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Blocking consumption pathway increases production of
S-adenosyl- L-methionine by Pichia pastoris
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Abstract: [Background] S-Adenosyl-L-methionine (SAM) is an important intracellular
metabolite that can be used as a dietary supplement and to treat a variety of diseases.
[Objective] To enhance SAM production for industrial application by blocking SAM
consumption pathways in the recombinant Pichia pastoris strain GS115/DS16. [Methods] The
genes associated with the metabolism of SAM, sahl (encoding S-adenosyl-L-homocysteine
hydrolase), spe2 (encoding S-adenosylmethionine decarboxylase), and msml (encoding
mitochondrial methylthio-tRNA synthase), were knocked out in SAM-producing strain
GS115/DS16. Accordingly, the engineered strains G/Dsah, G/Dspe, and G/Dmsm were
constructed. The cell growth and SAM production of the three engineered strains were
investigated. Additionally, the effect of methionine addition on SAM accumulation was studied.
[Results] The knock-out did not affect cell growth, whereas it increased SAM production by
29.3%, 55.6%, and 24.8% in G/Dsah, G/Dspe, and G/Dmsm, respectively, compared with the
parental strain GS115/DS16. When L-Met addition was decreased from 0.10% to 0.06%, the
SAM production increased by 26.4% and 28.9% in G/Dsah and G/Dmsm, respectively.
[Conclusion] Therefore, the engineered P. pastoris strains can be utilized in industrial
production of SAM in a cost-effective manner, and the strategy can also be employed for
improving the production of other chemicals.

Keywords: S-adenosyl-L-methionine; Pichia pastoris; S-adenosylmethionine decarboxylase;
S-adenosyl- L-homocysteine hydrolase; mitochondrial methionyl-tRNA synthetase
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SAM, A[ERVEP MAT FEH a0t Fik a5t &
SAM J= RIS, Y MAT 1 P4 w8 —
SEANFRE, BT SAM Ay B i H 75,
R, 7EARFS T MAT 36 P 2 0% 09 TR S
/> SAM SR ACIHE R R 4N SAM R
R T — A ROR N

TE IR, (Pichia pastoris)™, SAM Ui
WA 1A 7R, L-Met Fll ATP 78 MAT HI/EH
TRBARL SAM, SAM nllad S-BRT AT SR
i 2 T (S-adenosylmethionine
SPE2)fiit 1k 1Y i R B 1o A= B ¥R S- i HHY At
AR WAl fE S IR R E D R K R
(S-adenosyl-L-homocysteine hydrolase, SAH1){E
FH R fiE 4k S- MR 1 = 2 b 24 R (S-adenosyl-L-
homocysteine, AdoHcy)JE il =M AR, b/
Al B-BEAREFS L-Met™, L-Met fEHZ 5
SAM HIIEY), 76 L-HH &Rt (RNA 5
(mitochondrial ~ methionyl-tRNA  synthetase,
MSMDIPERITN, Sei s L-F B E-(RNA,
TSN A B N-HH e - FH A 2 BE-tRNA, 2 5 4=
PN o FRATHI B & B, 551k S-IR i
fiii %4 FR (S-adenosyl-L-methionine, SAM)43 f# 1L
s AE B-IeAti ik (B-cystathionine) & il iR 14 AE £
T YE AR R T A T ) SAM PR R, b
SAM 15 20 I P 1% 7 6 2 B8 s H 7 B B A AL
M

L-Met 1 ATP #2518 SAM [EY), 3
IR B SR R AR B A X SAM & AT 6 FE %2
TS DI NG L ATP B H A
AT SAM i I R AR A 7 A T
L-Met B2 5 B SAM )Y, d2MiEA K
BRIEA AR, B, L-Met B9 IAS L5 i)
SAM 7, I 23 X B A i i AL AR
M, L-Met /28 SAM & U A5 SN A I )
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SFHA LI, AR RV, MR
) L-Met 239l il TCA PG F AL BE R LA
1 A SAM 7= i AL 3@ A Ak L-Met O£ R
o s U 28 AR R 1 EE AP R GO A
DL-Met (J& & [ D-Met Fll L-Met)fE 7 SAM 4= 7=
RPN, fEBERE SAM o, BEREANE
t L-Met %% FEEF A MUPL Tl MUP3 %
T 1) B 24 R Zs ) il o TR BR AR R BE A TR
IR IK MR BRILBE R R ADKT . MUPI1 1 SAM2
REFZ = L-Met FE AL RCR A SAM =510, 78
P B R AR L L R 3k g A B 2 R B G 1Y)
Met6 F1 SAM2 W $2 = 4L N 19 L-Met K-,
MR L-Met (IFIFRIT RIE SAM A7
YA

S-Ji  [A) R0~ Ble 2 R K i i (SAH ) . S-Ji
T F 5 24 R ST SR i (SPE2) A L-FH AR &t tRNA
A EEMSM1)/& SAM BRI S HEmE, BHWT
XEERAZ AT DA /D SAM TEMINTHFE, $E5
THHBUER SAM MRE 1. 40 IE B 1Y L-Met
KFPEFIT SAM &, T4k L-Met Bk
B, AT TR SAM 177 i .

1 #HRE5r%E

1.1 E#RFBRL

Egj%ﬁ%ﬂ(ﬁ'chia pastoris) ik ik pGAPZ
A FFEFE GS115 g A Invitrogen A H . KIGFF
B (Escherichia coli) DH5a {5 FANSL 80 %, H
THEED ek, ABIEST BT R g i) At S5k A B
W1,
1.2 EFRE

¥ # % YPG. YPD. MD ., BMGY .
BMMY i I B R I Bf e 0k R G il W 51 4%

LLB }i 55 (g/L): B 10.0, EEREEE
B 5.0, NaCl 10.0, Zeocin 50 pg/mL.
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Table 1 Plasmids and strains used in this study
Plasmids or Relevant features Source or
strains reference
Plasmids
pGAPZ A P. pastoris expression plasmid, Pg,p promoter; ble” Invitrogen
pDspeZ The spe2 gene knock out vector containing 5’spe2-ble-3’spe2 cassette; ble* This study
pDsahZ The sahl gene knock out vector containing 5’sahl-ble-3’sahl cassette; ble” This study
pDmsmZ The msm1 gene knock out vector containing 5’ msmI-ble-3’msm1 cassette; ble” This study
Strains
GS115 Commercial P. pastoris host strain; his4~ Invitrogen
GS115/DS16 GS115 harboring recombinant methionine adenosyltransferase gene DS16; HIS4; kan* [18]
G/Dspe The spe2 gene was knock out in GS115/DS16; spe2; ble* This study
G/Dsah The sahl gene was knock out in GS115/DS16; sahl; ble* This study
G/Dmsm The msm1 gene was knock out in GS115/DS16; msm1; ble” This study

YPDS 35775 (g/L): FRER MR 20.0, BERIHREL
$710.0, #%45H 20,0, LALEE 182.2, BElR 15.0.

BSM & W% B 3% 3 (g/L) : K,SO, 18.20,
CaSO,4 0.93, 85% H;PO, 26.80, MgSO,-7H,0
14.90, KOH 4.13, glycerol 40.00, H7RffE
JCRIE M (Pichia trace minerals 1 salt solution,
PTM1) 12 mL.

PTM1 (g/L): ZnCl, 20.00, KI 0.08, CoCl,
0.50, CuSO4'5H,O0 6.00, MnSO4-H,O 3.00,
Na,Mo0O,:2H,0 0.20, H3BO; 0.20, FeSO, 7H,0
65.00, E#)Z 0.20, H,S0,5.00,

1.3 FERFIFNEE

P B A PR JE A (yeast nitrogen base, YNB).
R AN E R R (ampicillin, Amp) . HLE
% G418, Solarbio/A]; Zeocin™, Invitrogen 2y
Al BURLNIUE SR BGAN & . @B DNA 4
e & . RNA $255UR50 &, TIANGEN
/Nl ; 2xPhanta® Max Master Mix ., 2xTaq Plus
Master Mix, Exnase II T. 5., Vazyme /A F];
FREIE N VG DNA Marker, Thermo Fisher
Scientific /> #]; T4 DNA Ligase, TaKaRa /A ],

SAEIEAL, R IR T AT PR ] o
1.4 3|4

WA S IR 2, MR TAEY TR L
M A A BRI
1.5 EEREESIEEHEK

PREL MDA TG b (4 BE o e B E AL B
GS115/DS16 Mg s 4&fh 2 YPD Fifekkrp, T
30 °C. 220 r/min F5F FEFRAR; DL 1% F
HFEEE 100 mL YPD ¥5355E, 3R E ODgoo
299 0.8-1.2, HTIEZEMMl 5. HeaRmEkk
JER 7 25 A0 L %) ) 2 R e o B A S B R R TR R
KRS, Bkl pDsahZ. pDspeZ. pDmsmZ
434 Spe 1 /BamH 1 BN MEAL, SR)GH O
Ak GS115/DS16 JRAZASHML . W% 5 Em
A1 mL VKPR P JCE 1 mol HALEE, EAFNE
5], B 100 uL %4 F YPDS “FAR (5% 100 pg/mL
Zeocin), T 30°C #55%3d, Ttk +.
1.6 EESRESTIEEERLEE ™ SAM

M MD AR EHRBCR KM R 3 mL
YPG §5 353, 30 °C. 220 r/min ¥5550d 0, B
I mL ¥3%F 25 mL BMGY il 47FF9 K
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Rig%, 53816 h (ODgoo 2974 20.0). WEE BMGY
BEFMA T, T 4 000 r/min %.0> 5 min, 3
i, BEAEET 25 mL BSM 55353250 mL
L), T 30°C. 220 r/min F A S 1555 96 h.
PG 12 h FHACH G500 PR sR B, T
i B 2R B R 1.2% (KRR 400 s B0 24 hifs
fn—E R L-Met, H 5 mol/L S EALHNE TS
pH (5.5-6.0), & T4 AL H 6 DAk +H
AR, &3 WEYFEE,
1.7 SAM REF SAM A pkBEGEN
LN SAM ¥ Fl SAM 4 il (MAT) i il
TH I 42 F HPLC K1) 5% F Thermo-BioBasic
SCX A (4.6 mmx250 mm, 5 um)., FREIHN
A: 5mmol/L g%, pH4.0; B: 500 mmol/L H
%, pH 4.0, A 0.0-5.0 min, 100% A;

x2 AMRFASIY
Table 2 Primers used in this study

5.01-9.00 min, 10% A, 90% B; 9.01-12.00 min,
100% Bj; 12.01-14.00 min, 100% A. &
A 1 mL/min, R 254 nm. 14> MAT [}
TN SN 37 °C 64T, 1 h INFEfbA %
1 umol ¥ SAM FIf X 1o f) il i o
1.8 SHEEENEREKE

FEF% 12 h B BSM R3S 1 mL, B
F 8 000 r/min E.0> 2 min, B E, 2k
(0.22 pm)id ik, HTHESEENE . e
A, YRR chromosorblOl Y, %A 1 m.
W2 2 mm, HEPRE 125 °C, HAERE
170 °C, FMEREEE 170 °C, %] Ho 1R Kt
Kl #S RS (8 30 mL/min), 255 4 B
SEN 300 mL/min), N, fERES GRS
15 mL/min), % CDMC i TR #4747

Primer name Sequence (5'—3')

Amplified fragment length (bp)

sah3-F AGCGTCGACGGTTGAAGGCCAACGCTCAGGACGT 490
sah3-R CGCGGATCCAAAGGAGGCAAAAGCTCTGTAGGTAATTAGC

sah5-F AGGACTAGTGAGACAAGTATACTGATCTTCTTTCTACCTATT 970
sah5-R AAGGCGGCCGCGGTATTATTTGGTTTAGTGTAGTAGAGAGG

msm3-F AACGTCGACCTGTGACTTCACAGAAAGGAAACTAAAC 516
msm3-R CGCGGATCCGGCGTAGAGCCCTTGAGAAATTTT

msm5-F AGGACTAGTCAGCAGTTTGGTCAATACAACCCTG 997
msm5-R AAGGCGGCCGCACGTAGATGGTAAATACAGTGGTTAAGTGC

spe3-F AACGAGCTCGCGTCGACTTGGAATGAAAACTTTGAAAGAGACGG 513
spe3-R CGCGGATCCATGTTACGAGGCTGTACTGAAATATTTGG

spe5-F AGGACTAGTCGGGAAATGACATCCTATAGGCGAATC 661
spe5-R AACGAGCTCGGCGGCCGCATTGCCGGGATTAGAATGAAAAATTGTG

zeocin-F AAAGCGGCCGCTAACCCACACACCATAGCTTCAAAATGT 1780
zeocin-R AACGTCGACAGCTTGCAAATTAAAGCCTTCGAG

sah5-F0 CTTGCCAATTTTTCAAAAGCAATTC 1106
zeocin RO ACATTTTGAAGCTATGGTGTGTGGG

msm5-F0 GGGGAATGTCTTTCTATCAACAACC 1100
zeocin RO ACATTTTGAAGCTATGGTGTGTGGG

spe5-FO GGCCTTCCTATAATGCGATGACTTC 861
zeocin RO ACATTTTGAAGCTATGGTGTGTGGG
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) HR BN M pDmsmZ. %6, PAREARIEEEE GS115/DS16
JE[AZH DNA Jtsit, 5 I#%F spe5-F/spe5-R .
2.1 mkR SlieZ\ sa{11 N msml F TIEEME Spe3-F/spe3-R 4+ B HESE [ spe2 S/ 33
2.1.1  EERRERKEE . saty £ o
LI SAM EHUN 0 R 1A oo P HEIRI apel SYRAN 3T R
R R TR GS115/DS16!  FUURL pGAPZ A, HIEEFICRL pDspe. R, LA
SAM =ik, 4 Tt DS16 1 St A Mg PGAPZA BRI, HI5 ¥4 zeocinF/zeocinR
SRUKIRIED sahl, SWRIFRBLARBIsEG 573 zeocin HPERLIN ble Bt I3 pDspe
JEE spe2 A -HIBRANE (RNA SREGHEE  BOKLEY Not 1 /Sal 1 A, ARAGH T EER spe2
msml, FEET IERPFREAR pDsahZ, pDspez YKL pDspeZ.

A B
Glutathione

Not 1 /Sal 1

<-—» | -cysteine

metabolism
Acetyl-L-  _.__, Aspgrtle}te
I homosering metabolism
Cystathionine
. S-adenosyl-L- -
L-serine L-homocysteine homocysteine Spermidine

Iy metabolism
. l / !
i
Glycine, sering Setit S-adenosyl-
and threonine L-Met 7 SAM X" L-methionineamine
metabolism @ ATP
L-methionyl-tRNA — N-formylmethionyl-tRNA

C G/Dsah G/Dmsm G/Dspe M kb

1.2
0.8

1 EEFREEHTIZEE G/Dspe. G/Dsah F1 G/Dmsm BIHE A HREEE: SAM AR,
sahl: S-R17 R B 2 R K i WL 1] 5 spe2: S-MRTF R RIM R B 5 sam: SAM & B 5
B msml: L-HGRERE (RNA G HEIEN; cps4: B-DEmREES BUEE LS. B: 410k pDspeZ. pDsahZ
1 pDmsmZ FEFVIEE. C: &% PCR Kk T.#2 % G/Dspe. G/Dsah Fl1 G/Dmsm

Figure 1 Construction of recombinant strains G/Dspe, G/Dsah and G/Dmsm. A: Intracellular metabolic
pathway for SAM utilization. The pathways of SAM metabolism in Pichia pastoris. sahl:
S-adenosyl-L-homocysteine hydrolase gene; spe2: S-adenosylmethionine decarboxylase gene; sam:
S-adenosylmethionine synthetase gene; msmli: Mitochondrial methionyl-tRNA synthetase gene; cys4:
Cystathionine B-synthase gene. B: Verification of plasmids pDspeZ, pDsahZ and pDmsmZ by restriction
enzyme digestion. C: Verification of engineered strains G/Dspe, G/Dsah and G/Dmsm by colony PCR.
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PL GS115/DS16 HYFE K2 DNA Mt , H
51#%F sah5-F/sah5-R ., sah3-F/sah3-R 23591
sahl 1Y 5" A 3% B 3 0K sahl (% 5701 3
B K pDspeZ Ht spe2 19 5'F1 3" 7 Ex,
RGOk pDsahZ. [RIFEHL, 535K msm1 (1) 57
3 BOB K pDspeZ H spe2 ) 5'F 37
Bt , gk pDmsmZ., J&i ki pDspeZ HI
pDsahZ . pDmsmZ ) U) 3k 1E i (& 1B).
2.1.2 EFEEMBRIIERNEE

Jiifi pDspeZ. pDsahZ F1 pDmsmZ %
Spe 1 /BamH 1 B Y24k, 43 W fi %% 4k

A
C 150
125}
_ 100 F
—
c
= 751
Q
a
5.0 ——GSI115/DS16
—m— G/Dspe
254+ —o— G/Dmsm
—4— G/Dsah
OO L | L | L 1 L | L 1 s
0 20 40 60 80 100

Time (h)

GS115/DS16, 313+ T FEE G/Dspe. G/Dsah
G/Dmsm. 435 FHEI#% zeocin R0/sah5-F0 .
zeocin RO/msm5-FO F1 zeocin RO0/spe5-FO X
G/Dspe. G/Dsah I G/Dmsm #4747 PCR
IR o XN T2 B G/Dsah Fl G/Dmsm 43 H
1.1 kb H B, G/Dspe ¥ 14 0.8 kb H B (¥ 10).
2.2 PEET SAM BRARERENTEEE
bl

1E MD AR |, T#:H G/Dspe. G/Dmsm #l
G/Dsah PJREIEH AR (R 2A), ULHHEBR spe2.
msml F sah] N2 FECT FEH AR BCE FRE AR

B
6.0 -
=)
o 4.0
=
Q
a
—— GS115/DS16
2.0 —a— G/Dspe
—o— G/Dmsm
—A— (G/Dsah
0.0 - . . . !
0 10 20 30
Time (h)
D
20.0 -
150
S
N
% 10.0 -
a
—— GS115/DS16
—m— G/Dspe
5.0 —o— G/Dmsm
—A— G/Dsah

0.0 P P R T B B
0 20 40 60 80 100

Time (h)

2 EREHTIEREE MD (A). BMGY (B). BMMY (C)# BSM (D)5 55 £ 4K
Figure 2 Cell growth of engineered strains on MD medium (A) and in BMGY medium (B), BMMY medium (C),

BSM medium (D).
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DAH I R B R B A T TR A BMGY
BRI AR Dl . A MD P A b BRIRCL T
EEME 3 mLYPG WA FRIL PR SRR,
IO mL 855508 T 25 mL BMGY Hiff 475
Fro GiREoR, S5HAW GS115/DS16 ML,
T.#2 % G/Dspe. G/Dmsm #l G/Dsah 4K
TR EES; KiFk 16 h HIRAKIEA Y
(K 2B).

16 S S B 3R 5 Hh (BMMY AT BSM)AG:
TTHEEMAEK., BBMGY 3% 16 h i9153%
W, F 4000 r/min Z.0 5 min, 3 L3, FK
FET 25 mL BMMY = BSM 1, TRET
30 °C. 220 r/min FIHEEEF &M T35 96 h,
FBE 12 h I EEEZWE N 1.2% (IR
). 7EHELASEIRIE BMMY 1, S5l A H
Pk GS115/DS16 #Lt, T2 G/Dsah 4= K40 2%
12, G/Dspe fil G/Dmsm Jt {2 % 25 7(8 2C); 7E
FEmbEh R R BSM A, TR S AR NAE
KA H R B BRI, AR R et
AR, FHREEEST BMMY 3Rk
BT (K 2D). ik, 4k SAM B FRHR
A K51 BSM 85573,

2.3 [HET SAM SEAHEEME~AEDN
=AU

T FEE 2 BBk 6 A BHMER AL T
HAGII L SAM i, A ER S SR AL BSM
KW, PEEAES 120 )5, R 24 h B0 L-Met
BLIRIE N 0.10% (FT=IARED), BT 96h )5
D7 25 TR B A B AL R SAM MR JEE

EXFIEH GS115/DS16 BN F AT H SAM
77 (98.8 mg/g-DCW)AH EL, T B G/Dspe .
G/Dsah 1 G/Dmsm ] SAM =554 & T
29.3%. 55.6%F0 24.8%, k%] 127.7. 153.7 Fl
123.3 mg/g-DCW; HH G/Dsah i SAM ;== &

RERK, BE T 55.6% (A 3), BMARET.
FEMEANK MAT BHE, SXTHRE GS115/DS16
) MAT [ [(236.5+19.4) U/g-DCWHLHL, & TH%
Y MAT 5 [G/Dspe:  (244.7+20.8) U/g-DCW ;
G/Dsah: (228.4+18.6) U/g DCW; G/Dmsm:
(240.2+18.5) U/g-DCWJL B #E2E5, Uil T/
B SAM 7 it 4 S I EH: MAT B £ it il

[\

(=]

(=]
T

i

150 -
T

T
1

100 -

SAM specitic production (mg/g-DCW)
D
S
T

0 1 I I I
GS115/DS16 G/Dspe  G/Dsah  G/Dmsm

Strains

3 1I7ZHE G/Dspe. G/Dsah 1 G/Dmsm 3%1t
FHISAM ~E27E 4O TRk 6 M
¥ AT AR, 155 96 h, #HAT Ry
WIATHE SAM P iUl &K, fEamiEh,
—: MR R KE MR/ ME; o PFRE; K7
BEFNIREARBLE 75%. 43 50 TR A AT
GS115/DS16 HEHRILAT ¢ 5 w5 i,
*: P<0.05

Figure 3 Box-plot representation of SAM specific
production of G/Dspe, G/Dsah and G/Dmsm
transformants. Six transformants from each
engineered stain were cultivated in shake flask for
96 h. Box-plot is used to show the distribution of
SAM specific production. In box plot, —: The
maximum and minimum values in the sample; O:
Average value; the box represents 75% of the
sample size. *: P<0.05 indicate significant

differences between engineered strains and parental
strain GS115/DS16 by Student’s ¢-test.
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24 L-Met RMEF TIZEE SAM FAEREH
=AU

L-Met H#Z 5410h SAM &%, Fl
A& 8 SAM B, fifk L-Met 5 i 5
IR SAM R, HBIN A L-Met ¥
it E B I MAT B, 6 AR KB 52
m PO Rk, FATHFSE TR B L-Met B8 i
(0.06%F1 0.10%) % T FE P SAM J= i Fl e {4 A4 K
EpA e
24.1 L-Met KM= LTEHE G/Dspe & X
SAM B0

TEFEREEL B3R 3L BSM , HIEEES: 96 h,
B WIE RS 24 h JIIA L-Met ELIKE N
0.06%1% 0.10% (Fi AR /340 . AFA L-Met
WINEXT TR G/Dspe WA= K FHLA &K T
& SAM PTG E R (K] 4).
24.2 L-Met ;RIMEXTELHE G/Dsah &5 SAM
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WIS T 264% (K 5). Hit, 0.06%K
L-Met 3 il 3 & & G/Dsah 4E 7= SAM,
243 L-Met ;RMEXEHE G/Dmsm &%
SAM K%M

M L-Met IR R 0.06%I, 75 & B A
(72-96 h), T LB G/Dmsm Y A= 45 FEAA TR
AT+E SAM =R EE ST L-Met WE N
0.10%H (F 6). 24 L-Met ZHIEN 0.10%H,
G/Dmsm [1] ¥ v [F /& 8 SAM = & N
(136.8+7.1) mg/g-DCW, L-Met #HITE 4 0.06%
A, G/Dmsm 4 FE 1A & LA R AT 5 SAM 7 i
[(176.4£9.2) mg/g-DCW]43 5l HE 0.10% L-Met Z8HN
HIRE T 172%M 289% ., I T T FEE
G/Dmsm I MAT B§E, 24 L-Met Wit h
0.06%I MAT [ifiG 4 (274.4+21.3) U/g-DCW, 5%
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Figure 4 The influence of L-Met addition on cell growth (A) and SAM accumulation (B) of engineered

strain G/Dspe.
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Figure 5 The influence of L-Met addition on cell growth (A) and SAM accumulation (B) of engineered
strain G/Dsah. **: P<0.01 indicate significant differences between the results on different L-Met

concentration by Student’s z-test.
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Figure 6 The influence of L-Met addition on cell growth (A) and SAM accumulation (B) of engineered
strain G/Dmsm. *: P<0.05; **: P<0.01 indicate significant differences between the results on different L-Met

concentration by Student’s z-test.
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A5 38 3w PR 4 R GS115/DS16 (i 3%
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T e G BR K SRR E R sahl . S-RRF BT &R
LR i FE ] spe2 Al L-FA AR Z W tRNA 5 5L A

msml, 53AH0HI T SAM £ 3m AdoHey
Eefb . R mIBIR S-IR i B A s iR i Ak LA
] - B A ME-tRNA 4 4k, 98070 SAM TE N 1Y
HAEFH, & T THREHE SAM 1EE
WAL L-Met N, SF—24RE T TRE
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TEEEIREERE R, FBR spe2. sahl F1 msml
A A RAYE TR (A 2A4). SAM BURE:
TR S-It F A 2R e 22 i & U B SR
U A SE T 5 B B (Schizosaccharomyces
pombe) F1 TR i1 ¥ £ (Saccharomyces cerevisiae)
o, RER S-BRT F AR 2R R AL ] spe2 JT
IS BE B ORGSO I, AER LN 2 %5
PR, S B RS SR B AL, Ry SRk
HH T SIS N SR i DR A A Rl A KT (R
IIMEE R BN, @b spe2 J5, T AR G/Dspe
f£ BMMY #5338 BSM FL Atk £k B 37 3% Hh ¥R
IEWAK . 5XEE GS115/DS16 AH L,
G/Dspe BRI AT E SAM 7 &2 5
T 29.3%.

S-JRFF 521 Dk 4 B2 (AdoHey) T SAM. Ak
Z WO AR By g AR R Y, BN
SAM/AdoHcy fEHAL F—FE K. SAH 1)
RETRATRES L-Met/ e 2R 1Y 14 N P-4 A G
TERER sahl IS e SR BRI R ARG
ALEGRZ BT . sahl TEREREH A 2
DAY, AR BMMY H, 5l R R
Pk GS115/DS16 tHE, G/Dsah B bk M AE K404
185 M7EREALER G R 5L BSM 1, G/Dsah Btk
(18 A 5 0 IR B I A 5 22 (1 2C L 2D). X AR
AIRESE RO 5 A MU R BMMY AH L, SEAl
ISR BSM P A HEE R, LM
TR T sahl WBRIGAREHATIOBRAIGR
sahl FEBRIGANH T G/Dsah Ji P9 ) AR 3L A%
HAAEH, —ERE BT SAM 1Y ALH)
Mo Hit, G/Dsah Bk HAALE AT HE SAM
PR EIEE R, AT 55.6%. KR
TR, 15 ARG R 5 ARAER sahl FF
PR A T SAH T J5 SAM PR R T 2.5 451,

25 SAM G INIEY) L-Met £ L-H B %
Mt tRNA 5 MSM1 fifb!, I8 st L-F A

AME-(RNA, A8 N-FIBE-F AR & -(RNA, &
SN . mbE msml BHWT T TAERE G/Dmsm
A L-Met 4= 5% L-FR AR 2 E-(RNA iR 78, —E R
R TR L-Met Y, (HIF ARSI HOE
K, £ BMMY 1 BSM #57834H . G/Dmsm
PR IR TR 4 2 K i R AR . dr Ly
L-Met ¥ BE B4 BT SAM &, 550 A &
DS16 #AHEL, G/Dmsm [ ¥k 9 B A K+ &
SAM i T 24.8%;

L-Met JEABNEEZN SRS, 25
V2B SRR, AFE G R B B A
HILAER SAM . ZEAE Y B9 AH S0 58 v & PR
Lemna pausicostata ¥ 20 il 80%HY L-Met F T
AL SAMPY, A4 i SAM I, itk
KRR IR Y L-Met U 2 AT 2 55 SAM 77 i 9
FEAR R B RAS . (HENINAY L-Met ¥R 0L w2
Hil MAT 36 g R AR KBV 5 R Rk
GS115/DS16 Ik, TFEE G/Dspe. G/Dmsm Fll
G/Dsah Jifd N ) L-Met ¥ FEAR AT RE23 45 AN R F2
P3N, KRR AR F Y L-Met, %
TAERR Y L-Met JHFER AT BB 2 b F L N J5A 1
FFEEE RS RIS o wBR sahl 5 P] 235
FI SAM A B N JEEY) L-Met FUPE IR, DA 5211
SAM HIFHE . L-Met RAME N 0.06%MH},
G/Dsah WA R AT E SAM 7t 0.10%
L-Met JIRATHRE T 26.4%. MSMI1 H R
L-Met fRCI ARG, REBR msm 1 1R AT RE2 3 & i PN
B L-Met ¥ JF ., L-Met BMEH 0.06%H,
G/Dmsm AR | B4 AR T 5 SAM ;= i Fll
MAT it i /K- 0.10% L-Met Z8 043 )42
BT 17.2%. 28.9%F1 14.2%., %156 B Mk BE 1)
L-Met IWINAA T G/Dmsm FAKF) K,
1M ELXT MAT Jif % il SAM 7= da e gerE .
L-Met YENJEY, J& SAM E¥& A2
—, RELFREASMMIT; 4 L-Met IR
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ENF(0.15%), BELRERY TCA TEHFIEAL#ERR 1L
VEFIBE 2P0, Mopy ATP thItAgiFe R,
ATP U/ DA FIF A i34 58, AR v RE R
SAM A= BRGIETRE . L, AHE T
L-Met i, TEGIEERYIHN MIEH T, K
e JF L-Met 1 (0.06%) 8 5d& T T 725 SAM )
A

A5 38 1of BT HE AR I EE N SAML 1%
R R, #E— Pt m T TREH SR SAM 1Y
BE 1. H5H R EHRAILL, T.#E G/Dspe. G/Dsah
Ml G/Dmsm B AL EIATH SAM 77 & 43 5l
T 29.3%. 55.6%F1 24.8%, @Ak L-Met
Ushnit, G/Dsah F1 G/Dmsm B0 B K T 8
SAM =43 A 5] (196.6+£12.2) mg/g-DCW Fil
(176.4+9.2) mg/g-DCW,, & & BERY 2.0 fi5F1 1.8 fi%-
WS TR T SAM IR AR A S FE A
PEAT 2 BE DR ) 2o Fe ikl B, 8 R I B R R
B Y AL R T B SAM 72 i g 1) 3k #
186.3 mg/g-DCWHI 455.1 mg/g-DCWE!, ZAHf
SR AR T FEE G/Dsah, fEAAL L-Met @
J& , BN AR T T SAM P ik #) H R I 1 e
IR PR d R KT 5 PASE IR A R TR BRT Y SAML 7=
AR R A S, POLE S =R E A A
RIS, TR SAM =B AR il R it — 4 4R
Tte BT TREMILHEBIRNRE, HARAL
FRYEAATEZE R, SAM R R S LA 1A S A
6], Bk, &Kk BREmRAAE TRE SAM =
WA T T
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