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Semi-rational Design of Methyltransferase Relieves the Feedback Inhibition of L-Hypaphorine

WANG Mengqi'? XU Jianzhong"*

(1. School of Biotechnology, Jiangnan University, Wuxi 214122, China; 2. Key Laboratory of Industrial Biotechnology,
Ministry of Education, Jiangnan University, Wuxi 214122, China)

Abstract: [Objective] This study modified the S-adenosylmethionine (SAM) -dependent methyltransferase to
relieve the feedback inhibition of the product L-hypaphorine on this enzyme in Escherichia coli (E. coli), thereby
enhancing L-hypaphorine production. [Method] E. col/i BL21(DE3) was used as the chassis strain, and the
expression of the SAM-dependent methyltransferase EgtDy,s,v r2s0a (abbreviated as MsE, the encoding gene is
egtD) was exogenously induced. The induction temperature and inducer concentration were optimized to enhance
the soluble expression. It was observed that the enzyme activity suffered feedback inhibition when L-hypaphorine
accumulated to a threshold mass concentration, which led to reduced catalytic efficiency. To address this problem,
a protein engineering strategy was employed. Using Schrodinger (a molecular docking software) and PyMOL (a
structural analysis software), the substrate-binding pocket and channels of MsE were simulated to screen potential
mutation sites and perform alanine scanning. [Result] Glutamate-to-alanine mutation at position 143 (E143A)
significantly attenuated product inhibition and enhanced the enzyme's catalytic capacity toward L-tryptophan.
Under supplementation with 100 mg/L L-hypaphorine, the mutant MsEg ,;, exhibited markedly reduced inhibition.
Consequently, the L-hypaphorine yield of the recombinant strain E. coli BL21(DE3)/pET-MsEg,;, reached
(10.85+£0.26) mg/L, representing a 175% increase compared to that of the parental strain. [Conclusion] This study
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successfully engineered MsE through semi-rational design, not only resolving the feedback inhibition but also

providing an effective strategy for enhancing L-hypaphorine biosynthesis via protein engineering.

Keywords: L-hypaphorine; Escherichia coli; tryptophan-specific methyltransferase; protein engineering
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Table 1  Strains and plasmids used in this study

¢ B PROR R 4 R AR SRR AE V5

E. coli IM109 F T J5RL R 18 2 T AE S 8 3 R

E. coli BL21(DE3) H T & ARE 1 3 i 7E 5256 =5 4R
E. coli BL21/pET-28a Fitk E. coli BL21(DE3) 35 4% 4% 5t i pET-28a EN TSR A
E. coli BL21/pET-MSE B ¥k E. coli BL21(DE3) #5715 Jii ki pET-28a-MsE AT T 1
E. coli BL21/pET-MSE;5, Btk E. coli BL21(DE3) #5747 Jji Bl pET-28a-MSE 55, A HIF A 3
. E. coli BL21/pET-MSE, 5, # E. coli BL21(DE3) ¥ 7 JFi i pET-28a-MsEy64 ENGI WAL
i E. coli BL21/pET-MsEgs4, WPk E. coli BL21(DE3) 5 75 Jii il pET-28a-MsE 35, EN IR AR
E. coli BL21/pET-MSEy, Bk E. coli BL21(DE3) ¥ %7 Jii ki pET-28a-MSEy 50, AT T
E. coli BL21/pET-MSEg,,, W E. coli BL21(DE3) 4 i WKL pET-28a-MsEpy;, ENTISR AR
E. coli BL21/pET-MSEy, Btk E. coli BL21(DE3) 5 #7 i K pET-28a-MSEy 5, AW TE
E. coli BL21/pET-MSEy 5, ¥k E. coli BL21(DE3) 457 iU KL pET-28a-MSEg 454 ENTIFIR AR
E. coli BL21/pET-MSE, 44 Wk E. coli BL21(DE3) ¥ i Jii Fi pET-28a-MSE 47 ENGIIR Al

pET-28a LKL, TT R BT E 35 BT AE S 56 =5 R
pET-28a-MsE pET-28a 1 M252V , E282A % 4% (¥ 3 K] egrD A HJF 554
PET-28a-MSE,;5, pET-28a 547 ALK MSEs5, [ 5 ENGIE ok
PET-28a-MSE, 4 pET-28a 5 i 58 A8 4/ MSE 34, M1 5 ENTIR AR
. PET-28a-MSE 4 PET-28a 4§57 AL 1 MSEsq, ¥ 55 [R] A IR
I PET-28a-MsEy 5, PET-28a 5 5745 1k MSE,s,, 1) 35 [ AW ek
pET-28a-MsE,,,, PET-28a 4547 ALK MsE,, , I 5 A L
PET-28a-MsEy 54, PET-28a 5 7 S AL 1 MsEy 4, 9 5 AR F R
pET-28a-MsEy ;. PET-28a #5417 ALK MsEg, 45, 1 5 [H AT TR
PET-28a-MSE, (/s PET-28a 15 47 98 A& MSE, 47, 1 5 [H] NG AR
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Table 2 Prime

rs used in this study

EEGY FHI(5—3"

MSE;y50-F CCTGCCGGCGAAATGGTTTTATGATGCGGTGG
MsEp54-R CATTTCGCCGGCAGGCTTTTCGG

MsEy0-F GCCGGCGTGGTTTTATGATGCGGTGGGC
MSE;60-R TAAAACCACGCCGGCGGCAGGCTTTTC
MSE;4-F TGGGCGTATGATGCGGTGGGCAG

MsE;5,-R CGCATCATACGCCCATTTCGGCGGCAG
MSEy0,-F AATGGTTTGCGGATGCGGTGGGCAGC
MsEy50,-R GCATCCGCAAACCATTTCGGCGGCAG
MsEp-F GATCTGGCGGATCAGATTACCCGCCTG
MsE;;,-R CTGATCCGCCAGATCGCTGCCCAC

MsEygou-F TGCCGGAAGCGTATCCGACCCGCACCGAAGC
MsEyso0-R GATACGCTTCCGGCAGGCGGGT

MsEy,54-F GATTTTGCGGAACATCTGGGCAAAATTCC
MSEg 54-R ATGTTCCGCAAAATCGCCGCACAC

MSE, 674-F ATTGGCAACGCGACCCCGGCGCCGCGC

MSE,  ga-R GGTCGCGTTGCCAATGGTGCTGCCCAGAAACACCACC

1.3 ®AERFE
1.3.1 TakXBARGHZ

PA pET28a-MsE AR , Wit A 51 4, 8 ik
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B 9R HE b0 gk o 34T B 7E PCR G , 18 i % R H
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TR B8 PR JEAT DR K . 4 TR PCR B AR R 40 R -
20.0 pL ddH,O. 25.0 puL 2xPhanta Max Master
Mix.2x2.0 uL b F#E514.0.5 nL B4R .
132 Ewmesey Rk 541K

HHAWAVFBIGEHG BT & F & &Kk
F£ 10 pg/mL KA F E 1 10 mL LB AR 78 2,
37 °C 100 r/min ¥ 3% 10~12 h, #% 1% ) & F1 2) #¢
M T & A 10 ug/mL K I & 1 50 mL TB R 1K
B g Hp, 37 °C L 100 v/min 347 55 9% . 24 W W
ODyoo fH 15 £ 0.5~0.6 I, I AN 243K 2 0.1 mmol/L 1
IPTG, & T 30 °C 100 r/min [] & IR o 55 5 %34 16 ho
S LR G, A &l 0T 6 000 r/min B0
5 min 5 WCEEDTHE , 3 F PBS Bl vE i 2 k. B
TN 52 = 1 PBS 2% i i 2 % T A, A 5K Ah o)

I B T E B A TR B U T A — 0, R R S
TEACAEAR IR R 24T 15~20 min 40 M0 A5 5% , BL & 3
AL UCEE B 5 B T T, B A5 B0 R

= SRS L =G A B el = il o N
BEF S, DU & Hon] i R OA 78 #3 1) FoAth 5%
PE— S LR, % B 25.30.35 °CiX 3 AN I A
FEREAT LA, 5 3 45 5 U RIS WGEAT SDS-PAGE
AT

IR I 15 5 ) BE W 5E - A R IR B I 2 Ok
PET, S B A IKIE N 0.1.0.5.1.0 mmol/L ] IPTG,
B WG W FIE AT SDA-PAGE 4317 .
133 BEH Mz HEiErR B

il 35 700 s Ak &R 200 pL MRS T
Tris-HCI 50 mmol/L (pH 7.0) . NaCl 50 mmol/L.
MnBr, 100 pmol/L. SAM 150 pmol/L. SAHH
10 pmol/L . L- 5 Z 2 50 pmol/L A1 100 pL FH i i ,
35 °CF Jx M FF7E 265 nm 2514 F 9 10 min. [
TG 1B CUD 8 SUNTE B OB S R & 2 il
#6 1 umol L- 2 1R T 5 1)1 &

il 1 AL [ B AR &R 2200 pL O B RS T
Tris-HCI 50 mmol/L (pH 7.0) « SAM 1.5 mmol/L.
SAHH 1.5 mmol/L. L- % % & 500 mmol/L F1 100 uL
FLBE, T 35 °C I M. 2 he J B 45 3R JiE 5 5K H %
TOORE T W - A ) 5T A
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U B R BN R A A4 () B 7 DA S L- A
ol

5 3E B pH M58 « 428 1) B I E Ay B iR
o3 ) ¥ B AN (A pH B BE 1 4% b - T PR A AN AT R
fig £h 2% P (pH 6.0) , Tris-HC1 2% b i (pH 7.0~
9.0, H& R - & A A BN & vh i (pH 10.00 . 1T F A
5] pH T K Bl 1 i 3 7, [0 B 388 A7 i A e IO 5 1
A E pH T 9 AR A4 1) Bl 7 DA K -3 A Bk =
1.3.5 K& &

M PDB % # FE 1 15 Fl| MSE [ = 4 45 #4) 5 7Y
S+ (PDB ID: 4PIP) . fif H & & B 7 #r 3K 1
Schrodinger. PyMOL ¥ 17 4 F X 42 DL J& 45 #) 4y
M, i R 5 G G & S 1F 0 DA R OWE % i
T8 JE) ] ) Bk A 5 W SR 3R AT R AR AL U TR
1.3.6 @&k E g e ik

L- 0] ] 5 e ek s 20 AR i AT .
¥ N Waters XBridge Amide C18 (4.6 mmx250 mmx
5 um), it & A 1 mL/min, #7435 °C, VWD £ Il
A5 10 R W % K S 280 nm, B 5 3 JBE 14 9 B0 AH D Al
IKANGE 2 B A < 0~5 min, 4l K AR B 4y L
95%:5~15 min, 4l K A& FR 73 % 40% 5 15~20 min, 4
IKAER TR 43 $195% 5 20~24 min, 25 K AR FR > 50 95% .
[F) B Ao W AN [ 5T 5 3k 8 A 5 11 b vAE o, K 0 i T
T R A 2K
2 #gRk5ihe
21 BEEHMK

V£ # 2 05 B0t 92 R B, Ah R B B MSE 76 K
Jo AF T AR DAIE R Rk H G B R ) R
FAR B YUUE B AR I A B K HE AR DS 1
DRI b 308 3 of 355 77 5% AR gk A7 A0 AL, 72 A [B] iR BE A
ANTER BZ IPTG 5 3 £ 34 J5 3 17 SDS-PAGE 73 7,
SR 1R . SDS-PAGE R W], 4iF SR E N
30 °CH} , MsE 7E b i Wi A i ] 95 14 3R 0 e e T

EPHESE: BRI P EBUURERR LRI 80 & 1560

K AT A e 38 AE K FE R 37 °C, Ut BE B 1K iR 2
SEFEOR=LEEIERITE . 1A R R E
(19 IPTG % & 15t 1) AT ¥ 1 3R 08 52 ma 5/ (R A8 vy
WEMFESA M= EEFEH. ik, G
42 1% £ 0.1 mmol/L [f) IPTG 34T WF 7% o

1 2 3 M 4 5 6 7

1—0.1 mmol/L IPTG% S Ji5 i
2—0.5 mmol/L IPTGi% S i
3—1.0 mmol/L IPTGi% 3 J5 Fi&k; M— E AR

6—30 °CIAF )5 Lidil; 7—35 °CIAEFJa LIl
B 1 B Ak R R B AL 89 SDS-PAGE 441
Fig.1 SDS-PAGE analysis of temperature and inducer

concentration optimization

22 T LTHIE

L-E S RRAE e A M /E R, il 7E a-NH,
N A B kAN b 3 A B3R, R A5 2 L- 5 A 6
S 2 Ca) Bt o HoHp, B O ) B S )
JC e YL T L- AR B ) P & . EgtD 42 SAM K
R S B RS I, J& T Methylation-33 X% , K
L-YL B N EW , 252 A1 282 i i & it R )5 , %
g O 3IF 52 0] LA DL L- R N . AR & (e
A ZH )T AT TS R, 6 AN [ SR U Y e OO i gk
177 0k . %73 2 1 MsE A AL 5 10 & 8
28 Ab FR S, HEAT O € S b B AT DA W 3
FEP I . SR, TE B T AR PR R I, 24
A 100 mg/L L- 51 A B i}, % H JE i MSE 1 B % 77
22 2 AN, =4 L-RAE B L F- A K, W 2(b)
Fi7R , 1X T0 &8 43 5 J5 2 4 K AE 7= .

VE % 38 3 5 1 X 82 8 Schrodinger ¥4 L- 5
R < L- ) K B 43 9] 5 MSE BEAT 20 T 0 8, SR e
W 5t 45 5 N PyMOL #4720 i, 45 SRt 19 3
(D~ iR, WEZFERIN, L-ORA RS 5T
AAEHAM A S, 5 AN 56Tyr. 161Gly.
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Fig.3  Substrate-enzyme interaction and yield analysis of mutants
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g5 R 4 ) TR, KSR =2 18 AR B B 1)
Ala (E143 A L4l Hil B ) 7= &+ B¢ 51 35 %) 8.63 mg/L
N TR Z G2 AN R bR S AN A e R, AT T
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