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Arthrobacter ureafaciens CZ31 A & L I S g
FHMAL
b, ALY, ZxE1, WE', meg”

VERDURHEE KA AR TR, WG BRI 430081
P ep R EBE M AR 2 SRR RS, )4 M 510530
WZE: [ HiY ] 5l Arthrobacter ureafaciens CZ31 TN RN S 1 St L H (alanine dehydrogenase), %1k
2% Escherichia coli Rosetta (DE3)H A4 & ] 5K alanine dehydrogenase (ald)f) T FEH CZRO7 FALfkr=
B2t [ ik ] 4830 4. ureafaciens CZ31 BRI 2 SEHA DNA, &5 99 34 H ald X, 5 pET-28a
G S E. coli Rosetta PRIBFFAMLEAEA, DIFARRILIEE L KIS, win ik e & mesc k.
[ 255 Jald K0 1119 bp, 4wl 372 MEILRRIRILINE T, 20 F8H28 40 kDa, FHE R 2.65 U/mg.
Wi 7 T 3 A il B L 175 IR R K 75 5 50 e ) S e 5 35 O IPTG R J3E >l 8 > BE < IPT G e JiE > B <5
I RI>IPTG ¥ B2 <75 T IS [A]>175 IR A] . CZRO7 FRMUA T fe 28 AF D i EE 22 °C L IPTG 0.7 mmol/L | i
A 7 h, MCAH R EAEGEGIS AR 15.23 U/mg, 50007 G AL RO TRIAE AL, BARAL R R 5.75
fo [ 4518 ) weBEFFI T CZ31  ald JER W, SR BBD WAL W05 4510, RIS 03
PIPLACR , A TR RAR - B A AL PR 4
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Mycobacterium smegmatis ' ald H)FIRTERE 5K
3751 AldR 45 1 (Lrp/AsnC 8 FI 55 MR
WAk, WFFE2F 5 DA EME T Bacillus subtilis™ |
Geobacillus stearothermophilus'®%5: /A [&] 5 5 1) N
AR AER, I T e KM Y R R
ik

M S T 925 70 A ) S B R AR R A Iz B
I FE ORI TR A A S T A 3 i T LR v B AR R
AR, R H O P . B A e
I A BT SR 85 1 24 CCD (Central composite
design)fll BBD (Box-benhnken design)MiF 7k,
Hrh BBD HL G B — RO 2 R
Tk, MAEZMEBCABRR TG, B, X
B, I HEARGF IR, @it ila o7
A LIS 345 T 3R i s AR 210 5 91 HAR G b b 5 45 I
KRB BAEM . BB 7 AR Y5 7 T
I =R CCD S Bt t rids, X
SEAL Ty AR SR R B SR AR A T
b, HBEUS T —E RPLARRCERT, (B4 Sk
Xof LR B 7 BG5S A A T AL

A. ureafaciens CZ31 ARSI ENZ TAVIE
K P U8 Hh 7 A5 21 1Y RE A5 = AU ) AL 2 AR T
PR, A5 v B 12 T ok o 118 2 I A I P 2 R e
ity , ey AL DR TR R R A 2 30k I 3 3 i 7 T
P TRERBR A R I B 450, IR 2% AlaDH B 5
il 2 R 5 N A 2y BB R IR B A RS AR D AL

L5z A= WA R AL I o A R A 4

1 AR %
1.1 TR R

AR B LI AR A. ureafaciens
CZ31(E MRS . CCTCCM 2014165), =M T
MV R K I TS U R A3 B B — R A IR PP . 1A
T4 E. coli Rosetta N iRk 3RIAK pET-28a A
1.2 FERF| KR E

Jokr B s H B3R & (Plasmid Mini Kit 1), 3

EREGERS DNA IR £ (Gel Extraction Kit).,

T4 DNA % $20 . Tag DNA B4 . ANTPs, DNA
marker i H TIANGEN A, BR il 09 bl il
BamH 1 1 Hind T H NEB /A, LB 8535
Tkl M ik T F1E E. coli Rosetta 3%
ik, SETAGIYLEER 1.
1.3 A. ureafaciens CZ31 " ald J:H R

% FH CTAB/NaCl Z:3EH 4. ureafaciens CZ31
FLIK 20 DNA, #3 4l GenBank | %5 5 KUR62802.1
() [ R Rk Arthrobacter sp. ATCC 21022 (1) ald 3 [F]
%), A Primer Premier5 #4514, fHH
aualdO1F F1 auald0O2R 5|#)5if&E S pMD-18T R4,
}45dt pMD-18T-ald , 15Jf auald03F Fl auald04R 514
W vilk % pET-28a, ¥t pET-28a-ald, PCR [ 5%

% 1. PCR ¥ 1&5|45%5

Table 1. Primers used in PCR
Primer Primer sequence (5'—3’) Purpose
aualdO1F ATGATCATCGGCGTCCCTAAAG ald sequencing
auald02R TTATGCGGAGACCAGTTCGTGCCAGT and preservation
aualdO3F GCA/AGCTTACATGATCATCGGCGTCCCTAAAG ald cloning
auald04R ATCG/GATCCAGTTATGCGGAGACCAGTTCGTG

The underlined are the cleavage sites of restriction enzyme.
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44 :95 °C 5 min, 30 X H4PEFR(94 °C 1 min, 65 °C
455, 72°C90s), 72°C 10 min, 4 °C {f#f£. PCR
PG 1% B REWHEE A H VR, o T BB W A
ISR e At Ak Tl B A S5 1A
1.4 FEZHFR pET28a-ald FIFYEE

X F ik AR pET-28a F1 ald F& A 43 5l H
BamH | F Hind NI4T XY, 2k BIIKS 16 °C
W EE, WEET YR E. coli DH5a, 1E
LB/Kan(30 pg/mL)brEF- b iiiess b+, Fik
TL W PCR FIEH A FUR ARV %, %2 1
Y EE2H Bokz PCR 7 ik A6 st SRRl AR P4
ARA PR /T o
1.5 ald Z:H¥E E. coli Rosetta FHHEFFE

H 0 Py A ) B AL SO PO L 2 E. colli
Rosetta H, PEHPHM:F 4 £ LB/Kan(30 pg/mL)
H, 37 °C JiFR 2 ODeoo N 0.4-0.6 It} , JIIAZHE
4 0.5 mmol/L ) IPTG, 30°C 5% 8 h, H{ 100 mL
W, 20K, 7 mL PBS (0.2 mol/L,
pH7.4)1E % 2 W5 A, S S A R A fif , 25 4 °C.
10000xg &0y, b ig W B AR B, R B 2ET 7
SDS-PAGE Il FIEGE R, LIZS 4Kk pET-28a
Ak %2 E. coli Rosetta X,
1.6 4HAE AN S Y HR B TS I

#4100 mL I# ¥ 50 mL 25,045 4 °C 8000 t/min
B0 10 min, WEE R, Tris-HC1 2% 11 (50 mmol/L,
pHS.OVR R 2 ¥k, 5 mL Tris-HCI 2% i (&
300 pg/mL B EE, RERRL3 K, KA
IR PR RCRRAX, TEVKI 3 s, 5 s [AlfE, 2
2400 W,99 1K, 2 {5 ,22000xg 5.0 30 min
RPARAT: 2 P A VR CREL PR ) o

AlaDH F % I 7E i S AR F Sy 2 1.0 mL (A A
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P& 2 W i +0.8 mL ddH,O+0.1 mL 0.3 mmol/L K
NADH+0.1 mL R, 85 5 0 B S A
NADH FUHLEHA , 30 °C W 1 min, 340 nm Ab{
TEWROGARL o LA 25 B8 K AR PR I 2 5 oy YR AR R
A H IR 1 ST 1 R o B
$ 1 min NIEJE 1 umol NADH Fir 75 22 () i i L
N 1A AL
1.7 RIBSMBmE R E Ak

fE LB iRl DR RB IR . et
6] . IPTG & B2 X F2H T F R 52, %o B> PR R
PR RZ A S, 5 IR EE 10-30 °C, 5 °C K
—ANKBEE 5 i A 3-11 h, 2 h H—ABEEE; IPTG
WP 0.2-1.0 mmol/L, 0.2 mmol/L & 1 MEHEE,

TERR R LI E 3 R B AR S
F BBD St 58, SR9¢ 3 MR RN EAH
it (28 B, LA S 2 PN 2 T Ot I P 7 A e
NAE, & Design-Expert £ {4 @7 IR AL, B
SE SRR R AR, XSG I R TR

2 ERFpH

2.1  ald ZE )51

B A. ureafaciens CZ31 ) ald &K PCR F=#y Rk
aifbfaie, IR 81$E 48 2 GenBank (GenBank :
KC213816), 455 ald KK 0Tk el A K 3
N 1119 bp, HEMIZIERN Zifih i 372 > LR
W51 40 kDa W&, X Arthrobacter
JE Y AlaDH Z LR 7 S A MESE T 1 oA, 4%
&R 6 Fl, kA DNAMAN 4%} )& N i [R]
DA HEAT L X o3 A, S5 R BoRJE N R & B
97.31%LA_EWyAIYE , B Arthrobacter J& N HIIN
LRI A MR A R = r R . 762 NCBI Protein
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Blast 46 R4 A CZ31 1 AlaDH 2R 7 811 T
Foxt, EFEAILEMA TS, R Clustal X #l
MEGA 5.0 P R G UL (B 1), X AlaDH
AR OTE L E R SCRIAT A, K
CZ31 5 A. aurescens TC1 5% Zfxilr, F5lAE
Ik 98%., UL Mycobacterium tuberculosis 2vhw.1
Y ald FED PSR R IEA T8 11 0§ = 4k i
¥, BRI A ureafaciens CZ31 N BRI A fE—
ANREASRIK, SMERMR. BATEH 2 M
LU ZEA A B, Z5A 2 IR L) o S8EAH %
DERIEA 144 B I 16 1> o BRE, o BRE
A B TS A HL
2.2 EHFRRHE KL
TAUTRL AU B S 5 AN 2 B, )
AU H R IE R A E. coli Rosetta, LLfTfz
By gl Bok AR 1S B B3 ald, PCR 74
BRI A W HOR A BRA w e,
2L B 5 545 R T8 A. ureafaciens CZ31ald ¥4I ¥
SEILICHLRE 100%, dE—L IR RE A. ureafaciens
CZ31 1Y ald E BT A E. coli Rosetta 15 £ 1, 4

100

99 57 Arthrobacter globiformis NBRC 12137

99|~ Arthrobacter chlorophenolicus A6

5 Arthrobacter ureafaciens CZ31
78" Arthrobacter aurescens TC1

% TRER MR AT 240 E. coli CZRO7,
2.3 EAMRIERREXREEKR

TR EF T SDS-PAGE #6524 40 kDa
9 E R, B I R PO R A B s N
4R I S B0 Pk, TS O (2.650+0.012) U/mg
(0.5 mmol/LIPTG, 30 °C i5 % 8 h), &8 HE4ifb)s
SDS-PAGE H6: I 1) 4fi 7 45 i 11 H 9 2571 (K 3),
W ald 7 CZROT H ik
2.4 EELPGTE A0 R D T SE B

XF CZRO7 W HBYFEH ald Fik B EBEHE S 5%
PEEAT R R 500G, SRR TS 3 45 Hh 52 i fi
FH 3 AR RIREE | i SHHE K IPTG #E, LAY
B AR BRAEZIE I (8] 4). SRR o, 4
PSR A 20 °C B, EALEF AlaDH AOREEIE B
BEA 175 IR BB T, WS R R RS
TEEE A 15-25 °C (] 4-A). %L LE R T, HE
B, RS R R AR, R 2 kR
) R A ) i L2 IR B TCvk B W T &, ki
TR A TG A . IUEIRETS, HirEH
(G FGH AR AR, R R 2 68 22 Y ()

Renibacterium salmoninarum ATCC 33209 7
Arthrobacter sp. FB24

Arthrobacter phenanthrenivorans Sphe3

Streptosporangium roseum DSM 43021

Citricoccus sp. CH26A
Nocardiopsis alba ATCC BAA-2165
95 Streptomyces bingchenggensis BCW-1

71 Streptomyces venezuelae ATCC 10712
Streptomyces sp. Mgl

—
0.1

100 EStreptomyces somaliensis DSM 40738
97

1. AuAlaDH RGBS

Figure 1.

Phylogenetic tree based on ald gene sequence (1119 bp) of A. ureafaciens CZ31 strain and reference

strains. The numbers at each branch points is the percentage supported by bootstrap.
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B 2. pET28a-ald #32 5EEYILERE

The plasmid of pET28a-ald identified by
restriction endonuclease analysis. M: DNA marker;
lane 1: pET28a; lane 2: pET28a-ald; lane 3:
pET28a-ald digested by BamH 1 and Hind III.

Figure 2.

1 2 3 4 5 6 M kDa
— 120
—100

« —70

;-4 —350

S e A0

.—20

ﬂn——* -

B 3. RikF=H%
Figure 3.

Z$R+E 410 /R B9 SDS-PAGE &l 45 R
SDS-PAGE result of expression products
purified by Ni column. Lane 1: lysing solution; lane 2:
supernatant; lane 3: flow through solution; lane 4-5:
washing buffer; lane 6: elution buffer; M: marker.

Fzs (A k Z IR 78T &, (115 AlaDH A% 1)
fifi% . IPTG ¥~ 0.6 mmol/L i, FZH i AlaDH
B T oz e, B fEE IPTG ¥ 0.4-0.8 mmol/L( [
4-B), SLIRZERULHH IPTG XANiEA 8k, dms
ME AL, HmmHlEamRE, HAGE
1) IPTG W JE A GBS ) 758 2Tk, BEaf ik
MBI . BB SR AE R R, BE S A
[, EZHNG AlaDH BHE AWEIN, 9 h )5
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B FEA RS E o BB I 5-9 h (]

4-C)o BLHITE SIS VBRI, 7555016 R K 454
FJA B sk L M A 20 B D, TSI

7 S EI AR KA, TR IE A E T P B R T R

z

——

—

——
=

Specific activity/(U/mg)

0
10 15 20 25 30
7/°C
(B) 8¢
—_ [
e%06 I ! I
=) T
4 | T
=
= 4_
3 |l
Q
b=
g 2f
o
w2
0
02 04 06 08 1.0
¢ (IPTG)/(mmol/L)
(C) 10
= T
gs- i I 1
Z 6 !
3
S
= T
3 i
2 2H
w2

02 34567?%91'0111'2
t/h

El4. BEZRSAER

Figure 4. Result of single factor analysis. A: Effect of

temperature on specific activity; B: Effect of IPTG

C: Effect of

induction time on specific activity. The standard

concentration on specific activity;

deviation reflects the dispersion degree of the value
relative to the average.
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PRSI A T A% R Y s
[, BBD SEOu7E LK 3 5L Jeml i R R i
3K EFREAS, 20, 25 °C). IPTG ¥
(0.4, 0.6, 0.8 mmol/L), iS5, 7. 9 h),

Bt DL 2, M L TRy 25 53 BT Sl SR B 2 SR L3R
3. M BBD S RATLIEH ik 3 AN Fxt
CZRO7 J7HFEA W EZ WK TH IPTG WA
(P=0.007)F13EJE (P=0.0204), 755 W} ] (C) % 5 2

% 2. BBD ®itFINa{E
Table 2. BBD design and response values

Number T/°C ¢ (IPTG)/(mmol/L) t/h Total protein/mg Specific activity/(U/mg)
1 25 0.4 7 2.917+0.031 10.227+0.003

2 20 0.6 7 2.357+0.022 16.243+0.010

3 15 0.8 5 2.974+0.032 10.411£0.012

4 15 0.6 9 3.591+0.011 7.978+0.015

5 15 0.4 7 3.240+0.043 4.813+0.032

6 25 0.6 9 2.769+0.031 10.7194£0.025

7 15 0.8 7 2.471£0.022 12.032+0.013

8 15 0.6 5 2.374+0.051 6.966+0.016

9 20 0.6 7 3.420+0.043 12.032+0.023

10 25 0.8 7 2.614+0.031 11.956+0.026

11 20 0.6 7 3.049+0.012 15.040+0.014

12 20 0.4 5 2.900+0.033 6.618+0.008

13 20 0.8 9 3.417+0.021 9.582+0.007

14 20 0.6 7 3.443+0.032 12.634+0.026

15 20 0.6 7 3.794+0.021 15.641£0.017

16 25 0.6 5 3.014+0.024 11.339+0.013

17 20 0.4 9 3.049+0.042 6.617+0.026

#*3. BBD it ZRAREFTESN
Table 3. Analysis of variance for Quadratic Model (Partial sum of squares - Type I1I)

Source Sum of squares  df Mean square F value  P-value Prob>F  Significant
Model 158.87 9 17.65 8.120 0.0058 Significant
A-Temperature/°C 19.38 1 19.38 8.910 0.0204
B-IPTG concentration/(mmol/L) 30.38 1 30.83 14.180 0.0070
C-Induction time/h 0.024 1 0.024 0.011 0.9196
AB 7.53 1 7.53 3.460 0.1050
AC 0.66 1 0.66 0.310 0.5975
BC 0.17 1 0.17 0.079 0.7867
A’ 13.78 1 13.78 6.330 0.0400
B’ 31.89 1 31.89 14.660 0.0065
c? 44.72 1 44.72 20.560 0.0027
Residual 15.22 7 2.17
Lack of fit 1.18 3 0.39 0.110 0.9485 Not significant
Pure error 14.04 4 3.51
Cor total 174.09 16

http://journals.im.ac.cn/actamicrocn
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it 7 il () 52 ) AS (. 25 (P=0.9196) . 5 S [a] | iR
JEFT IPTG MR BEFIERN , A5G B R 28 i 18 52
FI ] Design-Expert 53 AT F x4 2 drit £cds
AT Z R ZIcEHBG 15 2 EE 5 X 5 R R
(A). IPTG #JE(B). ¥ FHE(C)H — I mimlH
TR 1),
fitf 15 =14.32+1.56A+1.96B—0.055C—1.37AB~
0.41AC-0.21BC-1.81A%-2.75B*-3.26C* A= (1)
N F (1) H 25 22 B80S e 142 45 181 3% X i i {1 174
WA FERE , RS AR R Y 8OR (8 n B
fiX), REMISREE N IPTG W B> E >R <IPTG ¥
JESIELRE x5 A >TPTG ¢ B x5 S} ] >175 S i)
] o ALYy 25 4 T R W SE A Model=0.0058,
significant, BRI G E; SR Lack of
Fit=0.9485, not significant, #5812 LI A i 35,
U AIZ AN S 40 A
2.5 CZRO7 P HiFE 54 i me b L AL

HTABLE B8 22 (1) H AR e 7 T = 24 T DL P
5.6, 7, aralFoN TR ARG 3 AR

=

Specific activity/(U/mg)

A HAE . S5 e LR 36 W] — 35 22 BAE A
R, MBI E BEY, Rl
HNELEE AN IPTG YR BE | I B FN5 B [ (1) 28 AR
AN, M IPTG e BEFNF S i ] A9 52 5AF i
& XFRRARGRE, KA Design-Expert #4381 743
Mr, SRAGHH (LS (G 14.85 U/mg)Rf i i fef:
B 5 IR 21.65 °C IPTG ¥ 0.66 mmol/L,
VAT 6.92 h, B EHNLIGHAER RN, Kk
SRRSO 22 °C  IPTG ¥ EF 0.7 mmol/L
VESEIE 7 h, R R R EEAAT 3 RER R
WESEHK, 3 CZRO7 A& e il Wi G ~F {8 0
(15.23+0.025) U/mg, SHMEIAMIG, HATX 5
250 2.58%. d BN I A3 BT A 75 3 I 45
fEAER AT 5, AT LARIRSN CZRO7 AR P& O o

MEEBEE R AT LIE H, 465 (0.7 mmol/L, 22 °C
5 7h) CZRO7 By AlaDH i 144 15.23 U/mg,
FeALART(0.5 mmol/L IPTG, 30 °C 55 8 h)iyik
PEEE R T 5.75 1, ULBR A BBD 511X ™ B 175
SR ATRAL RS TARGF M DL ALROR , 55
N A E L
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Figure 5.
activity.
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Responsive surfaces (A) and contour plot (B) between temperature and IPTG concentration on specific
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Figure 6. Responsive surfaces (A) and contour plot (B) between temperature and induction time on specific
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Responsive surfaces (A) and contour plot (B) between IPTG concentration and induction time on

activity.
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specific activity.

3

NZA RN A MEE A. ureafaciens CZ31 =Sk iE
A by EER M, 25500 FE
M B R BZ A o — D IR SRR, TE
Arthrobacter J& N EA & RIEYE, 7WlER E. coli
Rosetta X7 mARE, MBI LR
AlaDH  FBGE FR1E S B TAFTE SR T YRS

PEFE R 5L B

M . TR T 32 A A A U8R 3 2 FH T
B SR N R BEAC AR AL, /A SRR T
RSS2 FE T4k, BBD #1 CCD SZ56 7] L)
W2 AN R HR M, W358 /T PB
i e S0 AT DAAS B 2 m N 5, e n] DLt B i
et . Tanyildizi 45" @3 R CCD Wi i %
il B AR B o U I ) 5 7 B A0 1A T AR
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b, RORFEAR T A WA 7 LA o Wi o7 1T S 56 0 A
AR BRI VE B IR XY Candida cylindracea
77 R 17 T %) 552 i A5 380 g Al U O AR L DB K
BEI ], 5 29 R WA YT 4 Bacillus
subtilis N ZRR AL Lactobacillus 1 5%
TFRIK, FHXK B Streptococcus thermophilus 1
1dh J3 8 FALHE Lactobacillus WP 2 BRI S (1 2%
5, BTG~ 48.3 U/mg. Enterobacter aerogenes
ICR0220 1] AlaDH 7E E. coli IM109 W iff 17 )5iA% 3R
K EE A 4.01 Umg!™ ., Xtk H  Phormidiun
lapideunm (] AlaDH 17 Blue-Sepharose 4lifk J5
164 0.95 Umg!, A5 % T2 CZRO7 7=
B IPTG 5451 FiE4T BBD LR istit435] 3 4
FEFRHERZ BT, 538 TEEAK,
FRATR BT IR UE, 45 5 5% o 17 1T 40 Ak 375
M5 A. ureafaciens CZ31 H [ AlaDH i e &
R RIAE] 1523 U/mg, PAFEIFMILMABOR, %
A5 R S IIEART , AR kRSB s S
FO SN S Mras SRR, B8 T mSCE H
AR ) TR TR AU I R RS R 55, MRS
WFFEA IR SR, WESE4s R0 T HoAl TR 1Rk 9%
TR AR AT B A S S

)

Z % X W
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Expression and production optimization of alanine
dehydrogenase from Arthrobacter ureafaciens CZ231
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" School of Chemistry and Chemical Engineering, Wuhan University of Science and Technology, Wuhan 430081, Hubei
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Abstract: [Objective] Alanine dehydrogenase gene (ald) of Arthrobacter ureafaciens CZ31 was cloned and
transformed into Escherichia coli Rosetta (DE3) to construct engineering bacteria CZR07 with soluble expression
of ald, and the conditions of alanine dehydrogenase(AlaDH) production were optimized. [Methods] Genomic DNA
of Arthrobacter ureafaciens CZ31 was extracted; A pair of specific primers was designed to obtain the ald gene,
and then subcloned into expression plasmid, pET-28a-ald, and expressed in E. coli Rosetta. The recombinant
protein, AlaDH, was purified by Ni*" chromatography. Response surface methodology was used to optimize
fermentation conditions. [Results] The length of ald gene was 1119 bp, encoding 372 amino acid residues,
molecular weight of the target protein was 40 kDa according to SDS-PAGE analysis. Specific enzyme activity of
the recombinant enzyme was 2.65 U/mg. The optimal induction conditions were: 22 °C, isopropyl-B-D-thiogalactoside
0.7 mmol/L, induction time 8 h. The specific activity of the enzyme was 15.23 U/mg under optimized conditions,
about 5.75 times of the initial. [Conclusion] We optimized the induction conditions of the recombinant enzyme
production through Box-Benhnken Design, and achieved the desired results, which provided a reference for the

optimization of other genetic engineering bacteria.

Keywords: Arthrobacter ureafaciens CZ31, alanine dehydrogenase, cloning and expression, response surface

optimization
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