
Since these results disagreed with those previously reported.' a 
third group of 15 deficient animals was given 1000 units of Dt 
subcutaneously and the prothrombin time was deterniined 3-5 days 
and 1 week later (Table I, Group 4) .  In this group, the mean pro- 
thrombin values before and after treatment show a questionably 
sionificant difference. If the extreme variates are omitted in calcu- 
latinv the meail in column 6, the differences become insignificant. 
Individually, 7 of the 15 were definitely improved, 4 were more de- 
ficient after receiving the vitamin than before, 3 were essentially un- 
changed, and 1 died before a second determination was made. 

These results fail to show that vitamin D has any 
definitely beneficial effect on the prothrombin deficiency produced by 
dietary nieans in the rat. Although certain individual cases showed 
improvement, the average results of the group show no striking 
effect. This does not agree with the interpretation of results pre- 
viously reported.' The reason for this difference is not ininiediately 
apparent; however, the range of variation in the deficient rats is so 
great that it is difficult to evaluate any procedure unless a large 
series is used. The present re- 
sults agree with those of Smith and coworkers2 and of Greaves? 
However, they fail to explain the beneficial effects of viosterol in 
clinical jaundice. 

&. 

&. 

Cowment. 

This may explain the difference. 
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Use of Avidin in Studies on Biatin Requirement of Micro- 
organisms." 

MAURICE LANDY, DOROTHY M. DICKEN, MARGARET M. BICKING 
AND WINIFRED R. MITCHELL. (Introduced by Paul Gyorgy. ) 

Frona the Research Laboratories of the S .M.A.  Corporation, Chagrin Palls, Ohio. 

The recent discovery of anti-vitamins suggests a new principle in 
nutritional pathology, with far-reaching applications in the study of 
bacterial metabolism. Avidin,'$ '' the first anti-vitamin to be iso- 

t Meade-Johnson Special Concentrate. 
+ Presented a t  the forty-third general meeting of tlic Socictg of ,bicrican Bac- 

1 Eakia, R.  E., Snell, E. E., and Williams, R. J., 6. Bid.  Cl?cin., 1940, 1343, 801. 
2 Eakin, R. E., Snell, E. E., and Williams, R. J., J .  Bid.  Clrcnb., 1941, 140, 53.5. 

teriologists, Ealtimore, Maryland, December 29, 1941. 
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lated," belongs to a group4 of nutritionally important substances which 
may be as potentially significant as the vitamins themselves, in that 
they act as governors for the biological processes which are catalyzed 
by the vitamins. The anti-vitamin. avidin (anti-biotin'), is a pro- 
tein constituent o f  uiihcatetl egg white, which possesses the property 
of combining readily and specifically with biotin to form a stable 
coniplex-a complex in which the biotin is rendered unavailable for 
utilization by yeast cells,' by aninials"9 and, as we propose to demon- 
strate, by certain bacteria. 

This report constitutes a study of the effect of avidin on various 
bacterial species. IVe anticipated a correlation between the biotin 
requirement of ;in orgaiiisni and its subsequent growth inhibition 
by avidin. If such a correlation were found to exist, it would ob- 
viously follow that the biotin requirement of a given organism niiglit 
be lmtlicted by its reaction t o  avidin. It is necessary to point out that 
our tests wcrc onI?* cluaiitative ai i t l ,  clue to circumstances beyond our 
control, fairly crude. Two properties peculiar to avidin make its 
sterilization tlifficult : ( 1 )  it is heat labile : i. c., solutions are inacti- 
vated rapidly by steaming or autoclaving, and (2) it is, for the most 
part, retained by bacterial filters.+ It was necessary, therefore, to 
employ fresh sterile egg white for many experiments, althou4i a 
number have iwen carried out with purified avidin preparations 
yielding identical results. 

The general tiietliotl of procediire was as follows : Serial dilutions 
of avidin conceiitrate or egg white were added to duplicate sets of 
tubes of syiithet ic or iii f tisioii medium containing known amounts of 
biotin. The avidiii in one set of dilutions was inactivated by auto- 
claving for 15 minutes while the other set was not heated. Both 
series of tubes were then inoculated with the test organism. The 
effect of avidiii on the test organism, as indicated by the degree of 
growth inhibitioii lwoducetl, was deterniined by a comparison of 
growth in the heated and unheated avidin dilutions. The addition 
of biotin to those dilutions of avidin which brought about complete 
inhibition of growth resulted it i  growth of the organism upon rein- 
cubat ion. 

? 

i: Pennington, I)., Siicll, 13. E., :end Eokin, R, E., ,J.  Am. Chem. SOC., 1942, 04, 

4 Woolley, D. W., J .  Rid. C h m . ,  1941, 141, 997. 
:'j Woolley, D. W., and Longsworth, 1,. G., J .  B i d .  Chenb., 1942, 142, 285. 
6 Gyorgy, P., Rose, C. S., Enkin, It. N., Siicll, E. E., and Williams, R. J., 8 c h c e ,  

7 Gyorgy, P., and Rosc, C. S., Science, 1941, 94, 261. 
t Unpublishrd dtit:i. 
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It was our practice to add sufficient avidin to any given culture to 
neutralize the biotin present and still insure an excess of avidin. I t  
is important to emphasize that this investigation was limited to a 
study of the effect of avidin in such concentrations. That higher 
concentrations of avidin would yield entirely different results is, of 
course, a possibility. Serial dilutions of avidin were carried out in 
such a manner that complete inhibition, partial inhibition and com- 
plete growth of a susceptible organism were obtained. 

Early in the investigation, it occurred to us that certain effects 
which we observed might be due to lysozyme present in egg white or 
avidin concentrate. That this was not the case was shown by a 
iiumber of experiments in which it was found (1)  that purified, 
highly potent lysozyme preparations had no effect on organisms 
which were markedly susceptible to avidin, vis., the saccharomyces, 
the clostridia, and the lactobacilli, (2) that our avidin preparations 
had no effect on the usual lysozyme-assay with ~f;Crococcus Zeiso- 
dyktictu. In general, we found lysozyme and avidin to have separate, 
definite and apparently unrelated biological activities. In all experi- 
ments in which egg white or avidin inhibited growth of an organism, 
our final criterion of the specificity of such inhibition was its reversal 
by crystalline biotin. 

Lactobacillus arabiizosus 1 7-5,a Streptococcus lnctis R,' Staph- 
ylococcus aureus X-3,I0 Clostridiuva butylicuwz,ll and Clostridiziin 
ncetobutylicuml' have been shown to require biotin for urowth. As 
will be observed in Table I, growth of the above organisms was, in 
every case, completely inhibited by avidin, which inhibition could, 
in turn, be reversed by the addition of biotin. On the other hand, 
the growth of such organisms as Eberthdla typlzi, Proteus vulgaris, 
E.rclaericlaia coli, Aero bncter aerogenes, and Servntia marcescens 
which grow in simple media and synthesize biotin13 was unaffected 
by avidin. Since avidin inhibits the growth of the above organisms 
which require biotin, and has no effect upon those which do not 
require biotin, this logical correlation suggests the use of avidin as 
an agent in the determination of the biotin requirenient of niicroor- 
ganisms. 

On the basis of the evidence presented we feel justified in pre- 
dicting that those organisms given in Table I which are inhibited by 

? 

8 Snell, E. E., and Wright, L. D., J .  Biol. Chem., 1941, 139, 675. 
9 Snell, E. E., and Mitchell, H. K., R o c .  Nut.  Acad. Sc., 1941, 27, 1. 

10 Porter, J. R., and Pelczar, M. J., J. Bact., 1941, 41, 173. 
11 Snell, E. E., and Williams, R. J., J .  Am. Chem. Soc., 1939, 61, 3594. 
12 Oxford, A. E., Lampen, J. O., and Peterson, W. H., Biochem. .7., 1940, M, 1388. 
13 Landy, M., and Dicken, D. M., PROC. Sw. EXP. BIOL. AND MED., 1941, 46, 449. 



Tr\P,LE I. 
Effwt of Aridin on the Growth of Bacteria. 

Biotin 
Tncubation Degree of Reversal of 

Organism Medium “C Hrs Inhibition Inhibition 

Lactobacillus casci 
Lactobacill us arn b iiio.wi.9 ( IT-3 ) 
Lactobacillzis acidophilus 
Streptococczls Eactis ( R )  
Staphylococcus aureus (X-3) 
Staphplococcus aurem (P) 
Diplococcus pneumonia (Mellon 11) 
Corynebacterium diphtheria? (Park 8)  
Clost?.idiwm welckii (SR- 12) 
Clostridium wslchii (Spray) 
Clostridhm hotulimint (201-B) 
C lost ridiw In histo 1 y t  ic 16 
Clostridiium chnuvei 
Glostridium sporogm cs 
Clostridivm bicttylicum (2-1)) 
Glostridium acetobictylicii t)t (A-211) 
Klebsidla pncunion in* 
R berth clln t y p h  i 
.Salniowlln cntcritidis 
Serrd  in win rcesccit .s 
Bacillus siibtilis 
Bacillus brevis 
Bacillus anthracis 
Escherichia coli 
Alkaligenes f w a l i s  
Aerobacter aerogencs. 
Proteus vwlgaris 
Proteus morganii 
Shigellu paradysrn to-itr 
Vibrio comma 

( S pr: I y ) 

-_____ 

+ + + + + + + 
+ + + + + + + + 

+ 

avidin (inhibition reversed by biotin) require biotin as a growth- 
essential. In partial confirmation of this prediction we have since 
demonstrated that Lactobacillus cusei E can be cultured in a medium 
of essentially-kuown composition only when biotin is ~upp1ied.l~ 

study was made of the effect of avidin on the growth 
o f  a number o f  bacterial species. A correlation was found between 
the biotin requirement of an organism and its growth-inhibition by 
avidin. In general, those organisms which have been found to re- 
quire biotin as a growth-essential were inhibited by avidin, while 
those organisms which were found to synthesize biotin were unaf - 
fected. On the basis of this growth-inhibition by avidin, it is pre- 
dicted that Cl, chawe i ,  Cl. botuli.tzu.tla, Cl. lzistolyficzs~i~, Cl. s ~ o v o -  
,qcne.r, D. pneawioniae, L. casei e, L. ncidophilus, and B. brewis, 
whose biotin requirements have not yet been established require biotin 
as a grow th-esscii t ial. 

Siwwzary. 

1-1 L:indy7 At. ;  : i i d  Divken, TI. M., J ,  Lnb. and Clin. MecZ., 194‘2, in press. 
1.7 Lampen, J .  O., and T’eterson, My. I€., 8. Am. Chmi. Soc., 1941, 63, 2583. 


