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STUDY ON THE SUBSTRATE RECOGNITION
MECHANISM OF AMINOTRANSFERASE IN THE
DESIGN PATHWAY OF VALIENAMINE

ABSTRACT

C~N amino cyclic alcohols belong to pseudo-aminosugars, whose core structure is similar to
the a-D-glucose, so they have certain a-glucosidase inhibitor activity. The representative pseudo-
aminosugars are valiolamine, valienamine and B-valienamine. Because of the multiple chiral centres
in their structure, there are many problems in chemical syntheses, such as complicated steps and
low yield. Based on the analysis of natural synthesis pathway of validamycin and the concept of
synthetic biology design, valienone, the intermediate metabolites of validamycin, was successfully
transformed into valienone and B-valienone respectively by introducing high stereoselective hetero-
transaminase WecE and BtrR. The enzyme WecE was optimized by semi-rational design to gain
excellent mutants with improved catalytic activity. In this paper, we expressed wild-type
transaminase WecE and three mutants, including Y321F, VarA, VarB. We determined the kinetic
parameters of the enzyme reaction by L-glutamate dehydrogenase coupling reaction. We also
discussed the interaction between substrate intermediates and enzymes, wild-type WecE and optimal
mutant VarB, by molecular docking and molecular dynamics simulation. At the same time,
through computational biology, the critical amino acid residues of different stereoselectivity formed
by the interaction between WecE and BtrR and the intermediates involved in the reaction were
analyzed, and the molecular mechanism of different stereoselectivity was proposed. According to
the structural characteristics and recognition rules of WecE and BtrR for valienone, we inferred the
potential carbonyl synthesis substrates of a series of functional aminosugars. The recognition ability
of WecE and BtrR for these non-natural substrates was discussed. In this paper, we studied the
mechanism of substrate recognition of aminotransferase and revealed the mechanism of action
between the vital amino acids of the active centre and the non-natural substrate. It is confirmed that
the members of the aminotransferase family can directly recognize the pyranose ring without NDP
or phosphorylation modification. This research established the foundation to directly recognize
pyranosamine carbonyl precursor compound by using aminotransferase per the concept of synthetic
biology.

Key words: artificial design pathway, sugar aminotransferase, non-natural substrate,
enzyme reaction kinetics, catalytic mechanism
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RAENERNE D BIRERAEY), RN TREER R el BRI 28y 7. A2
Fidr, RZ VLM BEE A RS IZAFE TR Stk s HAE 510
B S . WS WS R E SRS R R IEE R . CN ENERED R T
R EY), HARMEAEYHXEENE (Valiolamine) (5-FJE-1- (BFE) -
-1,2,3,4-PU k) X 25 45z (Valienamine) ((1S,2S,3S,4R)-1- 2 J£-5-(#£ 1 L) 3F C0-5-4%5-2,3,4-
=J0EE) M B-HXIE e (B-Valienamine) ((1R,2S,3S,4R)-1-% 3-5-(F4 H L) #F C0-5-45-2,3,4-
—oulE), BAS5RREEPALIRELE (B 1-0D, SPEARTEE. 250, e
55 o-BE S B A SR SE P A RIE R, ARRE R | e B VA AR IR RE 5 HE K i 2 24
Yo RGN EER IR .

CH,0H CH,0H CH;0H HO CH,0H

Hoﬁ |-|o,,:ij HO,,,_ ;L Ho,,,b
HO” N Non  HOT YT NH, HO” Y NH;  HO Y "NH,
OH OH OH OH
Al 4 Bl I A4 I B-JI X I Mtz I A e

B 1-1 HERESRREREERERILEMEN

HFHAEM TSR Z TSRO, WA E AT EE R, ISR EERE, K, TF
RIRREEW & OR R CROVAY G BT TT I R o FH XU B 0 AN H: X B g i R T A Y R
PR I % R R AR, DA 7-B IR 55 R BB Y ELEZ R 1A, IMLAS 22 S A% 0N
TUIEE o FESEIR AT T, SR & BAEYD A B I, DAMROKBER B AR 5 i X
FEIGERIRAR A, B 7RI ANIR R S A2 I WecE A1 BtrR K H: X B Bl D %
WORFH N FNGEREAT B-H M B B N LA G g e IRl FEVE Bt T ik 2k
e B Xt AR RN R M B Il AL RE 7T, TG TGS T 3Rm AR F5 ALK

ST AT ARSE AL, ARGECR L4 2R it S B B S e R B A 5 v, e L
BT M E e v vt g AR R AR R R R R A RAR A H: M B B 1 T3 15 2
s RT3 /1R T I F5 RAAR TS PRSI AL . RIS, ASERAEUE X R e AL
He DA B A B A F AN [R] SLARAL B AL = P K B R L e 2 8 WecE A BUrR BEAT 1 LRI FEHLH
Grifrs o FA T RERERL B0 G5 AREAT T, HEDN T BT S AT AR (ki
IELEN AR RN AL RE STREAT TP IR R, NI & A B, R R B RE
PR LR e Bl B AR AL S BT R R S ERESS A E B 5E T kA

L1 1 RREREER AR B E

H T B RS A OE R A N2, BNTRZ R TIRGACE T, 1E sk
I3 TR 4y M B s S R E Oy B R IR 2 T, HLE RN TR
Ty W ANMACENESD; TEE ORI AR S AT A AT A AR R S S SR,
JUTBEEZ 5, B DEERRKIERAEE, BRATUERIEER, DIRTH R el
2 UM DA A 2 8 R ] P R A B FLAR A B 22 IS 5 B A 028 F) B E R e Ui i 2 55

F1owk3am
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MI& k. 3-2-3-Jii-D- i A s fe s LUR R T NAEAE, R BIIA RIEH, HIL ARt
NEMEZR A FIZOLRSE. BRI ENE A YFH R AN H: X B B2 L 7 A2 Bk
FRER AN R A FHFNEE G % Las st  [F 2 5 R I VA T 259
W FORLAR A% 15O I S RE B a0 B- e IR I R R LB TG AR AE T R AR TR
Pyralomicin 1c f£5 44 Fh I8, [t 2 I BRI S RE A Gaucer JiE 254 N-2FEBE-B-F X & ) i
fTF R RIAT (] 1-2).
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HOQCH,OH OH&‘Y_ CH,OH ?HZOH o OH
) O, poNOLn
oH
Ho” WNH{ OH [ N \4{/1\ Ho” “oon
SH OH OH s & "
(RHG IR N IR S0
T0 R L g i A 24y Gaucherdi’ CH,0H Bk R A

F:"I |—‘?3(B.‘.‘ 4o o Pyralomicin 1c¢ Cetoniacytone A
T MRS BRI 4 BN 4

Bl 1-2 S BB At BT R AR B FL o Re

L L2 SR ERERLE R Thae

I X BN e S BRI S A L S T AR IR 5 5 T E N ) - R BT T, 525 R
E2 -y SL S ibor R NITFURIS PN I 1R 17 S U SN T N v A AL 5 L Pl P G
FIAEWE A VIO R RE IR « R AE S 2 FopE AT AR B0 2501 K ) 58 2R A il
HATIR PR B2 A 10 BURE RIR T 25 AR SIS AR B bl 112 DL X 3 e i e
H M BN AT AT R G R R IR SR 2590 N-F e ik -B-H X B s e mT FH iR 7 i IfUE
SEP, M0 Cetoniacyton A W W] LAVE GBI 254, R YT e JCH M PR I A PEREAE . th
AR L, AR (HCV) PR A BA E N-FEEAL RS a0, 100 o ] 0 0 EF B0
FRIRAE L PEARL N-BEEEAL R AN 25 5 3 05 B ST, o HR1 0 BRIV A1) 790 £ S0 (HIVD
(IR A, RIS SO B A PO, g A, WROKBERS B R SRR AR X
BR A AENEVREITKTBLRAE, AR HTEE R R . B2, BREEEes
Y, BERGIEILING] o-WE T BERETE, 2 AR A B 5, BATT R A N AT
ST E .

1 1.3 RAREESRAL S &

AL\ R BR, R B SR BRI S AL S S G A T
RIRFWIUNZE T IR D-HIEIRE S NPT I AFOBE <5 i 454 15 R X B I -5 o X B I e 1) 7
EM, pehh, AR I CUUBE & RARES, PRt — D& Oh ] BB, DLRR A R
ERIE ] BB O, 50 Mitsuo Hayashida /N L i 17 A D-HI &I R & R L EA
ML R R0 (18] 1-3) 0 IX AL BN 7 0 i B 2 i S PR R TR B A D B e
Ry, SRCPRE A, R EOREGS, H2AMTET O E Y, B IIICRR

el
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B 1-3 ABEARIFNBRE (A). FHNEEREK (B) B
I ARG 2R AT DA A X B A 1 o AIROK B 5 181 R B Pl 70 B 3R AR I X 5
A ZEHIHENER A SRYREKRILARERERL, HFXER A SEXMEKIERT, B
fift ol D-HIEIBE S MBI A, X8R A SERR AR ITER T A nigis
ALk, Z ek C-N SR, 40 A OF M SR X Bl . S EEE T
ﬂﬁﬂ%iﬁﬁﬁﬁﬂﬁ?A,W%L@ﬂ,LL%?x@E&,%% > B B X B B
BB . 10 TR R ER A A= X85 B 1 2L B ik B350 o U R AT 1
G RETFF A Tl AR 5= o — AR R AT X B M P Sty b, AT I D S A5 380 X 2 I
fiieo BT RRMAEYZRSS, BATLGEE NBS 2AR1:, 78 N N-~H I HELE (DMF) /KiF
W, N-BRARTHABET R (NBS) HEZYRIXE T A, dha8 iz C-N A 2
X B M lOI0e) SR, Bl AE A 2N B A B 00 S DX B0 M 11 A 7 S R R A P R R R
Ja K, BAEDIRE S, R, IR TREMTIERE 2, KA R R Z s
=8, 2 S B TAERT R, A=A, R, R foe a2
WA G BT, BRI S0 AT ) #4% vl
1. 1.4 NTiRIH&EEE RE R BRI &Y
VAR, A B T AR S D Re (R R AE, S A BAEY) =B, @DEiR
WHEAR, A AT RREE LB 0 E B A A A ORI 5 NFT R D RREE R R oA, DA R
XFOIRe O AT EHE, AT REAS SCIL P AR R T, S8 M R SR S A R
Jay Keasling SR40 =408 T H T R ESBPUEEA T & X iTA—& SR IERAR IR .
AATTHERIR T A R A ) S BRIBEAT T BT e T A 2Re, AT PR BE TAZ R S T 75 S IR
WG BOERE  FIRTEAHZIE A T B O A TS AT T i P ReE AL, K
Vi ERE T A TRES, FHAER T TWA R R, BRE T2 EEH Gregory
Stephanopoulos & 38 i 7 K AT B H B J A2 IR I & USRS, KRR I3RS 1542
BEITRTAA, A ERASBE B JGME SRR =W KA AR P B8 8 T ARt i it X6t 90 e
TIEE G BAED R, SRR R AN A A T RTAT Y, R R T X —
AR E KA IEFI R 7
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RS, Asig=smid s HMER A RBERERENS, La e #T
&, WK EE T (Streptomyces hygroscopicus) A& &A% T MBS ValA, F 4
ValD UL S Btk B ValK JE47RAE, RIUAT CLE Y6 B X B0, 105 X B i 4
PR AL, ANAFAE CO AL E E—NERRRIZES, I X B E - 0 A oy & B 5t mT A
BB X B IR SEI0 A DU M BRI N AER SRR, WRIAAME R, S5
TR E ML, IR BN RIRIE R T — LS IR A X B AT i RN
A B B A B e AL T P2 ok B KA B 1Y) WecE R 5.4 H: X1 B M B s 1k R 3 X
BRI, TR B MR AT R BUrR BRI X BRI ER A B-IF MM, I H ¥ 1E
IR EIET=YIH) e.e [HAEIER] 99.9% A L. BT 5] NAMNERI AL LR, MIhseil 1iEd
FERUR DR X BRI R LA N X B I, ITTAESL T S X BRI 1 AR 04 7 234 ()
1-4); FFHIERE TR G R B G R RR, AEIERER A YR V)& ROt
RET — 2400 mRmige.

oPO HO_  CH:OH OH__ SHioH CH,OH S
"o N va ValD Hon ValK HO”“'—-E E S 5 M R "°mi
WOH T - — —_— :
Ha\\\w' . H,OH HQO' 0 HO I 0 HO : - A é "H,
g " oH G OH
TR KINBE  2-epi-S-epiJFNTIM S-epi JEMITNTM IR IR

B 1-4 FNEHEBHERRR
I IR AR IR IR RE I BR ], WecE Jof - [X) 2 I Bl ) (EE AL F0 A o AT Fead g 2k
Yol B 554 WecE fi il 53 RIRRM B &Y PMP-JE X B Ia Bt AT 170 17x3H%, JFH.
S ARSI T i, TN T A VESR T AT A 1 AR SR BRI A o JE I XX
S RREATIE AR RAL, FATF 1 RARSCE, JFl i el B i A MR A S 3R AT T
W SIPRETH I RAR A

1.2 REELBE

1.2.1 HEFLFBE)RE

RAENAME (transaminase) IFCNE M, 18— R o-BER R EEB S
ou- i P AT T2 RSCRIT (1 T R FH S S IR PRI o R0 o B B R g A PR A FHS 75 L2 G R
%% (Pyridoxal Phosphate, PLP) E MR+, & —F PLP {KHilG. S ILHBEIE AR AT
W AFAE, TEYHA R R AR DL B B R R R i rp R B A 120, L B s AL R
At tE, HHMRR AR TRPCRE, A SRS, X ser:, =
JE P SV R s 2T DR AR R 2 Uk R AT T2 I SERR L FANEL, T DA AR PR R
B SRR, FEME . TGS LG, v LTS & a2 PP 2 EAk 247 5 i Hh )
(NS

HRE Pfam i 2w 1))7 51 e b LU 45 R BoR, BRI 70 RN MR, AT
FEA F AR AR Z A, 7 W 1-1.



HNBHERITEE D EEEBERRA TSI
R 11 AERBERIR

FHEY)

DEH R — P——
RILALK RILZAK

AspAT L-RA&ZR N,

I F1 11 WY
f AlaAT L-#3 2 e

" o-AaAT B-H &R A T R
a-AlaAT o- =R .

|V o . _ il -7
BCAT L- &R - =

vV SerAT L- 225 g PR B PR
VI ArnB L-B =R UDP/TDP-Jiji &

1.2.2 HEEIEFELRY

PER LM (Sugar aminotransferase, SAT) J& T &L B RIS AN KR, HEHE
BHACRIEH N L-AEBKE L-BAIR, S22 —MCh UDPITDP-#AEME, Z 5411k
AR RE, A A7 HAT A0 1 (R A A 8l

TS AT IR IR, Wl B R M i) T IR Ak, I BN AR R s PR 0
AT ZRAR A T AL, [R]85 B v 1 2 SR TR 0 2 4k S R A SRR E FHEY, A
e ARG FoRE, MEEEBE—BOLAFER NS, Hh REMEas BRIk B
JEEER, /NSRS S VU B 450, SRR C o, HANEIFISHE o i3
[31]

RIERIRIEDIAT, S TEERIE T AR08 Via,  Vib,  VIg =Nk, il
TR RIRIEY) 73 5 9 NDP-4-$ 564,  NDP-3-¥RILHEMF LN . 25 p-HNEHIA
R EF PRI BUR BT VIg Kk, HRRIEW N 2-liA-H BN, g
&S 25 e N B A RAREHIS R L 21 WecE J& T Via &K%, UL TDP-
4-58 F-4,6- XU E L LREVE N R AR, (BB IS JI AT BUR BYKE,

1.3 EpTHHUEERNIFE

1.3.1 Bt

B AR — P S AR, R RARCE . Rr iR, SRS A, JUHAE
FEMDSLARIGE R S AN ARG AU BRI S HERS, X LEE ) A=) R e A 75
B fREA S B B A — B R PR BIan#ANER e, AT SE BRI S il 2% 18, XA LIS R BU,
AL AE R AR TG 78RS i JR 3L, R e R F B R TR AR X R AR 43 14T s Al
b, AT B RE % B A M 2 S bR AR PR R, RS U N E L, HONERR T A N A T
SRS AT .

il 1Ak 32 B4 15 52 13k (Directed evolution) 2P 41 (Semi-rational design) 13
%t (Rational design) =FhimgBY, Horp g Mk R IA IR SCiEE, ERAN TR A
N AL TR Y A I BENLR S, —scie = i 54 PCR TP IR, ZJEE REREA
P b e B B TUIIREAE 1) 8 MR o 27 VAN TR B T R H PR AR 1 IR s ) 45 44 DL R AL
BU, PO Mz, (e BRAE B, MEReRCERE . MBS R H A E B
FMFE, e HNEANZERTY, SRS, freahXEELE, BSEam s,
TT S F RS SE AT & T H AR 00 o 3R T R i o SRR A RN A 4
HIZE A FRME AT, (ERRE AL X3, Byt s, 047 R B Lext Bl 450 AT, AR ik
H OB R SRR IR IE, X eI T BRI A2 48 (lterative Saturation Mutagenesis, ISM) 5%,
F WA TEF ORI ZEAE (Combinatorial Active-Site Saturation Test, CAST) . HrR kARl
R NG T I B R S IR R AL AT R B BRI RAR, R AR SO, AR IR IE T & T4

F 5T 31 m
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1.3.2 mE@EEIiLE

=Ll R TR (High-throughput screening) v T84 7 52 ) B AN 8 A - FE MR
ik . EBREEAE RS, X T AN IR R FEAL A TR B AT 19 IRRAR, #iEE T 100 N
B, MIREE ISR /N A 10019 AN ARA, IR A mnd s i 1) k. 3, 7RI e B
B 15 ZH AR ERAIAR FE (R MBAD 2641 Tl 5E s A Re 8 AT K IROT RE - &40 &
I HAZTEHE N RYIRERE 2, G RO, Seie g BUERHERf . DR IkG 75 A0 a0 E 1)
7%, AR W RYDR FERA FE S IR A A, RIS B S N 2R . el Bk 7 v — S
SRR SLARORIE TS . OGO IR 4 ik LA R UK R oy 1155 . N T e
A8 AR S SRR R AT R, SIS B H MR ST Tl A LR U e i . AR R R
g WecE M L-B 2R 5 I X B I B AR i o~ 1% R 5 M & d e it Ag b, I %
HeAG 5 AR, AR TR RBER PRI . (H2 L-AE R IR (L-GDH) AT LLLL_FdE] =4
o 1% RN IR B — 4> TRV #E— 73 F NADH, 42— 43 NAD+, ifi NADH 7 340nm
AU o PR I A I NADH A5 S EAE R U RO FE TR i R R, (o AT SOHE H AR S S
ﬁim%Tkiﬁ%ﬁﬁbﬁﬁﬁkﬁwﬁﬁﬁﬁfm LA 52 7B B 1-5) 6

H,0H CH,OH
HO,, f
i WecE HO,,
- =
' Target reaction
HO™ Y HO™ ™" “/NH, =
OH 6H
Valienone Valienamine

NH,CI NADH
L-Glutamate Monitor at 340 nm
Dehydrogenase NAD'

L-Glutamate

Signal indicative
reaction

B 1-5 KREABE-SRRMEMRKRERMIETE

iR 1,15 AR R R A RS I WecE AL AR RSN X B2 A R e VR, 7R 53
Mr M5 UL R E L7 5 )5, R B E R/ 0772, #ie T s O sema
FERRIRIE TEAS T AT, T LEA pi7 1) FR A7 ot e U BTG 2 ) $E RS 21 S v o 51 F S
T AR W IER R RAR S S, FIH Sl R s R, A SR g R G Ol FFEE
T HAVEER AR R R AR Y321F HEAT T TR SRR, FE AR ST E R 4 S
LR T EEERAAME . Hh A RIS 3] 7 RAA VarA (Y321F, V318R), —# 13
T RARR VarB (Y321F, V318R, F319V), 1l 1-6 iz . FEARNL SR 75 5 AR R 7% STt
[Tk S FE 25T FHLEIAT 5 1 — 2D R
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The candidate residues for activity evolution é
> Y321F/V318RIF319V
Arg213, Phe217, Arg218, Lys223, S a0
Faogy Tyr 224, Thi225 g
c
Loob9 Val318, Phe319, His320, Tyr321, 2
P lle 322, Pro323 g%
Y321F/V318R
Cys27, Pro53, Cys55, GIuso, 5 vaz1ENst8Q
Tyr79, Phe81, Tyr128, Cys133, S 104
ﬁli rf\: ?cli?:te Glu151, Cys174, Glu179, Lys 181, £
Tyr183, Glu 208, Lys209, Lys223, 2
Tyr 233, Tyr321, § " WT

B 1-6  ATEARF A WecE BRI R L4 R

1.3.3 BB TI%

Wty s S50 775 e BB 25 6 IR IR e 77 DA S A A S BT 26 oV 2244 5 s I ) Tk 26 B o I 87
WU IS T 3 0. 6 T — NSRRI RN, Y S 588 E 458 R RA R E T
WA ES, BRI P S5IFE S E, Sk B NeS, BER S B 2 th il
Z AW G R TC PRI B KA, IX(ESE “HRIA=4” d, H Ik aTHE S ROV R S IR
ZIR R, RRRKTRRT (R 1-D).

— Vmax[S]
Y0 = K +[s]

T Vo RIUE R SLTEZE,  V max A2 B A 56 A VLRI 1) B K RS L [SINR AT 46
WRE . K AR IR, A S 5 ST Rk B e K S THEE Vmax— V- I TR ECAIIR L
BRI Km S[SIHHSE, A8 St T i 5 2 IR S5 S HOSEAIRERE, BRI R, TSRk
FETEH . RIS BRI, BEE AR BN, B S S AW, H Kot 24k
Gtk o TG CYNIREERS N B — e FEEERS, BRI EAT, i 2 ) A BE BB A
N, 38 IRERAIR Xt S N TE P T LT R, IS T A s S T B B R N . N T
BONFEHIHIE Km5 Vmax(E, 7T LAFI A origin /E B EA4F K KT FEILE DhEEILA HEK I
TIREMILE, AT ENZAE, Wi LSRR GRS R U[S]E UV HTIER, ARIRaREER
H Kn5 Vinaxe

1.4 RAMRABTRENX

P BB B I BRI 45 PE R RS AL 0, S SR T 41 B EF 171,
5 BRI A SN R RGBT 2 N- ST B I DB 2 7,
T, (ERRE. S SRS EBmZGTR o, AR R RS . AR
B & AR i 5 R R A AL, 3F AL7E AR R AEE T 2, 3
TGRSR . AT T3 TR A TR, SRL & AR IR, 7 AER
BUBIALA, WORBIR, RIWAAE S, AR, RIS . EER R R
AR (D 05K L LT P RUR B, A A 2 TR AR SR 24, i
TR AR R O A+ 5 BRI L.

AU TR T B R R SM T M 5K 45 03 D40 PR
FUEILAEF, RIVEIERE M WecE I BR A LIS XK FL AR S0k 2 et
ARBIER I B pIF MBI (e.05909%); IHBITFAM T H7E, Xt
WecE (IEHCHE JTHEAT T HRM, R BB Tik, 300 T HEHCE R S

AR O T 600 L, SR L R MO TR WecE B2 TSR 03 173
T RIEAT T B T30 %S8O, W T 7R FIRE R AT REALIE TR R

(1-D
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o’/ ANGHAI JIAO TONG UNIVERSITY FREBEIRIGITER P REE BRI ISR
FANPER R T, % el T3 1 B 5 A S A A PERR 40T, T T WA i 7
THEG TS, Lo T EIEEERSNE WecE A BHrR L5 oh ] P T I F 6 b L e i 34
7 B ST KR TR L AR B K S HED T SHAERE A T
Wit e RS LR, B ISR i, PRE T WecE il BIrR AHEEJER AW
LRSS, A SR ST A S R MR R SRR M AR, 487 T 35 b o D2 B R
R AR IR, FE0 T AR RS U (0 P B, T S S R R e
PR AT DA T LT NDP SRR MR , Ayt & A0 A, SRR
T 5 L LR A e T S I P R S




- x> g N
WY stawor 1wo Towe Uniesain HRBRRR R S B RRSALSIFE

EE WeckE RREMGENIRF S FHUIEITIE

2.1 5l

AR FE A, SR SR F o X 85 2R AR & OS2 P 1 AR 18] = H: X B I DN ), it
T R IRE RS WecE A1 BtrR LA S X B MG I T B-FH: X B M L I AE 6 BOS R 5
TR M I 7 AT R IE 0 WecE #HT T ShAgHE(L, /15T WecE R RIRIE
VI X B2 S TR (AL e 1B T IR 75 R84k

AL SRR [, RIS T B AR R S 2 WecE DL Y321F, VarA. VarB %5 —
FhoARR, @I L7520 R I B B S N 7 20 Sl s T A BRRT SR AR A P g S N ) 10 2
80, VR T AN F TR sONTG A AL T DTk s SRR A2 U7, WA B WecE
R IRAL R VarB 5 (A=) AH BAE AT T 0 Fah 58, 456 S IR S FE IR 1% 5
T, X RARRAEATE I3 I 0 T HUIEAT T AT

2.2 IR

2.2.1 Wk
KT B 1k H bk BL21(DE3)pET28a(+)-WecE: S5 % {5 1%
KT B 1k H bk BL21(DE3)pET28a(+)-Y321F: SLid % {5 4%
KT 6 £ I8 bk BL21(DE3)pET28a(+)-VarA:  SZie % {5 4%
KT B £ IA bk BL21(DE3)pET28a(+)-VarB: 525 25 {547
2.2.2 SEEGAELS G
A B 32 B A AR L3R 2-1

K 2-1 TRAFR

EWnIE i CR
RIEER T A TREAF
JR A 1 R i [H Oxiod 2]
[EaNEiiEy] i [H Oxiod 2]
iRy A A 2R A PR A
FF X 25 S 2y FRAE A
PERRAL S % (PLP) Bz T A w)
L- B &R AR TAY TREAF
L-B 2 RN & (L-GDH) Sigma A
I JE ARG | — 458 (NADH) Bz T A w)
/N FEAETAEY TREARAH

FoAth# AL AR ot all, 2 BN B AL AR A BRA ) 1 2488 AL 1)
ARRAF S AP TG R 7 BEAT IR K

2.2.3 EEREIREE NG ph i

(1) LB Hi773E(g/L): 72 HIFREX 109 & FIk, 59 BEEFAY, 10g SN, IIALETK
VARG A 1. fE 121°CHAT T KTE 20min, FCH| LB [E KR TR BN, £E Rk R 7RI 1 2L

FOoW L3 ;W
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#/ SHANGHAI JIAO TONG UNIVERSITY

FHHEHEZ T EE D REEBERYERIHRR

fill AN 2% (Wiv) B IE A o
(2) B3hiEFEEFRE(QL): 7 HIFREL 109 #& i, 59 BEREEY, BEJS 1A 20ml50xM 21
IYVEWL, 20ml 50x5052 ZH 70T LA X 2ml 1M MgSO4 W, IIANEBE T/KIBEH5 G 2R
% 1L. fE 115°C% 4+ KB 30min.
(a) 50xM #145: 7 HlFREL 89.94g T /KA IR A 4, 349 BEIR A4, 26.759 &
e 7.1g BREREN, IO 2B /KIEM G € 4 %2 200mL. 7E 121°C 24 T KB 20 min.
(b) 50x5052 #17y: &HL 75mL Hit, FREX 6.25g %% bE A 259 a-FLB%, AMA 100mL
EEFAIEEINH, EEANEEEEM, HIANEE FKERZE 250mL. 7 115°C%/F F K
15min.
(3) Binding buffer (PBS ZZ#¥%) (20mM, pH7.5): 45l H 60mL 5M NaCl &,
80mL PBS A, AL B F/KERZE 2L, i 0.22um /K R JEME e i .
(a) 5M NaCl ¥%ik: #xHL 292.2g NaCl, 28 /KM €A% 1L,
(b) PBS £ii: AW: FREX 125.35g NaaHPO4-12H,0, HIIA 700ml 25 /K Vfi#: B
. FREL 23.49 NaHoPO4-2H20 I 300ml 2 B F/K R —iAfiidE—i8 B EZE A
FIAWT, HEMAZRpH £ 75, B35 pH N 75 K PBS RHK.
2.2.4 SIS
AT S AR WLAR 2-2.
R 2-2 AL EEHFANEE
NE i AR

WETES TEEER] « BN E R [TEARERAF
e K B H 4 SANYO A#]
15 1 4 PR AR L KB AE R A

AN EE L L
R R B O L
AT
ESLibEL- AT
L7 I'e
96 FLHRIRG %%
96 FLIRFLIR

4[5 Eppendorf 2]
HZA HITACHI A 7]

18 [ Eppendorf /A ]
4[5 Eppendorf 2]
Z[E Molecular Device A
M IKA AT
EEAETAEY TREAR

96 fLIkILIR IR AT

(ENEY SR TR Z AR AR PR A 7
fH iR 55 77 46 7P 7K AR SIS A A8 A F]
Innova %K 7% [F New Brunswick Scientific 2]

2.3 SEEETTE

2.3.1 HixEAMHEFRE

(1) DR & A HARIEE WecE. Y321F. VarA. VarB (335 & #k K #T i BL21(DE3)
53 AEL Sul BeFpF 5ml LB Kr b, IIAZIKRE R 0.1mg/ml RIBE R AT ERER 7=, 37°C
FAF B FE 12~14h, JEILEF.

(2) FeRIE

(a) EZNEFRE: FEFRIEERERT 1L AESEFRES, MALKRER
0.1mg/ml -EABE &K, 7£ 37°C, 220rpm 14 F 1597 2~4h. € B OD 1M 0.6 A1}, B2
AR 25°C, 220rpm & F T i 53R IA 20h 245 .

() IPTG 5 SR IE: ¥iG LI EER T 1LLB Bi3rdkdr, IIAZIKEE A 0.1mg/ml

%010 7 4t 31 W



) skt o Towe UsveRSITY FHNEHROTEE T EEE BRI

%%Bﬁ% £ 37°C, 220rpm &4 T 55 9% 2~4h. ME R OD {H 9 0.6 /oA, IIANZHKE
N 0.1mg/ml IPTG 5 %ik, £ 25°C, 220rpm 614 T 468284 9% 20h 47 .

2.3.2 HirsEEm4f

(L WEREAE: BER R =0, 78 6000rpm, 4°CZ&fF &L 20min, 7
% B3 . 2 A 40ml Binding Buffer, W1 F e e ) b H 2. WA T EE 55,
O A ORI TR R R A BRURE, AR B T T 3 2 v R R AL I

(2) I FH v ) 0 L B A A L RBE R T A«

() SEEATT RG2S, DURIEMIE RS, HEAERIA 2 4°C.

(b)) HTEBARETHORES NnEkialr, BtAsmEFm, KRR N0 G,
KA, DU EE 7K. 2048, 251 7KEL K Binding buffer 4 2% A g BIARIE
o, ﬁfj&ﬂﬂ I =00 2 — B —0r 2 — R RIEPR g r, i 100bar =24 1Kk
VI E I -

(0 THIRE T HETE %, lﬂéiﬁﬁiﬂﬁﬂ% B, MAEREREA, s T,
g & 3N % 600~800bar, BERE 2~3min. B FEKIE B2 L, WEEBIRIR I KR
Ho

() AR B A 18], # PR (b) JEVE . B se e, DU £ B 1K,
20% LI 5B TIKIGHE B zF%%%%ﬁHﬁﬂﬂM% THEE R

(&) ZHMIA IR AE 10000rpm~12000rpm, 4°CZ&4F N &0 30min, U4E LiE . LARHIA
FAFEE LA 0.22um K RIEEIS IR EIER. AF A RHE R .

(3) Ni HEspAnaifh: TR R pET28a HHafif 6xHis Ar%E, PIHw] FH AL FE AN
JENTRITEA B AR, alifl BRI

(a) K& Ni #:+ change buffer il 88 ¥ i s

(b) M 20 FEFEABEAEKIMGE NI .

(¢) 1§ 20 AR binding buffer P Ni 4.

(d) FHEEH I 400ul IM BRIE, JRAIE5],

(e) MHEGIR 7 2 AR, B IEBRAE =R % UK. WO EE — AT S R B,
HEHME K

(F) f§1H 60 FEAEAF 50mM DRI e 24 2R 1 o

(@) fHH 10 fisAEAR R 200mM BRIEBERG H B, AT =T BEMORE 25, 25 BIPe it ii
SEWEE, B8 2ml. F Nanodrop2000 H & W S8 19 85 1K EE, Binding buffer
Blank, B =K IR T 5 2R 585

Ch) {75 10 FZAEAR 500mM R Ni 4, BR2 Ni i BT EH.

(i) #F 30 fEH4AF binding buffer “F-4 Ni .

(j) £ 10 AR strip buffer, BREHIRBEER LI NI 5,

(k) fiH] 30 EAEAAREE A KL YE Ni £,

(D f#H] 5 {5 k4R FH change buffer &5 Ni A%, {84 #57)> change buffer 3 Ni K, f#
T 4°CAM T o KILRAETTH 20% L BE T -

(4 EHEN: PEBENTSE S PR mMBER IR, 25 HEEFKIE5E,
HAIRe . U FRFERGS ) 7~8 BRI, FNPEBLENT R, Pl bR % B
WZENTASIN 2L binding buffer w1, fEMLESHE, 4°CHKAMF NENBREKM. 4h f5, HiE
Ml — IR IEHT LA -

(5) FHEAFBUKEN E: {HH Bradford il e . HAAPEMT:

(a) A binding buffer 4 & [ #1 fi (Img/mL) #4820 mg/mL, 0.1 mg/mL, 0.2 mg/mL,

0.4 mg/mL, 0.6 mg/mL, 0.8 mg/mL, 1.0 mg/mL.

%11 W31 ;|
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@) X EAALY
2 e o v e SR IBRAL  Eh B EA B RSB BIFSE

(b) #24& Nanodrop2000 FH Wl & F A a3 S, {44 binding buffer B %2 0~1mg/mL.
(0) FEANFFIEES B E = P47, BU 20uL brdE Al 20uL Fik o FARIRE S 2 &
A 200pL Bradford TAEWR ) 96 Lk, REHA.
() f8 I EEARACAE 595nm  ACAS IR GAE , ARFEARAERE i BOGE THR bR e 2, BET Tt
SR AR B R
2.3.3 Mgah 120 E
M T NSRRI TS S, PRI R NS L-GDH fiE b S BRI, 7EREHR
AR NADH 15518
(1) Bl SR e 4258 2-3 PRl in e NAA 2R, SOSLEARRDY 100pl. BRI E
BB =T, KERBERSMO T AN 96 FLiG, BE G 2R . [
i L RIE SN LN ORI, SIS T HEIME S IE
(2) BEFRAE ZIE: KB M E 37°ClG, M) 96 FLAR P Pud-~FR M N BRE, B
1S4, SERIBONEEFRACH ARSI . 76 340nm 3 K AR KE I 30min, 4&F 30s (R FEE — IR EL
W, VISR T 46 T % 5~10s, PRIFARIR G2,
* 2-3 BRI PR R
Gl ZIRE
L-GDH 0.4U
AR S NADH 0.5mM
NH4CI 5mM
Glutamine 5mM
RN PLP 3uM
Enzyme 0.85mg/ml
0.01mM
0.02 mm
0.03 mM
0.04 mM
0.05 mM
0.1 mM
0.25 mM
0.5 mM
0.75 mM
1mM
1.25 mM
1.5mM
3mM
2.5 mM
3.5 mM
5 mM
Buffer PBS (pH7.5) 20mM
(3) NADH {5 SHEE bR, #E & BT FE A NADH AWk d#8, M Eos iz s
IREAT A 19 3B S NSOGB 45, B 4 FAAMERR 7 SRR, w45 2RO AE BE I 8]
Z Ak o F (Abs/min) o MR O o B M o# R K A XK
V(U/mg)=[(Abs/min)*100]/(6220*0.29*mg of enzyme) .
(4D X PR BEAE Dy X A UA , K HH L F) S MR VRO Y Sl >Rl £ origin

JRYIEGE Valienone

%12 70 4t 31 W



SHANGHAI JIAO TONG uww v HNEHRLIHRE P S EEBEEDIRAINHIFR
ﬁ#* 15 K R 7 2 R K15 31 g 35 2 ) 2 it 42 UL K 3)) 71 %% 2 24 fitting——Nonlinear
fitting Growth MichaelisMenten.

2.3.4 31BN
T RAAAVarBI¥ 8 1 db iR G AR, JRA T8 S 4 FHWecE [ d 4 46 4 AR, it [R]
YR A () T VIR R AR R (A 5 RS . #E Swiss Model (3 _E 758 98 48 A Var B 2 L 1R 5

H, LAWecE (4ZAH) @iiRSE M MR, AT M sty . R A Autodock #1414 3k
13 GRS 5 o X F A R A S R B 1 ¢W%ﬁﬁ‘?ﬂ%«H%ﬁ%WBm% i AP
1T Gk i A AL (Optimize), A& & /ME(Minimize) 2 )5, MEBURIESE & 1048, KasHiy
F AR 53 FPMP-Valienone DA 7 i) 7 B R AL TEAS ﬁ%?wm%&@%%ﬁﬁﬁ
VarBZE B (i e L 8 b B - B S s R T KoK ST E G, AR
IN#ECHARMM /1375, WIERIMOKE T, IREFA RBP4, D/MERER T P4
¥4, ¥ HHGROMACS(version 2019.3) % {347 100ns ¥ 737 3l 11 248540, F-FHHRMSD 7+
wHERYZ EH SER.

2.4 FER5TR

2.4.1 fRiklgrsRik 54t

By A= RY S B AL B WecE Je H =/ MEFFERAZ R Y321F. VarA Fl VarB ¥ F KT i BL21
(DE3) Kik, &AM EMENEAL B EIREWR 2-4 Fin. EE8EHERPF, B
AW EGLF] 0.85mg/ml, DL 1L 35 FRBEEL TR AT 210 B IR FE v LUA B 2K . A8
MAE G SLBENT IR R ORI, MBI Bt i, 4 WecE 5 Y321F, BEili & B & AT
ARG PRIk B R, BRIV, thah, UEHET-80°CR B VRmAlfG, FHIEPE R K fs
i, PRUFSEEGEE R R HER, RSB CNBRRR R, SEhRiET SEIems, nlf & miE
W ERAT, B 50ul BRI .

K 2-4 BAEGMER

H Al W (mg/mb) SEHIAEE (mg/miD)
WecE 10.597 16.933 7.234 5.144 9.977+4.462
Y321F 5.778 26.625 25.888 11.900 17.548+8.977
VarA 2.833 14.895 14.808 5.849 9.596+5.362
VarB 3.217 12.525 21.617 14,743 13.026+6.581

2.4.2 BN 15250 E

KA - R RS 2 N AR B AR R SE A FE i WecE e H =AM 5 ARk
Y321F. VarA il VarB (B N5 115 S 50847 T I5E « FIH Origin FAF%F IS 1B s W3
RGPS R AT A, MRPEK K7 FE M 2619 B S AN 2B 3 2 ih 2k, i 2-
1 Fose

%13 70 4t 31 W



& an </ SHANGHAL JIAO TONG UNIVERSITY #Mg%ﬁﬁgiﬁﬁ-i‘%@:q;’ﬁggg*g%}%%iﬂ%”n%uﬁﬁ%
0.0015 0.0015
Vm }
Vm i
0.0010 0.0010
- - VarA
-4 =]
E E
2 12Vm|- - - - 3
> 5 12vm|
0.0005 0.0005
0.0000 THm T T 0.000 T T
[S}mM)
0.0015 0.0008
Vm
0.0006
0.0010 {
_ vm § P
E Y321F £ oo WecE
2
> ;‘ 1/2Vm
0.0005
1/2Vm| 0.0002
0.0000 . . 0.0000 T
1 2 4 5
[S)}{mM) [S](mM)

B 2-1 FPAERY WecE R H RARARE) /7 % M 28

MR LUE W, B 5% 42 A o8 s T 2R e FR O K e o & B0 I
B B, Stk AR AR FEE S0 B DX ], A i 2R #0053« RIS, AHEG T WecE, 838 44 VarB.
VarA 1 Y321F f4k 1) Vi (B FTER, HRAAK VarB 6 K VB H iS5
AIHE— U A B AR B S RARR BB )5 S8, LR 2-5. WRIERTERTTUE R, &
MNRARIGH KnfBI9A BT TR, HAERSEEM L T B A A WecE ¥ T IF B %
KRB RBIN 2, KA JUEM, RGBT, AR P RARX T
R NPE IR B BN, X PR R AR GG 1) T 5 AL AT AR AR, B
TETERR AU O 2.4.3 FRIT. WM RKE, R VarB RS i
%, METEAR WecE $25 1 19.18 1%,

K 2-5 BIsh hFSHNrER

Mutant Mutations Km (MM) Keat (Min™) Kear/Kim (?)] M~ mir E\%‘: \(;C_?_nge
WT - 0.133+0.002 0.012+0.003 0.090+0.021 1

Y321F Y321F 0.092+0.009  0.025%+0.002 0.272+0.044 3.02
VarA Y321F/V318R 0.099+£0.005 0.065+0.004 0.657+0.022 7.29
VarB Y321F/V318R/F319V  0.062+0.002 0.107+0.003 1.726+0.008 19.18

FESEPRSER T, FEMRAS L B RN 5 5 B0, ERBHEA IR — SR, — 77
T ] PRAE S & AR A A, 53— D T AT S AR R TN o 45 R AR A — s i, — Ik
TR I8R5 17— JER DI PEE T BT A P AT A B 4T RE S B0 B N B NS R, PRI — i
FERNZIREE 2 MR . B2, mTai e el il 2, A irmilin, 28R RIE
B RYGH 2 (B AR 2 AN AR, DR SEIRR TS, I TR S A RN o M AR

FR, AEAT B A BN A, OB TR I A, AR O 45 ) e S N R e T 4
HMBLURIEEE BB, XA RE R BT B ORI (R BL 37°CIafT Xt il 45 ARG i 4120

%14 71 31 W
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e/ SHANGHAI JIAO TONG UNIVERSITY #Ngﬁ%ﬂﬁiﬁﬁ'ﬁg:q:'ﬁg&?*z@ﬁﬁ%i,n\%lﬁnﬁguﬁﬁ%

WEF 1B H0, AR AT A& L SEEETT 2 RRBOR. RIS
HFHOEEE PRI RIBEEE, ARG - ZR uERPE . LRAh, BeR AL R ORAEJa
A5 AR o T TS DRI, AT R, X DUR R R BT T 2 RSB0 T S
SE» IR R BRI TR DR AF o 52845 B I AN R 22 18 FROAS 45 SRARAL,  DRAIE S 36 45
FIHER L .

2. 4.3 AkIE JI IR THIHLI 53 b

T RRTEARBEE IR IS, A TR B A 2 1 30 1550 i, Rhad s
RS WecE ML RAL R VarB 5 HHIR S B [al4d PMP-Jt: X 8 4 i i 45 6 s S5 AH
TERHAT T b« NEE R SRS MRE , KA R =R, 507 T B A8 WecE
FIZAEAAR VarB i) Loop9. Loop9 £7F WecE Al VarB JEY) 45 SiliE f N 1, il s 1k
PER 38T, Y321F A sS4, {15 i AT SR ke ik () B 5 4 2R T U R ke e (1 &)
T JRASEAKAE AR BKAER ;s F319V A A I5RAR, iR T BRA SR ALsi /K AF FH ik
R A TR O E A ) AL, AR A S Loop9 2 [A) MIAH AR FHIRES; 1t
Ab, V318R N7 A HIRAR, (F15AE Z IRAE JFA AL A 3N 1 5 2 A A A I e 6 A, 388 o s ]
ALBH A RIS, WAE Y RS Loop9 < B I FEAE I 213K . 256 DL b =AM T s
FERRIE AR, AR VarB () RBE E I FR L I RAE, 1SR (A4 5 Loop9 A1
VEF 1 B R R 55

& 2-2 WecE 5 VarB 5 x B H a4 A BAE 2 F3h /12388 e RE& i

TE4> FE /1 BEUA, WecE 5 VarB 15 R i [ FhoA I E FH 4 T80 11 S Rase R 407
HIESE T3X— A (8 2-2). MG ERATT B B, Loopd i FRAMISIN%, AT stk
0 UBUER Lys181 MRS T 16 . 43730 13 B R MR o AR E FBF 20 WecE, 5%
A5 1K VarB 1R IR 5 R R 2 OB ML 6.3 A 4TI T 5.2 A, R b
S L s 05 R RR R A BT A B0 LoopO 15 b 1A PR IS5 10 456 — 5, 298
A AR T 3 IR

%15 71 31 W
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e/ SHANGHAI JIAO TONG UNIVERSITY HREEERIG &R h S A RE RO R A &I s

BT RERELBEILIIEFIEISE 24

3.1 3|

RTARE 7 R, S0 R X 85 2 A & S48 AR 0 PR R) P o X B 03 BN SR, it
T R IRE SR & I MBI TR R . Xk S R B 10 I 1k R B
FILERLHE WecE 1 BrR R A I AL AE R AR H KBTS AARF 1 (K A B X 3 4
AN B-F X B M 1 (e.6.>99.9%), T RILEFEM/E ArnB U (AL H: ) 25 )5 R A2 B H: IX] 2505 frée A
B-H X BRI IR A P24

AW AR Z L A B AL, KBRS P A1 P24 PMP-F: X B3 B e 4 43 1 5 R 3 e
TR 1 5K WecE(4ZAH).BtrR(SW71) 1 ArnB(1MDO) 1] &4k 5 1) H s B8IBOA0T 47 3ok 432 ,
et ) SR 455 T R R ZE 5, TR P A [ FLE, N2 )5 SR
TE I B Wl SRR A B AR RR TP 6 OBE e FE T

3.2 MP5IR

3.2.1 HHBMEESMRER

f£ Protein Data Bank 1 LA 44 FR Ay R B TAI G 28 WecE. BtrR LA A ArnB )&k 45y, JF
B TR R B B AR IR G RIRBCAARAS B, T8 G 3T 70 X A DA g L, i
T S A BAE R 255 .

3.2.2 [AJYR AR
HH T 984K VarB [ H Sn R aE A AR, DR o 75 08 (R YR A 1) T VSRS R R R
enfigif . BT VarB 15 WecE FIZIEFRFT 41 = FERIVE, PR AT DA A WecE F a8y
PR, BEAT AR AL ST . 7F Swiss Model M3k I3 RAR VarB R IERFH], DL
WeCE(4ZAH) & A 25 0 5t , HEAT 1A A5 AL TN o A8 1 D 1 45 SR R A7 9 PDB U, H T
ZJa B 5y LU S5 R A T X

3.2.3 Iy hfER

PL PMP-Valienone ABCHAR, DLAKER LN MRS AR A2k, 1BiT Discovery
Studio 3.5 H'f¥] CDOCKER J7 k44 PN 73 T EAT WAL o S0 PRALBE i 15 A 5 K 82 S AT
SER I AL (Optimize), fEE fk/ME(Minimize). 2 JERBUE AL S 9 TR T35 0
b, SR UBASEOTT IR . b, /Ny v DS 8] # G e Ad DA S 2 TB) A B s AL
TS 5B AR 2 A0 42

FESE R B DML B E N B - R E SV R & 5 -& B AWK YE ,  [RI H  h
f\) CDCKER ENERGY fHAE NE GW&HIER S, 7 ElkE AR E SRR R fe &K,
BRI BT . IR RN E S R T 52821

3.2.4 ZERINTIE

FIH Pymol H1f#) Align IhfEEL Discovery Studio 3.5 71 Align by structure similarity I/
B, HHAEE-KE St S Xt te, 562 aiiiE Ry SHEEER T, R
1% W AR S B AH ELEE G R 200 R AR IR N B AR 2 i e 7% i e A T 1 22 S DA S ST AR o
PR AR SR

%016 7 4t 31 W
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T S e S RBARHE G BRI

3.3 #R5Tie

7t Protein Data Bank H AT R )5 , =Pl 2 LB I 1) AR S ikoE (5 8 W3 3-1 Fr
7No Hot WecE 5 4PIW 5 AZAH WFH SCHRARIE Y AR 2544, WecE 5 B IR LU bk 1% it T (4 T
PR TS S i 2R g AR G5 040 APIW, 5 RARIEEY) TDP-4-2 34,6~ Ut S8 2F- U T I i A4 45 44 Ay
AZAH. NZ JEHt IR SEEC A A EAEH R R, ZEHIEI AZAH 3EAT YD 4 [P0 42
B DA e G L. AR, BUrR @RfARZE M BWT71 S iARET R4 T SRRk A
R, ArnB JUEEL IMDO #H47 W N L o
K 31 =R EREEAREHER

fity FEYIR Y o 77 471 JoRE £ FELGEEGHT
4PIW I\ A
. 4ZAH I\ A LLP .
WecE  o-FF X &M N 1,2-4. g
4ZAS(CalS13 fif)  /NEAA 2-(N-FFAEUE)- 2. i
6BLG LERTN h
2C7T e 2N pLp
BtrR B- I X 3 4 e 2C81 LERuN
B PMP
5W71 g LN
1MDO <R PLP
1MDX LR PMP
1MDZ iR 2- S B B TR
ArnB ot+B 40CA LN Hi
5A8] FALAR FrEE IR
5A8I <R Hi
4L.C3 TR 1,2-2. %

3.3.1 SCARGEEMENL A

WRIERY) 75 E A SRS E T R RE, TERE MY TAEWR. B =FEE-5
HEYHATIE AR R, TRLEE RMSD B R AW & 2 (A I § A 2 5% . RMSD &
— PR 2, AR B R Z AR ZE S . B B R A PR sh e 5,
RESYIREW BB BE, G EEANE T2 ARS8 B R ZHE, 75
TR S Y (T 5 %, TP 55755 RMSD {. & n] LU AN R 2 ) 22 7K
AN, BUE MR 0 ARRFIH Z R Zi/N, 24 RMSD (=0 i, BEEEES. BEHSS
AT DA B = FbE S AL B B K 2 A 2 R 22 R A 3-2 B

x 32 =MEEY RMSD {EXTEL

HEYIXTE RMSD
WecE vs BtrR 1.733
WecE vs ArnB 1.490

BtrR vs ArnB 1.800

MXFEE K, WecE 5 BtrR BISZARGERMEZ R EOR, I HIL RMSD AR ECK,
(ER GO B RS L 3-1). Bh4h, fEXEE ASMMT S, Ml —5h
PMP 3 PLP, EAII SIS G 7 OKEBAREL, (H2S 56 MO B AR B iR ik
FEAANFZESR . AN R 7 R e PR EUS 7 45 & IR ST S BRIk St A B AN o v
AL R HE R TR FEAE WecE, BtrR, ArnB H'{R5F (Lsy181-WecE; Lys192-BtrR; Lys188-ArnB).
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PR RS 05 SN K R B R P R SR M AR E 0 3 BT i [A) AR I I % B IR U A
ANFI R RIA Sy, BETIAE 5E O RS BLINS Y BUAS [ B SLAR B

B 3-1 BERBEF WecE. BtrR & HEH LoXf 4
Red-WecE; Blue-BtrR

HF—$EH2, 7ELL TDP fT2EXNIEYINS, WecE 2 B “HRIEBHL ” M 15 rh [a) 44
WU () N 7ETE BRSSPI 7 ) Bodeds, A=l R ZUr 5. HAh G SR SR A A
AR S UM GRS, B i v 1) N ERDR S T PR B T AP AT 5 ) AT iEH: i 7E BrR
g PR 5 4 R BT iy PLP/PMP, Trp92 4% Ca-CPB Jiek% 45°, 4 [H ¥ 5 1A Trp92 %% 30°;
Asp163 7 B4 T B 15°, IXLLT AR WecE 5 BtrR 76 AL A b P A AN [F) 4% ) ) 5 7
VI sgma R 22—

HARNG A AR b (A VR A R SSBR  BE R TR AR 4 3% 3-3. MR IRAN I

ATCAUE B, EREIEMESER b, M E IR AR OR ST, I HE PR R I 2 R R
WA A — i PRSIV  HEIIIX T AR 2 B TR X =P R Rl T, TR SRR A IRR
2t 3 ST AR B AN [ 1 Ji DR A i A JE 470w D) A 2 () B ) BAA B PRI AN TR o DASE A B 31tk
FHZERK) WecE 5 BUrR #EATELXS, 45 Rl 3-3 fion. AT LLE ], fEME S E S,
T T A R T S R B PR R, L 1 S (R E R BONE, TT AR R AR A [l b
AL R 5 AL CRI I X B A B ik 38 ) 78 23 (AL B AL, (BRI BRI IE o (R L3R AT T
SERR IR AT Bt R, S XIS B AR 7T PMP 256 T8 Bt s b T i) g Ko
E &Y Z BIPFOANRIELA, 2 J5 7657 M E i R S50 U 2SRRI, TER o 5 B BIFIAN )
VALV
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FHHEHEZ T EE D REEBERYERIHRR

&K 3-3 RGN SRABRWAHIIERMR
e
o WecE BtrR ArnB
PLP-internal aldimine Lys181

PLP-pyridinium ring and
C6 methyl
PLP-C5-OH
PLP-N1-N

PLP-phosphate

PLP hydrogen bonds
PMP-phosphate-O1P
PMP-pyrimidine

PMP-03
PMP Hydrophobic
interactions

Nucleotide sugar

Nucleotide sugar-
thymidine-O4, N3
Nucleotide sugar-
thymidine-N3
Nucleotide sugar-
pyranose-02, O3
UDP-L-
Arad4O(substrate)- Uracil
UDP-L-Ara4O(substrate)
-phosphate
Other Amino acid
residues

Phe81, Val126

GIn155, Tyr321
Aspl52, Thrg4
Cys55, Thr56, Serl76,
Ser232

L7 (residues Arg213—
Thr225), L9 (residues
Val318-11e322)

Tyr224 (L7)

L7 Tyr224

His320 (loop L9)

Gly66, Ser67, Aspl63,
GIn166, Serl187, Lys192
Ser67( a 3), H20

Aspl63 (B10)

GIn166
Trp92, Val137, Ala94,
Leu70, Alal65

Val137 Ser187

Gly195, Glu194 (water
bridge)

Thr64, Ser183
Trp89, Aspl160(-
Nitrogen)
His163( salt bridge)

Prol6, Alal186, 11e187,
Trp34

His185( B ), His329( a )

His329, Phe330, Lys 188
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A
Pro-R intermediate BtrR-K192
Pro-5 intermediate
OH OH
B
HO P o OH
CH;0H
i i ? o’ CH,0H
LI" ' Weck b I HO
H —_— I3 NH BtrR
@ HO I “NH; —®™ 4o NH
HO il HO oH
= PO,” = PO,
| @ Valienamine | @, p-Valienamine
HiC HyC N
H H
E-ketamine intermediate Z-ketamine intermediate

Bl 3-2 WecE 5 BtrR &Y )44 4 Lol S MR AR P 3T 15 SL AR AT B L)
A: YA SERE OGS EUR; B BRMENSIAEEEE RO

AR T R =R RIS R R A R S RS B AT 1 AR R IR 77 X2, S LEHE P e
O LR AR AR, S b T Eh 8 DA e A S S ) SRR AR, 7 AR AN [ 2k
TR =W R SEARIEBEVENL . S T RS AR IR AR GEA R, IESE R H B IR
JE R AT AEL R NDP BRI B RO RS s 9 iRE & A2 S, RIS
UL % it L AR50 PR TR R 2 TR 15 DD REME N B 1 B R A BB AR i E 2 SR i 2D MR
SLHRE B AT A IR A e B AR
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BT REFRELBEIERARMELETIHRR

4.1 5|F

BrIEN G B-IE NS IESE C/N bR &Y), D-#&MEZ, D-ikEilik, D-
YA BENG, D-H #EWERL S ThRe MEpE i th A BRI B2 A N N . SRR R R R
AR H: X FE W T A s X B AT B- I X B M I S SEARRAIE , - DA AR SO B e 7%
BV AINLEIRR 72, 48R T3P O oG R IR 5 AR R AR I AL, SEmk T & R %%
FE R IR AN PIAE GuN N, IESZ S R I S B 1 7T DL B4R G NDP SRRk R A A& 1
PIMEIR AR IR s AR & AR 22 B, SR P S e R g T 22 13 M e i fr i i iy A A 5 4 24
€ T BB IO FIE B

TR S URRE S R T D B R WE BB BT AR B LR T, AN IE IS B AR T
IR, ERGE BRI, HEW T DhRe bR 078 CE AR KA, WU R, L-H R R
B, MR MNESE. R T 42K — F % (o-Phthalaldehyde, OPA)F: i £ £k SE AL 1 J732:, Xt
fize 106 28 B 4% A% i WecE 1 BtrR f AV R BITE ERCA, 56 M B Bk Ak 38 28 B4 A0 1) P21 i AT O
,m\[ZS][M]o

OPA fiTHEAM 2 TR, 1E 2-FikE CBAFAERI 254 T, OPA 5l [ A it 1-BAR-2 br ks
WMk, 2P O, I HAE R AN A BRI, BE T DA S R R A, T
DA — B (58 AR AR o LA i 2 DL ] 4-1.

HO  OH
_—
N OH
—
CH,0H CHAOH
CHO SCH,CH,0H ~ 2
OH, HSCH,CH,OH ke
+ _—
OH™ ™" "'NH, CHO HO OH
OH >
N OH
-
SCHchonCH2°H

Bl 4-1 OPA fiTAE Lt R BIFHREA p-H KB If i
4.2 SR

4.2.1 Kk

KT B 1k bk BL21(DE3)pET28a(+)-WecE: S % {5 7%
KT B 1k H bk BL21(DE3)pET28a(+)-BtrR: S 25 {17
KT B 2L B bk BL21(DE3)pET28a(+)-ArnB: S5 % {5 4%
K B 1k B bk BL21(DE3)pET28a(+)-VarK: 525 25 {547
4.2.2 SEEGHARE S

AR B 3 BAE ARG LR 4-1 Kk 2-1



Sifwﬁ‘ . x 4 &
) X Aﬁi%

%WEQWMMMMMWWNM FRBEEETHER PR BRI AI NS
K 4-1 REAEEL RN
44 FR CR
42K — HE(OPA) (HPLC A Sigma ]
L- 7 2 (AR
IDK P A TAEY) TREE R AT
R [ 24 48 L R IR A 7
HE (HPLC D g 2l S R A PRA
2 (HPLC AD g 2l S R A PRA
B-Fidk 21 B H R B PR A 7

4.2.3 FERGFREE AR

(1) LB Frdk: Whk—%T5223.

(2) HBhiFSREFRE: W LE—% 223,

(3) WA

(a) Binding buffer (PBS 2217 (20mM,pH7.5): 43 % & Ht 60mL5M NaCl ¥, 80mL
PBS BEfi, MIANEEFKERZ 2L, 1 0.22um 7K 22 JE e s .

(b) FRHY 68g WkME, AN LB F/KIEME, ERZE ILAWKESN 1mol/L

(c) 50mM BKM::  F PBS 2l IM KPR RE 22 249 B2 D)y 50mM

(d) 200mM BKM::  FH PBS 2K 1M KPR RS 22 249K 2l 200mM

(e) 500mM kML F PBS Z2RCKE 1M BKMERR B 2 249K FE 2 500mM

(f) Strip buffer: B 2L /K DK 4xStrip buffer #ifs 4 5

(@) change buffer: FHEEZL/KIH¥ 8xStrip buffer 7% 8 1%

(4) 0.4M Borate buffer(pH=9.0): 2.48g IR H] 100mL E4li7K | #f#E, A NaOH i
pH % 9.0, 0.22um JEMEITIE, =WRIRAE

(5) FERTATAALIXT] OPA: FREX 20mg AF2K —HIEE, A 900uL HIREIEAME. FRINA
100uL Borate buffer 5 16uL B-3itk 482, RFGIES]. 0.22um AHLIERLEE, BECHAH .

4.2.4 SEIRAEHM

A it F SRR A R L3 4-2 DL R 2-2

R 4-2 R EEMSFHANE
DE TS AR K
1260 Infinity & 25 AH € itk F[H Agilent A
Eclipse XDB-C18 k[ faifbt: [ Agilent A+

4.3 LWHE

4.3.1 EARXRIE

(1) K PUFS A HAREE AmB, BtrR, Vark, WecE {31k # bk K% % BL21(DE3) 7>
S Sul #eFpT 5ml LB 3572k, MIANZIRE N 0.1mg/ml RIARE AT B 3% 37°C%
PR B RETE 12~14h, 1EILE R,

(2) FESRIE: KIELIF P EREZER T 1L LB 553839, IIALIRE A 0.1mg/ml &
IE 2, 7E 37°C, 220rpm 411 T #5535 2~4h. WIE WK OD 144 0.6 24, IIANZLIRE N
0.1mg/ml IPTG i3 #ik, £ 25°C, 220rpm 2kt R 4k4ERE 7% 200 A4 .

4.3.2 HIrsgEAM4

(L WEREAE: BER R =0, 78 6000rpm, 4°CZ&fF &L 20min, 7

%22 70 3t 31 )T
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2 L. 2 linN 40ml Binding Buffer, A4 F7EREIEAX - BB Wk T ERE B,
O BRI T R B SR, AR B DA T B 2 e R R AL I

(2D I F v I 4 B A LB e o A -

() TEHTFTHHA A, UKIERE RS, HEANEHRIA Z 4°C.

(b) HTEBARESHCIRE N INEETT, FibtainEF:, EHREB N ),
BT, DL EE TR, 20% 48 287 /KLL K Binding buffer K % K 3R AR G
Ve, HAEHRM AN =2 — 8| =2 — KR EFNETR B, N 100bar 76 4 ik o
Vit k.

() TRRE FHSERE, MEWRARIERER, MARESERWA, F30nEFm,
22185 118 N4 600~800bar, WfE 2~3min. ZE1E8FEMLE ES K, WEEBEBRITFIKIB K
B

() WA R B A 2 T, 2 BEDIR (o) JHPEE IS . A e s, DU £ B 7K,
20% LR, HETFKIERER, ZJ5HEB TR IG, W%,

(e) 4RI AE 10000rpm~12000rpm, 4°C4&4F R &0 30min, U4E LiE . LARHIA
FAUESECEH 0.22um K RIEMBOL I FIER. RS AT BT

(3) Ni #EspAaith: TR R pET28a HHAfif 6xHis Ar%E, [AIn] FHAkE A
AR RS AR e, aifl BRI

(a) ¥ Ni #: change buffer il & U S .

(b) fHH 20 FAEARFE ARG NI .

(c) f#H 20 444 binding buffer P Ni 4.

(d) FHEgH I 400ul IM BRI, RG24,

(e) FABER o Z REERE, B I BT S0 T 05 JIBRAC . 28— W3 )5 IR B
HEHEA R

(F) 8 60 f5HEAAR 50mM BRI e 4 2 1 .

(@) M1 10 fEAEAFR 200mM BRIESENTL H 8 H, BT = Be Ml 2%, 2 5 B iR
AEWEE, B 2ml. Bl Nanodrop2000 FHINARE USSR H & KB, Binding buffer 4
Blank, {7 B4 ik B W B MUH T )5 5256

Ch) /1 10 AR 500mM R Ni 4, Br2 Ni i BT EH.

(i) AfiF 30 fE5FEAAF binding buffer “F-4 Ni .

(j) fdF 10 fEAERR strip buffer , [ 28 RBHERL EA NI 51

(k) f#iH 30 FEAEAAFEEAKITYE Ni £+ .

(1) f#iF 5 5 #:ARF change buffer & i Ni A, £RE 84> change buffer & Ni k1, &
171 4°CHFAF T o KIMRAFATH] 20% 1 3

(4) FEAWYE:

ORI B 17 7 Ui, JEHLS) Tk 5> 3000D IV 4R, IniiilB 47K 1, 7E 2000rcf,
4oCEAF T B0 10min, JEVRIRAEE . BN, PEBTT S RO RRRFREE.

(b) KRB f = 1 7~8 BB HR B AW GEE H, £ 2000rcf, 4°CZ&AH T &0 30min.
H 10pl JZFWIIA 100ul Brandford A, LA 10ul Binding buffer 22y zs xR, Kl
Brandfor /& 578 # . LS A LN R R~ E AR -

(¢) ¥l JE BIW4EE T in N Binding buffer 2 15ml ZIfE £k, 7£ 2000rcf, 4°CZ%M T &
L 30min, W4AAFREL . KR .

(d) ERIERPUDEE (¢, IRAEFRIEFIR. W48 G 08 FRAAEH TR B E f5 , 355 50ul
3%, -80°CHHAT -

(&) WeHr e 25 T /K %475 vE, M Binding buffer 7847515, 18 20% £ B i B
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(5) BEEFIKENE: £ Bradford iEMlE . EADSERWT:

(a) F Binding buffer # {347 & (Img/mL) 58 % 0 mg/mL, 0.1 mg/mL, 0.2 mg/mL,

0.4 mg/mL, 0.6 mg/mL, 0.8 mg/mL, 1.0 mg/mL.

(b) #2455 Nanodrop2000 FHM & A &t B B2, {3 ] Binding buffer 4 F% 42 0~1mg/mL.

(¢) BFAMFFIFES B E =4 PAT, HU 20ul BRdfESH AT 20ul AR Jo (0 AR IIRE St 2= 2
A 200pL Bradford TAEWH) 96 LI, A,

(d) ff FH B bR A AE 595nm  ACAS RO GAE, ARIEFRIERE S BOGE T SRR eI 2t 5, 3k
M5 AR 2R RS .

4.3.3 FERINE) I SiAar il

(D) BEIESN: NAERIER 4-3 s, RV 12 F. 2-CFf, 2-8 408 1 — 5,
Arabinose, Galactose, Mannose, ¥ Ui, £ U (2-Cyclohexen), 0GR, WLEE, 7% 8RN
e, TEINE, F XA .

K 4-3 BEZBREBR RN R

Substrate L-Glutamine PLP Enzyme
V() 100mM 200mMm 8mM kR
HREI0MEER WESEEA ®HE20EEA
RIS POt 5 10 25 0
EHZE AR 0 10 o5
B KCE ST IR \ coul
(BT AT > 10 25 # 3R B 1mg/ml "
KIS 5 10 25

(2) 37°CoKIEINF, i 2he [ 5EREE, I 50ul HIREZ b N . £ PCR & 1
A F B0 3~5min, HE A FRUUE.

(3) H Iml B3 /N0 BIEHRECH R, FEAERBYOE . BRIALE 0.22u KR
JEBL IR E I NAEE T, BRI SR 2.

(4) EREA IS (HPLC) A -

(a) taifkE: Agilent XDB-C18 Jx [ il (5um, 4.6x150mm).

(b) 28 78%HHAl/K |, 22% £ Jiis LL i AT HE-F-47,  20~30min J& 13 He JJ 8 € Ja BAE
FEMPEILFER: 0~8min, 78%iB4l/K I, 22%Zf; 8~12min, 100%Z.fff; 12~17min, 78%ji#
| 7K, 22%Z. M.

(o) Kl ge: 2Nk M2, Wk K 240nm, RS K 450nm. LAMGII2E, 340nm
.

(d) #if: 30°C.

(&) FEMIE: FEMEEEE A% IE OPA ATAALEH, 28 A EREAiK |, 25 =H1%

B, HREEBCERR.

() HFEFRT:

a BEREER DL 50ul/min fOIE EEIRE 10pl A5

b HH EEVE VAT 1 Ik

C.HEREER L S0pL/min S EHHEL 10uL OPA ATA:71;

d. G 4K | st 1K

e HhHL 20ul ¥ 55 OPA FTZERITE ARG 8 K

f. % iR % F 0.5min;

gt

"
R
b=l
o
e
b=l



A‘aq . }:A ',

@) X Axdr?

=) SaANGHAL o ToNG UNIVERSITY HNBHEEISTER PR BIRYARNBIFSR
(@) HiEWE: 78%iHAiK 1, 22% N, 0.5ml/min ¥t T 1h BL_E; 100%Z i 4k 4L

e 1h DL b S50 OIS R EAE T

4.4 HER5TL

4.4.1 THREREREAR R IR KHEN

H X BIFE R ISR R FEUESE, WecE A1 BtrR 2 & Jk 5 R 5 I i 5t T DA B3R
J17C NDP BBERRACAZ I ML RERA, AL AR R &1 IR & a8, KA
I A% Bty LA R 5 g R PR T D REWR A B2 T B S A R S A o AS TS AR
Ribsmmairg ik, MR “EEoamg, stam “mJr %, FIR SciFinder, i id 45 ik
TR, Wk BIE 4-2 B S Re B ARRINRY . T SEaamt (] BR 1, DL R s8R
RIREDTGEAT TR FETR AR, ARSCISR T 4.3.3 IR 12 FrAERARR AT
I AL B R ORI AT P B AR T

A H HO
2 He i "”’NHZ HO' H -"I’NHZ HO™ %’NHz
OH &H OH
D- 5 B P D- it 5 B Jli D-IVE L1 P Jliz
5 OH
o - OH o)

HO "NH, w7 “NH,
OH H
o i e B

B OH
HO (o] \\r
HO™ o H
OH OH
4-keto-4-deoxy- 3-keto-3-deoxy- 2-keto-2-deoxy- 2-Keto-2,6-dideoxy-
D-gulose D-glucose D-gulose D-glucose
HO\_ OH OH OH
OH
o oH HO c@ o
Ho o B e o
OH OH OH
3-keto-3-deoxy- 4-keto-4,6-dideoxy- 3-Keto-2,3.6-trideoxy- 3-keto-2,3,6-trideoxy-
D-glucose D-mannose L-lyxo-hexose L-arabinose

B 4-2 ThReRER S ®IHEY
A: RATIREFERSRAY: B: KIE “Hmaid, WitAm” BN EHENEY
4.4.2 =R B R 25 R
K & A5 1 WecE A1 BtrR Xt 4.3.3 FH£ 21 12 e RARRIIEAT T ML SL5G
SR F @B AT OPA fiTE1L /G4 HPLC 28T, &5 SR inld 4-3.
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BY FEPS-

N summcrun o Towe usnvessry HREBREHER P EREBIERANGIFR
H R B
LU A
. o WecE +H KNSR
Ly BRI

BtrR+HPIBIFER

~ L BtrR -+ P

Control

T — T T T 1
4 6 8 10

Bl 4-3 fRiEEENIERREY) OPA 744K HPLC i

I RGBT (HPLC)IEAT AR R AR WAL TR E IS, SR 0 F) Y e IR 1) R 1 PR] b
R rauR G EIVARS: 4128 E Y a1 ST < £ ) AN S o ol A = P wh o e e I T R S R
(IS FRRAFAE, IXEEA AR B A EEAT W Scle, DRI AE SR AMS I 2 b2 B (RT3
W, TOICAE S EONRE, AR S A YA AR YR . A 4-3 RRTLUE R, DI
XI5 ) BN, WecE A1 BtrR #RRE SR AN EIE 1, 5 AT SEIR 245 RO A
HI WecE A1 BtrR X HoA AR RIRERMIREAT 24k, 45 RBWIBTHL AL BUrR EALIE TR T
REE 4 OPA ATAEAL IR i . X R W R AR B A AETE AL I AR AN E, B
W1 ¥ HPLC I I ASBERE D M s oK, A S 528 n] 4k St AT R B0 ke, PR
ROBAR-JFE IR . NMR 85535t — 2048 P i B AR S5 1) o



FHNEHROTEE T EEE BRI

ELE FrE5RE

ASHIE FEAE BT SERAT AR A R IR e H: ) 5 045 B 2 R AN ) S A R I 7 ) (R ‘R B
Molig S LR AL R by SR LA SR B IBE XS AT ISRAT IR 5 SR AR (1 Bl 2l /1 5 2 8L
BEAT TONRE, YO T RARRL S PRI TR, #4552 T Loop £ WecE AT e i i) S it
TER: RN 2 T BB AR Weck KR RAZA VarB 5AERIREY a1 /& PMP-
F M EEIEE A AR AT 70 7 ah a7 VarB i 5 o L] T
WecE.  BtrR fl ArnB = Fit A [F] SLARE N R AL R Bk P Do 4 5 B R IR AL AR, 2
H T P R (R A B S A SRR L | 7 AR AN TR A B W ) SEAA I BV ERIL A s SR
MIThReR Al “ g, Bk pe” BRI, HED 1 DhRERE G RIFRIE AT (4, $R7T T
BRI AL AR RIRRMIIRE ST, R OUBE R IL AL BE BUrR ] LU R AFRE, 7 fe
54 OPATEAL I EIE =) -

IR G DA SRR B, AU A PRI 25T A T A B B - L
BRI GV BA# A P BRI SIS, RN . EAE . LR IIRTT, BRI
PR AR EEAE . MR S ES NS, HATAY R Z A s iR B15¢
R, T EK, SR T, AR ARG EEER . HArE 2= R R s
B RAEA D& AR HAAAEE P IR S, SRR, BORBUR, 2RI, AR A
e o AR SCH SEH: X B M v i A% oh SR R S BRI R AL, PRI T R S Y i
MBS AE RN« 38 F13RTE« SRR FRNE ) G B S IR A AL S R A 507 3 R
B T BB YR N AL G0N, IESAZ I RS Wiy 5 A 7% mT DL ELRER 7 JE NDP B
WERRAAB R L RERA s S HE 1 b D JRAel e TE) AN S S Ay SRR IR e, P 2B AN TR A Y
PP ISEAE PR IEN U MR & R B, SR B R R Il TR 01 AL R R B R I A
B R RERERE BLE 1 B A BIR LA
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STUDY ON THE SUBSTRATE RECOGNITION
MECHANISM OF AMINOTRANSFERASE IN THE
DESIGN PATHWAY OF VALIENAMINE

Amino sugars and pseudo-aminosugars are two kinds of substances with a similar structure.
Among them, pseudo-aminosugars have glucosidase inhibitory activity and play an essential role in
the treatment of diabetes, cancer, AIDS and agricultural production. However, aminosugars are more
abundant in structure. Most of their derivatives play a crucial role in biological activities. They play
an essential role in chemical synthesis, genetic development and metabolic regulation. However,
there are many problems in the main synthesis methods, such as chemical synthesis and microbial
semi syntheses, such as many steps, complicated operation, low yield, low purity and high cost.

In previous studies, the cyclase, isomerase and dehydratase existing in the process of natural
metabolism of validamycin by Streptomyces hygroscopicus can be used to obtain the precursor
substance of valienamine, valiolamine. After the introduction of an exogenous glycosyltransferase,
validamycin can be successfully transformed into validamycin. In this step, through the similarity
of substrates, the possible enzyme families are collected in the database, and the
glycosyltransferases WecE and BtrR which can specifically select the chiral conformations of the
catalytic products are selected. Due to the low catalytic activity of WecE. Based on wild-type
enzyme, protein engineering was used to carry out semi-rational design, to obtain the mutant with
an iterative mutation with increased activity. The kinetic parameters of these mutants need to be
further verified so that more accurate analysis results can be obtained in the process of artificial
metabolism of pseudo-aminosugars. At the same time, it also provides primary data for enzyme
activity improvement when valienone is used as the substrate for the catalytic reaction. In this study,
the enzyme transamination and glutamate dehydrogenase catalysis were coupled by high-
throughput method, so that a small number of systems could be used to monitor the initial data of
enzyme activity in order to obtain enzyme Kinetic parameters.

In the specific experiment process, when using Origin software to fit the Michaelis equation
curve, the fitting effect is closely related to the measurement results. At the initial stage, when the
concentration of the substrate is low, it is easy to reach the inflexion point of the Michaelis equation
curve or even the platform stage. After increasing the gradient of low concentration substrate, the
fitting effect was improved obviously. However, after a long period of measurement data, the
platform period data has an unexpected significant fluctuation, which is very unfavourable for the
fitting effect. Considering that the whole experiment needs the continuous operation of the enzyme
labelling instrument at 37°C, this condition may cause a great pressure on the instrument itself, so
that the signal fluctuation phenomenon appears in the subsequent detection. The follow-up
supplementary experiment can be aimed at this problem, design a control experiment, and measure
the activity of each aminotransferase at 25°C.

In this paper, the mechanism of the enhancement of the catalytic activity and stereoselectivity
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of aminotransferase was also explored to some extent. Based on the crystal structure of
glycosyltransferase which can be found in PDB database, the molecular docking simulation was
carried out between the glycosyltransferase and PMP-valienone, a complex of substrate and ligand
molecules. Then the difference of active amino acids between VarB and WecE was analyzed.
Through amino acid sequence analysis and structure comparison, we found that the introduction of
the mutation site weakened the interaction between Loop9 and the substrate intermediate, and
reduced the distance from the active lysine. This mechanism can play a guiding role in the promotion
of the catalytic ability of ketose substrate recognition.

Besides, we also compared the catalytic activity of three different stereoselective
aminotransferases. In the static comparison, it can be seen that the difference between WecE and
BtrR is relatively small, which may be due to the different binding mode of crucial amino acid
residues and the different binding positions of ligand molecules, resulting in the different orientation
of substrate molecules in the catalytic process, and then different chiral products are produced.
Furthermore, it can be seen from the comparison between WecE and BtrR that the active lysine in
the enzyme molecules has a significant similarity in spatial position and direction of action. It is
suggested that the stereoselectivity of our products may be due to the E and Z configurations of the
substrate intermediates. The analysis of its spatial structure can further understand the process,
which is conducive to the subsequent design of enzyme molecular catalytic activity, as well as the
selection and modification design of enzyme molecules when the non-natural substrate catalyzes to
obtain chiral products.

Based on the docking of the molecules, the dynamic and static analysis of the enzyme-substrate
complex can be carried out in future research. The sequence aligns function and aligns the structure-
function of discovery studio can be used to compare the amino acid sequence of the protein and the
spatial structure combined with the substrate. Furthermore, the software can be used for molecular
dynamics simulation to analyze the energy change of each amino acid residue and the overall
structure change of enzyme-substrate complex in the process of transamination product formation
under the catalysis of enzyme molecules after the combination of substrate and enzyme, to know
more clearly which conformation the substrate has in the catalytic process as well as the energy
change. It is more clear to compare the differences between the two different stereoselective
aminotransferases in the catalytic process: for example, the difference of amino acid residues
involved in the reaction, the difference of the molecular stability of the substrate, the difference of
the vital electron transfer mode, the difference of the spatial structure site, etc. All of these can help
us to understand better the stereoselective mechanism of aminotransferase and the binding, catalytic
mechanism of the substrate.

The ability of glycosyltransferase to catalyze unnatural substrate was also explored. After
analyzing the structures of several aminotransferases and finding out the possible carbonyl
substrates, we can find similar potential substrates through the core six-membered ring structure.
Finally, 11 unnatural substrates and valienone were selected for the reaction. However, because
some of these substrates cross polarity and even inhibit enzyme activity, the overall efficiency of
the substrate may not be high. The sensitive OPA on-line derivatization method was also used in the
detection. From the results, arabinose has the potential to be catalyzed by BTRR aminotransferase.
However, whether the product exists and how the product structure needs to be further verified by
HPLC-MS and other means.

In the actual operation process, the number of samples is relatively large, including the blank
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control group needs to carry out more than 200 sample determinations, which is a large workload
for the chromatographic column. At the same time, the number of parallel groups can be further
increased to enhance the reliability of the data. Also, in the following experiments, the specific
structure of the substrate needs to be considered. Therefore, the ideal condition is to use the inversely
derived carbonyl sugar substrate for the reaction, which is most likely to obtain a successful catalytic
result.

In this paper, we studied the physical and chemical properties of the critical aminotransferases
from the synthetic pathway of valienamine. In the following experimental research, it can play a
guiding role in the critical steps of transamination. In the further exploration, we can further
construct the catalytic reaction of cyclase, isomerase and transaminase coupling together, to
establish the three-dimensional catalytic pathway of valienamine or valiolamine, which lays the
foundation for the exploration of the biosynthesis pathway of pseudo-aminosugars. At the same time,
we can also carry out the biological standardization of aminotransferase synthesis for more
unnatural ketose substrates, and carry out directional selection and transformation for its catalytic
activity and product stereoselectivity.
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