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Cofactor engineering strategy for enhanced
S-adenosylmethionine production in Saccharomyces cerevisiae

Yawei Chen

College of Chemical and Pharmaceutical Engineering, Henan University of Science and Technology, Luoyang 471023, Henan, China

Abstract: In order to study the role of cofactor engineering in enhancing the production of S-adenosylmethionine (SAM),
we altered the form and concentration of cofactor in Saccharomyces cerevisiae through gene recombination. Effects of
cofactor on product synthesis, carbon and energy metabolism were analyzed aiming to provide a theoretical basis for a
successful metabolic engineering of SAM producing strains. Because NADPH metabolism in mitochondrion and cytoplasm of
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S. cerevisiae is relatively independent, the effect of intracellular NADPH availability on the production of SAM was studied in
different compartments of S. cerevisiae BY4741. The expression of NADH kinase in mitochondria (POS5 encoded) and
cytoplasm (POS5A17 encoded) was separately confirmed using a laser scanning confocal microscope. NADPH regulation
strategy enhanced SAM production. Compared with the control strain, the intracellular SAM concentration of strain NBY SM-1
was increased by 3.28 times, and the intracellular SAM concentration of strain NBY SM-2 was increased by 1.79 times at 24 h
fermentation. In addition, SAM titer and NADPH/NADP* ratio in strain NBY SM-1 were significantly higher than that of strain
NBY SM-2. Therefore, NADPH regulation strategy will be a valuable tool for SAM production and could further improve the

synthesis of alarge range of cofactor-driven chemicals.

Keywords: S-adenosylmethionine, cofactor, Saccharomyces cerevisiae, NADPH
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x1 AHRETAERRRR
Tablel Strainsand plasmidsin thisstudy

Strains Description Source
E. coli Trans 10 Cloning host Beijing TransGen Biotech Company
BY 4741 MATa his3A1 leu2A0 met15A0 ura3A0 Lab collection
BY4741-MH BY 4741 his3::HIS3, met15::MET15 Lab collection
PBY SM-0 BY 4741-MH/pR425/Y Cplac33 This study
NBY SM-1 BY 4741-MH/pR$425-POSHA17 This study
NBY SM-2 BY 4741-MH/pR$425-POSH This study
Plasmids
pR$425 leu2, 2um origin Novagen
pPUC19-Prers-Teg Harboring constitutive promoter Prgr; and terminator Tpg;  Lab collection
pPET28a-gfp Harboring gfp Lab collection
pPRSFD-POSHA 17 POS5A17 cloned into pRSFuet-1 [17]
pUC19-Prer-POSHAL7-Tpg Prer1i-POSBAL7-Tpg This study
PUC19-Prer-POSE-Tpg, Prer1-POSE-Tprg, This study
pRS425-POSHAL7 Prer1i-POSBAL7-Tpg This study
PRS425-POH Prer1-POSE-Tprg, This study

F2 ATERYEHIY
Table2 Primersused for PCR
Primer name
Sac [ -POSBAL7-F
Sal [ -POSBAL7-R

Primer sequence (5'-3')
TTCGAGCTCATGAGTACGTTGGATTCACA
ACGCGTCGACTTAATCATTATCAGTCTGTCT

Sac [ -POS5-F TTCGAGCTCATGTTTGTCAGGGTTAAATTG

Sal [ -POS5-R ACGCGTCGACTTAATCATTATCAGTCTGTCT

Spe [ -Preps-F GGACTAGTATAGCTTCAAAATGTTTCTAC

Xmal -Tpg-R TCCCCCCGGGGGTATACTGGAGGCTTCAT

POS5(gfp)-R AAGAGACAGACTGATAATGATATGAGTAAAGGAGAAGAACTTTT
ofp(POS5)-F AGACAGACTGATAATGATATGAGTAAAGGAGAAGAACTTTTC

Sal [ -gfp(POS5)-R ACGCGTCGACTATATATTTAAGAGCGATTTGTTCTATTTGTATAGTTCATCCA
The underlined characters indicated restriction sites for plasmid construction.

1.1.3 E5REA HAEREHE ([dba) AFA M.

Phusion High-Fidelity DNA 54 il F1 45 F B 12 SFi8%
il N VI NEB 23 @] . T4 DNA 442N 1.21 PFRBEEEEAE X8 NADPH FAE B4 Wik
TaKaRa (K i) 28 Fl P2 b . 2xTagq Mix Il [ 110 iz

AW AR S T o SAM B S K S DR 100 5 A G il
KA B Sigma sl BRI . RE AR
S Oxoid A = i o HARI S M E=, 519
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ML, Sac1-POS5-F/Sal 1 -POS5-R H5[#), PCR
PHa1S 3] POSE FEA . 43 518 Bk pUCL9-Prers-
Tro F1 H AYFE K POS5A17/POS5 F Sac 1 /Sal T i
UI, BilgpEsEERc vk, BILEEY) B, T4 DNA
B, Ak, WY PCR, K15 aY BH
PESEREFEA LB Higedihrh, s sias, Ik
R, Wy IE A 3R 1S pUC19-Prepi-POSBAL7-Teg
Hl pUC19-Prer1-POS5-Tpg) -

43 90 LA P E A 1) H 4 Bk pUCL9-Pregs-
POSBA17-Tpg Al pUCL9-Prer1-POSE-Tpg M
B, Ll Spel -Preps-FIXma I -Tpg-R H5 1414
Wk 57 NADPH FASL Rk & B, JF
BRI F BeRn ek 4k pRS425 FH Spe T Al Xma T fif
U1, MUk, BemE, S iEEz, Ak E. coli Trans
10 ¥4 F V% PCR 56 iiE 45 21 1) BH P o e 5 A 75 4
ZUE LB BigeSerhad g, $RETRL, R,
15 %) & 4 i k. pRS425-Prepi-POSBAL7-Tpg Al
PRS425-Prer;1-POS5-Theg)

Ki g% 50 mL BRIEEER: BY 4741-MH, il £5 /8%
ZAFF B R EIA AL S AT ALTORL, A R
fifE SC EFEM: ARSI |, 30 CHE3%
2-4d. R RITRERE KM E 4 mL ket
SC Wik¥EFe 3, 30 CHLIKKEF: 24-48 h, AT
A 7% PCR B2 75 55 A ALk  F 5 A B4R
KRR TRERRME SC Pk Ak, BT % 1
B UE— O H TR, A H A BORL Y T
WORAZTWME, HTREMNRKBEER., w4
PRSA25-Prer1-POSBALT-Tre Y Bk v 44 N
NBYSM-1, 4 # pRSA425-Preri-POS5-Tpg i Tk
4 A NBY SM-2, i 25 Jii i pRS425 [ B HRAE
%t i PBY SM-0.

1.2.2 NADPH T4 R G870 R0 I B 40 B vh 19 5
L FRAE B MR

DL pRSFD-POBAL7 Jfsitk, Sac I -POSBALT-

FIPOSBA17(gfp)-R 514, PCRY 315 244 ofp
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iz, Sac I -POSB-F/POSE(gfp)-R #5141, PCR
PR A ofp HEIFHIH POSE LK. LU
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ofp(POSE)-R 5|4, ¥ 1132 5 POH HE )T
4111 gfp H B i@ overlap PCR 435114 POS5 F
ofp DA} POSBAL7 1 gfp Rl 57—t . 43K o
ki pUCL9-Prers-Tea F1 H 893 [ POS5-gfp Al
POS5A17-gfp ] Sac I /Sal I Fi§), #MR 1.2.1 FF
Ry B AT AR A5 Wy OE B 1Y B4 R
pPUC19-Prgr1-POSHBAL7-gfp-Tpg Ml pUCLO-
Prer1-POSS-gfp-Tpg o A # , 4 #d T 41 Fi ki
PRSA25-Prer1-POSBAL7-gfp-Tpg I pRSA25-Prees-
POS5-gfp-Tear, I HEA TR I BEFE AL, $RAR PR
SERETR R

1.3 HERERIERFN
1.3.1 BRI

PRI 5 (TP I B R VA 2R T YPD
(10 g/L EERENY, 20 g/l ZE MK, 20 o/l B B
# SC Wik k373 (6.7 g/L YNB, 20 g/L #ii %4,
149/l HEEHR, AEAMRMIRELE), 30 C
Rig% 24 h, B 300 pL 50% 0 Hl5 700 pL flh7
KRR SNRG, B T-80 CRKIRKFE# .
1.3.2 FpFIER

PR B E AR E TR A 50 mL YPD
5 E SC WRIRKEFRHE A (I AKH N A 2 5 R B
), 30 CHiFE 24 h FAGFPFH -
1.3.3 REHFIER

ARSI it P B0 & BERG FR 50 SC 8 R 3E
1 YPD #5575 . #i BPI4f ODeoo & 0.1 JIIAAH Y
B P FIlR E T, 30 CHEE
14 SHhAE
141 HYENE

B 1 mL KRB B — e 55, A
JFE I 2 AR B AE 600 nm IR AR BE AR R T
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A
142 SAM WZER K & &N E
R ES O T 10% (WIV) & SRR 7E 30 °C
TV AE 2 h, 13000 r/min Z.0> 10 min, @t
0.22 um JEMB S, B F-20 TR,
SAM [F) ¥ BE I %2 R F HPLC (S iy, HAR) 7
o MigaIF: C18 fiktt At A/REHA
FRAW, HE); A MaMas: 260 nm; JshAg:
0.01 mol/L HiR%%, FZRVHYY pH £ 3.5; ik .
1.0 mL/mint*®,
1.4.3 FHAAMREH0 e
CEERHMAE R Y] HPLC 7 (83K
&, KHE) WE. il ik HPX-87H
(A%, RE); WS 7825476kl & F g s
Kl &% (254 nm); A3 2 50 °C 5 FishAH : 5 mmol/L
W2 W : 0.6 mL/mint™,
1.4.4 NAD (H) 1 NADP (H) & &0E
LN NADPH., NADP". NADH #1 NAD*
Fi o 3 SR VARG B A A 3 2 120

2 HBRE5H

2.1 NADH 57 BR if B2 B 25 R (R K 40 i JR
H Y RE LR AE

CL A SCHkAE NADH i PosSp 52 {3 T iE
i RELR R AL T Y BRI BT Prees 4
F NADH e 240 5t & S i it 263k, 4351
¥ POS5 Fil POSBA17 (8122 5 gfp 56 H 4T il &
Feik , AR BOE I R A BB 0 NADH 78
AP EIAIE . B 1A FTEH, KatG GFP Y
WA PRt B 1B RUIAE S KA
NADH i Possp 7 {v T F 17 i B 4 i i v, il
AT DO, B 1C AT R A A 24k
M PECEER , X UL WA 5 5 Ik NADH i
Posbp 7 v T ER P B Rk LRk ik, 5 SCkRaE 1
gep gt by — 2,
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1 NADH #EEERBERSMMPRIEM (A: X
B BY4741; B: Posbp (POS5A17 4#%3) 7EZABE R B Y
EfL; C: PosSp (POSS #wAY) 7 ki fK b BY € L)
Fig. 1 Localization of NADH kinase in the S
cerevisiae. (A) Control strain BY4741. (B) Posbp
(POS5A17 encoded) localized in the cytoplasm. (C)
Pos5p (POS5 encoded) localized in the mitochondrion
matrix.

2.2 NADPH B4 R4 3t T ha A IE/Z HER &Y
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AL, K2 24 h SEARRPREE NBY SM-1 JIp i
NADPH/NADP' HL R E 7t i T NBYSM-2, {H 2
NADH/NAD" L IELF NBY SM-2,
2.3 $X1HiFE NADPH 3FF SAM & X HI 220

B 3ATLAE H, X RETR BRI A= ) e s 1 T
HEAWME . ATReEM TEAR T NADPH Fi:



R4 AEEF LESRIESRERS P SEEESBRNEMAR 251

A B r
5| —* PBYSM-0 8r —a— PBYSM-0
I Egizm:é 7 | —O—NBY-SM-]
) I —&—NBYSM-2
L ~ o
E |5
$ 5,0
S| s
<
» 3F & &
1} 2r -
1 .i”.\/.\‘
{] 1 1 1 L 1 L 1 1 L 1 1 |
0 6 12 15 18 14 16 18 20 22 24 26 28
£ (h) [ (h)
¢ 12- 0.9 b NADPH i
E NADP* NADPHNADP™ 100 &~ ol _ NADPH/NADP25
E 10 + = = =)
E 10.7 = 42,0 <
= el .
53 ST EA 77 15 =
E%Oﬁ 7 31% g g 06 % ) %
e 7 loa S =3
SE Z lo3z EZoa é 10 2
g / 2 S 27 / E
x 102 o : <
5 02t % £ a 02 % 52
2 % {012 2 % 5
Z 00 | 7] = = 10.0 Z 00 A 0.0
’ SO ST 82 S0 ST 82 S0 S1.82 SO S1 82 SO0 S1 82 SO S1 82
Strains Strains

B 2 NADPH B2 R B & B vk A B AR B (8] B A IR AR EBR AR L (A: & B 15 h BB NAD'/NADH 3K E L
% NADH/NAD'ELZE; B: &% 15 h ffi Al NADP'/NADPH 3K & A & NADPH/NADP' L ; C: & B% 24 h B2 NAD'/NADH
RELIE NADH/NAD LLER; D: %% 24 h fa NADP'/NADPH % & LA & NADPH/NADP'EL )

Fig. 2 Effectsof the NADPH regulation strategy on the concentration of intracellular pyridine nucleotide in the control
and recombinant strains under different cultivating time. Intracellular concentrations of NAD*/NADH and NADH/NAD"
ratio at 15 h (A), concentrations of NADP'/NADPH and NADPH/NADP' ratio at 15 h (B), concentrations of
NAD*/NADH and NADH/NAD® ratio at 24 h (C) and concentrations of NADP*/NADPH and NADPH/NADP® ratio at
24 h (D) were evaluated. SO: PBY SM-0; S1: NBY SM-1; S2: NBY SM-2.
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Fig. 3 Effects of the NADPH regulation strategy on the biomass (A) and SAM titer (B) in the control and recombinant
strains.
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Fig. 4 Effects of the NADPH regulation strategy on the
ethanol titer (A) and glycerol titer (B) in the control and
recombinant strains.



R4 A AHEF TERRIESRERS P SRESSBRNEMER
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