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RAIRLDHP A I, T LDHFGDHAE3FA
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1.1 #E
111 BEFPRRRL: SCI TR RRE. coli IM109
FIE. coli BL21 L) K JFURipET28aMIpET21 AL H %
Fif, BokipMD19-TI T TaKaRa/\ l, H4H ks
pET28a-LHIpET28a-G R 50 M IR . 514
¥t BilEA TAA R, IR 1R,
1.1.2 EERIFLES: Tag DNA polymerase ,
T4 DNA Ligase. FR|PENVIEEXho TFINhe 1,
IPTG. DNA Marker. Protein Markerllg T
TaKaRa/A ] ; DNA DGR G T A st AR A4k
B AR A F]; Plasmid mini kit T?OMEGA BIO-
TEK. = I 3 R R R AL -5 2 R 4393l WA P I
AN FEAISigmaA Al ; NAD FAINADHIA T L
FEIHRFAT; HAalRE R E = it

E A R B O HL(Beckman /A H), Agilent
ZORBAX SB-Aq (4.6 mmx250 mm)#¥: A X HPLC %
Gi(Agilent/AF)), BEHMY(Thermo/A ), M BE %
IXVCX750 (ZEE Sonic/A Fl)o
1.1.3  ¥5RE. LB N E A0 g/L,
T RHREUIS @/, FAkEN10 /L, pH 7.2, LBHA
S AR IR T, AR RN R IR Rk
HANT R R 2L 5250 mg/LFT100 mg/L.
1.2 HWEEYHFRpET21-IfIpET21-g

DA RipET28a-L AR, LIL-SD-AS-G-F1#l
G-SD-AS-L-R1~5|¥), PCRY ¥ idh; LU
pET28a-GYE N, LIG-SD-AS-L-F1MIL-SD-
AS-G-R1N5¥, PCRY Y Hgdh, X HI4-ARH
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1. AP RAEIRIS

Table 1. Primers used in this experiment

Primers Sequences (5'—3')

G-SD-AS-I-F1 CAGCTAGCATGTATCCGGATTTA (Nke I )

G-SD-AS-I-R1 GACTCGAGGCGACGGCTAATAATGT (Xho 1)

G-SD-AS-1-R2 GGTATATCTCCTTCTTAACCGCGGCCTGCCTGGAATGACG

G-SD-AS-1-F2 GGTTAAGAAGGAGATATACCATGGCATTAGAAATCTTC

L-SD-AS-g-F1 GGCAGCTAGCATGGCATTAGAAATCTTCGAATACTTAGAA (Nhe 1)
L-SD-AS-g-R1 GACTCGAGACCGCGGCCTGCCTGG (Xho 1)

L-SD-AS-g-R2 ATGCCATGGTATATCTCCTTCTTACCTACGGCTAATAATGT
L-SD-AS-g-F2 CGTCGCTAAGAAGGAGATATACCATGTACCCGGATTTAAAAGG
L-Linker-G-F1 GGCAGCTAGCATGGCATTAGAAATCTTCGAATACTTAGAA (Nhe 1)
L-Linker-G-R1 GACTCGAGTTAACCGCGGCCTGCCTGGAAT (Xho 1)

L-Linker-G-R2 GCCAGAGCCACCACCGCCAGAGCCACCACCGCCGCGACGGCTAATAATGTCG
L-Linker-G-F2 CGGTGGTGGCTCTGGCGGTGGTGGCTCTATGTATCCGGATTTA
G-Linker-L-F1 CAGCTAGCATGTATCCGGATTTA (Nhe 1)

G-Linker-L-R1 GACTCGAGTTACCTACGGCTAATAATGT (Xho 1)

G-Linker-L-F2 CGGTGGTGGCTCTGGCGGTGGTGGCTCTATGGCATTAGAAATCTTC
G-Linker-L-R2 GCCAGAGCCACCACCGCCAGAGCCACCACCGCCACCGCGGCCTGCCTG

The sequences of SD-AS and Linker are bold; the restriction endonuclease sites are underlined.

SN nA,

FFHEIM109,

6, R

Halifb 5 T-80K, ekl EXGBEDNAHRNR, FIH B RS 9 ek
RATBV NP AR, PRIBCSHVERE SR, SRR I P A 1.2 b i 3 A
o A BRERNMT-#AE SR pET28al, RIFHILIKEHAKE. coli BL21/

IR EARPpET-2 1 [ B F) A Rl 44 N VT B X ho 1 1
Nhe 1 XY, T43% B iy 2 %5 5 AL R A
WBL21, FIHZ NP AR e RIS HLLNE. coli
BL21/pET21-1HIE. coli BL21/pET21-g.

1.3 LDHFIGDHE3RpFEF k50

1.3.1  BpRdtRss. ma e N Rz S
pET28a#k (A AH R SD-ASIT 1, 20 8 h Hh ¢
R2FIERE . R ESEMPCRGITE, VIR
pET28a-LHIpET28a-GE MR, Sefl ] ikt
KB Y GRS I ET . JE BT,
PR B iR K HE B4 T72 °CIEDNAR G T
VEFA T SE {2 52 38 O0UEE , FFRDL E— 30 R1S 1958

pET28a-L-SD-AS-gHIE. coli BL21/pET28a-G-SD-
AS-1,

1.3.2 RiERDE. @2 NERZEM 14
Linker(FEPERFERRIE ), SO ORI Rl G 3Rk .
[ ALK S B PCRIY 5k, FIH Lk &2

IKGIYHEATPCRY 1Y, 5 E 20 PR 5 4 o dr 3

RIKMFE, AR BMAERBEEHRHE. coli
BL21/pET28a-L-Linker-GHIE. coli BL21/pET28a-
G-Linker-L,

1.3.3 RURRFERIA: 7R —HRE RS A1
JECRL, 2Aﬁ*iiéj\%U%ﬁKIﬁJE€J%, PNE s
BATHBUTOR e 5k . B 2 B A Ok,
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2¢4HpET21-1 pET28-GHIpET28-L pET21-g, ¥ AR
WAFFEBL21, A& 2R Bt A-RIRHTrE 0y FAR
HEAT U BE , RS WAL I RIKERE. coli
BL21/pET21-1 pET28a-GHIE. coli BL21/pET28a-L
pET21-g.
1.4 HECHAHHishrEHEA FApET21-L,
pET21-G, pET28a-L-SD-AS-GHlIpET28a-G-SD-
AS-L
1.4.1 HEPET21-LMpET21-G: T 1t
TR THRI T A GHELIET, AGRENT
e s AL AT, FrLCRITRG Rk m) 45 K
RS R CIm AN Hishr 2 I S AL ik . DA
JFikipET28a-L Atkitk, LLG-Linker-L-F1HIL-
Linker-G-R1_~5|%), PCRY ¥ idh; VIpET28a-
GYEJ iR, LIL-Linker-G-F1#1G-Linker-L-R2H
1%, PCRY Mgithigdh, ¥ ¥/ Wtic1.2vp Yy ik
R R pET21 b, mARMEHARE. coli
BL21/pET21-LFIE. coli BL21/pET21-G.
1.4.2 FJEpET28a-L-SD-AS-GFIpET28a-G-SD-
AS-L: H 4 fikipET28a-L-SD-AS-GFlIpET28a-G-
SD-AS-L #8771 [\ 1.3 80 JFokr M 32 1k b 07
B, H R B G YR o RG RIR A
B ERUES Y, N ITTARAS C o ANl His b 45 B3
R IR IRHE. coli BL21/pET28a-L-SD-AS-GFHIE.
coli BL21/pET28a-G-SD-AS-L.,
1.5 ERTEENERRE

Vg TR Y 2 PR R R T T ok
FILBREFRIELH, F37°C. 200 r/mink5 3£ 5] ODg
90.6-0.81F, ZH10.1 mmol/LAYIPTGHEFT17 °C
PF14 h, BELOWCERER, ¥R ik 5
H47SDS-PAGEZE H LUK IR, 3 4hi AT
PRI, I .
1.6 BEENE

LDHHIGDH#AS 2 Hi BN AD(H) MK U i, i
T P 0] 2 0 2 2 e 00 5 340 nm b R (B A 1 78

actamicro@im.ac.cn

TN ADH Y 028 > [ BB . LDHBETE I 2 4%
4R R R AAFR0.2 mL, 435IIA0.1 mol/L Tris-
HCI1 (pH 8.5), 5 mmol/L TMP, 0.2 mmol/L
NADH, 1 mol/L NH,CI-NH;-H,0Z i, 30 °C
PRIE2 min, fIAGE & BRE S TF 345340 nmAb il
FAE M AR L . GDHREHE I E 55RO A
0.2 mL, 433l A0.1 mol/L Tris-HC1 (pH 8.5),
2 mmol/L NAD", 0.1 mol/L D-#j%j##, 30 °CI{:iR
2 min, JIAGE & B UG FFIRFF5340 nmAb K SGE
AL o B B R 2 SR F Bradford i, A4
M35 F AR FABSA AR eSS o BEE T Ll £ L
WHRMT, B EMEIEAE R pmoly™ 4 A 14~
AU, BEERHEAR : BEU) =EW x V x
10%/(6220 x 0.3), H:th, EW A1 minp340 nmibi
HCEER AL s VROV AR (mL); 6220 4 B
RIEERB(L-mol “em ™ ); 0.3 FEFRIEES (cm),
Foim A 3 IR (U/mg)= B (U)/E H &
(mg).
1.7 EHEAELRN

SR FH 4 20 o ROt 8 2 R B S AT AL R
TMPAACL-TIeSZ o S ARBU RS0 mL, (KZRH
450.5 mol/L TMP, 0.6 mol/L#5%3k%, 0.1 mmol/L
NAD', 1 mol/L NH,CI1, & & 5 4] kol & e
PR O RE B AR . RO A5 R30 °C
200 r/min, SN 12 hfg#EA7HORE, K IR 9 A
7
1.8 HPLCAHr
1.8.1 JE# TMP & : Jid1 mL/min, 250G
M2E210 nm, FBIAHN20 mmol/LBERREN/ 2 1A
W[99.5 : 0.5 (V/V), pH2.0], #FFERES ul.
1.8.2 =4 L-Tle 8 : SEH|FHOPASEATHEFIAT
Ak, GIEAMR . WE D mL/min, EAMEI#
338 nm, AIFHANPH 7.20950 mmol/LEEHR 4,
TSI AHB A 50 mmol/ LS R &M/ H B/ 2116 7
[2:4:4, (V/V/V), pH7.2], EFEF K27 min
B/ H17%T+%50%, 4 minN T E80%, 115
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3 min, RGE1 minNFERET%, &G
(/Ié\HT‘H‘Eﬂigg min)o

%453 min

2 HRAA

2.1 REFRXLDHAGDHE HFREHE M

FERITEA A SOk () RIRAFAE 22 7, EdRiE
BRI BRI H 55 DR B IE A AR A
B, e WAL RN A . AR T
LDHFGDHYE ¥ WL RipET21 MlpET28a | 354
2550 X BT Y M R SR LDH A GDH 1 21 14
PATHEHE I E , RKIEHHE. coli BL21/pET28a-L
MIE. coli BL21/pET21-1FLDHLIE AT, 439
}95.89 U/mg#i15.60 U/mg; i EEALEE. coli BL21/
pET28a-GAIE. coli BL21/pET21-ghGDH FLik 14
BRI, 4391195 U/mgHi2.43 U/mg, HE7H Bk
pET21-g R IAHFF i Y b is 71 81 2 /I T pET28a-G.
22 B AN [ Jo A X6 A () 5 PRI 114 2 ik EL A AN [R) 52 i)
H A pET28a 0l KA W B 19 & H 40T
pET21, ALk #EpET28afE B ki e 3¢ A i
B RINM A
2.2 ARFEFREREXN LDHAIGDHIR X R

AR e TR SR H B R I8 & LA KOAS [F]
fitf Z [ 23k LU BB AETE 25 5%, DI B 3 [+
RN ZE T o S ARAT i RO R R I S i) 25 L -
B AR AR, Bk 3RO R Rk
IR TR SR ARATORR AT, 4331 AU AN [+ ) £
iy e = S PN e = S PN DS @ Uil s%s 87 ke e N il d
L RRUTOR R A

HEE IR L), ok 4w RIE
B HAE A, AT 255 5 DL B 22 6] /Y
LU B AE 2500 o 5 RGP A () 7y il 2R3k R4S
HIR K/ 74 kDalE 1557, B TRlA3RIAE
Bt Linkeri® 32, Frl2fpmgaE e Eo1 - 1, Hi
B[R BB BRI ALk 2 fh B 1, R s e L
i A R ah m W Bl e TR RN, HEdiE, b

kDa M 1 2 34 5 6 kDa
o R0 Tl R
44.3 - G - — 3
200 e - —0
20.1 ——
14.3

1. 3FRIE S NN ELHERRIAZHISDS-PAGE
Bk ST A
Figure 1.
recombinant strains from three different co-expression
strategies. M: protein marker; lane 1: E. coli BL21/
pET28a-L-Linker-G; lane 2: E. coli BL21/pET28a-G-
Linker-L; lane 3: E. coli BL21/pET28a-L-AS-SD-g;
lane 4: E. coli BL21/pET28a-G-AS-SD-I; lane 5: E. coli
BL21/pET21-1 pET28a-G; lane 6: E. coli BL21/pET28a-L
pET21-g.

SDS-PAGE analysis of expression of

T A 1T 5 R iR R 9 53 3 7 22 la) A
AT 2 T Ui R A ek A S ™ XU
WAL A R MR A I GDH I A B & FLDHZE A
w, SERIEFRIMHE TR

R G WF 5T I (62), LDHAE3FPA [R5k
Mg 22 RAEA K, BIREIE R K1k ; MGDHMY
FiRkZEFHK, HEBAHGDHIGME, s FibHR
$ipET28a-L-Linker-GHIpET28a-G-Linker-L# ik i
A F W LDHEE IE%, H#f120 T GDHIG M,
YE4RE , KR T Bacillus sp.iJGDH N IE =27 R
FERLA LDHB A, AT RE th 28 o) 7 BH. i 5%
M, {73 GDHARMET & A IEM IS . ik 5o
iR TR pET28a-L-AS-SD-g HIpET28a-G-SD-AS-1
Y R TR HAG AR B 38 7 U = i LDH
W, 49 h3.32 U/mg#fi1.87 U/mg, HF#H
GDHIG A/ 5 01146 U/mg, A HESE T i
DK Cam b & B His b 25 % LDHAIGDH ™ A= A [] (1 5%
M, 3% GDHAS R S R MG, HI A LDH
W, RUFR L F K RE. coli BL21/pET28a-L
pET21-gHlE. coli/pET21-1 pET28a-GHILDHIE M4
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2. IMHERIARIR ELHEREXTEL

Table 2. Enzyme activity of recombinant strains from three different co-expression strategies

Strains Activity of LDH /(U/mg) Activity of GDH /(U/mg)
E. coli BL21/pET28a-L-Linker-G 1.67 0

E. coli BL21/pET28a-G-Linker-L 1.03 0

E. coli BL21/pET28a-L-AS-SD-g 3.32 0

E. coli BL21/pET28a-G-AS-SD-1 1.87 146

E. coli BL21/pET21-1 pET28a-G 0.70 127

E. coli BL21/pET28a-L pET21-g 1.47 1.62

In this paper, L and G represent the gene of /dh and gdh, respectively; 1 and g represent the gene of /dh and gdh with additional His-tag

at C termini, respectively.

R LR IAL, 5 HKRMMLDHER A S AHFT;
Wi GDHIE 43 o0 1.62 U/mgH1127 U/mg, Ho
pET21-g# ik ) GDH 5 pET28a-L-AS-SD-g—##,
Cuin & Hishr 2, RUIComfl & 1Y Hishr 2 A 7] /e
SENGDHTEE .

CRANT LD 3R ILIRIA R . Al G RIA TR
IGDHZR, LDHZ A S AR T J ok gk ik
MG s BT SR IR TR K BE 8 I 2 3R IA GDH I
LDH, {HLDHZRIAE IR T 5k Rk R m
GDHZIATE Jy WA T PR ok MR R SR mg 5 Bk
TR MK BEAK 0 1o T R R N 4 2 il ) %
ki, BB IGDHALDHZE A 17,

2.3  CIiHistREX LDHAGDHZE A RIS

pET21HIpET28ai ki B A MR 1 T 7 lac)i 3l
T, HER REREPEIL MHisirZ, pET28afE
NAICHH & A Hishnds, MpET2 1R AECi
AHishr%s . Ledent5 ™ W5y & P Hishrss BLARAENS
FlFEALife, EE0REEmE IS, Nl
RS T . W CoHishRZE & 15 4 1 I G DH
T TR, RO pET2 149 2 T 28k Coig A
A HishRZ AL B KRE. coli BL21/pET21-LAIE.
coli BL21/pET21-G, T Ik E LI (E2)E A
IEHRBEM . ChiATHIshRZ M EAWLDH
fii5 15 %06.24 U/mg, 58 A Hishn 2 1) F 20 W 4%
i, R CoiiHishRZE I A2 W 552 1 LDH Y Bs

actamicro@im.ac.cn

PE 5 T Coi A & Hishr 2 1Y 51 2H 7 GDH G % 15 |
158 U/mg, 37 Hishrnss A 6515, KM
CotHishRZ M R 11 | GDHAFIE 11
2.4 CUiHistER PR IEFRX R LDHAMGDH
TR

A i Y Cot HishR 28 52 M BTG 4, v] LA i
PE— A H H C o AN AT His iR 25 1Y B oky 3 2 0
Bk, A HA KA LDHMGDHEHS, (HEA R
FIREMEHRE, EABRK(EZ)ERH KD REE
YN, WD E (R3)RY], AN E CoiHishR % 1Y 5
FipET28a-L-AS-SD-GAllpET28a-G-AS-SD-L# A
FILDHIE 1143 51°43.98 U/mg#13.33 U/mg, Kk
KipET28a-G-AS-SD-15% 3k I LDHPFE 43511 5 1)

2. ELHHE. coliipET21-LFAE. coli/pET21-GHISDS-
PAGERLK 7T HfT

Figure 2. SDS-PAGE analysis of E. coli/pET21-L and
E. coli/pET21-G. M: protein marker; lane 1: pET21-G;
lane 2: pET21-L.
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M 1 2

kDa

97.2

66.4
44.3 43 kDa

29.0 «—30kDa

20.1

143

&l 3. E4HRE. coli BL21/pET28a-L-AS-SD-GHIE. coli
BL21/pET28a-G-AS-SD-LHJSDS-PAGE S #7

Figure 3. SDS-PAGE analysis of E. coli BL21/pET28a-
L-AS-SD-G and E. coli BL21/pET28a-G-AS-SD-L. M:
protein marker; lane 1: pET28a-L-AS-SD-G; lane 2:
pET28a-G-AS-SD-L.

LK AT — SRR A ROV . SR A R R
BH(2%3), 4P 1B He ) A AR 20 2oxt
AN R 30 Ji5 S I 3K 7 AR S 7 A () 4
T, LDHMEGEACFYOE T HARCRN =, 75
AH IR LDHPMEE 7K, 52 B GDHE % X6 S5 44
WA R o R E R AL T2 di i, KO
ARV AF LU 2 200 M/ T At R B ) BELRS A% sk el
. PR T RINACE ., EAWE. coli BL21/pET28a
-L-AS-SD-GHA i = (W LDHREHE , HGDHREHE K
F-REAS T AP AE 2K, HSE 2 54160.5 mol/L
JEY AT B AR D, 1S /L, SRR N
0.1 mmol/L,

*®3. EHEHEURN

Table 3. Asymmetric conversion by recombinant strains

Strains Activity of Activity of Activity ratio of Biocatalyst Cell Conversion/%
LDH/(U/mg) GDH/(U/mg) LDH to GDH amount/(g/L)

E. coli BL21/pET28a- 1.87 146 1:78 Whole-cell 10 653
G-AS-SD-1

Cell-free crudes a 10 75.8

Cell-free crudesb 32 99.9
E. coli BL21/pET28a- 3.33 120 1:36 Whole-cell 10 76.9
G-AS-SD-L

Cell-free crudes a 10 82.6

Cell-free crudes b 18 99.9
E. coli BL21/pET28a- 3.98 104 1:26 Whole-cell 10 86.4
L-AS-SD-G

Cell-free crudes a 10 93.4

Cell-free crudes b 15 99.9
In this table, cell-free crudes a represents the reaction in the same the cell amount; cell-free crudes b represents the reaction in the same
LDH activity.

1.8F12.14%; GDHif /1535125104 U/mg #1120 U/mg,
HpET28a-G-AS-SD-1/GDH0.827F10.71£% .
2.5 TS A B A FRIE I TMPHI & L-
Tle BRI

FIH 2 AL TMP 5 L -Tleid 72 g H13
2RISR, PABE RIS K NRLEL G, DL
B FAAAEIE S, WS s 0% s R AR
FFEXT EA A & I LDHAIGDHIE M, {H S
Be LEAS R B A 3K B R LR T bR, 7R R R AN

3t

A 22 B L2 1K S B — i 1 AN X e JL o] o
TR R MR AL O AR A ELAT = RO A1 fiE
HIXCIIREMEALTT o AT FELE BEAE KT T R0k &
Gt ELA R 7 B R S S LB R
KBRS e 2 R D A AT IR, 5T
IR R0 Y P A P R s A
HYER (4).
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Table 4. Comparison between this work and other reported biosynthesis of L-tert-leucine

Biocatalyst c(TMP)/ Cell loading/ - (NAD"Y/ Conversion/%  Ref.
(mol/L) (g/L) (mmol/L)

Cell extract of E. coli BL21 (pET28a-Bcldh-Bsgdh) 0.5 15 0.10 99.9 This work

Cell extract of E. coli BL21(pRSFDuet-1-Lsldh/ 0.5 40 0.23 99.9 [14]

pET21a-Cbfdh)

E. coli BL21 (pET28a-Esldh-Bmgdh) 0.5 5 0.50 99.9 [21]

In this table, a represents lyophilized cells.
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HE
SRR IR Y S ey S N T
B, BRLBORE R ISR AN 5 A Com His br 45 1) 2 20 TR
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High efficient co-expression of leucine dehydrogenase and glucose
dehydrogenase in Escherichia coli

. . . * .
Xinglong Yang, Xiaoqing Mu , Yao Nie, Yan Xu
Key Laboratory of Industrial Biotechnology, Ministry of Education, Center for Brewing Science and Enzyme Technology, School
of Biotechnology, Jiangnan University, Wuxi 214122, Jiangsu Province, China

Abstract: [Objective] Different co-expression strategies to express leucine dehydrogenase and glucose
dehydrogenase in E. coli were done to observe the effect of expression of different enzyme. A recombinant strain with
two high enzyme activities was built for efficiently asymmetric synthesis of L-tert-leucine. [Methods] The leucine
dehydrogenase (I/dh) from Bacillus cereus and glucose dehydrogenase (gdh) from Bacillus sp. were co-expressed by
three different strategies, including co-expressing two genes in single vector, co-expressing two genes in two vectors
and expressing fusion protein. The catalytic efficiencies of recombinant strains with different enzyme activity ratio in
different modes of biocatalyst were compared to produce L-tert-leucine from its corresponding a-keto acids. [Results]
Different co-expression strategies displayed a slight impact on leucine dehydrogenase expression, whereas, a greater
impact on glucose dehydrogenase. All the activity of leucine dehydrogenase was normally expressed, but the fusion
proteins lost the activity of glucose dehydrogenase. Besides, the activity of glucose dehydrogenase was also totally
inhibited when the 6-histidine tag was fused at C termini, which indicated the additional 6-histidine tag considerately
depressed the glucose dehydrogenase activity. After optimization of expression, three recombinant strains exhibiting
high enzyme activity and different enzyme activity ratio were used to synthesis L-tert-leucine in the mode of cell-free
extracts and whole-cell. Result displayed a great influence on the catalytic efficiencies resulted from the mode of
catalyst and enzyme activity. When the cell-free crude culture broth of E. coli BL21/pET28a-L-SD-AS-G co-
expressing two genes in single vector was used as biocatalyst, 15 g/L cell loading and 0.1 mmol/L NAD" were enough
to completely transform 0.5 mol/L trimethylpyruvate into L-terz-leucine. [Conclusion] The recombinant strain with
high activities of leucine dehydrogenase and glucose dehydrogenase was achieved by co-expressing two genes in

single vector without histidine tag in E. coli and L-tert-leucine was efficiently produced with this recombinant strain.

Keywords: L-tert-leucine, leucine dehydrogenase, glucose dehydrogenase, co-expression, C terminus, His-tag
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