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Thialysine significantly inhibited the growth of wild type strain Gandida utilis NCYC-359. In the absence of

thialysine, the culture reached stationary phase after 24hr, however, in the presence of 0.5% thialysine, the culture

reached stationary phase after 40hr, respectively. Effect of amino acid or vitamin was investigated on recovery of the

growth of wild type strain from thialysine inhibition. Glycine, methionine, arginine and tryptophan recovered growth

inhibition by thialysine to some extent. However, vitamins were inert. Especially, lysine at one eighth concentration of

thialysine recovered almost fully the growth inhibition.

Thialysine resistant mutants were induced from the parent strain of Candida utilis NCYC-359 by NTG treatment.

Colonies of thialysine resistant mutants were obtained on agar minimal medium supplemented with 0.1-0.5%

thialysine. The frequency of thialysine resistant mutants induced by the first mutation was the highest at 0.1%. The

wild strain produced no appreciable lysine extracellularly. However, almost thialysine resistant mutants excreted ap-

preciably. Lysine excretion increased after repeated mutation. Finally, of the thialysine resistant mutants induced by

NTG, Candida utilis TRN-4006 was obtained. This strain excreted lysine (400ug/ml) into the medium with a concomi-

tant decrease of lysine in the intracellular pool.

Lysine is one of the essential amino acid needed for
balanced nutrition and development of human beings().
Because of the importance of lysine in nutrition and the
lack of adequate lysine in cereal foods, attention has been
given to the production of lysine from independent sources
for use as supplement to animal and human goods(z).

Two distinct pathways exist in nature for the biosyn-
thesis of lysine. Bacteria, higher plants, most algae and cer-
tain lower fungi utilize the diaminopimelic acid pathways®
while yeast, other higher fungi and blue green algae utilize
the aminoadipic acid pathways. Lysine production in
bacteria has been extensively investigated®9, and Cor
ynebactertum glutamicum is used for the industrial produc-
tion of lysinef®),

Relatively few investigations have been carried out us-
ing yeasts'%12) for the production of lysine. We report here
more detailed studies of the effect of thialysine on the
growth of the parent strain and induction of thialysine
resistant mutant of the parent strain producing a high con-

centration of lysine extracellutarly.
Materials and Methods

Microorganisms and media

Candida utilis NCYC-359 and thialysine resistant mu-
tant, TRN-4006, of Candida utilis were used in this study.
The composition of minimal medium, fermentation

medium and complete medium were described in previous
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paper(12),

Induction of thialysine resistant mutants

Mutation experiments were carried out as described
previously(12),

Analytical methods

After cells were removed by centrifugation at 3,000rpm
for 10min, the supernatant solution was used for assay of
extracellular lysine. Free intracellular lysine was extracted
essentially according to the method of Kimura®), as
follows. The cells were rapidly washed twice with cold
saline and suspended into 4ml of distilied water followed
by heating in boiling water for 10imin. The cellular extracts
obtained by centrifugation were used to determine lysine.
Intracellular and extracellular lysine were determined by a
modification!?) of the acid ninhydrin method'¥ or by
paper chromatography(!2,

Growth experiments

The fermentation medium (4ml) in a test tube was in-
oculated with a loopful of cells grown on a stock medium,
and incubated at 29°C for 24hr with reciprocal shaking.
The cells harvested by centrifugation were washed twice
with sterilized saline and suspended in the same saline to
give 1.0 of turbidity *at 550nm. A 0.1ml aliquot of the
suspension was transferred into various media placed in
test tubes, and incubated at 29°C on a reciprocal shaker.
The cell growth was measured turbidimetrically at 550nm
with Shimadzu spectronic 20 photometer.
Lysine production

For screening, a loopful of mutant cells grown on
minimal medium plus 0.1% thialysine was inoculated into
4ml of fermentation medium in a test tube and incubated at
29°C for 96hr with reciprocal shaking. Growth of

TRN-4006 strain to accurnulate lysine was also caried out

as the same culture condition as above with fermentation
medium.

Chemicals

Thialysine (5-2-Aminoethyl-L-Cysteine, Thiosine or
AEC) and N-methyl-N’'-nitro-N-nitrosoguanidine (NTG)
were purchased from Sigma Chemical Co. Ninhydrin from
E. Merck Co. All other chemicals were analytical grade

reagents and commercially available.
Results and Discussion
Effect of thialysine on the growth of wild type of

Candida utilis
Thialysine has been reported to inhibit growth of
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yeast!%12.15) [n order to investigate thialysine effect on the
growth of the parent strain of Candida utilis, a 0.1mi ali-
quot of the suspension was inoculated into the minimal
medium containing various concentration of thialysine in
the range of 0.01-0.5% and incubated at 29°C with a
reciprocal shaker. At 8hr intervals, optical density of each
culture was measured at 550nm. The result was shown in
Fig. 1. The growth of wild type strain NCYC-359 was
significantly inhibited by thialysine. The initiation of
growth was delayed with increasing concentrations of
thialysine. Growth inhibition was proportional to concen-
trations of thialysine in the range of 0.01-0.5%. The
organism could not grown within about 24hr when 0.5%
thialysine was added.

The growth inhibitory of thialysine is explained
by the feedback inhibition and repression of homocitrate
synthase, the first enzyme of the aminoadipic acid pathway
for the biosynthesis of lysine, by thialysine('®!?. This
regulation of homocitrate synthase (and possibly other en-
zymes of lysine biosynthesis) by thialysine causes the wild
type cells to limit the synthesis of lysine and a subsequent
inhibition of growth occurs due to the lysine limiting condi-

tions.
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Fig. 1. Effect of Thialysine on the Growth of Wild
type strain of Candia utilis NCYC-359

A portion of the cell suspension was inoculated into the
minimal medium supplemented with various concentra-

tions of thialysine and incubated at 29°C with a
reciprocal shaker. The turibidity was measured at

550nm. The concentrations of thialysine in the medium

are as follows: o——= ,none; -4 001% »—a
,0.05%: oo | 0.1%: — 05%.
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Table 1. Recovery of the Growth of Candida utilis NCYC-359 from Thialysine Inhibition by Amino Acid and

Vitamin

Amino Acid/ Recovery of Amino Acid (0.1%) Recovery of

vitamin (0.1%) growth (%) Vitamin growth (%)
Glycine 65 Glutamine 35
Alanine 0 Lysine 100
Aspartate 0 Arginine 85
Aspargine 0 Histidine 65
Valine 0 Phenylalanine
Leucine 0 Tyrosine 0
Isoleucine 0 Tryptophan 68
Serine 0 Proline 0
Methionine 65 Cystine 0
Threonine 0 Ornithine 0

lutamate 0 Cysteine 0
Inositol 0 Biotin 0
Pyridoxine-HCl 0 Nicotinic acid 7
Ca-pantothenic acid 6 P-aminobenzoic acid 15
Folic acid 0 Asscorbic acid 8
Thiamine-HCl 0 Riboflavin 0

An aliquot of the seed suspension was inoculated into the minimal medium containing 0.1% thialysine and 0.1% each amino acid or
0.1% thialysine and 0.1% each vitamin. Relative growth was represented as % to the growth in the absence of thialysine and amino acid

or vitamin. The turbidity was measured at 550nm after cultivation at 29°C for 18hr.

Reversal of thialysine inhibition by amino acids

and vitamins O

Q

The effect of amino acids and vitamins was examined to
eluciate whether inhibition by thialysine was related to
amino acid or vitamin metabolites. A 0.1ml aliquot of the
suspension was inoculated into the minimal medium con-
‘aining 0.1% thialysine and 0.1% each amino acid or
vitamin, and cultivated at 29°C for 18hr with a reciprocal

o
]

shaker. Relative growth was represented as % to the

growth in the absence of thiatysine and each amino acid or

Relative Growth (%)

vitamin. The turbidity was measured at 550nm. Table 1
showed that the growth inhibition by thialysine was
recovered to some extent by addition of glycine,

nethionine, glutamine, arginine, histidi -
methionine, glutamine, arginine, histidine and tryptophan 0 0.025  -0.05 0.075 0.1

but vitamins were not at all or only slightly effective. L- Lysine (%)
Especially, the protective effect of lysine was much higher Fig. 2. Reversal of Thialysine Inhibition by
than of other amino acids and lysine of one eighth concen- L-Lysine.

tration of thialysine restored almost fully the growth inhibi- A portion of the seed suspension was inoculated into the
tion by 0.1% thialysine (Fig. 2). minimal medium containing 0.1% thialysine and 0.125,
0.025, 0.05 and 0.1% lysine. Relative growth was
represented as % to the growth in the absence of
suggests that thialysine interfers directly with lysine thialysine and lysine. The turbidity was measured at
biosynthesis. Therefore, a regulatory mutant which is resis- 550nm after 18hr incubation.

The specific recovery of thialysine inhibition by lysine
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tant to thialysine, a potent antimetabolite of lysiue, is pro-
bably suitable for lysine overproduction.
Inducaon of tualysime resiswant muanes rrom wild
type saam ana their lysine proauctvity

In isolating tne hign lysine excreting mutant from wild
type, an attempt was made to derive thialysine resistant
mutants. The parent strain was treated with NTG,
mutagenic treatment was performed according to pro-
cedures descrived in previous papert!?. As shown in Table
2, thialysine resistant mutants grown within 18 hr incuba-

tion at 29°C decreased with increasing concentrations of
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thialysine in the range of 0.1 to 0.5%. The frequency of
mutants induced by the first mutation at 0.1% thialysine
was 4-fold times as compared with 0.03% at 0.5%
thialysine.

The mutants were cuitured to examine the productivity
of lysine with fermentation medium. The resuits are shown
in Table 3, and although thialysine was in high concentra-
tion in medium, good excretors were not indauced. No clear
relationship was found between lysine excreung ability of

mutants and their resistibility to thialysine.

Table 2. luduction of Thiatysine Resisiant Mutants from Parent Strain.

Conc. of AEC in the Surviving cell*

Resistant colonies™* Frequency
medium (%) (cells/ml) counted (cells/ml) (%)
0.1 9,000 10 0.1
0.3 2,000 0.55 0.027
0.5 450 0.15 0.033

* Surviving cells in tne Suspension reated with NTG except auxotrophs, ** Colonies were counted aiter incubation at 29/C for 18hr.

Table 3. Lysiue Proauctivity of Thiaiysine Kesistant Mutants induced the first Mutation.

Conc. of AEC in Total number L-lysine producea (mg/mi) and number of lysine producing

the medium (%) of mutants* mutants**

0.1-0.2 0.2

0.1 200
0.3 9

0.5 10

45

3

* The resisant mutars were rmose obtained in the rirst mutation, ** The mutants were cuitured in fermentation medium in a test bube

at 29°C for 4 days.

Genealogy of lysine producers from wild type
straan and exwacenuiar annno acias accamlated by
mutunt scrain TRN-4006

The lysine productivity of thialysine resistant rnutant
(TRN-13) obtained from tirst mutation was increased by fur-
ther mutation. Among many resisiant mutants induced by
four told mutations, TRN-4006, the most potent lysine pro-
ducer excreted 0.4mg of lysine per mi (in fermentation
medium) when the mutant cells were cuitured in 4ml of
fermentation medium in a test tube with a reciprocal
shaker at 29¢C for 4 days, whereas the wild type strain pro-
duced no appreciable amount of lysine extracellularly (Fig.
3).

Free amno acids accumulated by TRN-4006 were

analyzed by an autormnatic amino acid analyzer JLC-6AH.
Lysine was predominantly found in culture broth. Other
amino acids were not produced or only negligibly as shown
in Table 4.
Growin response of the wild rype NCYC-359 and
mutant TRN-4006 surains on thiaiysine

Growth inhibition of the parent and the mutant by
thialysine was investigated. A 0.1m! aliquot of the suspen-
sion was inoculated into the minimal medium containing.
0.1 to 0.3% thialysine and cultivated at 29°C for 16hr with
a reciprocal shaker. Relative growth was represented as %
to the growth in the absence of thialysine. The turbidity
was measured at 550nm. In the case of the parent strain,
the growth was inhibited by 0.3% thialysine about 90%
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Lysine Produced (. g/ml)
C. utilis NCYC-359

TRN-13 0.1%-AEC" 100
TRN-103 0.1%-AEC* 250
TRN-310 0.3%-AEC" 340
TRN-4006 0.3%-AEC" 450

Fig. 3. Genealogy of L-Lysine Producers from
Candida utilis NCYC-359

very strongly. In contrast, high lysine excreting mutant
TRN-4006 was slightly inhibited by 0.3% thialysine about
25% (Fig. 4). 1t is believed that the feedback insensitivity
end the depression in lysine excreting thialysine
resistant mutant would account for the production and ex-
cretion of excess lysinel!6.17),
Time course of lvsine accumulation by strain
TRN-4006

An examble of the time course of lysine production by
mutant TRN-4006 was presented in Fig. 5. During the
course of fermentation in fermentation medium, the
amount of extracellular lysine increased with increased cell
growth and reached maximum in the last stationary phase.
From 10% of glucose, 450 ug/mi of extracefiuiar iysine was
f nally obtained at 72hr of cultivation. Intracellular lysine

was accumulated by about 20mg per g of cells {(dry wt.) in

Table 4. Extracellular Amino Acids Accumulated

by strain TRN-4006

Anino acids produced Amount of

products (ug/ml)

Lysine 388
Histidine 14
Arginine trace
Aspartate trace
Threonine trace
Serine 33
Glutamate 34
Glycine trace
Alanine 75
Valine trace
Methionine 32
Isoleucine trace
Leucine trace

The mutant was cultured in fermentation medium in a test tube
with a reciprocal shaker at 29°C for 4 days. Amino acids ac-
cimulated were analyzed with an automatic amino acid analyzer
JLC-6AH.
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Fig. 4. Growth Response of the Wild type and the
Mutant Strains on Thialysine

A portion of the seed suspension was inoculated into the
minimal medium containing 0.01, 0.1 and 0.3% of
thialysine. Relative growth was represented as % to the
growth in the absence of thialysine. The turbidity was
measured at 550nm after 16hr incubation. -
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Fig. 5. Time Course of Lysine Accumaiation by
strain TRN-40066
The mutant cells were cultured in the fermentation
medium in a test tube with a reciprocal shaker at 29°C.
The determination of pool-lvsine was performed after ex-
traction for 10 min of 200mg wet weight veast culture
with 4ml hot water. Dry cell weight was determined by
drying wet cells in a oven at 80°C.

A4 pootlysineie —o extracellular lysine; x.y, growth OD;
&—~—s culture pH.

early to middle logarithmic phase, and then rapidiy
decreased to about 50% of the highest concentration at the

beginning of the stationary phase.
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