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Abstract: [Objective] Phenylalanine ammonia lyase from Anabaena variabilis (AvPAL) was
expressed and molecular modified to decrease its optimum reaction pH. [Methods] The full length
AVPAL gene was cloned and expressed in E. coli BL21(DE3). The recombinant protein was purified
through Ni’" affinity chromatography and gel filtration chromatography. The mutation sites were
decided by GETAREA software to choose the amino acid sites both closed to the catalytic group and
exposed to the surface of the enzyme. After changing the electric properties of the target amino acid
residues, enzymatic properties of the mutants were studied. [Results] The recombinant AvPAL was
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successfully expressed in E. coli BL21(DE3). SDS-PAGE analysis showed that the recombinant
enzyme of electrophoresis pure was obtained. The optimal reaction pH of E75Q and E75R mutants
were shifted to 7.5 and 7.0, respectively, in contrast to pH 8.5 of the wild type (WT). The E75Q had a
25% higher specific activity than AVPAL WT at pH 7.5, and there was a good stability between pH 6.5
and pH 9.5. The optimal reaction temperature of E75Q was 50 °C. At the same time, the E75Q had a
good stability under 50 °C with no obvious reduction in enzymatic activity after incubation of 1 h.
Under the optimal reaction conditions, the K../K,, was increased by 26.6% compared to the AVPAL WT.
[Conclusion] The optimal reaction pH of AVPAL was decreased by altering the charge of amino acid
residues which were in a hypothetical position to interact with the general base catalyst. The resulting
mutant would improve the application prospect of AVPAL in therapeutic.
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KN R IR M (PAL, EC:4.3.1.5)7E% pH 444
T, RBefifk LR R A R I A U SR R
R AV, AEVREL 257 250 T AT LUK B =X IR S
A LR ERN . ik, PAL ®HUHT TkE
FEFHIRN IR, AR S206 % 53 B0 B AR 21
BLr™ PAL O FIREERRAE YL LR R
WP eAh, S A PAL B I E (RS LI R
Mt DL-ARNARRT I LAN IR LN
KRR, IR AR B L A N AR &
J T B R R, B D-2R D9 2R AN s = R AR R 1 43
B, SRIEAai R DIENARD. AN, B
HERIH R, PAL C AN JRAE(PKU,
—Fh i AR ERRACELEAE b R B, (AR
T 2 R A BB 27 78 B oA T IR T 3 B8P 8 TN A R AR
5B —FRIT ), v DL R AT
MRAYER 2 Bk PAL # MRS BEAE KA I 73
LR E RIS, N XAz
TR 0T LA AR T R0CE D 127 2 O B 4
il PKU Jfs , PR sz 31 56 1

H iy ] PN i o A BBk PAL AR
PEAS AL 4 P BT BTl H A A i o 79
JETE . TSR TR ST 2 A E, BERlR
U1 PAL H AN RBARAF sl 2 ol Ay (SR, S it
TS A E M S 0 PAL S Tl AP s o
2007 4 Moffitt SF7E A% A= Wyt R B b LB T
PALY, Fffi 7 A ARG H X R R A A
FEF I LIS e P T I RE SRR Y PAL, HATH4T

() ML R AT Ak, B HA R RS e
RS PAL FTI4YT PKU BB MOk 7 1) 5
VEMV, KT, FARTE PAL HFGE Y pH H 8.5,
YEN YA MR G TP (pH 7.3-7.4)FF AN RE A H5 4R
KEHE, SEMYTAL, el s g ML pH 36
58T (pH 7.3-7.4) PAL HYERTE RIEFHAYT PKU AIRL
TR i A TG el R R PAL fiidi [0
pH SR

MR, sEkmel, F e R R R 2
FRE R A% TV B Tl , Eh 3RS T
ol SV pH FEARA AR . AT B i) 5] 7
AL REE H— AR AR, B R EREE T
Sy s AE R ) S B A L B pk SE T 5 2 A M A
P S B i S pH A 3 Al
TGN, A SRR A A R T 2R A
FEBRHR X B0 Bl SO pH WA s2mtl, (H i
AN E AR YEFR AT R PR . Rl i e SR R o
BT 1) S LR 25 5 5 RS RS (BTG 5 T 2R T 2 i PR
P T2 3 o s B A R ket R s, RO
AR IR A E AR, X pH S2ma4
BRI, PR ks Sk so s A O BRAG , 4%
T Ol R TR R L ) % T B I TR R AL R A T R e
AR SCR RS PAL Foid v, pH FIRHE o

AWFFETERE T K IE T Anabaena variabilis Y
PAL JE[H, FFSCBL T HAE KIGHT R T ik
I ool RS O pH A 8.5 Bk 7.5, H
X PAL AR (AR gt B o R B, Bl AT LI
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111 Ekk. FRA K54 : Anabaena variabilis
FACHB-82 W F |8 B} 2% [ 7K A 2B W) i 58 B
(FACHB); Escherichia coli BL21. Escherichia coli
IM109. Fki#E4A pET-28a(+)y [ Novagen 23l ;
S w A TAEY TRARAFABE 1),
1.1.2  EERFIFNES: BamH I, Not T B E 1]
fiti . T4 DNA 420 . Dpn 1 IHILEGSEIN B H AT
AT RRARRAF; JEHZ DNA feBuli &, i
ki DNA #2070 & . K ISR & PCR P44k
& A BEE TAY TRARA R ; AKTA
HEHA4ifb Z 5. His Trap FF crude, 1 mL ZiAEA1
Superdex 75 10/300 GL #ERCAEY i LA ST 4%
PR IAT 7 i

12 7%

1.2.1 Avpal EFEAITFE: Ll Anabaena variabilis i
HHZH DNA Ffitk, Avpal-1 Fl Avpal-2 R5 |94
14 Avpal JLH ., Avpal 1% PCR 314 K2 b4 2 (50 pL):
ddH,0 36 pL, 10xPCR buffer (Mg*" plus) 5 uL,
dNTPs mixture (2 mmol/L) 5 pL., Avpal-1 (10 pmol/L)

1 uL, Avpal-2 (10 umol/L) 1 uL, Anabaena variabilis
L[R2 DNA (10 mg/L) 1 puL, 5 U/uL PfuDNA R4
fiff 1 uL.PCR #2544/ :95 °C 5 min;95 °C 1 min,
65°C30s, 72°C 10 min, 25 MEH; 10 °C {#if.
P38 58 UF B REHHEE RS Uk 485 PCR 774 .
1.2.2  FRIXEAFAVHE: 4 PCR ¥ 115511 Avpal
FED =4 ) BamH T 1 Not T B 1 Py 470 Bt XU e
i 42 B[R] A B S P U DD 0 5T R 3k A
pET-28a(+) I, #1k%| Escherichia coli IM109 H,
TESA RAPERUER LB AR S Al ik
PHE R 7, $RECEE 4 ROk EF T PCR RN 56
WE, PAMETERERD pET-28a(+)-Avpal

1.2.3 RERAIMIE: LU pET-28a(+)-Avpal HE 4 )i
B, ] E75Q-1, E75Q-2 #1 E75R-1, E75R-2
191 DT PCR ¥715, PCR &Rk 1.2.1,
PCR ”¥)% Dpn I Wikl 5541k Escherichia
coli IM109, 7E% A - RAREE R BUIERT LB [E{A R
Pl PRE PR E A 4T DNA Y, /7% E75Q
1 E75R 28 AR R AL TR A% o

124 BEEFARNIABRHFIBREARTEHNFS
Fik: W EH TR pET-28a(+)-Avpal K L5878 fFk
%:4k %] Escherichia coli BL21 ', Btk E
5 mL % 50 mg/L RAREGERAY LB A S5,
37 °C. 200 r/min 3535 10 h 5, U1 mL ¥5HEDE
100 mL 7 50 mg/L RABEEZ MY LB 3552, 37 °C,

&1 3YF%5
Table 1 Sequences of primers
EIE7E4S 5l
Name of primer Sequences (5'—3")

Avpal-1 GGCGGATCCATGAAGACACTATCTCAAG

Avpal-2 GTGCGGCCGCTTAATGCAAGCAGGGTAAG

E75Q-1 AATAATGCTGTTGAATCTGGGCAGCCAATTTATGGA
E75Q-2 AGATGTCACTCCATAAATTGGCTGCCCAGATTCAAC
E75R-1 AATAATGCTGTTGAATCTGGGCGCCCAATTTATGGA
E75R-2 AGATGTCACTCCATAAATTGGGCGCCCAGATTCAAC

T RIZeERS5350) 2 BamH 1A Not I FRiEl 1 N DI RiEREI(37 5.

Note: The underline words represent the restriction sites of BamH I and Not 1.
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200 r/min 3557 2 EIAK ODgoo A 1 BHIA IPTG %2
ZHJFH 0.4 mmol/L, 20 °C S 12 h 5 B0 0sE
[EsRNS
125 GBEERRIERRIEAMSL . T oldE
BN AR, A GE & 2% 52 vP (100 mmol/L
Tris-HCI pH 8.5, 300 mmol/L NaCl, 10 mmol/L P
e, 10% HM)B TR, FokoKiEH sE T = 2n
WOREFECIAE 1s, RS 3 s, LAEME] 30 min), A%
1 FH v R D LA 12 000 t/min 2500 10 min
i 2o AN PE A TR AR . 1E— 21 UERR 245
His Trap FF crude, 1 mL #RAEXHERE T4tk .
SEFH T 100 mmol/L K it 24 £ 9% v ek 10 mL,
EBRAEM, JE S 300 mmol/L KM R SE v
W H A, OB 3 UGB HTHERAE
(BRR 6 h)BRZbRmE W5 B 4T 5 I BRI A 2 5
25 mmol/L Tris-HCl pH 8.5 2% ik ~F fi I )
Superdex 75 10/300 GL JZ#r# b, FI# 0.5 mol/L 54
ALENEY 25 mmol/L Tris-HC1 2% iy A T3e e, il
47 0.4 mL/min, WA TEERF5rE1T SDS-PAGE
W Al ERRGER U8 IR AR 5 T A A9
1.2.6 ERFERUNE : S HESCER[6] 5 T 2 fa it e 2K
AR I BERG , BRGE L 50 °C e
B4k L-Phe A= 1 pmol Sz =N HE /R BT 5 1Y il
®HH 11U,
127 FERRERNE: KA Bradford 2" 5E
1.2.8 BEFMERAR: 176 pH 7.5 W50 WU 2%
RFRIRA G BT 30-65 °C {3 30 min J5 /1
ARG, %08 1.2.6 B IEREE, M
0 T o3 SN R o oA T RS I R R R
FISZIR , KR A0 BT 50 °C 1 55 °C TR 1h
J&, ME SR EREHE 7, T 4 °C TR 1 h /A X R
BeiI A E pH (E(pH 6.0-9.5)A02% Mk, & 4l
it 1 AN [ 92 vy v B4 Tl I T LA 2 S5 il 1) el SR
pHo FrANE pH Zopian T : 0.1 mol/L Mk
R -APER AN 2% M (pH 5.0-6.5); 0.1 mol/L [X#ER
AT S 2 v (pH 6.5-8.0); 0.1 mol/L
(¥ Tris-HC1 Z% thi (pH 8.0-9.5). 5735l B AEA

] pH (B 122 vk H T 4 °C {47 12 h, W52 5% BBl
677, NI FIB AN A pH (E T Fs etk .
1.2.9 &EERAIRI S HFESHAINE:
R TINE AVPAL K SRR R ) T34 240, ] 600 pL
A 3 pg SiRERIBEIR S A -BEIR — A B D
(0.1 mol/L, pH 7.5)75IIMA 200 pL AS[E]He Y L-
N (20-200 pmol/L), 50 °C JZJ¥ 5 min, 7E
290 nm I E AR A R R EERR MR B, AT HEEAS
[k eI ) B (E . R Line weaver-Burk
XUEIECAER, 15 1B AE IR Yk B 1 3 )
¥ ZHH.
2 HR545H
2.1 BEEXRREBRRESBEENTE

DL fa B S L R A AR, A PCR 3 3K45
Avpal JEH, K/NH 1701 bp, BrZRE R E 2 2 A
pET-28a(+). I, K15 H 4L ik pET-28a(+)-Avpal , %
FERLMFPIE, 5 GenBank $R1E P41 584 —3L,
T Ay £ 2 3 2R TN 24 PR IO 2 R 1A
22 BEEFRIRBEIENISSRERAEL

Escherichia coli BL21/pET-28a(+)-Avpal = 4 [
PR& LU Jy 0.4 mmol/L ) IPTG 7£ 20 °C 555
F12h )5, S40EAY SDS-PAGE 45 R4nE 1 frk,
AT TE R AVPAL Rk, AR T K/
h 62.5 kD, EARS TR NE, =i
ORI, P54 His Trap FF Crude, 1 mL
BRI Superdex 75 10/300 GL BEAEMA4iifk,
Kl 2 () SDS-PAGE Z55 Bn A5G T o —4%, 2
R WA AliAl, AT ARAS UK AR R TN A R I 2 il
EAE
23 ®wERMN pH BUE

AVPAL (#5382 )% pH A 8.5 i A& I3 pH
{H°4 7.3-7.4, AVPAL FEIZAMF T MG PEAR XA,
FEIRYY PKU BERRR R HERAF AR . R 2Exd
AVPAL #1750 elcit, (i HRE SOy pH AR
SRR, AR T T PO 5 S
VB0 i A R a% SE L 5 2 A M AR &
FERR P LR T, Tl AR ) B S v pHL
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1 EHELYMA SDS-PAGE B jk[E

Figure 1 SDS-PAGE of the cell extracts of BL21(DE3)
harboring pET-28a(+)-Avpal

H: M: EBARE; 1. E coli BL21; 2: RiFFHELNE; 3:
5 G T AL

Note: M: Marker; 1: E. coli BL21; 2: E. coli BL21 harboring
pET-28a(+)-Avpal without IPTG; 3: E. coli BL21 harboring
pET-28a(+)-Avpal with IPTG.

20.1 ——

14.3 —w—

2 EARKAEKER

Figure 2 The results of expression and purification of the
protein

H: M: EBOARE; 1 OHERG 2. NCUEMBENdil; 3. 5
e g = A At

Note: M: Marker; 1: Crude enzyme extract; 2: Purified enzyme
with Ni*" affinity chromatography; 3: Purified enzyme with gel
filtration chromatography.
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L Z AR PAL fbIARZE R S A8 041, vT LA
A Tyr78 i AvPAL {5 R0 i DG AL SR AT, A2 5
PSR M R DR, A s e e v R 4
Tyr78 JEJF, XRS5 2 A i A B sk It
TR IR

2.3.1 BT S A9IEEE AR Russell A Cockburn
SEURAE , ST T 2 SRR R AR e (1) &
B 2 IR R 5 Ak 1A Y R B Al DA ARAIE
PIE Z BIA AT AR (2) B e & IR (7
TG 73R, fe SR, XFEREIS R
)5 X (200 . £ JEBE PAL ShIARZS A G LT3k
08 PAL 1 o Tk i 4R 4E TR YR o A
GETAREA #2564 SR a8 H A4 A
FERIELER TP ) R BB, MR BBEREKR
T 0.3, BDUCHIZZA SRR IS T 2R 1 510 aT 4 fil
IR . IR T Tyr78 Bt i35 1 2 LR -
Asn68. Asn69. Glu72 Fl Glu75. FELCILA P4
4 AVPAL MTEPEHL A IARZE R (B 3), 28 TS
Tyr78 feift il 7 L 24 56 1R Glu75 1A 4 B r
W L5330 5 A8 SRy TF LA ARG 2 R B AN T FEL A 1Y
A = M -

232 RTEHHERN pH: E75Q Ml E75R 2848
H) pH-T% JT R AN 4 B, P RABIR R o
SV pH #R 1A pH Y Bl 28 Tw#, E75Q MYfkid

B3 AVPAL jEMHILREE
Figure 3 Schematic representation of the AvPAL active
site
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= WT

Specific activity (U/mg)

0.3:- -+ E75Q
. ~E75R
60 65 70 75 80 85 90 95 100

pH

4 AVPAL KEIZRT{RH) pH-7E HhLk
Figure 4 pH-activity profiles of AVPAL and its mutations

FNE pH M 7.5, HOBFA R AVPAL #5020 pH [
T 1AL, HAE pH 7.5 I HOBREE He BT A B3R
#1703 U/mg; 1M E75R 1 #cid [ v pH s 2
A5k 7.0, 2% pH T H FUERE WA T I LG g, R AE
BRI 85%. LR 75 RSB R Fd ) v pH G
i, RH E75Q RARKITTIGE5R -

AVPAL HUEERE IS Tyr78 AEVICR,
YRR 3214, Tyr78 R 7EH %
FAbF LR TFREH A BB EZIKY L- RN R
fres TR 5), 7E pH SR, Tyr78 T
PK, (EE R, MR SENRRRE T A 28, KW LR
SRR R ICIA P Tyr78 $200, AT AR
Y 2 20, DR O S R AR T

/ Tyr 78
0

. /

HO

HO 0
H
- > —
H

MIO-NH,  (t-Ca)

> (L-Phe)

MIO

5 AvPAL B RIEREE

Figure 5 Schematic representation of the catalysis
principles of AvPAL

Tyr78 BHE ) Glu75 B Mgk b M2 5 R 2 e
Tyr78 FRALGAIREE BRI G 5R , Al RE S TR AR/ 2%
MR PR A B T, 3145 Tyr78 RENFURIAR B9 iy 0 3
T, TEBRIC AR B Az 2 IR R
It , AVPAL [ 575 1K E75Q 7E pH 7.5 IS T
1M E75R % BT GE 2 i T R A8 5 2 LR %
ERARARIE A, RER T IE T 0 AR E R 1 AH
HAEM.

2.3.3 E75Q B pH F2E M : AR pH {H B 22 il
(6.5-9.5)/3 BB E75Q 12 h il HE, DIR
SEPRI TR 100%, THEAXTERG 1. 55K 8N,
Ffi7E pH 6.5-9.5 21 FALEE 12 h )5, 1S MEARAERFTE
90%LA I (& 6), FAHIZEFAER) 1) pH B N AT
R AP e

234 E75Q WRmERMERERBIBEM: HE
E75Q WFGE R WRIE, 76 pH 7.5 BT, 405
2 HAEARERE T (30-65 °C)RYRES (K 7), RIIL
£ 50-55 °C B} E75Q MIRfE e, =T 55 °C
B, S 0GR B o KR53 AITE 50, 55 °C {1 h,
BB 10 min BRI E FRARERE 7, LRSS
F159 100%, IHAAXTERG J1. 25588, 50 °C £
M1 h SRS BRI (K 8), TMFE 55 °C f&4%F 1 h,
AAXT TS HAEPREE 80%, #ES e M 5P I AVPAL
K4S R, FRLEA S R AR E TR
#5E E75Q AYHOE S IIRE A 50 °C . 7E il I i
FER pH 7.5 T, E75Q RASAK LURGE L i 4 B4 5
T 25%, BA RN HTHT R

100 —

S 80}

=

2 601

8 -+ WT
i ) - E75Q
<

2 20}

0 L L n n n L L ;
60 65 70 75 80 85 9.0 95 100
pH

6 E75Q 89 pH F2EM
Figure 6 The pH stability of the E75Q

http://journals.im.ac.cn/wswxtbcn



1214 A %8R Microbiol. China

2015, Vol.42, No.7

[ —
W

1.2+

P T

-+ E75Q
= WT

e L2 ¢
W
»

Specific activity (U/mg)
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Figure 7 Effect of temperature on the activity of enzyme

" e

e 80t
B
& 60f
3 -+ E75Q 50 °C
£ 40¢ - E75Q 55 °C
B = WT 50 °C
& 201 & WT 55 °C

0

0 10 20 30 40 50 60 70
¢ (min)

E8 AvPAL & E75Q Hy#FREM
Figure 8 Thermo stability of AVPAL and E75Q

235 AVPAL K& E75Q MR NEIHEMR: £
50 °C. pH 7.5 BIZ&MF T, 4355E T AVPAL FI%E
R B75Q TEAN RN BE T (1 Sk i, AR
UEIBOETTA 2 580 1 #2800 B RN 3R 2 s .
RAMAK E75Q 55 AVPAL ML, K, EH AT
31.5%, FRITAZJGIEY SEEOEFIPEREAL; T Kea
HILL RS T 67%, f£—EFE FHUHE TIRY
ST SRR R AL AR 5, e E75Q
() Keat/ K TER GG KT 26.6%.

3 i

A SCHRGE Y fa BB SR PR AVPAL (50 °C {41 1 h
PSP 2 A b T IR IR Y RgPAL (50 °C 1
TR 1 h TS HAEIRE 80%!"™), HAT iy Hta e
PE, 2 R AR R 1 2 5 1 D R S TR 25 7
AU R TN R R M R ) i E R R A A )
T it OV A A g A YR P9 A T 2 R I 2 A 3
PEP O M Z5 b BE AR ST, AR R
Ala-Ser-Gly ZIMEBIKIE BT MIO FERTFI—AN5
A Tyr BEEZER) Loop XA, [HIsZA-Yrk
Pt IR RN AR IR A (567 DEEEIR) 5 B
AR RN Z R 2 (2 700 2 IR )AH L
TELER B T —Befi T C Sl 2 8ie X (2
150 MEIERR, 5 Loop KR ENEA ), P %
BT DX 3 11 A% A W R VAR 1) R D T T I A
WIS T, Loop RS & MUAKTEEMIF S, i
FUE AL SRR IR M RN AR 2. 731,
2 22 W8T DX I 19 A7 7E 340 2 {1 il 2 1 X o4 fie o A
SR BT L e 8 TN S R Pl O TR A BE 1t
Mo EAZ AR ) 2R TS 2 R 5t 2

P MRS I K bk ae 1 115 AvPAL 7E[E
5 UAE PKU (50 BIIG T 245 4 Mok sz 31 8
M, Bl TFHEERY pH N 8.5, HEAIMLK
(pH 7.3-7.4)5 , (NRERER = BREG R 75% 00 . A
WEIT 28 3 24 3L W B 4 ) 19 B i 28 8 1R E75Q AN
E75R i O pH 43028 4 7.5 1 7.0, E75Q 7E
HgiE W pH 7.5 B, FE#HE N 1.65 Umg,
AVPAL JETHTE pH 7.5 BFAY USRS T 25%, #H
FaoE A pH fove M S B AE AR Y , 7E9RYT PKU Y
AR A A IRSCR o RIS, ARSI A A il i) I

®2 AVPAL R E75Q MIEhHER

Table 2 Kinetic analysis of AVPAL wild type and E75Q mutant

Enzyme Kin (mmol/L) Keat (s7) Kea/Kin (L/(s-mmol))
AvPAL 0.057 1.73 304
E75Q 0.075 2.89 38.5
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TRV pH iRt TS0, B SURE
H S % S A FH 08 DG B IR (1 32 14 B 5
Z AT A EAE AR I 2 MR 0 R, X
(eI R pH A B IsE M . ABFEA Y 2 A
AR E75Q Ml ET5R #RRKHE L0 T T 3214
Tyr78 BHT AR EILER Glu75 Felf lyar sk A
W IR iR 5L . E75Q J& 5 1 H faf (FR 1) 1
Glu75 ZH A HAT (PP B Gln, B TR A
HEIT Tyr78, KRG Tyr78 Fikb (e ER s i ma e
55, FIREHEF]T Tyr78 5 o T 1) S 2
GRS Tyr-O™, 15 E75Q fEMRMEIAEE T 1Y
TEPERG SR . E75R WK A ffr () Glu75 iy
e HL AT (B ) A Arg, DR SR Lk B A AR AL L
E75Q B K, Urlk E75R (¥ H5id K pH 284 K,
AR 2 AT RE TR S SRR I B 45 1 25 S ok
K, BT ELEEE AL

% X Bk
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