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Enzymatic MBH reaction catalyzed by an artificial enzyme designed
with the introduction of an unnatural tertiary amine cofactor
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Abstract: As the chip of synthetic biology, enzymes play a vital role in the bio-manufacturing
industry. The development of diverse functional enzymes can provide a rich toolbox for the
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development of synthetic biology. This article reports the construction of an artificial enzyme with
the introduction of a non-natural cofactor. By introducing the 4-dimethylaminopyridine (DMAP)
cofactor into the optimal protein skeleton via covalent bonds based on a click-chemistry strategy,
we successfully constructed a novel artificial enzyme with the DMAP cofactor as the catalytic
center. The artificial enzyme successfully catalyzed an unnatural asymmetric Morita-Baylis-
Hillman (MBH) reaction between cycloketenone and p-nitrobenzaldehyde, with a conversion rate of
90% and enantioselectivity (e.€.) of 38%. This study not only provides an effective strategy for the
design of new artificial enzymes but also establishes a theoretical basis for the development of
unnatural biocatalytic MBH reactions.

Keywords: genetic codon expansion; artificial enzyme; Morita-Baylis-Hillman (MBH) reaction;

biocatalysis; asymmetric catalysis
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Figure 1 Biocatalytic MBH reaction by artificial
enzyme harboring.
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E. coli DH5a B PR H AR50 3 DR 96C, 14 T
EARME, J5H TR RS E
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HNHHRA00 pg/mL), HER(50 pg/mL)ii
LRV, PRECAPE R IR 279 R G 9%, B 1 mL
EBMA 1 mL REE M KD
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W EA M T 10 mL LB AR R 58,
37 °C. 200 r/min £55% 14 h J5H 250 pL $F0F
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500 mL B KE LB Bi3skh, 37 °C,
200 r/min #55% 5-6 h, £ H ODgo 2 0.6-0.8 K,
A TIPTG ZELUE A 1 mmol/L, BIH{AMEZE
LR FE A 1 mmol/L, X &R IR N &R ELMK
J& 5 1 mmol/L, 30 °C.200 r/min 551558 16 h,
WAER W, 4 °C. 6 000 r/min &5.0> 20 min Y4
EAULIE, A 15 mL PBS (pH=8.0)H &, &
JE AT PR, BERESECH IR 200 W, I
10s, % 15s, 30 min, S IIA DNA i,
VK F#E W 30 min, 4°C. 12 000 r/min &>
50 min, $f E¥EF 0.45 um JEBGEIE S A
Strep-Tactin #:H, 4 °C, 20 r/min ¥ & 1 h, H
HZHTHE, B R (flow), SR 2 AT AR
) Washing buffer #F178 FI¥ES%, TR 3 1K, X
LV (WI-W3), H 1 EHAAERE Elution
buffer HATHEAPENL, TR 6 &, WHEGENRE
(E1-E6), #RAFAEE N LmrR_VI15pAzF ., ¥4l
AR Pt AR T i o Bl WA T SDS-PAGE 3
Br, B B2-ES AT EBUE VAR, VARSI R
& T PBS (pH=6.5) B 1R 1745 .
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EDC). 1-F33£7KIF =Mk (1-hydroxybenzotriazole,
HoBt) . FRINEIA & P Lerh, w51
T, FIRBHE 18 h, BE T AR A 2 A4l
ey, AW e WEE=10:1 MR B,
AT o A4 "H NMR 474007 5 3= AE
124 AT DMAP HEFHHIEMEQERE
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g, RN T AR R AT E R ERR
1 mL, LmrR_VI15pAzF: 50 pmol/L; HH¥:
100 pmol/L; CuSOy4: 100 pmol/L; —-(3-FFEH
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5 mmol/L. i Fi##: 2 ho B HEH MG
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Pl 1.2.5 MERONAR R, SOV S A
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MESHIN, PR R TR EN . FRE RS
YGRS SR MBH W P24 3a: '"H NMR
(400 MHz, Chloroform-d) 6 8.24 (d, J=8.7 Hz,
2H), 7.61 (d, J=8.6 Hz, 2H), 7.31 (td, J=2.7, 1.2 Hz,
1H), 5.70 (s, 1H), 3.63 (s, 1H), 2.66 (tdd,
J=43, 2.7, 1.5 Hz, 2H), 2.51 (ddd, J=5.7, 2.7,
1.3 Hz, 2H). AR5 X E3EE H SR MBH
KN4 3b: "H NMR (400 MHz, Chloroform-d):
8 8.20 (d, J=8.7 Hz, 2H), 7.57 (d, J=8.7 Hz, 2H),
6.87 (t, J=3.9 Hz, 1H), 5.63 (d, J=5.7 Hz, 1H),
3.68 (d, J=5.7 Hz, 1H), 2.46 (m, 4H), 2.01 (m,
2H), HPLC #7544k FrHFEA RN OJ-H
e, WAt IEC ke FNEE=90:10, N
0.7 mL/min, Z(3ERENE]H 45 min. 779 3a
PRERIHE 454 21.6 min., 25.2 min; 724 3b
1R E3Bta] 4> 528 34.2 min. 40.8 min.

2 EREGHN

2.1 ANIEBHID SR
2.1.1 DMAP B EFHIFI &S5RI

Fie#801.2.3 H iy J7 14 % DMAP B8 K+,
PAFLT= W) 43 mg, 77H N 39%. 'H NMR 44t
54NN . "H NMR (400 MHz, Chloroform-d) &
8.55 (s, 1H), 8.31 (d, J=5.9 Hz, 1H), 6.74 (d,
J=5.9 Hz, 1H), 4.25 (dd, J=5.4, 2.5 Hz, 2H),
2.94 (s, 6H), 2.29 (t, J=2.6 Hz, 1H),
2.1.2 LmrR_V15pAzF HRIESHRIE

B aifk i LmrR V15pAzF #4758 (1% 4F
5381, SDS-PAGE W& R 2 frn, HiE
15 kDa b4 BB (45417, LmrR_V15pAzF Hig
SFEYN 149 kDa, XEHELWINESE
ik LmrR_V15pAzF & 43 i 21 {# F Strep-Tactin
FAZHr A4l

X T EE R ) A BT R B, LmrR & P12
— AT RREA, WE 3 Fias, H TR A
[ HA — AR K, 1 VIS BT
K ZS T, I H S SRR A 5 1) B K 25
PR, DR VR S AR R AR S LR 1 51 AL
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PR A R T IR S R T
DA B AR SO B HEA T, SR T i 4 A 5 1 gk
LAYV & A=
2.1.3 LmrR_V15pAzF S5 EFEERH
ANLEgS

FE B 1.2.4 W T E TG AR S R R Tk
Frieds, ZEHIT CuAAC, W] ATHGE 58
T3 LmrR_VI1SpAzF &R ILH Z
[ click SO (B 4). 1358 UG 2l il b, dF
FIROAH-B B FRAE , 25k s s, HA

kDa M F WI W2 W3 El E2 E3 E4 E5
70ﬁ;..:E

=

—

15 —

[ e )

10 —

2 LmrR_V15pAzF AL UL &I SDS-PAGE
I

Figure 2 SDS-PAGE analysis of purified
LmrR VI15pAzF collection solution. M: Protein
marker; F: Flow; W1-W3: Washing buffer; E1-ES5:
Elution buffer.

o

3 LmrRZBRIKGEH
V15 ML £ R,

Figure 3 The dimer structure of LmrR. PDB ID:
6I8N, V15 is shown in red.

PDB % 5¢%5 : 618N,
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WA THA 15 263.00 Da, SZPRiE 45 RN
15 263.00 Da, ik REHC RN T5
LmrR_V15pAzF #HiZHz, I Hizd e A A
R R DL R o B T RAR I R 248
LmrR V15Mod DMAP,

AT DMAP BUGH N+ W AL 151, 7]
DUFH A PP G 4k, N =2 26 (B 2R 4R it
M F MRS, A SR TR N 1 AR Bk
UAYYSE [EiE R IR (Ra g
2.2 LmrR_V15Mod DMAP & 1k %t fi &
PRSI SHEIR MBH & &

HF MBH KN FEA LG B HAT 2

\N/

s, HRON = HA Lz A, R,
AT 5 H ) FE T ] ) 4 B N T A T A A A
i 5 % i S OR I 2 [ MBH [ W AER, L
IS B N A X R AL . B SE R 1.2.5 1)
AL NAR R, R pH 4391 6.5.7.5.
8.0, 9.0, ¥/ 1.2.6 Ry LT RN YK
WIRE , 38 5055 A A = O A i 2 A i £ B8
A 1] A K Ak P i WSO B 1 1 7 1) - 45 SR U]
6 Fiz~, BT MBH S 5 B — N FH i 117 4%
4, FESV pH A 6.5 B, JIRLFARHAL, 1Y
JNAA 2R IR E RGBS A st B 2 39 5
fE pH7.5 B, N THHiEAL N 4 3645 72%09

N7 0

Kj/COOH N :—\\JHZ
N7

HOBt, EDC
> Ny N
DCM, 16 h | NN
N/

0 0
THPTA, NaACS
N"Xr" N CuSO N7xXy" "N” =N\ _LmrR
Cﬁl\ NN LmrR_VI5-N, e H/\N(\,N mr
NN PBS, pH 8.0 SN =N
RT,2h |

4 ANIHEFHEHMS5EH LmrR_V15pAzF BI{EEK
THPTA: —(3-RNE=RIENI)IE; NaACS: HUIRMAREHN.
The synthesis of artificial cofactor and the click reaction with LmrR _VI15pAzF. EDC:

Wb R EL s HOBt: 1-¥5L0KIF =
Figure 4

LmrR_V15mod DMAP
EDC: 1-(3- —H & FE N IL)-3-2 Fhk ¥

1-ethyl-3-(3-dimethylaminopropyl) carbodiimide hydrochloride; HOBt: 1-hydroxybenzotriazole; THPTA:
Tris(3-hydroxypropyltriazolylmethyl)amine; NaACS: Sodium L-ascorbate.

100% 15 263.00

Calculated mass: 15 263.00

12 587.00

. 13 565.00
12 633.00

12 247.00 22013 469.00 | 13

14 336.00
671.00 14 488.00

Q
A N R

5 LmrR_V15Mod DMAP #J LC-MS 43 #f

Figure 5 LC-MS analysis of LmrR_VI15Mod DMAP.
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LRI 16% ee., BLHAA THEZEIZ N Hhik 5
AR AN, TRl 2 ) R SR — e 17
BN 4 pH FHE £ 8.0 B, A TA#HifbiZ N
NLFRAS 90% 5L FN 19%K) e.e.o (HIE
TRZ pH 3 hNE] 9.0 B, FERfEILA =L Rk
THBEMAR, HY B — UG A J5 R AT B A2 S O 1A 2R
éﬂﬁi*ﬁi@ 19498 o Sk T HE 5 Z 6, [

NiEESR, TS5, IR T ROV
SRR S5 AR AAH R B DMAP
OrFAEAR IR 45 5 5 25 O BR— 30, Toar Ik
BEREE AL R P, 45K DMAP 7+
FEKHFR S X612 52 10 TG B S A s 0
2.3 LmrR_V15Mod DMAP &£ %t %4
EXHR SIS HEER MBH &

F IR 1.2.5 TP T A L R VIR R
2N pH A 7.5 Fl 8.0 A R B B A EES 5
AL RR , 2 RE 1.2.6 TR T ROV =
MRE , 38 35 A1 e A s AR T A AT e D v
A 1] LA KA S IR SO CIE B/ 2 ) o A5 SR N E 7

NO,
f? e
SO
1 2
3 Conversion (blank)
= e.e. (blank)

2 Conversion (artificial enzyme)
3 e.e. (artificial enzyme)

Ler V15Mod_DMAP

(5 mol%) R

4°C,20h
3a

120 - - 100
100 |- = = 80
< 8ol g _
g 760 %
G 60 <
5] =440 <
§ 40 : ®
20 ﬂ ﬂ 120
0 =Tl 5 1 1 | 0
6.5 75 8.0 9.0

pH

6 ANIBEACHKGIHSHEERREY
MBH &

Figure 6 The MBH reaction of cyclopentenone with
p-nitrobenzaldehyde catalyzed by artificial enzyme.
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NO, o Ler_VlSM(;d_DMAP oH
i b (5 mol%) ‘ O
g 4°C,20h ‘ 0‘ NO,
0
1 2b

3b
3 Conversion (blank)

= e.e. (blank)

ra Conversion (artificial enzyme)

=1 e.e. (artificial enzyme)

Conversion (%)
N oY o0
) S S
T T ]
|
o0
(e

N
(=}
I

7.5 8.0
pH

7 ANIBECTCSHEIHSHHEERFED
MBH & [

Figure 7 The MBH reaction of cyclohexenone
with p-nitrobenzaldehyde catalyzed by artificial
enzyme.

fias, 1€ pH K 7.5 T2 8.0 I1E R, AT HiiE
FIZ SN B EE AL Z8 5 300 R 9% 56%, eefl s
A 34%F1 38% . AH LU F IR M 2 5 1 U,
IO 2 5 00 BN H AT S0 A 5 00 7 AR e
Mo X AT REE B 5 IR A TR AE L, 2 O T
HATHERE 7S TCIR G, 76 SN 3k it Hh A
BEXETEAL . TIA, A O R ) AR R B 13045 il
B, AR T T I 1A TR i 530 S 2 A
PR 0 2 107 7= ) EL A E AR 15 O ) S S5 14 57
PRBEREME . ARB AR B i 5O B A ST AR R R
PEB R AL, T 2 5 Ak 2 5 B Al AT
HEAT o o iR
3 W&/

AW AL B TP R AN S &
RILBIMEE R AE RIR LR pAzF BIAZEEH
gl

B, RS 5EE LmrR_VISpAzF, HAdER
SRS R A5 S He B0 DMAP % I8 -3 1

e

click
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KW 5 & A TR e i, I T
5 DMAP AL P 5L A 3 BN T, ol FR 1
BAERL . FRSEERR, M TR AR R SR A LR
BT AMEREHEL G, ARSI HA B4
R, PG S RO 2 R il R 5 IR
A T D RE N T

AN DMAP 4k Hp oL B TR v] 4L
PRI . B O i 5 X il 5 2 R 2 ) Al
RARAKTFE MBH 0 o L0 A T52 pH 52
M, FEIE A pH Y P (7.5-8.0) AT UL 2]
W] B A R, B AL T . TR
JE SR, AT SS A TR AL B TR E )
HEAL WS, T — 2D s SN ) ST AR BE B Al
., WA DMAP RURRG A TRt A 250
HoAh 2R A MEAL B9 S, @ Rauhut-Currier
R, AR f5 8 SRR & .

i BTk, AR AN T2 SRR
5% DMAP fitfb o i N T, FF3Bl T —Bi A
THEHEAL AR FR MBH R, B Tl
F R B TR R S A T YR, R R B
A RAR SN AL T — BB i SR s
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