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acid-like compounds were tested for activity. 
Vitamin Blo and BI1 concentrates which are 
prepared from the crude norite eluate appar- 
ently do not possess activity for the monkey 
but do contain compounds which are available 
for the chick. Crystalline vitamin B,. or the 
synthetic Lactobacillus casei factor can replace 
the norite eluate concentrate in the ration of 
the monkey each possessing about equal activ- 
ity. Evidently the B, conjugate is less active 
than either of these two compounds. 

A deficiency in the monkey anti-anemia 
factor complicated the folic acid deficiency; 
similar conditions have been observed in ribo- 
flavin,ll Bo and pantothenic acid42 deficiency 
in the monkey. This deficiency is charac- 
terized by a suboptimal hemoglobin level, lack 
of growth and a reversal in the neutrophile- 
lymphocyte ratio. In  the normal monkey the 
lymphocytes constitute 60-70% of the total 
leucocytes and the neutrophiles 2 5-3 5 % . How- 
ever, in monkeys deficient in the monkey anti- 
anemia factor the ratio is reversed and the 
neutrophiles rise to 60-70% of the total leuco- 
cytes and the lymphocytes fall to 2535% 
while the total leucocyte count is not appre- 
ciably reduced. There is, therefore, an actual 
increase in the number of neutrophiles and a 
decrease in the number of lymphocytes. 
Therapy with whole liver corrects this reversal, 
and produces a normal hemoglobin level and a 
resumption of growth. 

The folic acid deficiency evidently precipi- 
tated a deficiency of this factor in the monkeys 

which had never received a ration containing 
whole liver. Thus in monkey 219 the low 
leucocyte count due to folic acid deficiency 
was corrected by vitamin B, but whole liver 
was necessary to correct the neutrophile- 
lymphocyte ratio reversal, the low hemoglobin 
levels and the loss in weight. On the other 
hand monkey 218 was fed 3% whole liver 
powder in the ration for 3 months and conse- 
quently had an adequate store of this factor 
when the folic acid deficiency developed. This 
animal showed the best response to the various 
crystalline supplements since the f olic acid 
deficiency was uncomplicated. Monkey 2 17,  
like monkey 219, showed a good leucocyte 
response to therapeutic doses of vitamin B , .  
The weight response on the other hand was 
poor and blood studies showed that a dyscrasia 
existed typical of a deficiency of the monkey 
anti-anemia factor. 

Summary. Vitamin Blo and BI1 concen- 
trates were inactive as a source of folic acid 
for the monkey. 

Crystalline vitamin B, and the synthetic 
Lactobacillus casei factor were active as a 
source of folic acid for the monkey when fed 
at  a level of 100 y per day. The B, conjugate 
had less activity when fed at levels of 200 and 
300 y per day. 

Folic acid deficiency precipitates a defi- 
ciency for the monkey anti-anemia factor 
which is characterized by lack of growth, sub- 
optimal hemoglobin levels and a reversal in 
the lymphocyte-neutrophile ratio. 

15237 

A Differential, Microbiological Assay for 0-Heterobiotin." 
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has been destroyed by permanganate oxida- 
tion.4 In an attempt to develop a differential 
microbiological assay for 0-heterobiotin we 
have tested its activity for representative 
microijrganisms from several different genera. 
The results with L. arabinosus 17-5 and S. 
faecalis R are presented here. 

Experimental. The general procedures used 
and the preparation of the basal medium con- 
stituents are similar to those used in the assay 
of folic acid.G -4 24-hour-old inoculuin of each 
microorganism is centrifuged and resuspended 
separately in sterile saline solution. One drop 
of each suspension is inoculated separately 
into duplicate sterilized tubes which contain 
5 ml of basal medium (Table I ) ,  the sample, 
and distilled water to give a total volume of 
10 ml. Standard curves with biotin and 
0-heterobiotin are run simultaneously with 
graded levels of the sample. The tubes are 
incubated at  30” for 16-20 hours and the 
growth is measured with the Evelyn photo- 
electric colorime ter . 

Since the activity of 0-heterobiotin for 
L. arabinosus may vary from one assay to 
another, a factor relating the activity of 
0-heterobiotin to that of biotin must be ob- 
tained for each assay. ,An average of 3-5 
ratios obtained from different sections of the 
standard curves gives a reliable activity factor 
since the ratios are constant within each assay.. 

The biotin content of a sample may be 
determined directly from the standard biotin 
curve obtained with S. faecalis. The 0-hetero- 
biotin content may be calculated by multi- 
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TABLE r. 
3leclium for  0-Hrtciohiotin Dctermination. 

Amt for 10 tubes 
(100 cc of complete 

medium or 50 cc basal) Coils t i t uen t 
_ _  
( ‘;tsviii 0.3 g 
ny l ) tO l )~ la  0.02 
(.’J s t ine 0.01 
Glucose 1.0 
SR acctntu 0.4 
K y H  1’01 0.5 
Sl’e:iklllnn~s salts E 0.5 cc 
-Adcninr - SO I 1.0 mg 
Guaiiine HC1 1.0 
S : l l l t l l i l l C  1.0 
Vixvil 1.0 
‘Chiamin He1 50 Y 
Rilioflavin 50 
Sicot  i n k  ac id  80 
Py~~idos ine  HC1 50 
Pyridosnl HCl 0.2 

Synt Iict ic folic acidt 
Ca lmntothcnatc 50 
p . 4  ill iiiohtiizoic :icid 10  
\\‘atel. 50 CL 

PH 

- Fyra c in * 0.2 
00.0 

0.2 
1; io t i 11 

6.8 
_ ~ _ _  - 

+ 5-Pyritlosic acid, or the  lactonc of 2-methyl-3- 
l i~drosy-4-li~’dro~~met~i~l-5-eurboxypyridi1ie are 
otlier naiiies f o r  this compound obtained from 
3Ierc.k a n d  c‘o. through the courtesy of Dr. Kzr l  
Fol kers. 

t Obtaiiiecl tlirougli tlic courtesy of Dr. B. L. 
1lu:vliings at  Ledcrle Laboratories, lire. 

plying the activity factor for 0-heterobiotin 
by the difference between the apparent biotin 
content as measured with L. arabinosus and 
the biotin content obtained with S .  faccalis. 
These calculations may be summarized: 

0 = k (Ba-Bt), where 
0 = 0-hctcrohiotin content of the sample, 
I( =- :ic.tivity factor for 0-hetcrobiotin compared 

arrloii1i t of 0-hctcrobiotin needed to produce x 
growth 

t o  biotin with I;. nrcibinosiis, or 

amount of hiotin needed to produce s growth 

I k i  :ippareiit biotin content as  determined with 

Bt : true hiotin content obtained w i t h  S. faf‘calis. 
L.  rrrnhirro.(;u.s, and 

The following procedure is used to liberate 
bound biotin: Add one gram of sample to 
2 5  ml of 2N/H2S04, autoclave at  122”  for 
2 hours, neutralize with 4N/NaK(OH)g (a 
mixture of sodium and potassium hydroxide 
is used to keep a balance of these ions in the 
medium), filter and dilute as needed. When a 
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FIG. 1. 

St:rndatd curves with biotin ( A )  and O-hetero- 
biotin (B) obtained with L. urnhinosus (I) and 
S .  faecalis (11). 

* G Galvanometer reading with inoculated 
b1:iiik set a t  100. 

TABLE 11. 
Effwt of 1)H on the Activit,y of d,Z-O-Heterobiotiii. 

70 activity compared 
t o  d-biotin 

.-- ~-> Tubes used for 
1'11 S.f." L a .  t each value 

(5.6 0 .o 33 80 
6.8 1.7 44 40 
7.0  2.5 39 40 
7.3 / .3 29 20 c -  

S.f .  z Streptococcus faecalis. 
t L .a. = Lac I o b a c i l h  s (mi bino sus. 

small amount of O-heterobiotin was hydro- 
lyzed its activity for L. arabinosus decreased 
slightly. 

Throughout this work d-biotin has been 
compared to d,l-O-heterobiotin. If only the 
d-form of O-heterobiotin is active, the values 
given here should be increased correspond- 
ingly. 

A typical set of curves for the 
assay of O-heterobiotin (Fig. 1) indicates that 
its activity relative to biotin is constant 
throughout the curves obtained with L. arab- 
inosus. Low levels of O-heterobiotin are some- 
what inhibitory for S .  faecalis while higher 
levels are about 2% active. The activity of 
O-heterobiotin for S. faecalis may be disre- 
garded since any amount of O-heterobiotin 

Results. 

which will produce appreciable growth for 
this organism (more than 8my) gives maxi- 
mum growth for L. arabinosus. 

In an attempt to find why the activity 
factor for O-heterobiotin varied with different 
assays, standard curves were run at  various 
pH levels. The results (Table 11) indicate 
that the activity of O-heterobiotin relative 
to biotin for S. faecalis increases as the pH is 
increased from 6.6 to 7.3, while the activity 
of  O-heterobiotin relative to biotin for L. 
arabinosus is greatest a t  pH 6.8. Thus, pH 
6.8, which was originally used, gives the 
greatest differentiation. 

In order to test the effect of biotin upon the 
activity of O-heterobiotin graded levels of 
O-heterobiotin were iddod to tubes containing 
a known amount of bihin. The amount of 
O-heterobiotin found corresponded well with 
the amount added (Table 111). The amount 
of biotin found in tubes containing large 
amounts of O-heterobiotin was greater than 
the amount of biotin added. This may be 
due to an increased sensitivity in both bacteria 
for O-heterobiotin in the presence of biotin. 

When certain natural materials were ana- 
lyzed for O-heterobiotin the results (Table 
IV) indicated that if this compound occurs 
naturally its extent is limited. When 0- 
heterobiotin was added to fresh kidney, after 
acid hydrolysis, the biotin content as measured 
with S. faecalis was identical to the value 
obtained for kidney without the added 0- 
heterobiotin. The apparent biotin content, as 
measured with L. arabinosus was higher. 
When the values obtained were applied in the 
above formula, the recovery of O-heterobiotin 
was very satisfactory (Table IV, No. 8) .  

Discussion. The name O-heterobiotin is 
used in this paper in conformity with the first 
common name to appear in the literature' 
rather than the later name oxybiotin? since 
the latter does not definitely distinguish be- 
tween this compound and such compounds as  
biotin sulfoxide and biotin sulfone. 

Since O-heterobiotin does not seem to occur 
naturally, biotin values previously obtained 
are probably not invalidated by this new com- 
pound. However, there does seem to exist 
naturally a compound in chicken muscle and 
fresh lamb kidney which has more biotin 
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J .  Fresh beef liver 
2. Fresh chick liver 
3. Fresh chick leg muscle 
4. Difeo yeast extract 
3. Grass juice powder 
G .  Vitab 
7. Fresh lamb kidney 
8. Fresh lamb kidney $- 1 y 0-lictcrohicitiii 

1.2 
0.90 
0.1.; 
5.3 
0.40 
l.@ 
0.90 
(1.90 

1.1 
0.88 
0.02 
3.3 
0.3!1 
0.93 
0.GB 
1.6.1 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .o 
1.0 

activity for S. faecalis than for L. arabinosus. 
When 0-heterobiotin is fed or injected into 
animals, it might be expected to occur to 
some extent in the tissues. 

assay for 0-heterobiotin with S. faecalis R and 

L. arabinosus 17-5 has been developed. Assays 
of several natural materials indicated that 
0-heterobiotin does not occur generally, but 
that a metabolite does exist in animal tissues 

Summary. A differential microbiological which has biotin activity for S. faecalis and 
not for I,. arabinosus. 


