ùso studied in the 

stationary assay, Homocystine, the next higher homologue of cystine 
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Fig. 6. The effects of several concentrations of L-cystine 
on the growth-response of 1,. ~ 113•.3 to DL-methionine 
in the shaken assay. 
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Fig. 7 • 

- ·. ~-

The toxicity ot autocla.ved !,..cystine for ~. ~ 11.3-3 
(isola.te No. 3) with optimal amounts of vitamin B12 or 
DL-methionine tor growth. The culttlres were shaken 
during the incubation. 
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was also included in this experiment. 

The growth-response curves to vitemin B12 with ~. ~ llJ-.3 

(i.solate .3) are given in Figs. 8 and 9 for the shaken and stationary 

assB,YS respective~. It appeared that both cystine and homocystine 

illhibited growth in the shaken assey but it seemed that homocystine 

inhibited growth whllst cystine stimulated growth in the stationary 

assay. 

Experiment 6. Toxicity of autoclayed cystine solutions. 

There are several reports in the literature indicating that 

cystine is toxic for various bacteria, particular~ when autoclaved 

with media. The affect of cystine was tested, therefore, ef'ter it 

was sterilized by Seitz filtration and added aseptic~ to the 

medium. 

A solution of cystine (200 f4g/ml..) inN/50 hydrochloric acid 

was sterilized by Seitz filtration; 0.5 ml.. of the cystine solution 

was added aseptic~ to assay tubes conta.:ining on.J.y 9.5 ml. of 

media atter these were autoclaved as usuai. A N/50 hydrochloric 

acid solution was also sterilized by Seitz filtration and 0.5 ml. 

of the dilute acid was added to each tube in the standard (or control) 

series of tubes. For compari.son a similar assay was done in which 

the cystine was autoclaved with the medium. 

The growth curves for this experiment are given in Fig. 10. 

It appeared that cystine was inhibitory only when it was autoclaved 

with the medium; in fact cystine seemed to stimulate growth when it 



-46-

( 



· .' 

Fig. 8. The affect of L-cystine and of L-hemocy-stine on the 
growth-response of 1. Wi ll3-3 (isolate No. 3) 
to vi tamin B12 in the shaken assay. 
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Fig. 9. The effect of L-cystiœ and L-homocystine on the growth
response of 1. coli 113-3 (isolate No. 3) to vitamin B12 
in the stationary asa~. 
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Fig. 10. The affect of L-cyatine, on the growth-response 
ot E. coli ll3-3 (isolate No. 3) to vitamin B12 
when .cid'ed aseptically and when autoclaved wi th 
the medium. 
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was added aseptically to the medium after Seitz filtration. Despite 

the apparent stimuJ.atory effect of cystine the shape of the growth-

response curve appeared to indicate that some factor other than 

vi tamin B12 was limi ting the amount of growth wi th the high dose 

of vitamin B12• 

Experiment 7. Partiel reversel of "autoclaved cystine" toxicity 
by Pantothenic acid,. 

It appeared possible that sorne cysteic acid might be produced 

during autoclaving of cystine solutions since Ravel and Sbive (,37) 

found that thiamine partially reversed the cysteic acid inhibition 

with 1,. ~. They also foulld that pantothenic acid and certain 

compounds that appeared to be precursors of pantothenie acid · 

completely reversed the cysteic acid inhibition; therefore the effect 

of' pantothenic acid on the toxicity of autoclaved cystine was studied. 

Pantothenic acid, with and without thiamine was tested for 

ability to reverse the cystine inhibition. The amounts of pantothenic 

acid and thiamine added per tube were 1.0 and 0.2 ?g respectively. 

The growth-response curves for this experiment are given in Fig. ll; 

due to the relative~ large number of ass~s involved o~ .3 replicate 

cultures were used for each dosage level of vitamin B12• Pantothenic 

acid appeared to be more effective than thiamine in reversing the 

"cystine toxici ty" but pantothenic ac id and thiamine m~ have been 

more effective than pantothenic acid. Pantothenic acid also seemed 

to stimulate growth with the highest dose of vitemin B12• 
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Fig. ll. 

-oc-

The reversing effect of thiamine (B1), of pantothenic 
acid (PA) and of a mixture of thiamine and pantothenic 
acid on the inhibitory affect of L-cystine {CYST) with 
1. 2.Qli 113-3 (iso1ate No. 3). 
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Experiment s. The affect of a mixture of glutamic acid, aspartic acid1 
Pantothenic acid and thiamine on the cystine iphibition. 

Ravel and Shive (37) found that aspartic acid and glutamic acid 

which appeared to be precursors of pantothenic acid reversed the 

cysteic acid inhibition with ~. ~. An attempt was made, therefore, 

to complete ].y reverse the cystine inhibition by adding to the medium 

several of the compounds that Ravel and Shive found effective in 

reversing the cysteic acid inhibition. The combination of compounds 

added and the amounts per tube were: aspartic acid, 10 }-tg; glutamie 

acid, 10 }4g; pantothenie acid, 2 }Ag; and thiamine, 0.01~-Lg• 

The growth response curves for this experiment are given in 

Fig. 12. In this experilllent pantothenic acid alone did not appear 

to affect the cystine inhibition, nor did it stimulate growth with 

the high dose of vitamin B12• The combination of compounds, however, 

appeared to reverse almost completely the ~stine inhibition, but 

the shape of the growtb-response curve seemed to indicate that some 

factor other than a deficiency of vitamin B12 was limiting the growth 

to sorne extent. 

Experiment 9 • The reversing affects of pantothenic ac id and 
,8-alanine on the cystine inhibition with methionjne. 

Since the cystine inhibition appeared to be more severe when the 

medium contained methionine in place of vi tamin B121 the .. reversing 

affects of pantothenic acid and of ,a-alanine were tested with the 

methionine assay. Relatively small amounts of DL-methionine were 
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Fig. 12. The reversing ef'fect of pantothenic tcid (PA) and 
of a mixture of pantothenic acid, glutamic acid 
(GA) 1 aspartic acid (AA) and thiamine (Bl) on the 
inhibitory ef'fect of !.-cystine (CIST) with 1. ~ 
ll3-.3 (isolate No • .3) • 
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Fig. 13. The reversing affect of pantothenic acid (PA) 
and ot f3 -alanine ( ,8-alan) on the inhibitory 
affect ot L-cystiœ (CYST) with i,. ~ ll3-J 
(isolate No. J) • '!'be medium contalned relativezy
small amounts of DL-methionine. 



0 
r 
1 

3: 
J'Tl 
-i 
:I: -0 z -z 
J'Tl ., 
J'Tl 
:::0 

-i 
c 
m 
J'Tl -1: 
~ 
~ 

!'> 
01 

01 . 
0 

="" 01 

p 
0 

-1\) ... . 
01 

0 
~ 
CJ) 

:-i 

~0 

0 
N 

\ ... 0 

ABSORBANCE 

0 . 
~ 

0 

\ 
0 

\ 
0 
0 0 
0 ~ 
z CJ) 

-1 -1 
:0 + 0 
r , 

)> 

0 . 
en 

l::e 
0 
~ 
CJ) 

:-i 
+ 
~ 

1 
)> 
r 
)> 
z 

p 
(X) 



-55-

r ..... 



Fig. 14. T.be reversing effect of thiamine (Bl) and of 
pantothenic acid (PA) on the L-cystine (CIST) 
inhibition with !. coli 11.3-3 (iaolate No. 3). 
The medium contained an optill81 amount of DL
methionine for growth and most tubes also con
tained vitamin B12• 
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Experiment ll. Tjle affect ot çysteic acid on the growth of E. çoli 113-3. 

Since the toxicity of autoclaved cystine appeared to be similar 

to the toxicity for cysteic acid the inhibitory effects of cystine and 

cysteic acid were compared. Direct toxicity tests with the two compounds 

were done in as nearly identical conditions as possible; all tubes 

contained aJ 1-4g of DL-methionine per tube. The inhibition curves for 

this experiment are given in Fig. 15. 

It appeared that cysteic acid was not toxic for ~ • .s:,W ll.3-3 

with concentrations of lOO JJ.g or less per tube. Since cysteic acici 

might possibly be affected by autoclaving, the experiment was repeated 

except that cysteic acid was sterilized by Seitz filtration and added 

aseptically to the tubes. Cysteic acid had no apparent affect on 

growth. It appeared unlike~ therefore that the toxicity of auto-

claved cystine solutions was due to the formation ofsmall amounts of 

cysteic acid during autoclaving. 

Experiment 12. The affect of cysteinesulphinic acid (CSA) on the 
growth of ~. ~ ll.3-3. 

A preliminar,y toxicity test was done to evaluate the affect of 

cysteinesulphinic ac id ( CSA) on the growth of ~. ~ 11.3-3 in a medium 

containing optimal amounts of methionine for growth. CSA appeared t~ 

inhibit growth of~. ~ ll.3-.3 quite markedly at concentrations as 

low as 5 ~g. of OSA per tube and 10 ~g. seemed completely to inhibit 

growth. A combination of pantothenic acid (1 J-lg) and aspartic acid 

(20 }J-g) seemed to reverse this inhibition. In two other tests CSA 

was added aseptically to the culture medium after Seitz filtration 
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Fig. 15. The toxicity of autoclaved L-cystine and of 
1-cysteic acid far 1. ~ 113-3 (isolate No. 3) 
wi th an optimal amount of DL-methionine for 
growth. 
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and al though growth was sornewhat erra tic the inhibi tory effect of 

CSA seemed to be quite evident. There seems to be little doubt that 

relatively small amoWlts (5 - 20 JJ-g) of CSA inhibit the growth ot 

l. ~ ll.3-3. 
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DISCUSSION 

There are several possible explanations for the inhibitory 

effect of thiamine on the growth of!. ~ ll3-.3, but the studies 

reported here appear to have eliminated sorne of the possible 

mechanisms for the action of thiamine. Although Lang and Chow (28) 

reported that thiamine destroyed the microbiological activity of 

vitamin B12' the first 3 experimenta described in this report 

indicated that the lowered growth-response in the presence of 

thiamine was not due to partial destruction of vitamin B12• It is 

perhaps important to note that the criteria for judging destruction 

were different for each experiment. In the first test the potencies 

of the thiamine-vitamin B12 samples were determined with the lt. 

J.eichn1anpii assay. In the second experiment the actual assay tubes 

were shaken for 16 hours before inoculation and incubation of the 

~. ~ assay cultures. If thiamine destroyed vitamin B12' particular~ 

in aerobic conditions, the lowered growth-response should have been 

evident whether shaken or stationar.y assays were done, although 

the effect should have been particular~ marked with the shaken assay. 

In the third experi.ment the size of the zones of growth in the pad

plate assay with !. ~ ll.3-3 was used as the criterion for destruction 

of vitamin B12• In other tests it was noted also that the thiamine 

effect differed considerably with different vari ants of!. ~ ll3-3. 

Considering the available evidence it seems very unlikely that the 

lowered growth-response produced qy thiamine in the vitamin B12 assay 

resulta from partial destruction of vitamin B12• 
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Thiamine is qui te u:nstable in solution at pH 7 .o, particularly 

during autoclaving of thiamine solutions (.35). Experimenta described 

in this report indicated, however, that toxic degradation products 

of thiamine were not formed either during autoclaving of the medi~ 

or during the period of the shaken assey-. Although Berger and Lardy (1) 

found th at purines and pyrimidines inhibi ted the growth of a 11biotinless 11 

mutant of~. ~~ McLaughlan ~ Al. (.34) reported that ~-bisulphite 

which splits thiamine into its component pyrimidine and thiazole 

moieties abolished the inhibitory effect of thiamine on the vitamin B12 

assay with ~ • .2.Qli 113-.3. From the available evidence, therefore, it 

does not seem that the inhibitory effect of thiamine resulta from 

formation of a toxic degradation product of thiamine. 

Since ~. ~ 113-.3 removed thiamine from the medium and as little 

as 0.1 }J-g of thiamine produced the maximum inhibitory effect, it 

appeared that added thiamine actually altered the metabolism of the 

organism. It seemed possible that thiamine absorbed by ~ • .Q.Q.JJ. 113-.3 

might be phosphorylated to ;co.car.bocylase thereby increasing the energy 

requirements of the organism, but tests indicated that both thiamine 

and cocarbo:xylase produced a similar affect on growth of E,. QQJJ. 113-3. 

The function of thiamine in metabolism is known to be concerned with 

the reactions of Keto-acids and in particular with the decarboxylation 

of pyruvic acid. Pyruvic acid is an important basic chemical for 

many syntheses and it appeared possible that added thiamine might 

produce excessive decarboxylation of pyruvic acid with a concomitant 

reduction of the rates of synthetic processes dependent upon pyruvic acid. 
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The eddi tion of sodium pyruvate to the medium, however, did not 

seem to alter the inhibitory affect of thiamine. Nevertheless 

sodium pyruvate is probably highly ionized at pH 7 .o so the ab-

sorption of pyruvic acid by ~. ~ 113-3 might be extremely limited 

and the lack of a reversing action of added pyruvate m~ be due to 

non-absorption. 

McLaughlan !U ,Cil (34) suggested that possibly thiamine inhibited 

aerobic growth due to mixed disulphide formation with compounds auch 

as cysteine and homocysteine that seem to be essentiel. for methionine 

syntheses. The aerobic conditions of the shaken assay appear 

favourable for disulphide formation and experimenta reported here 

indicated th at the inhibi tory affect of thi811line was related to the 

degree of aerobiosis. Matsukawa and Yurugi (32) reported that cystine 

reacted with the thiol thiamine to produce a mixed disulphide. 

During growth added cystine might therefore react with thiamine 

synthesized by ~. ~ 113-3, thereby depriving the organism of thiamine 

necessary for growth; added thiamine appeared partially to reverse 

the cystine inhibition and this finding seemed to strengthen the con

ception that added thiamine and cystine inhibited growth due to 

disulphide formation. Although thiamine seemed to reverse the inhibition 

only slightly, it now appears probable that two or more different 

inhibitions occur when the medium contains autoclaved cystine. 

Dubnoff (9, lO) and Dubnoff and Bartrœ (11, 12) have postulated 

that vitamin B12 is related either directly or indirectly to the 

maintenance of the reduced forma of sulphydryl compounds auch es 

homocystine and enzyme proteine containing sulphydryl groups; 
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glutathione also seemed to be required for the reduction of the 

oxidized sulphydryl compounds. It is possible, therefore, that 

vitamin B12 reduces mixed disulphides of thiamine but presumably 

this would increase the organism1s requirement for vitamin B12• 

Certain of the experimental findings appear to be compatible with 

such a conception; these are (a) thiamine bad no apparent effect 

on the growth of ~. ~ 113-3 when the medium contained an optimal. 

concentration of vitamin B12 and (b) there did not appear to be ~ 

experimental evidence for the existence of a Upool0 of inactive 

disulphides within the organism. 

Thiamine did not inhibit growth of~. ~ 113-3 when the 

medium contained either optimaJ. or sub-optimal amounts of methionine. 

Cohn n a,l (7) reported that ~ • .Q.2lJ. grown in a medium with methionine 

contained little or no "methionine synthase n enzyme ( s) ; this should 

spare the requirement for cysteine and homocysteine. Possibly cella 

grown with methionine have sufficiènt amo\mts of sulphydryl compounds 

so that thiamine-disulphide formation is unimportant and thiamine 

might therefore have no apparent effect on the growth of ~. ~ 113-3 

when the medium contains methionine. 

Neither thiamine nor cystine inhibited growth in the stationar.y 

assay but homocystine appeared to inhibit growth of 1. ~ 113-3 

in both the shaken and stationary assays. Dubnoff (9, 10) reported 

that in the absence of vitamin B12 E,. ~ 113-3 ra.pidly reduced 

cystine but not homocystine unless reducing agents such as cysteine 

or glutathione were added to the medium; possibly the different 

inhibitory affecta observed with these compounds is rela.ted to the 

ability of the organism to reduce these compounds in semi-aerobic 

conditions. 
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It is lmown (15) that o~ a small fraction of the thiamine 

in solution at pH 7 .o is in the thiel form and that most is in the 

thiazole form. It is only the thiel form ot thiamine, however, that 

ia oxidized to the disulphide, so it would appear that it thiamine 

disulphides are formed Jn Il!Q and are reduced qy vitamin B12 and 

glutathione, then thiamine functions catalytically in the oxidation 

ot sulphyclryl compounds. This conception nucyr be outlined as follows: 

pH 7.0 
B1 ~====~ B1 - SH -------.:lllo. 

1'----R- SR""'---
(B12 + G- SR) 

B1 - SH representa the thiel form ot thiamine. 

B1 - S - S - B1 representa the disulphide form of thiamine. 

R - SH representa sulphyclryl compounds. 

G - SH representa glutathione. 

These reactions are essentially the same as those suggested by 

Matsukawa and Yurugi (32) except that vitamin Bu and glutathione 

reduce the disulphides and thiamine catalysee the oxidation of sulpbydr,yl 

compounds. The operation of this cycle in aerobic conditions should 

increase the requirement tor vitamin B12 and possibly for glutathione. 

Although there is little direct evidence, the only logical explanation 

at present seems to be that thiamine disulphide oxidizes essential 

sulphydryl compounds. The evidence for this coneeption is: (a) the 

conditions that seemed most favourable for disulphide formation, at pH 7.0, 
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also appeared to produce the greatest inhibitory affect with thiamine 

and (b) cystine appeared to inhibit aerobic growth and the inhibition 

seemed to be parti~ reversed ~ thiamine. Although the other ex

perimental findings did not strengthen this idea, at least they were 

compatible with this conception. 

Thiamine reversed the cystine inhibition only slightly but it 

appears that the main inhibitory effect of autoclaved cystine is due 

to interference with pantothenic acid synthesis. Cystine, when added 

aseptic~ to the medium, appeared to stimulate the growth of~. ~ 

113-3 but inhibited growth when autoclaved with the medium. It 

appeared therefore that a toxic product was formed when cystine was 

autoclaved with the medium. Other experimenta indicated that the 

toxicit,y of autoclaved cystine was reversed to a considerable extent 

b,y pantothenic acid and therefore the inhibition resembled Ravel and 

Shive's (37) cysteic acid inhibition. Tests with cysteic acid1 however, 

indicated that 100 f'g of cysteic acid per tube did not inhibit the 

growth of~. ~ 113-3. This finding appeared to eliminate the 

possibility that cysteic acid is the toxic compound produced during 

autoc~aving of cystine solutions. 

Schuhardt fi al (44) suggested that cysteine sulphinic acid 

(OSA) is formed during autoclaving of cystine solutions. CSA 

resembles aspartic acid and might inhibit growth of~. ~ 113-3 

in a menner similar to Ravel and Shive 1 s postulated mechanism for 

the cysteic acid inhibition for !. coli;; the postulated mechanism is 

outlined as: 



(cyateic acid) 
HO_p;H~HNH~OOH 

(espsrtic a~ 
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HO~CH~ID.m~OOH - C02--:.... ~-alanine~pantothenic acid 

According to Ravel and Shive, cysteic acid inhibited competitively 

the decarboxylation of aspartic ac id to produœ j3-alanine, a precursor 

of pantothenie acid. They found that the inhibition was reversed 

competitively b.y aspartic acid and non-competitively by either ~-alanine 

or pantothenic acid. The fornrula for cysteine sulphinic acid is 

HO~H~HNH~OOH; it appears to resemble aspartic acid more closel.y 

than does cysteic acid and might therefore be a more efficient com-

petitive illhibitor than cysteic acid. Preliminary tests with CSA 

indicated that this compound inhibited growth quite markedly at con-

centrations as low as 5 JAl6 per tube and the inhibition seemed to be 

reversed by pantothenic acid and aspartic acid. Since Schuhardt n Al 

reported that CSA is probably formed during autoclaving of cystine 

solutions, it appears that the toxicity of autoclaved cystine solutions 

for ~. ~ 11.3-3 is due mainly to the formation of CSA during euto-

claving and that CSA inhibits growt.h in a mannar sim1ler to the cysteic 

acid inhibition reported by Ravel and Shive. 

Singer and Kearney (47) have shown that CSA is rapidly metabolized 

" aerobically by Protsms vulgaris to pyruvic acid, NH3, and S04. They 

found that this process required either ~-ketoglutaric acid or oxalacetic 

acid. They suggested that the following reactions represent the trans-

amination reaction between CSA and the keto-acids. 



1-CSA + 
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J 

TPN, - NH3 

Cl-ketoglutaric ~ ,s-sulphi.Dylpyruvic 
acid acid 

or 

oxalacetic acid ,, 
Pyruvic acid + so4 

+ 1-glutamic acid 

or 

1-aspartic ac id 

Cobey and Handler (6) found that cell-free extracts of ~. ~ also 

appeared to metabolize CSA by the same reactions. Although Singer 

and Kearney designated the transamination as being reversible, Cobey 

and Handler stated that the desulphination of f3•Sulphinyl-pyruvic 

acid is an exergonic reaction and reversal of this process appears 

unlikely. Singer and Kearney reported that even with crude extracts 

the "turnover" in the ô.-ketoglutaric acid-CSA reaction exceeds the 

rate of any other known tra.nsaminatioD reaction; with excess 

++ o.-ketoglutaric acid or oxalacetic acid present and Mn to ensure 

continuous removal of ~-aulphinyl-pyruvic acid the reaction goes 

to completion. 

The studies of the metabolism of CSA suggest another possible 

mechanism for the apparent inhibitory affect of CSA upon the growth 

of ~ • .Q,QJJ. 113-3. If the series of reactions produc:ing pyruvic acid, 
Il 

NH3 and so4 from OSA may be considered as being spontaneous then most 

of the available aspartic acid may be involved in the aspartic acid-

oxalacetic acid cycle deaminating OSA so that insufficient aapartic 

ac id is available for pantothenic acid synthe sis. Such an illhibi"\ion 
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might be reversed by pantothenic acid or ~-alanine or aspartic acid 

or glutamic acid and experimenta indicated that pantothenic acid and 

aspartic acid reversed the CSA inhibition. 

The inhibition with autoclaved cystine did not appear to be 

completely reversed by pantothenic acid or a combination of compounds 

that Ravel and Shive found effective in reversing the cysteic acid 

inhibition. The shape of the growth-response curves when cystine 

was added aseptic~ or when the toxicity of autoclaved cystine was 

reversed by pantothenic acid and other pantothenic acid precursors, 

seemed to indicate that sorne other factor limited the rate of growth 

at the high dose of B12• Although the "residual11 inhibitory effect 

mey be due to colloidal sulphur or metal sulphidea (24, 25, 44, 52), 

thiamine appeared to have an additive effect with pantothenic acid 

in reversing the cystine inhibition. The 11residual11 inhibition might 

therefore be due to oxidation of sulphydryl compounds or disulphide 

formation with thiamine as mentioned near the beginning of this 

discussion. 
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1. Thiamine decreased the amount of aerobic growth of~. ~ 11.3-.3 

in Davis and M:i.ngioli1s medium. 

2. It was found ~hat thiamine does not destroy vitamin B12 in the 

aerobic conditions of the shaken assay for vitamin B12 with l. ~ 

11.3-3 and thiamine did not seem to convert vitamin B12 to vitamin Bl2b• 

3. It appeared that the thiamine effect did not result t'rom the 

formation of toxic degradation products of thiamine. 

4. 1. ~ 11.3-3 removed relatively large amounts of thiamine from 

the medium during growth. 

5. Several amino acids and certain compounds that might be related 

to thiamine metabolism were tested but none reversed the thiamine 

inhibition. 

6. It appeared that, within certain limits, the more aerobic the 

conditions for growth, the greater was the inhibitory effect of 

thiamine. 

7. It is suggested that thiamine inhibits growth as a result of oxidation, 

of, or disulphide formation with, essentiel sulphydryl compotmds. 

S. Cystine1 cysteine and homocystine, llhen autoclaved with media 

appeared to illhibit the aerobic growth or~. QQJJ.llJ-3, but cystine 

seemed to stimula.te growth in semi-anaerobic conditions. Cystine 

seemed to stimula. te aerobic growth also when i t was sterillzed by 

Seitz filtration and added a.septic~ to media.. 

9. It appeared that pantothenic acid or ~-alanine almost completely 

reversed the cystine inhibition and that thiamine also partially 

reversed the inhibition. 
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10. It :is suggested that cyst:ine :inhibits aerobic growth, to a limited 

extent, due to disulphide formation with thiamine synthesized by 

the organism. 

11. The cystine inhibition closelY resembled the cysteic acid inhibition 

reported by .' .other workers -, but cysteic acid did not seem to inhibit 

the growth of ~. ~ 113-3 in aerobic conditions. 

12. Cysteine sulphinic acid appeared to inhibit growth of~. ~ 113-3 

markedlY and the :inhibition seemed to be completelY reversed by 

pantothenic acid and aspartic acid. Since cysteine sulphinic acid 

:is probablY formed during autoclaving of cystine solutions it 

appears th at the cystine inhibition is ma.in.lY caused by cysteine 

sulphinic acid formed during autoclaving of media. It is suggested 

that cysteine sulphinic reid interferes wi th pantothenic ac id 

synthesis. 
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