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Vitamin B12 levels in drug-treated bacterial cells 

(Received 12 March 1974; accepted 13 January 1975) 

Up till now little attention has been paid to the action 
of bacteriostati~s on the biosynthesis of cobalamins. In the 
presence of sulfathiazole and aureomycin, the content of 
a biologically active form of vitamin Ba2 synthesized by 
some species of' Propionibacteria was found to be in- 
creased. However, this phenomenon has so far not been 
theoretically explained [1, 2]. On the other hand, Bukin 
and Proniakova found that sulfathiazole in the con- 
centration of 1 mg% caused a marked inhibition of vitamin 
B~2 formation by Propionihacterium shermanii, without in- 
fluencing the yield of the bacterial mass [3]. According 
to Cohen the synthesis of vitamins was generally inhibited 
by sulfathiazole [4]. Kanopkajtie-Rozgiene found that an 
increase in vitamin B~z content in the biomass of Azoto- 
bacter chroococcum occurred only at the lag phase of growth 
/-5]. In the previous studies an increase in the level of vita- 
min B~2 was found in cells treated with 1.2% sulfathiazole, 
as compared with the B 12 level in control cells of the meso- 
philic strain of Bacillus meoatherium in their logarithmic 
phase of growth [6]. This fact has led the author to exa- 
mine whether this phenomenon was connected with a spe- 
cific action of this drug on vitamin B~2 synthesis, or if 
it was due to changes in the metabolic pattern of the drug- 
treated cells. In these studies, for comparison, amethop- 
terin, 5-fluorouracil, chloramphenicol, actinomycin D and 

puromycin were used. The experiments were performed on 
the mesophilic strain of B. mehatherium. 

Culture conditions. Bacillus meoatherium was grown in 
the following fermentation medium: broth 20g, molasses 
10 g, L-methionine 40 mg, Co (as chloride) 5 mg and water 
llitre. Prior to inoculation, the drugs were introduced into 
the culture media and afterwards the cells were seeded. 
The optical density of the cultures was then adjusted to 
about 0.3. The media in 60-ml amounts were distributed 
into 100-ml flasks. The cultures were kept at 30 ~ in a 
shaker. At the experimental time periods the cells of con- 
trol cultures and those of drug-treated cultures were centri- 
fuged at 9000 rev/min. In parallel test samples the content 
of vitamin B12 per 1 mg of protein and the optical density 
of the cultures were estimated. Extraction of vitamin B12 
from bacterial cells was performed by the method of Pawet- 
kiewicz and Zodrow [7]. Vitamin B,2 was determined 
microbiologically with Lactobacillus leichmanii ATCC 
7830. Nephelometric readings were taken on a Coleman 
spectrophotometer, Model 14 at 600 nm. To determine the 
protein content in the test samples the method of Folin- 
Ciocalteau was employed [8]. 

Drugs. Sulphathiazolum solubile FP IV, sal. natric., Star- 
ogardzkie Zaktady Farmaceutyczne-Polfa was used at 
0.05%, 5-fluorouracil sub forma sal. nitric., La Roche at 
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Fig. l. Effects of sulfathiazole, amethopterin and 5-fluorouracil on the growth of cultures and on vitamin 
B12 content in cells of B. megatherium. Cell growth with sulfathiazole at the concentration of 0.05%, with 
10 -4  M amethopterin and with 0.15 mg/ml 5-fluorouracil. Points at 30 min on the B,z curve for 
sulfathiazole and amethopterin-treated cells differ significantly from corresponding point of control value 
(P = 0.001). Points at 30, 60, 90 and 120 min on the Blz curve for 5-fluorouracil-treated cells differ 

significantly from corresponding points of control values (P = 0"05 or P = 0'01 or P = 0'001). 
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Table I. Effects of actinomycin D, chloramphenicol and puromycin on growth of cultures and vitamin B~2 content 
in the cells of B. megatherium 

Growth of culture Vitamin B~ ; content 
(% of control value) (% of control value) 

Conch of drug added 30 min 60 min 30 min 60 min 

Actinomycin D 
0-005 #g 98.0 ± 0.72 93.4 _ 1.8l 82.2 ± 2.22+ + 83.8 + 2-10{; 
0.25 #g 80.4 ± 1-03§ 58.7 ± 2-31§ 216.3 ± 3.23§ 314.2 + 5.01§ 

Chloramphenicol 
1.0#g 97.2 _+ 2.29 84.9 _+ 3-00t 77.8 ± 3.54* I07.1 ± 5-67 
5.0#g 82-0 ± 1.76 + 62.9 + 2.82§ 220.8 ± 8-31§ 257.3 ± 12.04~ 

Puromycin 
2"0#g 101"8 ± 1.45 94-4 ± 1.82 77.8 _+ 4"89* 108"3 ± 8"02 
4"0#g 101.7 ± 1-23 88"2 ± 2"56t 81"2 ± 4"35* 110.6 _+ 7"97 

Values significantly different from control *(P = 0"05). t (P = 0-02). +(P = 0'01). §(P = 0'001). 

0.15mg/ml,  Methotrexate Nat r ium ® Lederle at 10 -4M,  
Chlorocid ®, Egypt-Budapest  at 1 #g/ml and 5 gg/ml, Lyo- 
vac Cosmogen ® (Dactinomycin), Merck Sharp & Dohme  
at 0.005 #g/ml and 0-25 #g/ml and puromycin dihydro- 
chloride, Sigma at 2 #g/ml and 4 pg/ml were employed. All 
drugs, with the exception of sulfathiazole, were introduced 
into the media sterilized by autoclaving. 

In the studies performed a progressive decrease of the 
content of vitamin B~2 in the cells of  control cultures of 
B. megatherium was observed. This decrease of the content 
of the coenzyme in normal  conditions was connected with 
a quick rate of cell division, as a result of which the mean 
value of vitamin concentration in the cells undergoing the 
lag l~hase of growth was 4.8 ng per 1 mg of bacterial pro- 
tein, whereas the mean value of vitamin B12 content in 
the logarithmic phase was 0.95 ng per 1 mg of bacterial 
protein. 

Figure 1 presents changes in vitamin B~2 concentrations 
in the media with sulfathiazole, amethopter in (Methotrex- 
ate Natr ium) or 5-fluorouracil. As can be seen, the growth 
in the antimetabolites-treated cultures was partially inhi- 
bited. The concentration of vitamin in sulfathiazole and 
amethopterin-treated cultures in the first experimental time 
period decreased to a greater extent than in the control. 
Determinations of vitamin B12 content in cells grown with 
5-fluorouracil revealed higher levels of the coenzyme than 
the control cells. The most pronounced difference between 
these concentrations was parallel to the lengthening of the 
division rate of the drug-treated cells. 

Vitamin B12 seems to be necessary for the conversion 
of NS-methyltetrahydrofolate into other active folate coen- 
zymes, presumably via methionine biosynthesis by the 
enzyme NS-methyltetrahydrofolate homocysteine trans- 
methylase. The enzyme catalyzing methionine bisoynthesis 
requires a cobalamin coenzyme. On  the other hand, both 
the antifolates used in these studies; sulfathiazole and 
amethopter in each in its way make the formation of tetra- 
hydrofolate impossible [9 11]. Since the level of  vitamin 
B~2 was in the first experimental time period lower than 
that in the controk it might be possible that vitamin B~2 
played a role in the change of the metabolic pattern in- 
duced by antifolates, most  probably by the supply of active 
forms of folates. This supposition seems to be supported 
by the fact that in the second experimental time period 
the cells entered the logarithmic phase of growth. The 
results obtained with 5-fluorouracil might indicate lesser 
utilization of the vitamin than in the quickly dividing con- 
trol cells, and might be connected with another  mode of 
action of 5-fluorouracil than that of sulfathiazole and 
amethopterin on DNA synthesis [12]. 

In another  set of experiments the effects of actinomycin 
D (Lyovac Cosmogen Dactinomycin), chloramphenicol 
(Chlorocid ®) and puromycin were investigated. As known, 
the action of these drugs, even at low concentrations, con- 

sists in primary or secondary inhibition of RNA and pro- 
tein synthesis [13 14]. The results of these experiments 
are presented in Table 1. They show that the level of vita- 
min B12 in the cells of B. megatherium depends on the 
time of drug action as well on the drug concentration. 
The level of vitamin B12 in the cells grown in media with 
chloramphenicol in the concentration of i #g or with puro- 
mycin in the concentration of 2pg  and 4 # g  per 1 ml 
30 rain after the beginning of the experiment decreased and 
afterwards increased to reach a level similar to that in 
control cultures. The decrease in the content  of vitamin 
B12 in 0.005#g actinomycin-treated cultures was in the 
experimental time period consistently more pronounced 
than in control cultures. The growth of the cells was either 
less (with chloramphenicol at concentration of l # g  and  
with puromycin at concentration of 2 and 4 pg) or, as in 
the case of actinomycin-treated cells at concentration of 
0.005 #g, similar to that in controls. 

In conditions induced by the action of chloramphenicol 
or actinomycin D in high concentrations well pronounced 
inhibition of culture growth was observed. In actinomycin- 
treated cells the content of vitamin B~ 2 was increased two- 
fold or three-fold and in the case of chloramphenicol- 
treated cells was two-fold and 2.5-fold higher as compared 
with that in controls. This very elevated level of vitamin 
B12 in the cells of cultures characterized by a pronounced 
inhibition of growth is probably due to the lack of its 
utilization in conditions in which most of the processes 
connected with active cell growth are inhibited. In contrast, 
the lower level of the vitamin in cells treated with the 
inhibitors of RNA and protein synthesis in low con- 
centrations as compared with those in controls, at the same 
or at nearly the same rate of celt division, might indicate 
a more extensive utilization of the coenzyme. It seems, 
however, much more probable, that this decrease indicates 
a transient inhibition of B~2 biosynthesis. This supposition 
is supported by the fact that, as in the case of cells grown 
with actinomycin D, the level of vitamin was lower than 
in the controls in conditions in which cell growth was par- 
allel with that in controls. 
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The displacing effect of a fatty acid on the binding of 
diazepam to human serum albumin 

(Received 15 October 1974; accepted 20 December 1974) 

Diazepam is a drug usedvery  widely in the treatment of 
anxiety [1]. Studies on protein binding of diazepam in dog 
plasma and bovin~ serum showed extensive binding of the 
drug [2]. However, studies with human plasma or serum 
have been neglected. Drugs which are bound extensively 
to proteins present enhanced possibilities of interaction 
between drugs and endogenous substances [3]. This study 
was conducted to investigate the binding characteristics 
of diazepam to human serum albumin (HSA) and the effect 
of a fatty acid on the drug-protein binding. 

Crystalline human serum albumin, essentially free of 
fatty acids, and sodium laurate were obtained from Sigma 
Chemical Co. 5-[14C]Diazepam (sp. act., 197 ~tCi/mg) was 
supplied by Hoffman-La Roche Inc. The radiochemical 
purity of 5-[~4C]diazepam verified by thin-layer chromat- 
ography was found to be greater than 98 per cent [4]. 
Radioactive drugs were dissolved in absolute ethanol and 
mixed with unlabeled drug to achieve suitable con- 
centrations. Unless otherwise indicated, 0.5% (w/v), 7.46 x 
10-SM, HSA was used and dissolved in 0-1 M phosphate 
buffer of pH 7.4. The drug solution (0q ml) was added 
to 4-9 ml HSA-buffer solution and stirred in a vortex mixer 
for 1 rain. In some experiments, sodium laurate was added 
to the HSA-buffer solution and stirred for l min before 
adding diazepam. Diazepam concentrations ranged from 
3.6 x 10-6M to 1-01 x 10 4M and laurate was 3.5 x 
10-4M. The molar ratios of laurate/diazepam ranged 
from 970 to 3.5. The molar ratio of laurate/albumin was 
4.7 in 0.5% HSA. All experiments were carried out at the 
controlled room temperature of 22 ° . 

Membrane cones (Centrifro CF-50 membrane ultrafilter, 
Amicon Corp.) were soaked in distilled water for at least 
1 hr before use. After removing the water on the membrane 
by centrifugation, 4 ml of d r u ~ H S A  solution was pipetted 
into the cone, and centrifuged twice at 1000rev/min for 
2-5 min. After each centrifugation, approximately 0.1 ml of 
the ultrafiltrate was removed for radioactivity counting; 
the exact volume of ultrafiltrate was measured by weighing. 
Drug containing albumin solution (0-1 ml) from inside the 
cone was also taken for radioactivity counting. The 
radioactivity was determined using Aquasol (New England 
Nuclear) and Nuclear Chicago Mark II liquid scintillation 
counter. The amount of radioactivity in the ultrafiltrate 
was 1,500-10,000dis./min/ml, and the standard deviation 
among repetitive determinations of radioactivity ranged 
from 1 to 3 per cent. Potentially major sources of error 
were protein leakage through the membrane and adsorp- 
tive binding of the drug to the membrane cone. These fac- 
tors were carefully examined under these conditions. A 
small amount of albumin leaked through the membrane 

if the filtrate volume exceeded 0.2 ml. The quantity of drug 
adsorbed to the cone was determined by subtracting the 
arithmetic sum of the filtrate and supernatant drug from 
the original quantity of drug-albumin solution in the cone. 
Albumin concentrations in the ultrafiltrate were measured 
by the biuret method [5]. The percentage of drug bound 
to albumin was calculated by deducting the free drug con- 
centration in the filtrate from the original concentration 
(free plus bound) in the supernatant. The calculated free 
drug concentration included the quantity of drug adsorbed 
to the membrane cone. 

The binding capacity of diazepam was studied at a con- 
centration observed to occur in therapy, that is, a con- 
centration of 248 ng/ml with 3.5% HSA in buffer. Diaze- 
pam binding to HSA was 93.7 + 0.8 (S.E.) per cent. Van 
der Kleijn [2] reported that the extents of binding of diaze- 
pam to dog plasma protein and bovine serum albumin 
(BSA) were 93-94 per cent and 84~87 per cent, respectively, 
as determined by an ultracentrifuge method. Per cent bind- 
ing of diazepam to dog plasma and to BSA appeared to 
be independent of the drug concentration over a range 
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Fig. 1. Binding of diazepam to human serum albumin and 
the inhibiting effect of laurate. Albumin 0.5% (w/v), 7-46 x 
10 s M; laurate, 35 x 10-'*M. Both ordinates are calcu- 

lated on the basis of molarities. 


