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Expression and characterization of ENO1 protein and its associated active site
deletion mutant proteins in a baculovirus expression vector system

DAI Pengyu®, YANG Rui', ZHANG Tingting', MA Xinyun’, LIU Huiling’ (a. Gynecology II, First Clinical Medical College;
b. Gynecology II, Gansu Provincial Hospital, Gansu University of Chinese Medicine, Lanzhou 730000, Gansu, China)

[Abstract] Objective: To express the glycolytic enzyme alpha-enolase (ENOT1) and its three enzyme active site deletion mutant ENO1
proteins (ENO-M1, pFastBac-M2, ENO1-M3) using a baculovirus expression vector system (insect BEVS), laying the groundwork for
the subsequent study of metabolic therapy for cervical cancers. Methods: Molecule cloning was used to insert optimized ENO1 gene
sequence into the pFastBac™1 vector to obtain the recombinant plasmid pFastBac-ENO1 with target genes. Three active sites essential
for ENO1's glycolytic function were deleted, and the corresponding optimized sequences were inserted into the pFastBac™1 vector to
generate the recombinant plasmids with three active site deletion, namely pFastBac-M1, pFastBac-M2 and pFastBac-M3. Recombinant
baculoviruses rBV-ENOI1, rBV-M1, rBV-M2 and rBV-M3 were subsequently obtained through transposition and transfection. The
expression and specificity of the target proteins were examined using WB assay. Results: Recombinant bacilli rBacmid-ENOI1,
rBacmid-M1, rBacmid-M2 and rBacmid-M3 were successfully amplified, obtaining a gene fragment of about 2 000 bp in size, which
was consistent with the expected size. The insect BEVS could express the ENO1 protein and its recombinant proteins (ENO1-M1,
ENO1-M2, ENO1-M3) with three enzyme active site deletions, each with a molecular weight of approximately 52 000, as expected.
WB analysis confirmed that these proteins reacted with the specific His-tag antibody. Conclusion: The insect BEV successfully
expresses the target protein and its proteins with enzyme active site deletions, namely ENO1-M1, ENO1-M2 and ENO1-M3. This
protein's reactivity establishes the foundation for subsequent determination of the affinity of these proteins, and ENO1 monoclonal
antibody.
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"], ExpiSO™ CD ¥ 77 & . AF K0 $2 Bl 77 & .
ExpiFectamine™ S 4417 . ExpiS{™ 14 5 7)) H 2§
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12 @Rz

% I8 NENO1Z£[H 7 51](GeneBank: NM_001428 )

R4 B R 40 i %5 6 1 i o PR AT AR AL S L 7E C
0 gp67 15 5 ik (ATGGTAAGAGCTATTGTTTTA
TATGTGCTTTTGGGGCGGCGGCGCATTCTGCCTT
TGCG) , 7E N ¥ s I gs 7 2 2% (gs linker) \ His /52
(His-tag) , 7EFE I ] 5] N BamH 1  Hind N1 E§ ) A2
=, FI F AlphaFolad® #4433 47 85 1 5 (1) = 4 25 f 1
L, FE R H PyMOL2.2.5 At T A 4 s b S i
FF A AR BRI R R AT FR A ] 3 [ %2 pFastBac™ 1 #44
b, ¥ # 4H i ki pFastBac-ENO1. [A, R & ENO1
R AR W T A T RE 1 3 A I S 1 AL 2S (PSGASTGI
GSHAGNK F1 SPDDPSRY) , il iz} 73 1) # 54 L AH X6 o
(B 3L 781 (36~43,156~162,262~270) 73 A1) i 2 1% 3 A4S
RL R, R 3R R 25 1 ENO1 28 41 5k , 43 i
f# ApFastBac-M1.pFastBac-M2 1 pFastBac-M3 .
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Fo K 4 U ) #5240 5K pFastBac-ENO1 - 42 °C#A
T 45 s ¥4k 5] DH10Bac™ E.coli %52 2340 ML , UK
L #E 2 min J5 I A\ 900 pL [ Luria-Bertani (LB)
TR BE 9738, 76 37 °CBEPR (225 r/min) FR 3% 15 77 4 he
B 100 uL VA AIAT T- 5 A VYA ER (10 pg/mL) (B2
KA K (50 pg/mL) | R K% & (7 ug/mL) L\ IPTG
(40 pug/mL) Fl X-gal (100 pg/mL) ) ¥ A B i i LB
PR E,37 °)CT S IE B 30 min, J5 {8 B 55 9 48 h
PLE. #hE A B, A2 mL & =5 (B & 35
250 ug/mL K KR 7 pg/mLJUFFE 10 pg/mL)LB £
FRIE, E 37 °C R K (225 rv/min) EIR % 1 97K .
HU 100 pL B R U AT T B8 VB0 %8~ R, 37 °C 3
B4 h DL b BREUFIRIGIE 5 ) H B R T
H50 pg/mL FHE R 7 pg/mL K KEEK 10 ng/mL
VUPF 2 1) 5 mL LB ¥ & 55 75 5w, 76 37 °C BB R
(225 r/min) #5357 12 h 5, A8 FHAFIR 9 75 2848 24
bacmid /)N & il B2 1) & H2 B 4 AT Kz rbacmid , £ FH
ENOI1 IE [7 5] # (CGCGGATCCATGGTAAGC) 5
pUC/M13 % [7] 5] ¥ (AGCGGATAACAATTTCAC
ACAGG) #E 1T PCR % 7€ , H 1% 35 I B Bt i Fi oK 56
WE o K 55 E B 10 B R B2 UM RL T Ay 44 4 rBacmid-
ENO1. H[FIFER 77014 HoAR 3 MR AT I B 40
B, 9 A Ay 4 N rBacmid-M1. rBacmid-M2 Fll
rBacmid-M3.,
14 EAAFRKENH &
1.4.1 PORAT WA & 09l %

BRI B 4l Expisfo™ LA 6x10° 4~/mL
() 2 P (AE38 2 295%) M 125 mL 2,27 °C N 5
F73~4 d, FEHEE A 53 10° 4N /mL (F735 2 290%) , 1§ H]
ExpiFactmine % 44855 (% 30 mL ExpiFactmine #4544t
FUIIA 1 mL 98/ M5 Opti-MEM™ 55 3% A58 i 15
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TR B mMEARE. FRFER 7755 590 ] £ B
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BV-M3. [FI}, & B R ¥ 4L i) B2 40 ExpisfO™ {E
pok= Rl
1.5 WB#MEAZAHEL

21100 6 8 5 11 P1ACHT R 8 52 AL % N
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Bt B3, A 0.22 pm JER T I8 5 TCE T--60 °CIRAT
A B, 1 B AR Y B 10 2 A IR . SRS A A
Fl BAC £ (Wl & 71 & W e B R, A A
10%SDS-PAGE 7} B4 & , ¥4 & F i i #4 7 % PVDF
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5 B8 1 HRP A ic 11 260/ R 1gG R 7E =R T RO
2 h, R R U RO BUGA R 5
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AT FIEAEEEANENOL, B R vh AR sl 2
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ENO1 45 #4328 i 70000 285 ¥ 47 8 i 1 A 70 B R
Yo WA TN 45 AT (B 1B
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\ -
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A B TR pFastBac-ENO1 [ %5 72 (M: DNA marker; 1: 2 2l fi ¥ pFastBac-ENO1) ; B : 541 i #i pFastBac-M1
pFastBac-M2 il pFastBac-M3 [ % 2 (M: DNA marker; 1: 07y 1 52 9847 8 2H Jii § pFastBac-M1;
27 R 2 R SR B 4H R pFastBac-M2 5 3« 437 55 3 (it 2k 584 5 41 i R pFastBac-M3) .
2 EH R pFastBac-ENO1 #ll pFastBac-M1, pFastBac-M2 #l pFastBac-M3 B E 4 R
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23 RAMREEATA

& 4 i ki pFastBac-ENOI. pFastBac-Ml .
pFastBac-M2 Al pFastBac-M3 #% % X\ DH10Bac /& 57
A Y BEAT e B, S P B B L . PRI BT
PE, PCR YGIESS R, 371 A BOR/ D9 1440,
1 416.1419411416 bp, 5HH T BOR/N—F(E3A) .
e BUIGAIE IE A 1) B 0 T V& 7= 9 B R il e, /B
FF %z 3k 71 & BAC/PAC DNA Kit #2 B & 41 #F i
rBacmid-ENO1 . rBacmid-M1. rBacmid-M2. rBacmid-
M3 283 FH 517 M13 34T PCR %5 5€ . 45518 3B fir
N O TR AR B R B TR, B4 5T KL PCR S
P20 43 ) N 2 5602 5362 539 F12 536 bp, 45 B 1F
B T, R WP B 0 B B R R

0.75
0.50

0.25

2.4 F AT rBacmid-ENO1 a7 4 % X\ ExpisfO™
) )

M B R 2 NG, BB MK
I, 5 R Gy ExpisfO™ 41 i AH L, BH PE 4 g R BN
Ji R AR K AR B A T A, R IR VR B A0 e B
(K4, S5R3E%0], jiTh3k13 PO.PLARE AT IR B
25 RAEREANEZA

W e Wi B HI5 WG 2 B gl B v o D8 e AT
1M, WBIERTIN 25 8 (B 5) B8R, 78 401 52 000
Te A AR e O 2%, R ENOL SR H J H 34
Pl 3% PR AL AR % 1) H 2H 2R ENO1-M1.ENO1-M2,
ENO1-M3 s Ri1E , BA RS o

A: T#7% %58 (M: DNA marker; 1: pFastBac-ENO1 [ 4} #% ; 2 : pFastBac-M1 [ 41 7% ; 3 : pFastBac-M2 1 (4 1§75 ;
4:pFastBac-M3 A A 7% ) ; B: ALK )% 58 (M : DNA marker; 1/2: rBacmid-ENO1 ;3/4:tBacmid-M1 ;
5/6: rBacmid-M2; 7/8: rBacmid-M3) .
E3 EEREATFRNEESER

A FEYL BT AN e O 5 5 B B R B T et 2 B
El4 FJHETREELFRMBAOTSTH ST MR RERE
1015 ,%20)

M.(x10) M 1 23 4
40

50 d —
70
M: 85 [ Marker; 1: 24125 (1 ENOI1 5371 His-ab [ [0 5 2 : EE4H 45
H ENO1-M1 5$i His-ab 1 B 5 3: #2055 [ ENO1-M2 5$i
His-ab 1] 525 ; 4 : F 20 8 (4 ENO1-M3 5§51 His-ab [ 52 M
Es EEEANETE

3 3 it

BIF FCTOHIE S , 7E 22 B 8 20 it e #09  FL AR
T 45 EL g 40 ) ENOL & R ik a4, ENO1 1
RFERE RIS TR I OGN , 3 BhE A T4l R, A
A 2- B R H Rk R I Tl A4 1 X PR PR 2 A (RIS 72 A
=WERR IR fERe AU RS E AR, (2 IR
4 i 1Y) Warburg 28", 78 I8 A Ok e v S G B A R
FH o @R ENOT J PR n] I3 25 PR AR I /KT , a3k T 417
1) b e A K R IEG im et 24 ) R BB . AR SIS T
$913E I A A5 T sShRNA 1295 25 TP ENO1 £ K 3%
1k, 56 g5 W — 20, RIFE S R 05| ENO1 R 1A nf
DA BEL Uik 1 e, AT A6 28196 o7 e g (0 FYY . (R,
RNA FHEARIRAME R T IR . B E W= 5+
G P 2 ) AN T R F 5 B, B e R T R AR N
PUBRIGIT 1 — Rl 20, B L, A st & 3Gl
F 2 988 i AR 1l 2% IR ik 5 Bl ENO1 5 o B B4k
(monoclonal antibody, mAb) , H: /1 2 Ff H A %5 5 (1) 1
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iR 3 1 L AEL BRI 20 R O AR A N 48 R 4
PER, 8O £ 7 B 98 B8 7] 74 1 ENOT mAb 44
KGR, H L3 0% 28 B B0 40 R N o AR A A i S B
g5 LR, ENOL mAb Rg B 2 401 i) 7 2105 Hela 4]
Hi LR - T TR 5 0 Jo A K [ B 00 1) HeLa 41 g
WA 53R . KPR ENOI mAb Bt & 2 & Bt
i A0 1) 751 CB-839 A7 1 [5] 4101 1) fiek I 430 ik 38 B )
FHU, f i —4E S2 ENOT mAb A7 11 B 25 21
N BE R AR IR A2 I DhRe o 5k, B 2L & H ENO1 5%
Pifk ENO1 i &P, sl i &t iiE ENO1 J il
2% Al R T = [ ENOL, 3R %E ENOL A 5
KELHTAR )R ANy, B 5 ENOL & EH R B
ENO1 mAb, MM @G T EpuiRk 25k w5k
B, ) e T A R R B R R AR S B o b R
N ENOI 5% 3 257~268 2 3 2 7] GE 2 51 &AL A4 50 7%
IS5 TR PR R A S IR B RE A I s Rl 45 4 1 T
547 vl R AU B S 4 A . ARSI 1 ENOL K
VEVE ARGV PR 3 NS5 MR L IR 5] N R RAR , i
R PEAF 225 M F 5 ), (H % 23 () S Mg R i e/, 1
AFCM L Ihe . W S F A [ (1) ik R R AT R A S i
FH A [ 14 J5 1) 2 2 R 5 ARk (1 2 B e, Tt 2
BE TS 1E H ek S TR 52 A — 20, MU 7L 5 R A
Bl 2R SR 1) 7 K 8 A L BARVE PR AR . JE 2 sE
B b, W 4k 238 3 5E ENO1 2R A b3 PR i 2 11
ENO1 & H 5 Hict iy, B iR S5 i 4%, T4k
H B AR G HUiR g & G AT A5

o PR AL AT R S R IR T B A, B
TR AL s S AR R T A IR R 0 AL
Hil, BERTHAMPR ., @KL A
L P 326 i PR PR 45 A6 A6 180 U BB 1) 24 0 2 T 4E R
B 50 0 #8509 AR A7 AR IR 0T T R UL 3 T 78
G RAE 5 1 R B o o 7 AR R B R
il BT T BT A 20 P A R R R B TN 4y
T2 R R . SO B 0 OC S M AL AR
2= 5 W) F 1 A R0 16 v PR R AR S v 3 S R v
JTHRAE T T R .

BEVS J& LAFFIR 5 B 7 v #0532k, DA Ht
YRR AfE BT R R A B R A H M E AR
T HP, REdBEVS M T HZ B RERIE RS
RZ A A, Fonf DLRIE TR T 5 RARE A T RE
mEAR T E A E . REBEVSIEEA &
Tk AR RRE S . Rk, R BEVS & #£ik
B AR EAR AN, AR SEEG @ I BEVS ek A
IR, 76 N Sty i \ His 25, B T )R 82 H B A E .
W H % $: 2 pFast-Bacl #044 b, Fid i 4% g% B 4 i
ExpisPO™ 3 HAM R 5, R REHMWEH,

WB % e X 28 1 B R, A JE SR I o
A1 7781 ENO1 mAb R 58 ENO1 &5 [ 19 45 84 v B Ak
HIVE TR 5 BE 52 T SEIG SR .
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