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b, T30 °C, 200 t/min FEEIREEFE 20 he

R 2 10% (viv) BEMr s o ph i
PERh R R R IR, T30 °C, 200 r/min FHEIR
i 7% 30 ho
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RV AMT N AT RS, LR IR T R A Ko A
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RUrk. BHERSHF E.

y SRR LR AR AN AR AT B e
BRAE Ay 8 2 ETRER , 555 20 h S (T BORRE 100 45 )5
F IR AR BT 0HEAT “Co y LA, fEATF
FtH 80 Gy/min T, I v 5 4 S 5 4
W24 160 320, 560, 720 Fl 800 Gy. v HH £k )5
PRI 97 26 I 7R 5 50 M AR AR TR

2 FEREINE
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— AN, PR R RS 2 e A S
P, EIEEAB LGRS TR, KRS
N2 RS, T EHAR 9 em B IR _L PR P& S
100—300 2 ] e &% Sy TARIEFh b vk
ANBUEIC T FE Y, 1 2 S o TRV I AR .
2% L P BT B VR VR R 10°—10° 15, BRI
IR A 0.1 mL ¥RATAR, K797 48 h Jaid s P
R EH, BOPIEE MG S R AR 1,
M1 AT B, FRREAEON 100 2 ELB A3
DIEAE AT ST, AR S 3 B 100 45 by S HEF
BEATEL

Table 1 Relationship between dilution rates and strain number

Dilutionrate 10> 10* 10° 10° 107 108
N f

umberof sy 20447 1744 140
strains

(/) Indicates too many colonies which can not be numbered;
Values are expressed as x +s, calculated from 3 independent
experiments

22 RIMLRETESEAN y SHEERTERHE

ROME A SRR LR (WE D KW, HE
BIREXP AN — 2 B R )y . — Ak, X
TR, RAMEBULERLE 75% 47 B IESR
AR g O, MR SR U, i A AR R S 30 em
A ) R B IS ) K 60 s
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Fig.1 Relationship between ultraviolet irradiation time and
lethal rates of yeast cells

Error bars show standard deviation among triplicate
observations
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Fig.2 Relationship between ®°Co y-rays irradiation doses
and lethal rates of yeast cells

Error bars show standard deviation among triplicate
observations
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Fig.3 Effect of L-Met addition on cell growth and SAM and GSH co-production
Each value shown above is mean of three replicates, and result of #-test
shows no significant difference among the 3 replicates at a=0.05
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Fig.4 Effect of ethionine addition on cell growth and SAM and GSH co-production

Each value shown above is mean of three replicates, Result of #-test
shows no significant difference among the 3 replicates at a=0.05
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Fig.5 Relationship between NaHSO; concentration and yeast

cell growth

Each value shown above is mean of three replicates, and
result of #-test shows no significant difference among 3

replicates at a=0.05

24 EOEEyHIBESFEHER

B R BRE C. outilis SZU 07-01 AT
RIMBFAL, kPR TR (& L-Met 1 g/L, 46
Z % 0.5 g/L F1 NaHSO; 2 g/L [#] YPD B53838) L Jii
45 B 1E RALE BE m KB AR UVGS-01, 150 v 554k
PR )R BRI o y S22 IR AR R 560 Gy,
VAR I PR AT T I B R AR S I A b,
7% 48 h i, BRI PR PR LB 100 PREAT 5
RIEETR, KRR TK 2.

Table 2 Screening results of C. utilis SZU 07-01 irradiated by UV and y-rays

Mutagenesis type Label DCW /g-L" GSH/mg-L" SAM /mg-L" SAM+GSH /mg - L™
Control SZU 07-01 10.03 175.0 140.0 315.0+4.5
uv UVGS-01 10.64 205.0 187.0 392.0+6.7°
-05 10.61 188.7 205.7 394.4+10.8°
y-07 9.66 136.0 97.1 233.1£6.9°
y-17 11.21 127.2 324.6 451.8+13.9°
7-20 10.44 145.0 236.2 381.2+4.7°
y-ray
y-21® 11.07 220.5 324.0 544.5 £19.0°
y-28 10.69 2172 120.4 337.6£0.0°
7-68 10.76 216.7 96.0 312.7+0.0°
¥-72 11.90 215.0 99.0 314.0+10.0°

Each value of SAM and GSH production is mean of three replicates. “+” represents standard deviation among replicates
a. Marked difference compared with control, p<0.05; b. A bit difference, p<0.1; c. No obvious difference, p>0.1; Represented the

most positive mutant
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S R BoR, AR5 5 WA B SAM. GSH
SR L TR KM 22 5%, AT UL y Sk Ae
AT DA b R 428 T R 400 P P L BRI, AT
2T SAM Fl GSH 16 Ko AR5 R4 -4
a2, SAM Fl GSH B IE ANy 65% 4

CERARZE ) U Z 70 T 58 il 4514 LA A%
PRESFR I B S BN G BRI .l R ST,
AR R WAk y-21, 45k SUGS-01, M

SAM FIl GSH ;=435 4 324.0 mg/L 1 220.5 mg/L,
R B AR T 131.4%A1 26.0%.

2.5  C. utilis SUGS-01 Z{Ef2 E MR

X C. utilis SUGS-01 BARIELEALAR 10 IR, L%
EHEE R E M, GRIE 3. vH, @dEEF
AT IR B B RE C. weilis SUGS-01 FLAT R4 135
feraett, R ILRIE AR KL

Table 3 Genetic stability of C.utilis SUGS-01

Generation number 0 2

6 8 10

GSH+SAM/mg-L"! 544.5+19.0 536.8+1.6

540.1+4.9

543.6£1.6 547.2+1.8 550.8+5.9

Each value is mean of three independent experiments

“+ ” represents standard deviation among replicates. Result of #-test shows no significant difference compared with the control at ¢=0.05

2.6  C.utilis SUGS-01 #E#i & E£BX = SAM 1 GSH

H1 T SAM F1 GSH 32 [ BF 41 it 75 B 4 i £ Qi
W2 R IR E BT T, A T B S A AL R

600

=—tr—pH
el DCW 1 200
Qe SAM+GSH

SAM+GSH / mg- L'

pH; DCW /g- L

0 6 12 18 24 30 36
Time / h

P, RICIX PR =R R T RS AR —
I JE o LRI e i ORI, 25 2 R R A TR B
7= SAM FI GSH IH 158, 25 R I 6.

32 400

\ 2
24t 4 300 &0
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z2 16 | 4200 4
E X o
© N
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8 4 100 Z
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Fig.6 Time-course of SAM and GSH co-production by C.utilis SUGS-01 in flask
Each value shown above is mean of three replicates (Error bars were not displayed
in order to build a brief and clear view), and the statistical analysis shows no significant
difference among 3 replicates at a=0.01

MK 6 g5 Rrh ] LUE H, C. utilis SUGS-01
MR BRI AR, R EAR A 1 ZE i
(<3h) EAIHE AT ECAEAR I, BRI I8 SRR FE N
P, 215 h BRI fEREA RN AR, SAM
M GSH W B EZ G I, %2 27 h B} SAM 5 A%
IR B i KA 324.0 mg/L, BEJGIFAA AR, 17 b
GSH 4k£:45 %, 4 30 h A B 5 K AE 220.5 mg/Lo
76 27—30 h VG N, SAM & a0/, 1 GSH &
S U 4k S 1K

3 45t

X R ERE SZU 07-01 34T PSR AL 15 AR R
—Hi y WEHA, HLd 1 g/L L-Met, 0.5 g/L &
T2 M 2 g/L NaHSOs [ 5 A e A ik, $h75

—FRATHC” SAM Ml GSH HIML 3 Wikk, dr4h
SUGS-01.H: SAM # GSH 7= 43 15 £ 324.0 mg/L
F1 220.5 mg/L, BHKEHRSMEEE T 131.4%A
26.0%. Z23d 10 YCESALAR, LR HILH 55
AREOL, AR HRAT RAF AR E k. W] L EE Ak
4y WEE G HRL MAATINGE LTI,
FAN, FEARWEFH, 435 1 g/L L-Met [ YPD
SRR 1S 2 AR i L At A - L-Met,  7E8%
LR FR L-Met WL F] 10 g/L I, #EAL R4 R L 5
60%LL I (WL 3) , HANfTERfE L-Met #KFEHY
INgksE 2 BT, XA A SAM [F &
WA EER . FFE, 25 500 mg/L LT
BRI IEAF B R, H SAM A GSH 77 500 IR
P T 35%A 4 LK 4b) o wJ L, SRSt
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S-adenosyl-L-methionine and glutathione

SHAO Na WEI Gongyuan GE Xiaoguang NIE Min
(School of Basic Medicine and Biological Science, College of Medicine, Soochow University, Suzhou 215123, China)



HE WSS HEAM y SHER RS URARINE S-MRH H AR Z IR AN W H BRI AT TR

113

ABSTRACT S-adenosyl-L-methionine (SAM) and glutathione (GSH) are both applied extensively in the fields of
medicine, cosmetics and health maintenance for their biological functions multiplicity in vivo. In this paper, a com-
plex mutagenesis was carried out to attenuate the contradiction so as to obtain a positive mutant which can produce
SAM and GSH effectively. The parent strain Candida utilis SZU 07-01 was treated by two turns of UV and once
y-rays irradiation for complex mutagenesis, following by cultivating and screening on the selective medium (YPD
containing 1 g/L L-Met, 0.5 g/L ethionine and 2 g/L. NaHSO;) for a positive mutant C. utilis SUGS-01. The prolifera-
tion of C. utilis SUGS-01 was then carried out in a flask, and the productions of S-adenosyl-L-methionine and glu-
tathione were 324.0 mg/L and 220.5 mg/L, respectively, which were 131.4% and 26.0% higher than those of C. utilis
SZU 07-01. In addition, C. utilis SUGS-01 shows high genetic stability even after 10 generations of cultivation,
which indicates that the mutant C. utilis SUGS-01 obtained in this study has stable capacity for high co-production of
SAM and GSH, and can be used as industrial strain in the near future.

KEYWORDS Candida utilis, Co-production, S-adenosyl-L-methionine, Glutathione, UV and y-rays mutagenesis
CLC Q939.97, TS261.15
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