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17195. An Improved Method for the Microbiological Assay of Growth Fac- 
tors on Paper Chromatograms.” 

HAROLD YACOWITZ, L. C. SORRIS, AND G. F. HEUSER. 
From the Agricultural Experiment Station m d  School of Kutri t im,  Cornell University, 

Ithnca, N .  F. 

The use of paper partition chromatography in the microbiological assay of paper chroma- 
in the separation of microbial growth factors tograms on which crystalline vitamin B12,t 
has recently been reported by Winsten and thymidine.+ and injectable liver extractt 
Eigen1B2 and Cuthbertson and Smith.3 These werte placed, is given in this report. Lacto- 
workers placed, the developed chromatogram bacillus Zeichmannii (ATCC 4797) was used 
strips on nutrient agar seeded with the test as the assay organism. 
organism. After incubation, zones of growth According to Shive, Ravel and Harding? 
of the organism were noted along th-e site of 
each strip, indicating the presence of various 
growth factors. The relative concentration of 
these factors was estimated by the size of 
the zones. 

The method of Winsten and Eigenl has 
been modified so that the chromatogram may 
be assayed both qualitatively and quantita- 
tively for microbial growth factors using an 
improved technic. The improved method in- 
volves a direct test-tube microbiological assay 
of the developed chromatogram rather than 
the more tedious agar platte procedure. A 
description of the improved method, as used 

* This work mas uiidertaken in cooperation with 
the W e e  of Naval Research, Kay.- Department, 
Washington, D.C., and was aided h? grants from 
the Nutrition Foundation, Nem- York City, the 
Cerophyl Laboratories, Kansas Sity, Mo. ; Com- 
mereial Solvents Corporation, ?Jew York City : the 
Cooperative G.L.F. Exchange, Ithaca, K. Y. ,  and 
the Western Condensing C’o., $an Francisco. The 
technical assistance of Betty F. Brown and Diana 
M. Cameron is acknowledged. 
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containing 15 U.S.P. units per ml. 

1949, 177, 989. 

v) . 

vitamin BI2 and thymidine are interchange- 
able growth factors for L. Zeichmannii (ATCC 
4797). Shive. Eakin, Harding, Ravel and 
Sutherland: have reportled that thymidine may 
be present in amounts as high as 1% in some 
experimental injectable liver extracts. The 
presence of thymidine, therefore, may produce 
erroneous results in assaying liver prepara- 
tions and other materials for vitamin Biz. 
By applying the procedure described in this 
paper, thymidine interfTerence may be avoided. 

Method. Whatman KO. 1 filter paper (46 
cm x 57  cm) was used in a chromatogram 
chamber similar to that described by Consden, 
Gordon and Martin.6 A line was dram across 
the paper 10 cm from the top edge. Along 
this line were placed small dots 3 cm apart. 
A known volume of the solution to be tested 
was placed on each dot with a microliter 
pipette using graded levels of from 1 to 10 
microliters. In general each level was placed 
on from 2 to 4 dots. Evidence that the results 
could be duplicated was obtained by this 
means. 

In  no case was the spot of liquid allowed to 
spread more than 1 cm in diameter. Spread& 
ing was prevented by applying the liquid to 
the paper in portions of 3 Tmicroliters or less 
and allowing the liquid to evaporate between 

4 Shive, W.? Ravel, J. M., and Harding, W. M., 
J .  Biol. C h m . ,  1948, 178, 991. 
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TABLE I. 
Results of Assay of Paper Chromatograms Containing Injectable Liver Extract, Vitamin B12 

and Thymidine. 

Substance assayed 

Location of 
growth by Distance Recovery 

Amt. placed number of t o  solvent in growth 
on paper 2 em section front in ern zone in TO 

Crystalline vitamin B12 

Liver extract, 15 unit.s/ml 

T hymidine 

Vitamin B12. 

Liver extract 

+ thymidine 

+ thymidine 

Liver extract + thymidine 

0.1 my 
0.2 ” 
0.3 ” 

0.00015 unit 
0.0003 ’ ’ 
0.0015 ” 

0.0030 ’ ’ 
0.5 y 

1.4 y 
1.0 y 

2.1 y 

0.2 y 
0.3 my 

0.00015 unit 
0.5 y 

0.0045 unit 
1.4 y 

1 
1 
1 

1 
1 
1 
1 

477 
4-8 
P-8 
8-8 

1 
5-7 

1 
4-7 

1 
3-8 

44.5 
37.0 
42.5 

44.2 
43.5 
37.0 
37.0 

35.4 
35.4 
35.4 
34.8 

43.4 

35.4 

35.4 

98.3 
104.4 
98.8 

106.7 
100.9 
100.0 
100.0 

* - 
- 
- 
- 

100.0 
- 

103.3 - 

96.0 - 
* Determination was omitted because suBcient thymidine was not available to prepare 

standard curves. 

applications. An electric fan facilitated rapid 
evaporation. The spots were air dried and the 
paper was then placed in the chromatogram 
chamber with the upper edge immersed in 
the solvent trough. 

The solvent used was n-butyl alcohol sat- 
urated with water. This was placed in the 
trough and also in each of two beakers at the 
bottom of the chamber to insure complete 
saturation of the chamber with the solvent 
vapors. The chromatographic procedure was 
carried out a t  room temperature. After 24 
hours, or when the solvent had advanced ap- 
proximately 40 cm, the paper was removed 
and suspended in a hood in front of a fan 
until all traces of solvent had disappeared. 

The paper was thenl cut lengthwise in strips 
3 an wide so that each strip contained the 
material from one spot. These strips were 
then cut crosswise into sections 2 cm wide. 
The small sections of filter paper were each 
placed in test tubes, 10 mI of a newly de- 
veloped medium? added and the tubes steamed 

7 Peeler, H. T., Yacowitz, Harold, and Norris, 
11. C., unpublished results. 

15 minutes. This was followed by inocula- 
tion with L. leichmannii (ATCC 4797) using 
a drop inoculator. Drop inoculation was found 
necessary since loop inoculation resulted in 
fraying of the filter paper which caused in- 
creased turbidity. After 16 hours incubation, 
growth was measured turbidimetrically in a 
Coleman Spectrophotometer set a t  650 milli- 
microns. 

When carrying out quantitative assays, the 
values for the standard curves were obtained 
by placing graded amounts of the standard 
solution of crystalline vitamin Bl2 on 2 x 3 cm 
sections of dried, butanol-treated filter paper 
using a microliter pipette and assaying these 
along with the developed chromatogram. 

The presence of filter paper had no signifi- 
cant effect upon the growth of the organism. 
Pieces of filter paper ranging in size frotm 
1 x 3 cm to 6 x 3 cm were tested and no ap- 
preciable differences in growth noted. 

Results and Discussion. In Table I are 
given some typical results using the improved 
procedure in the assay of chromatograms for 
vitamin B12 and thymidine. The method was 
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found to be sensitive to 0.1 millimicrograms 
of vitamin Bl2 present in the developed 
chromatogram. No measurezble destruction 
of vitamin B12 was noted in the chromato- 
graphic procedure. 

In the assay of the liver extract and crys- 
talline vitamin B12 all the growth was con- 
fined to the first 2 cm section of the chroma- 
tograms. Thfe remaining sections of the 
chromatogram failed to promote any growth 
response, indicating that the liver extract 
used in our experiments contained little, or no, 
thymidine or other growth factors. Inter- 
ference from thymidine, therefore, did not 
occur when assaying the liver extract a t  a 
level of 0.0045 unit, or less. per tube. 

In  preliminary work it is necessary to assay 
each cross sectional piece of filtser paper in 
the entire length of the chromatogram. Once 
the range of Rf: values of any substance has 
been accurately determined, it is only neces- 
sary to test the section known to contain that 
particular substance. For example, after 
separating thymidine from vitamin BIZ, only 
the first 2 cm section of the chromatogram 
needs to be tested to obtain the vitamin B12 
content of the substance being assayed. 

The Rf value of vitamin BIZ was found to 

SR, (rate of flow) = 
_ _ _ _ . ~  ._ - 

Distance from starting line to center of growth zone 

Distance f rom starting liiie t o  solvent f i*oiit 
- - - - - - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ ~ _  - 

he less than 0.04 while the large thymidine 
zone had an average Rf value of 0.33 and 
varied between 0.31 and 0.37. This thymi- 
dine Rf value differs from that reported by 
Hotchkiss" who obtained an Rf value of 0.51 
using the same solvent but in the presence of 
gaseous ammonia. Winsten and Eigen2 re- 
ported a double zone of growth for thymidine 
with the principal zone having an Rf value 
of 0.54 anld a minor zone with an Rf value 
of 0.41. These latter workers were not able 
to state unequivocally which od these zones 
was due to thymidine. 

The improyed procedure has also been used 
successfully with the ascending solvent technic 
described by Williams and Kirby.9 I t  appears 
applicable to the study of unidentified growth 
factors required by other microorganisms as 
well as L.  Zcichmannii (ATCC 4797) and in 
the study of growth inhibitors and antibiotics. 

Summary. A simple, quantitative method 
for the microbiological assay of filter paper 
chromatograms has been described. Some 
possible applications have also been pointed 
out. 

X Hotchkiss, R. Ll., J .  B i d .  Chem., 1948, 175, 

!f lf'illiains, R.  .J.,  and Kirby, H., Science, 1948, 
315. 
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17196. Duodenal Ulcers Produced on a Diet Deficient in Pantothenic Acid." 

BENJAMIN N. BERG, THEODORE F. ZUCKER, AND LOIS M. ZUCKER. 
Prorn the Department of pa tho log^, Collegr o f  Physicians and Surgeons, Columbia Univer&ty, 

A-t%' I.'Ol.p Cit?J. 

I t  is well known that various nutritional 
essentials are concerned with the maintenance 
of normal epithelial tissue. -4s part of a 
program concerning nutritional deficiencies 
and gastrointestinal epithelium, we have re- 
ported the finding of marked antral gastritis on 

* This investigation was supported by a research 
grant from the Division of Research Grants and 
Fellowships of the National Institutes of Health, 
U. S. Public Health Service. 

2 - - . - - - _- - - -_- 

calcium deficient diets.' Similar, less marked 
and less constant lesions werle also reported 
on thiamine deficiency. Under various con- 
ditions of inanition the fundic mucosa will 
show rather typical areas of hemorrhagc2 Pre- 
viously, many papers have appeared on the 

6. Nutritio.n, 1945, W, 301. 
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