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ABSTRACT

The study of the nutritional requirements of Arthrobacter strain Coft

which accumulates alanine in large amounts in the culture medium. 1evealed

that the organism nceds thiamine for its growth. Also the alanine accumu-

lation by this strain was found to be related to thiamine concentration in
the medium. The optimum concentration of thiamine for alanine accumulation
(20 pg/ml) was also optimum for the growth of the organism indicating thereby
that alanine accumulation by this strain is a growth associated process rather
than far removed from it. Among the various growth promoters tried yeust
extract was found to be superior from the point of view of alanine yield and it
was also superior to giving thiamine alone in the medium. A concengration of
0.02%, yeast extract was found to be optimum for alanine occumulation.

INTRODUCTION

By and large, amino acid fermentations are controlled by singled
or mixture of growth factors which the microorganisms demand for
growth. Generally only suboptimal levels of these growth factors aren
for accumulation of amino acids in large amounts in the culture broths.
such use of auxotrophic microorganisms has turned out to be the key
success in amino acid fermentations.

Though alanine is one of the simplest, nonessential amino acids
found in appreciable amounts in the culture broths of various t
microorganisms, its accumulation appears to be controlled by the n
particularly thiamine, the organism demands for its growth.
Tanaka and Kinoshita (1960) in their studies with B. lentus pointed ©
thiamine may play an important role in alanine accumulation. Later
et al. (1969) made similar observations in their studies with a psychn
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strain of Brevibacterium, aceumulating alanine in the medium. TIn both the
. above cases, alanine accumulation was related to the thiamine requirement
of the strain and suboptimal levels of thiamine in the medium, was found to
increase the alanine accumulation. Our results also indicate the positive
role of thiamine in the accumulation of alanine by this Arthrobacter
strain Cyyd.

In an earlier communication we have detailed the conditions required
by this strain C,yd, for alanine production in a synthetic medium containing
glucose and urea®. This communication presents the nutritional requirements
of this organism and the effects of some of the organic growth promoters
and particularly the role of thiamine, on alanine production by this strain.

MATERIALS AND METHODS

The Arthrobacter strain Cyyd used in the present investigation was
isolated from soil, using glycine enrichment®. The basal medium which
was supplemented with organic growth promoters as each experiment
demanded, contained, glucose 75.0 g; urea 5.0 g; K, HPO,, 0.5 g; KH, PO,,
0.5 g; MgSO,.7H,0, 0.25 g; MnSO, H,0O and FeSO, TH,0, 0.01 g and distilled
water 1000 m/, adjusted to pH 7.3.

Erlenmeyer flasks (500 m/) containing 100 m/ of the above medium were
_inoculated after sterilization at 121°C for 20 min. . Glucose was always
sterilized separately at 116°C for 15 min and urea was filter sterilized and
added to the medium at the time of inoculation. The flasks were incubated
on a rotary shaker (250 r.p.m.) at room temp (24 —28°C). During cultivation
the pH of the medium was kept between 7~ 8.

Alanine was estimated by paper chromatography according to the
method described by Giri ef al.?.  Bacterial growth was measured
turbidimetrically with a Bausch & Lomb colorimeter. The culture broth
was diluted twenty-fold and its optical density was measured at 540 mu.

The vitamins used in the study were obtained from B.D.H. Laboratories,
Chemicals Division, Bombay. The organic growth promoters like peptone,
beef extract, yeast extract, nucleic acids (yeast), vitamin-free casamino acids
were of either Difco or Oxoid preparations.

RESULT AND DISCUSSION
Growth Requirements of the Organism :

A preliminary identification of the growth factor requirements of the
organism was carried out using organic growth promoters like vitamin-free
samino acids, synthetic vitamin mixture, nucleic acids and yeast extract as
urces of amino acids, vitamins and purines and pyrimidines, respectively.
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The results of the experiments shown in Table I-A, revealed that this
organism could grow well wherever vitamin mixture either singly or in
combinations of other growth promoters was supplied. It could grow
equally well on yeast extract also. However, casamino acids and nucleic
acids could not promote the growth either singly or in combination, since
the increase in growth was not significant as compared to the control. The
fact that vitamin mixture alone could give as_ much growth as the one in
which all the organic growth promoters were combined, was suggestive of
the essentiality of a particular vitamin or vitamins, for the growth of this
organism; So the vitamin requirement of this organism was studied by the
vitamin exclusion technique on the lines followed by Dias and Bhat (1963),
the results of which are shown in Table I-B, Ii is clear from the results of
this experiment that the organism needs only thiamine for its growth.

TABLE I A &‘B

Growth Requirements of Cyod

I-A 1-B
.‘Grdwth factors added Growth as O.D. Vitamins excluded Growth as O.D.:; 7
Vitamin free casamino 0.05 None F
acids (VFCAA). i £k
: Pyridoxine
Vitamin mixture. 0.17 178
Thiamine
Nucleic acids 0.06
PABA
VFCAA + Vit. mixture 0.17 = )
7 . Nicotinic acid
VFCAA + Nucleic acids 0.05 S
Riboflavin
Vitamin mixture + 0.17

; ; Ca.panthothenate
nuclic acid.

. Rtect : Biotin
VFCCA + Vit. mixture + 0.17
nucleic acid Folic acid
Yeast extract 0.17 Vitamin B,
None added 0.04 All
Vitamin mixture: Pyridoxine thiamine, Growth—35 days

PABA, Nicotinic acid Riboflavin, Calcium
Panthothenate Biotin, Folic acid, and Vit.B12
growth—96 hr,
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Effect of organic growth promoters on alanine production :

The effect of various organic growth promoters like peptone, beef
extract and yeast extract on alanine production was then tested, with a view
to increase the yield of alanine. The results are presented in Table II.

TABLE II
Effect of Organic Growth Factors on Alanine Production by C;sd

y Levels of G(SYVS.‘)‘" Incubation in hours
Nutrient added zg‘tirelgg/t Alanine s 3% a8 60
A mg/ml

pH 8.2 8.2 8.2 8.0

| 0 05 Growth 0.12 0.19 0.21 0.31
[ Besione Alanine 0.80 1.20 1.50
‘k pPH 82 8.2 8.2 7.0
| 0.10 Growth 017 025 033  6.46

Alanine . = 1.2 2.0 2.7

pH 8.0 8.2 3.2 8.5
0.05 Growth ~ 0.11 0.16 0.17 0.25

- —— Alanine neg 0.6 131 1.0

1 pH 8.0 8.2 8.2 73
0.10 Growth 0.17 0.24 0.26 0.42

Alanine neg i) 16 7

pH 8.2 8.2 8.2 7.0
0 05 Growth 0.17:¢ 50:250..,.0.33 - 0:46

Alanine neg |9) 2.0 2:7

ptone + Beef Extract o 8.2 3.0 3.0 6.7
0.10 Growth 0.23.. 0.3 0.62+:.:.0.75

Alanine neg 1.7 2.5 2.7

pH 8.2 8.2 8.2 8.0

0.05 Growth 0.23  0.35 0.42 050
ot Alanine 1.7 2.8 355
pH 8.2 8.2 7.0 6.4

0.10 Growth 030 052 0.78  0.82

Alanine I 32 2.8 24

— =negligible
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Product formation was good with all the three growth promotérs
provided in the medium either singly or in combination. Without any
growth factors, the organism accumulates only negligible amounts of alanine
and the growth also will be scanty. Among the three growth promoters (
examined, yeast extract was superior to other two from the point of view of
growth as well as alanine formation. Combination of peptone and beef
extract did not prove better than either peptone alone at 0.10% level or yeast
extract at 0.05% level. However, growth was better with this combination
than with peptone and beef extract individually and was in a way comparable
with that of yeast extract at both levels. Since yeast extract was superior to
other two growth promoters examined, various levels thereof were put to the
test in order to arrive at the optimal concentration required for maximal
product formation. The results of the experiment are shown in table III.

Lower levels of yeast extract were found to be highly stimulatory and
adequate for product formation; higher levels were conducive only to the
growth of the organism rather than product formation. As can be seen
from the table, yeast extract at 0.029, level was far superior and raised the
yield of alanine to 5.6 mg/ml which is nearly 50 per cent more than the

previous best yield (3.5 mg/ml).

Effect of thiamine on alanine accumulation by C,d :

Since the organism needs thiamine for its growth, the effect of vari07
levels of thiamine on alanine accumulation was examined. Table IV shows

the results of the experiment.

Growth of the organism as well as the alanine accumulation were foung
to be clesely related to the concentrations of thiamine provided in the
medium. Apart from this glutamic acid accumulation which used to be |
negligible amounts, also was stimulated considerably by thiamine. It can bi
seen from Figure | that the thiamine concentrations upto 10 ux g/ml we
stimulative for glutamic acid accumulation, whereas for alanine
20 u g/ml concentration was, in fact, required. This experiment
indicative of the optimum levels of thiamine needed for glutamic acid
alanine accumulation respectively. The yields of glutamic acid and a
at their respective optimum levels of thiamine were raised to 3.5 mg/
7.6 mg/ml respectively. Also the optimum level of thiamine need
maximal alanine production was optimum for growth of the org
indicating that the product formation is essentially growth associated
than far removed from it. The low values obtained for growth and
acids (Table {V) in the treatment receiving 5 u g/ml thiamine, up to
growth, are due to frequent pH corrections made during that period
pH tended to shift towards acid side.
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TaBLE IIT
Effect of Yeast Extract on Alanine Production by C,od

Kok (Gcr)ogtk; Incubation in hours
Nutrient addzd adoc/ied Alanine

-7 (mg!ml) 48 72 96

pH S2 82 8.2
0.005 Growth 0.41 0.41 0.43

Alanine 3.6 3.8 2.5

pH 8.2 8.0 6.0
0.01 Growth 0.44 0.54 0.55

Alanine 4.6 4.8 3.3

Yeast extract '

pH 82 (O SRR |
0.02 Growth 0.41 0.54 0.61

- Alanine 5.6 5.6 3.6

pH 8.2 8.2 8.0
0.05 Growth 0.42 0.75 0.75

Alanine 2.8 3.5 4.0

Basal medium with glucose 7.59%, urea 0.59,.
Boitin 2.5 ug/Ll inoculum 1%.

o ALANINE
4 GROWTH
e GLUTAMIC ACID

& < O 2 o
g

w

»N

ALANINE & GLUTAMIC ACID mg/ml
i

| T8 R B TN OO PR
S 10 1520 25 30 35 40

THIAMINE ug/ml

FiG. 1
Effect of Thiamine on Alanine formation by Cis d
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TABLE IV

Effect of Thaimine on Alanine Production by Cied

Incubation Time

Thidaj,n(ilne 24 'l_lrs 48 hrs 72 Brs 96 ILlrs
adle i T -~ o R
O &} (G e O O < ) C~ <« v}
1 7e3 10.14 ST Sk 80NN 020 11210 7.50 0124 11326 6:44 0250 115§ 30l
8 T 0 ROMS SRS LS| 812 210.22 1.4°.1.5 8.2 . 9.27. A E25 SN0 D T 245
3 7:35 0 0E05 “INTIHOS 80 028 Nil 0.7 8.2 1035 . 205URDHG 7.9 042 34 1.3
10 7.6 021950 S 1R S20EOI28¢ 1216 315 80 037 46 35 8.0 046 4.0 3.0
1S 7 60 Opl9 S A RS 82 030 30 26 70 1013 REESHORREY S 7.9° 1048 % 545 243
ZQ 760 1020 Sl 159 S2M0)350 232" 82,5 7.9 W04 NTTE6SE Dl 79 055 6.4 2.1
25 (L7 R S T 82N ND60 S ST 8.2, 0130240 5108 8.2, O30 2 3R OT
30 EORRORIT s S =S| g2 02 il 1h6 8,20 L0310 w8088 220 DB G 0T
RO 2SE 11 146 BI2 L0271 255 017 8.5110.28 : 2555 017

>se 10.0%, urea 0.75%,, inoculum 109,

61

AL13S viany ‘W ‘L
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Stimulatory effects of thiamine on glutamic acid accumulation has been
reported by Takahashi ¢t al. (1965). Their organism, a Corynebacterium spp.
responded to thiamine upto 10 » g/1. However, the difference in amounts of
thiamine needed for maximum accumulation of glutamic acid by their strain
and C,d is quite wide. Besides the optimum amounts of thiamine needed
for alanine accumvulation by the latter strain (20 u g/mI) is rather high as
compared to that (1 u g/ml) reported by Ogata er al. (1969). Higher levels
of thaimine above 20 u g/ml, however reduced the yields of alanine markedly

(Table IV) though growth was only slightly affected and the pH remained at
optimum indicating the probable role of thiamine in alanine accumulation.
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