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CYTOLOGICAL STUDIES ON LACTOBACILLUS 

LEICHMANNII IN THE ASSAY OF VITAMIN 812 

By Sigurdur H. PetursBon* 

ABSTRACT 

IN THE MICROBIOLOGICAL ASSAY OF VITAMIN B12 WITH LACTOBACILLUS 
LEICHMANNI I, THE VITAMIN HAS A SIGNIFICANT INFLUENCE ON THE LENGT H 
OF THE CELLS. I N THE LOWER CON CENTRA T IONS OF THE V I TAM IN, THE CE LLS 
TEND TO GROW LONGER AND THE DIVISION OF THE CELLS IS RESTRICTEO. 
FORMATION OF VOLUTIN GRANULES IS ALSO DISTURBED . 

INTRODUCTION 

In the microbiolof';ical assay of vitamin B12. th':l response of' Lactob']c::.llus 
leichrnannii to different concentr:.ttions of the vi tamin can be e:::timuted either by 
the turbidity of the gulture or by the amount of acid produced . In hish concentra
tions of the vitamin the metabolisn of the cells is norr::al . but in very low concen
trations the growth is poor and the acid production is near zero . 

It iNas desired to know whether these differences in metabolism c01..l1d be demon
strated in the bacterial cells thenselves. A preliminary mioroscopical investiga
tion shoilled that the length of the cells varied in different concentrations of the 
vi tamin. A comparison 'Ilas then made of the variation in cell length ·.'Ii th the tur
bidity of the broth culture and the amount of acid produced , both in standard tubes 
and in tubes containing samples . The results obtained are reported here . 

METHODS 

The medium used for the assay of vitamin B12 '.'las modified frora that recorrmended 
by Hof~n at ale (1949), and its composition is Given in Tob l e 1 . The s train ofbac
teria employed vms Lactobacillus leichmannii 313 (,/\TCC 7830). The standard was run 
at a concentration that varied from 0.005 to 0 . 8 millimicrograms of crystalline vi
t8Illin B12 per tube. I'1icroscopic preparations wer e made from the tubes after incu
bation at 370 C. for three days and just prior to titration. In other e~erimentsJ 
microscopic obsGrvations and titrations were carried out aft'3r incubation periods of 
one and two days. 

The slide films used for measuring the size of the cells were stained with meth
ylene blue. Twenty-five cells were measured on each slide. To exclude subjective 
selection , . every cell found in a civen field was measured. When the number ~f cells 
in a singl e field was less than 25 , a second or third field was observed to bring the 
total cells to this number. Hhen the field was cro\'1ded, a ll cells occurring in a 25-
cell portion of the field were measured . For the microphotography , the slides were 
fixed in Bouin' s solution and were stained with crystal violet (method of Robinow). 
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Microscopic observations on the 
bacteria in the standard tubes were 
made repeatedly and al~ays gave the 
same results. That is, in the high
est concentration of vitamin B12 , the 
rods were of normal l ength; but, as 
the concentration of the vitamin de
creased, the l ength of the rods in
creased. Filaments without septa, 
100 to 200 microns in lengta, were 
regularly found at the lowest con
centrations (0.005 and 0.02 milli
micrograms vitamin B12 per tube). 
This inverse correlation of the 
length of the cells wi th the con
centration of the vitamin and, ac
cordingly, with the final acidity in 
the medium was so regular that the 
results of the titrations could be 
predicted from the length of the 
cells. Data from a typical exper
iment in which microscopic obser
vations and titrations were carried 
out after one, two, and three days 
are given in Tabl G 2 (see also Fig
ures 1 to 5). Although mo st of t he 
cells at the lower concentrations 

Di st i lled water ........... ~.-r~~~~--J 

of vi tfutin B12 were of long form, 
as can be seen from Fi gures 4 and 
5, some short cells, 2 to 4 microns 
in length , were also found. The 
width of the cells was nearly con
stant but, except in length and cur
vature , no variations in the formof 
the cells could be seen. 

Adenine Dulfato ••••..•••••. 
GU2.ni r e hydrochloride •••••• 
Ur ac il •••.••..••.•.••.•.••• 
~{antl1 ine ••••••.••.••.•••••• 
Ri bof1avin ••••..••.....•. 0. 

J\J i ac in •••• . ••••••.•.••••••• 
Thi::.rr:ine •• 0 ••••••••••• 0 ••• 0 

Calcium pantother 'lte •• 0 •••• 

p- Aminobenzoic acid •••••.•. 
Fyr .i doxine •..•..•.•. 0 ••••• 0 

yridoxp 1 •• • •••...• • .••.••• 
FyridoxamL'1e ••••.•.•.•.•. o. 

Bi otin •.•••.• . • . .......•..• 
Folic ac id ••••••••••.•••••• 
.lIpH IS ADJUSTED TO 5.5. 

': . 0 
2 . 0 
2. 0 
2. 0 
0 . 08 
4. 0 
4 . 0 
0 . 8 
0 . 2 
0 . 4 

Observations were made on the length of t he bacter ial cells in the essay tube~ 
from several samples of fishery products . The samples were fish , fish meal , end 
stic~Nater. The length of the cells varied in the same manner as in the standard 
tubes. That is, at the higher dilut i ons of t he sampl~ , wit h r esult ng 10 or concen
trations of vitamin B12 , the cells grew longer. 

In a mixture of beef liver, hog l iver , and sal QOn viscera that had been auto
claved with concentrated NeOR to destroy t he vitamin B12 , a slight vitamin B12- 1 e 
activity was still demonstrat ed i n t he microbiolo~ical assay. Such ctivity 1s UB -
ally attributed to thymidine (lJright et al ., 1948) or other desoxyrlbos1des . Inth1a 
particular assay a correlat ion was f ound between acid pr oduction and cell Ie h . A 
the higher diluti ons of the sampl e , t he activity vas lower and the cella r . 

The appearance of the volutin granules was influenced b. 
vitamin. At the higher concent r ations , sever al spherical 
ylene-blue staining were found in ever y cell . In the 10 . cells ~o~ 
concentrations of the vitamin, no r egular granules could be d 
However , there were often two or t hree broad belts in t e eel 
the protopla sm. These belts wer e usu9.11y sever 1 ti s broa 
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Figures 1 to 5 are Microphotographs of the Organism Lactobacillus leichmannii 

Grown in Media Containing Different Concentrations of Vitamin B12 

FIG. 1 - 0.8 MILLIMICROGRAMS OF VITA~IN S12 
PER TUSE. 

'" 
~ 

I 

" ---- --'<-

\ --.... 

/ 
./ 

~ 

FIG. 3 - 0 . 08 MILLIMICROGRAMS OF VITAMIN S12 
PER TUSE. 
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FIG. 2 - 0 .2 MILLI MICROGRAMS OF VITAMIN 812 
PER TUSE. 

f 

FIG. 4 - 0.02 MILL IMICROGRAMS OF VITAMIN 812 
PER TUSE . 

'-t 

FIG. 5 - 0 . 005 MILLIMICROGRAMS OF VITAMIN S12 PER TUSE. 
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Figures 6 and 7 are El t M' ec rOn Icrographs.of Lactobacillus leichmannii 

Grown in Media Containing Different Concentrations of VitamIn B12 

and Show the Structure of the Individual Cells 

FIG . 6 - 0.8 MILLIMICROGRAMS OF B12 PER TUBE. 
18,500 X. 

FIG. 7 - 0.005 MI LLIM ICROGRAMS OF B12 PI;:R 
TUBE. 16,000 X. 

'-Table 2 - Data on Growth of Lactobacillus leichr:llinnii at 
Different Concentrations of Vitamin BlZ -Quantity of 

Incubation Vitamin B12 Gro'Ntb Acidity Length of the Cells 
Period Per Tube Turb icl i t y1J pH Ti trcttion,..2! Minimur.1 Haximuro Averl.t~'e 

Hours I1illjlntcro~rams Hi ll ili ters Ili.crons Microns r':ic:::,ons 
~ 0.8 f I- 5.1 1.4 2 5 3.0 

0.2 I- I- 5.1 1.4 ') '" L J • v 5 3.8 
0.08 f 5.35 0,5 4 9 . 5 5. 7 
0.02 -
0.005 -

44 -
~ ~ ~ 

4.55 5. 4- 4 8 6.1 0.8 
0.2 4.6 5. 2 2 .5 18 10. 8 
0.08 I- I- 4.7 4.0 7 40 19 . :2 
0.02 f 5 .0 2. 0 2.5 110 ::9 . 2 
0.005 -

68 0.8 ~ ~ ~ 
4.2 '3.1 2.5 11 b. 6 

0. 2 4. 25 7.7 4 19 11. t-
0.08 f f I- 4.4 6.8 5.5 40 20.6 
0.02 f ~ 4.7 3.4 4 HO 35 . 0 
0.005 5.2 0.9 2.5 190 55 . 0 

~ f INDICATES GROWTH OF THE ORGANISM. GREATER GROWTH TURBIDITY SHOWN BY I NCROSE I UMBER OF 
f MARKS. - INDICATES NO GROWTH. 

~Ml O.l -N NaOH REQUIRED TO TITRATE TO pH 5.5 . 
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the rod. Structures corresponding to granules and belts can be di sti~~ished in 
the electron micrographs, Fi~res 6 and 7. 
trable 3 _ Data on Grol'Tth of Laotobacillus leichmannii in Diluted Media Containing a Constant AIoount of Vitamin 812 

10.4 Mill1mlcro~ams per 8-Milliliters of Diluted Medium) 
AIoount 'of 

Lenvth of the Oells Incubatlol1 Double-Strength Amount of Growth pH of pH of Acidity 

Period Medium Water Turbidity..l.l Control Tubes'!! S8IIItlle Tubes TitrtltionV Minilmlm Max iDll.lm A verags 

~ ~lillili ter Milliliter · Milliliter ~ Microns l11crons 

20 4 ill I- I- I- 5.05 1.6 4 8 5.5 
2 6 I- I- 4.85 1.6 3 8 5.7 
1 7 (~) 4.9 0.6 3 9.5 5.4 
0.5 7.5 5.2 0.2 4 16.5 6.4 

44 4 1 
f ~ ~ 

4.4 6.2 3 9.5 6.4 
2 5 4.4 3.5 4 9.5 5.7 
1 7 I- 1.4 1.8 3 8 4.8 
0.5 7.5 (~) 5.0 0.4 3 13.5 6.4 

&8' 4 4 
I- ~ ~ 5.5 4.3 7.5 3 10.5 6.8 

2 6 5.6 4.3 3.6 2. 5 10.5 6.7 
1 7 I- 5.7 4.4 1.8 2.5 8 5.9 
0.5 7.5 - 5.8 5.0 0.2 - - -

~~ INDICATES GROWTH Of THE ORGAN IS .... GREATER GROWTH TURBIDITY SHOWN BY I HCREAS[ I N NUNHER or ! IMIA.RKS. - INDICATES NO QROWTH. 

~~OT I NOCULAT EO. 
IM1 O.l-N NaOH REQU I RED TO TITRATl TO pH 5.5. 

~/TH£ USUAL 01 lUTION. 

Inasmuch as it was possible that the increase in the length of the cells al
ways occurred when growth was poor and was not necessarily related to vitamin B12 
concentrat ions, measures were taken to diminish the growth rate while kce~ing the 
concentration of vitamin B12 constant. For this purpose the medium was diluted in 
the first experiment with distilled water and in the second experiment with salt 
solution. The dilutibn of the mediu.rll with the salt solution 'lJas made to avoid ex
cessi ve change in buffer action and in osmotic pressure . The same buffer salts were 
used as in the regul ar medium and in the same concentration. Thus the concentration 
of the bu,ffer salts was t he sa.'lle in all the tubes. The concentration of the vitamin 
was maintained at 0.4 millimicrograms per tube in both experiments . 

Table 4 - Data on \}rowth of Lactobacillus leichmannii in Diluted ~ledia Cont3inine a Constant AIoount of the Buffer 
Salts and of Vitamin BlZ (0.4 Millimicrograms Eer 8 Milliliters of Dilute Med1um1i) 

Amount of Amount of Amount 
Double-Strenzth Salt of Growth pH of pH of Acidity LeD£th of the Galls 

Medium Solution Hater TurbidityY Control Tube,¢! Sample Tubes TitrationY l'dnill1lll1 Maximum Av,rug6 
M11l1li ters M11111i ters Mill11i ters Millili ters Microns Jl1cro!ls ~ 

4 a 42 I- I- .,. 5. 5 4.5 7.7 -U- -1-5- 8.7 
2 2 4- I- I- 6.0 5.0 2.7 6 15 10.5 
1 3 4 I- 5.3 5,5 8 55 28.0 
0.5 3.5 4 (~) 6.5 5.1 4.5 45 19.1 

~;"CUSAT I ON PER I 00 WAS 68 HOURS. 
2 I I NO I CATES GROWTH Of ORGAN I SM. GREATER GROWTH TURSI 0 I TY SHOWN SY I NCREASE IN NUMBER Of I MARKS. - I NO I CA TES NO GROIITH. 
3 / NOT INOCULATED. 
Yi.!l O.l-N NaOH REQUIRED TO TITRATE TO pH 5.5. 

Dilution of the medium with distilled water did not appreCiably affect cell 
length (Table 3). The length was nearly the same as would be expected fromthe con
centration of the vitamin, even where poor growth was obtained. 

The results of the experiment in which salt solution was used differed from 
those obtained by dilution of the medium with distilled water. The length of the 
cells increased greatly in the hig.her dilutions where the growth was also poor (Table 
4) • 

Adq.ition of 0.0025 to O.lmillimicrograms of cobalt in the form of GoC12 to the 
tubes in the standard having the lowest concentration of vitamin B12 (0.005 and 0.02 
millimicrograms) did not influence the length of the cells. 

DISCUSSION AND SUMMARY 

In the microbiological assay of vitamin B12 with Lactobacillus leichmannii,the 
vitamin has a significant influence on the length of the cells. In the lower con-
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oentrations of the vi t amin, the cells tend to gro 10 
oells is restricted. Formation of th volutin granul 
luting all the nutrients in the d1 axc pt vi 
was dimini shed, but the influence on the cell 1 
increa sed length of the cell is not a charact 
in oell length r esulting from dilution of all t i. u..uL-U"'~ 
cept the buffer salts and the vitamin Bl2 , might be exp 
the activity of t he vitamin. 

Substances that are able to r place th 
9pnoar to have the same inlluence on th 

It i s inter esting to note that in cus s of 
i s a defici 9ncy of vitamin B12 , the division of 

1J 

h 

cells in t he bone marrow is restricted, causin them to 
Perhaps, vitamin Bl 2 affects the division of the 
it does the cell s of Lactobacillus leichffiannli. 
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CURl G OF FJ HERY PROf 

Fish curing is an important method of pre 
industry and i n the trade generally, b t info 
involved in the salting and smoki of fish c 
teredo This r eport is a reference hAn book 
cur i ng. It includes infor tion from r c 
principles on which fish c~rln ased, 
methods and eQuipment, nd describes t 
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