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Comparative Bioautography of Vitamin B12 and Related Growth Factors 
Using Euglena gracilis and Lactobacillus leichmannii. (18248) 

JOSEPH C. PICKEN, JR. AND W. R. BAURIEDEL. (Introduced by Earl A. Hewitt) 
From the Vrteritaary Research Ins t i tu te ,  Iowa State College, AWES, l a .  

It has been reported by Hutner et al.( 1 )  
that Euglena gracilis var. bacillaris, an algal 
flagellate, exhibits a quantitative growth re- 
sponse to crystalline vit. BIZ, and that the 
desoxyriboside thymidine is insactive for this 
organism. Winsten and Eigen ( 2 )  , and Cuth- 
bertson and Smith(3,4) have used paper 
chromatographic anid bioau togr aphic pro- 
cedures to demonstrate thlat certain Lacto- 
bacillus leichnaannii strains exhibit a growth 
response to thymidine and other desoxyribo- 
sides in addition to vit. BIZ. The procedures 
used by these authors demonstrated that the 
vit. BI2 was found in the area of the slow- 
moving factors on the chromatograms while 
the desosyribosides studied appeared as the 
more rapidly moving growth factors. Hut- 
ner's group( 1) suggested that colmparative 
studies using E. graciZis and lactobacilli would 
be of value in investigating the functions of 
vit. B12 and related growth factors. This 
communication presents a method for the use 
of E. grad i s  as a biolautographic microorgan- 
ism, and the application of paper chromatog- 
raphy and bioaultography to the comparative 
study of the response of E. gracilis var. b a d -  
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lark and L. leichmannii 313 to vit. B12 and 
related growth factors. 

Methods and materials. The general method 
employed in these comparative studies con- 
sisted of suibjecting to paper chromatography 
selected samples of various preparations in 
duplicate, bioautographing one of the strips 
with E. gracilis var. bacillaris (ATCC 10616) 
and the other with L. leichrnannii 313 (ATCC 
7830) and finally comparing the positions of 
the areas of grolwkh response of the two or- 
ganisms. Descending chromatograms were 
prepared essentially as described by Winsten 
and Eigen( 2 )  using n-lbutanol saturated with 
water as the solvent. Twenty-five pl of the 
material to be examined were applied to a 
1 x 20 inch strip of Whatman No. 1 filter 
paper. After the desired distance olf solvent 
flow had been attained, the strips were re- 
moved from the chamber and allowed to air 
dry in a disinfecited hood. 

The use of E. gracilis as a bioautograph 
organism required additional precautions 
against clontamination bsecause of its long in- 
cubation period. For this reason, aseptic 
technics! as far as practicable, were used. I t  
appeared that n-butanol was in most cases 
an effective antiseptic agen't, so that the wet 
chromatograms, if dried in a disinfected hood 
and thereaflter handled aseptically, would re- 
main essentially sterile. Large pyrex baking 
dishes with close fitting plate glass covers, 
used to contain the nutrient agar layers, were 
sterilized in an oven ait 150°C. The medium 
was that of Hutner e t  a l . ( l )  with 1.570 agar 
added, and was sterilized in the autoclave a t  
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121‘C for 15 minutes. The culture was 
maintained and the inocula were prepared 
as described by these authors. Subsequent 
operations were carried out in an  inoculation 
room which had been disinfected with phenol 
and germicidal lamps. The medium was 
poured in two layers: a base layer, and a 
seed layer containing 10 ml of a 6- to 7-day- 
old culture of E. gracilis per 100 ml of 
medium. Since the organism is heat labile, 
it was necessary to cool the medium used for 
the seed layer to about 40°C before adding 
the inoculum. and to pour the medium onto 
the plate quickly. -1fter solidification of the 
agar. the paper strips were laid down on the 
seeded agar surface, and removed in about 
5 minutes. The plate was then incubated 4 
daj-s at  room temperaftwe in the inoculation 
room w d e r  four 18 inch “daylight” fluor- 
escent lights placed about 18 inches above 
the plate. Visible response of E. gracilis to 
vit. BIZ  began to appear in 2 days. but 4 
days of incubation were required for luxuriant 
growth. The growth response areas were well 
defined and a dense green, contrasting sharply 
with the remainder of the seeded agar plate 
which showed insignificant growth. 

The bioautographs using L. Zeichmannii 3 13 
were prepared as described by IVinsten and 
Eigen(2). The medium used was that of 
Peeler et aZ.(5) with 1.5% agar and 0.025% 
sodium thioglycolate added. The growth re- 
sponse areas were clearly visible when viewed 
with oblique light against a dark background. 
The sensitivity of the bioautographic plates 
expressed as the least amount of crystalline 
vit. Bi2 that would give a definite visible 
growth when applied to the plate on a 1 cm? 
piece of filter paper, was determined. For 
E. gracilis this was approximately 0.01 mpg 
and for L. Zeickmannii approximately 0.5 
mpg of vit. BIZ. The results of the bio- 
autographs of both organisms were recorded 
by direct photography and by full-scale line 
representation on graph paper. The strips 
illustrated in this paper were prepared by the 
h t t e r  method. The point of application of 
the sample and the final solvent front are 

5. Peeler, H. T., Yacowitz, H., and Norris, L. C., 
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Shawn on the strips. 
In  order to prove that strips prepared in 

parallel were actually coimparable, or to con- 
firm the existence or position 04 various activ- 
ities, a split strip technic was used. In  this 
procedure a single strip was chromatographed 
and cut lengthwise; one-half was applied to a 
L. Zeichmannii plate, and the other half to a 
E.  gracilis plate. The quantitative tube 
method for interpreting chromatograms de- 
scribed by Yacowitz, et a l . ( 6 )  adapted to  
single strips, was used with both of the test 
organisms to compare the growth response in 
liquid medium with that on the agar plates. 
Quantitative measurements of the activity of 
the various materials used were obtained by 
tube assay procedures using both organisms. 
The tube assay of Hutner et  aZ.( 1) using E. 
gracilis was modified by using 10 ml of 
medium, inoculating uniformly and aseptically 
with a pipetting machine, and reading color- 
turbidity a t  420 mp in a Coleman Junior 
Spectrophotometer. The method of Peeler, 
et aZ.(5) was used for the bacterial tube as- 
say. The assay ranges for these 2 methods 
were found to be 0.01-0.15 mpg vit. BIZ per 
10 ml of medium for E .  gracilis and 0.05-0.5 
mpg for L. Zeichmannii. Several liver extracts, 
,\.P.F. concentrates, and other materials of 
known or suspected activity were screened 
by these procedures. Of these, crystalline 
vit. BIZ  (Cobione, Merck), a 15 U.S.P. unit 
liver extract (Lederle), a sample of corn 
steep liquor (kindly supplied by Dr. L. A. 
Underlrofler, Department o!f Chemistry, Iowa 
State College), and desoxyriibonucleic acid 
(Sutrit(iona1 Biochemicals Corp.) were se- 
lected for detailed study because of their rep- 
resentative and clearly defined patterns of 
activity. The first 3 were diluted with water 
to the desired concentration. Four prepara- 
tions of desoxyribonucleic acid (DNA) were 
examined: (I)  DYA-1 g of DXA was dis- 
solved in 10 ml of dilute alkali. This prepara- 
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FIG. 1. 
C'oinparative Rioautographs of Vit. B12 and Vit. 

El '7 Active P r e p  rations. 
Strips L A ,  PA, 3 A, etc.-Lactobacillus leichrnan- 

nii 313. Strips ll3, SB, 3R, &.-Euglena graci7is 
\-a r . h u ril la ria. 

TwiitF-iive LLl of the following preparations 
were applied to the corresponding strips. Vit. B12 
and tlie a p p r e n t  r i t .  El2 activities were measured 
iritli L. kid1 mannii 313. 
Pair  
S O .  
1. Crystalline \-it. B12 (Cobione) ; 1 0  mpg per strip. 
2. Liver exti.., 25 inpg as vit. B,, per strip. 
3. C'orii stecp liquor, diluted 1:5, about 5 inpg as 

4. Desnxyriboiiucleie aeid, about 1 mpg as vit. €312 

5. Hpdrolized desoxyribonucleic acid about 5 inpg 

6 .  Same as  (5) plus 1 0  nipg crystalline vit. 

7 .  Sauie as (ti), chromatographed 72 hours, a 

tion had some growth-promoting activity for 
L. leichmannii; (11) Hydrolyzed DNA-1 g 
of DNA was dissolved in dilute ammonia 
(final pH 8.5) and autoclaved a t  121°C for 
3 to 4 hours. The unhydrolyzed DNA was 
removed by precipitation with acid. This 
hydrolysis produced an  actlivity (L. Zeich- 
nzannii) of 2 to 5 times that of preparation I; 
(111) Norited DNA--10 ml of preparation I 
were treated with Norite A for 30 minutes and 
filtered; ( IV) Hvdrolyzed Norited DNA- 
10 ml of preparation I11 were subjected to the 
same hydrolytic procedure described above. 
,411 of these preparations were adjusted to 
pH 5.0 before being applied to the paper 
strips. 

The representations of comparative chro- 
matographic bioautographs of these substances 
are shown in Fig. 1. The concentrations of 

Tit. XI. per strip. 

lier st rip. 

a s  vit. BI2 per strip. 

pc r  strip. 

single strip cut lengthwise. 

the materials applied to the strips as desig- 
nated in the legend were found in each case 
to give maximal growth while still retaining 
suficient resdutilon. Since pure preparations 
of the vit. Biz's and the desoxyribosides were 
not available, the criteria for evaluating the 
results of the bioautographs were the growth 
response (to vit. Bla as found in Cobione, and 
the comparison of the RF values obtained 
with those reported in the literature. 

R e s d t s .  Both organisms responded to 
crystalline vit. Blz (Fig. 1, Strips 1A and 1B).  
E. gyacilis Nshiolwed a larger area of growth 
response because of its greater sensitivity to 
vit. BI2 and because of the greater diffusion 
of vit. Blz during the longer incubation period. 

The response of E. gracilis {to the liver ex- 
tract (Strip 2B), differed markedly from that 
of L, leichrnannii, showing growth only in 
the area of the slolwer movins factors where 
vit. BI2 is expected to appear. Even when 
the concentration of liver extract was in- 
creased by 10 times, E. gracilis failed to show 
any response to the faster moving factors. 
This was confirmed by the chromatograph- 
tube method, which shoiwed growth in only 
the first 2 tubes; that is, activity in only 
the first 2 inches of the strip. L. Zeichmannii 
on the other hand responded to 3 more rapidly 
moving factors in adidition to the slow-moving 
factor (Strip 2L4). The RF value of the 
fastest moving factor indicated that it was 
thymidine (2,4) , and the relative rates of the 
ather mloying [factors generally correspond to 
those reported by  Winsten and Eigen(2) as 
shown in Table I. So much liver extract 
had t o  be added to give well defined lower 
areas of growth that the double zone of the 
sllolw-moving activity was obscured. The use 
of less liver extract has shown a definite indi- 
cation of a double zone of slow-moving activ- 
ity. 

E. gracilis showed no growth response to 
the chromatographed sample of the corn 
steep liquor (Strip 3B),  while with an identi- 
cal sample the L. leichmannii indicated the 
existence of 4 moving factors (Strip 3A), the 
R, values and relative rates of which paral- 
leled those reported by Winsten and Eigen (2) 
for their sample of corn steep liquor. Con- 
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firmation of these results for both organisms 
was made with chromatograph-tube studies 
and direct tube assay. 

E.  gracilis showed no growth response to 
the chromatograms of  any of the DS-3 prep- 
arations, two of which are illustrated by 
Strips 4B and 5B. IYhenever vit. Elr!  was 
added prior to solvent flow to a strip contain- 
ing any of the 4 DS.4 preparations. growth 
response with E .  graiilis occurred. always in 
the area of slow-moving factors as shown on  
Strip 6B. The chromatograph-tube method 
and direct tube assay also indicated that E. 
gracilis was not stimulated by any growth 
factors in the DS.4 preparations. L. leich- 
nia~ni i  demonstrated the existence of a slow- 
moving factor or factors present in the un- 
treated Dl--4 solutions, (Strip 4-3). TYhen 
this DX-i solution was subjected to hydrol- 
ysis. the L. Zeichiwannii bioautograph ( Strip 
5-4) demonstrated an increased amount of 
growth in the area of slow-moving factors 
and the production of 3 rapidly moving 
yrowth factors. The I.. Zeichixannii bioauto- 
graphs of the chromatograms of norited DS,A 
(not shown) demonstrated no areas of growth. 
This norite treatment actually removed ~7ery 

little of the DX'A. Hydrolysis of this nor- 
ited DS.4 solution resulted in a L. Zeichmannii 
bioautograph (not shown) which was prac- 
tically identical with Strip 54. The  slow- 
moving factors produced by the hydrolysis 
may or may not have been identical with 
the slow-moving factors originally present in 
the DS-4 solution. The rapidly moving fac- 
tors, as judged by their R, values, correspond 
roughly to the 3 rapidly moving factors 
found in liver extract. fourth moving 
factor, reported by IYinsten and Eigen( 2 ) .  
was either not obtained by this type of 
hydrolysis, or was not resolved on the paper. 
The addition of vit. BIZ to the strip prior 
to chromatography did not change the pat- 
tern of the response of L. Zeickmaiznii to the 
1)X-I hydrolyzates, as shown by Strip 6 A .  
Since the slow-moving factors, either origin- 
ally present or hydrolytically produced in 
these DX.4 preparations, were growth pro- 
moting for L. Zeichmannii but not for E. 
g r a d i s ,  none of these factors can be con- 
sidered as being identical with crystalline 
vit. B12. 

Further evidence that the slow-moving fac- 
tors of the DX,4 preparations and crvstalline 
vit. B,, are not identical was obtained by 
the separation of vit. BIZ from these slow- 
moving factors. This separation was ac- 
complished by a long-term ( 7 2  hour) solvent 
flow procedure, the solvent being allowed to 
drip off the bottom of the strip. A split 
strip bioautograph of such a chromatograph 
is shown as Pair 7.A and 7B. The more 
rapidly moving activities moved completely 
off the paper. The vit. B12 moved down a 
considerable distance, leaving a long trail that 
was picked up only by the more sensitive 
E. g r a d i s .  The DNA factors remained prac- 
tically stationary. and again did not promote 
the growth of E. gradis.  

Discussion. The use of L. leichnzannii 
alone in the bioautographic examination of 
chromatograms of vit. B12 and vit. BI2 sub- 
stitute growth factors has led to the separa- 
tion and identification of certain desoxy- 
ribosides as growth factors for that organism, 
but has not been particularly informative in 
the study of the slow-moving factors. These 
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slow-moving growth factors may include not 
only vit. BIZ, Biz,( 8) and BIZb(9) ; but also 
nucleic acids, nucleotides ( 10) , and other sub- 
stances relatively insoluble in the n-butanol, 
that may serve as vit. Blz substitute growth 
factors for the test microorganism. Some 
resolution of these factors has been ac- 
complished by altering the conditions of 
chromatography, such as using different sol- 
vents (4), treating the paper strips with salts 
(9) ,  and extending the period of solvent flow. 

That the comparative bioautograph technic 
using E. gracilis and L. leichmannii as de- 
scribed above gives further insight into the 
complex nature of the slow-moving group of 
factors is evident. E. gracilis showed a 
growth response to the vit. Blz of Cobione, 
but did not respond to the one or more un- 
identified slow-moving factors found in the 
DNA preparations which were highly growth- 
promoting for L. leichmannii. Additional 
work is needed, however, on the response of 
E .  gracilis to vit. BIZa and BlZb before further 
information on the identity of the slower- 
moving factors can be ascertained by this 

8. Woodruff, H. B., and Foster, J. C., J .  Biol. 
Chem., 1950, v183, 569. 

9. Pierce, J. V., Page, A. C., Jr., Stokstad, E. L. R., 
and Jukes, T. H., J .  Am. Chem. SOC., 1949, v71, 2952. 

10'. Hloltchkiss, R. D., J .  Biol. Chem., 1948, ~17.5, 
315. 

procedure. Additional evidence that E. gra- 
cilis does not respond to many of the growth 
factors that are known to be active for the 
L.  leichmannii strains, is apparent in all of 
the chromatograms presented in Fig. 1. I ts  
lack of response to any of the rapidly moving 
factors substantiates and supplements the 
work and suggestion of Hutner et aZ.( 1). 
The comparative bioautograph method may 
thus serve as a useful tool in the study of 
the slow-moving factors, as a qualitative 
method of indicating activities present in 
preparations which are to be assayed for vit. 
BIZ, and as a guide in separation and purifi- 
cation procedures. 

E .  gracilis as a tube assay organism, al- 
though satisfactory for the relatively pure 
materials used in this investigation, in our 
hands has not given the desired results in the 
assay of complex natural materials such as 
animal tissues and blood. 

1. A method for the use of 
Euglena gracilis var. bacillaris as a bioauto- 
graph organism for the paper chromatographic 
study of vit. Blz and related growth factors 
has been described. 2. Evidence has been 
presented to indicate the value of comparative 
bioautographs, using E. gracilis and Lucto- 
bacillus leichmannii 313, in the study of 
these growth factors. 

Summary. 
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A Simple Device For the Growth of Anaerobic Organisms in Liquid Media. 
(18249) 

ARMINE T. WILSON. 
From the Alfred I .  du Pont Institute o f  the Nemours Foundation, Wilmington, Del. 

The device described herewith (Fig. 1) is 
essentially a modilfication of the Theobald 
Smith fermentation tube(1). It consists of 
2 test tubes differing in size which are fitted 
at the top with screw caps, and which are 
joined at the bottom with thick-walled capil- 

lary tubing, The plastic cap of the small 
tube is perforated with a drill-hole 2 mrn in 
diameter, and both caps are supplied with 
solid heavy rubber gaskets so that air-tight 
seals are formed when they are screwed in 
place. 

1. Smith, Theobald. me Fermentation Tube wifi For the growth Of anaerobic bacteria, the 
special Referem bo Anaerobiasis an,d Gas Produc- tubes are prepared in the way: 
tion Among Bacteria, Wilder Quanta- Century Book, 
Cornstock Publishing Co., Ithaca, N. Y., 1893. 

broth of the desired composition (trYPtose 
phosphate; tryptisoy or a fresh meat infusion- 


