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Preliminary characterization of sequence-activity relationship of

Pseudomonas Aeruginosa arylsulfatase

Li Yuwet,Yuan Mei,Yang Xiaolan ,Liao Fet

(College of Laboratory Medicine ,Chongqing Medical University)
[ Abstract JObjective . To investigate the preliminary sequence-activity relationship of Pseudomonas Aeruginosa arylsulfatase (PAAS)
by site—directed mutagenesis and to recognize residues suitable for iterative—saturation—mutagenesis. Methods : Candidates of residues
involved in catalysis were recognized by analysis of conformation of PAAS active site;mutants were generated by site—directed muta—
genesis and characterized after recombinant expression and Ni*~NTA affinity purification. Results :In comparison to the wild type, the
mutagenesis of R55,M72,G138,D317 and K375 caused the significant decrease of catalytic efficacy ;the mutagenesis of R55,D317
and K375 reduced substrate preference for 4-nitrophenylsulfate and/or thermostability ,but the mutagenesis of M72 and G138 caused
primarily the decrease of activity. Conclusion:M72 and G138 are suitable candidate sites for directed evolution by iterative—satura—
tion—mutagenesis to improve mutant activity.
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BT K375E Fl K375H, 3 L 58 A R BRI 4% 1.0 mol/L DEA-
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Fig.1 Potentially catalytic residues close to formyl (from C51)
and chelated Ca* in PAAS active center
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Fig.2 Abundance of PAAS and mutants after purification
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1A K375R 6t B2 pH AS AR AUk, H pH FHEs (A0 4 e
HH B A A B

F1 PAAS REGFHLLFMHER (x25,1,%)
Tab.1 Specific activities of PAAS and mutants for different

substrates (x +s,n,% )

He TG (kU/g)

PAAS/Z7AE A 5.0 mmol/L 4NPS 10 mmol/L 4NPP  H%

(n=3) (n=3) (%)
PAAS 32.00 + 0.60 0.013 +0.001 0.03
D317E 1.70 +0.10 0.012 + 0.001 0.70
K375R 0.11+0.01 0.001 +0.000 1.50
K375E 0.009 + 0.000 0.021£0.001  250.00
K375H 0.008 + 0.000 0.028 +0.001  355.00
M72K 0.23 +0.01 0.006 + 0.000 2.40
M720Q 10.70 £ 0.30 0.182 + 0.005 1.00
M72D 2.700.01 0.002 + 0.000 0.20
M72N 3.300.01 0.008 + 0.000 0.30
M721 7.10+0.10 0.031 +0.001 0.50
G138S 6.10+0.20 0.003 +0.000 0.04
R55K / 0.003 +0.000 ND
R55K/D317E 0.002 + 0.000 / ND
R55K/K375R / / ND
D317E/K375R / / ND
R55K/D317E/K375R / 0.002 ND

T/ TR B RN 60 s IO fb AT 288 AT, ND RoR kit

B 1 ANPS B, ZZ Pl 1.0 mol/L Tris—=HC1, pH 9.0; fil 4NPP A, 2%

YR 1.0 mol/L DEA-HCI, pH 10.0

<2 PAAS REFESRTEKE ANPS M HESH(x £5,n>2)
Tab.2 Kinetic parameters for PAAS and mutants on 4NPS

(x +5,n>2)
PAAS/ZEASA K, (pmol/L) K. (s) Kol
[L/(mol+s)]

PAAS 72+02  32.00+0.50 4.5 100
M72K 320+10  022+001 74%10°
M720 1240+4.0  10.80+0.30 9.0x 10
M72D 7720320  2.70+0.10 41x10°
M72N 484.0£240  320x0.10 7.6 % 10°
M721 190.0£80  7.10£0.30 3.9% 10
G138S 115£03  620+0.20 54%10°
D317E 680+20  1.80+0.10 26 % 10°
K375R 2688.0+540  0.15+0.01 6.3 % 10"

2.5 Fridds R ExTe ) BT AL 6 R R

[ M72D b, 5 A KA ANPS T HEXT Zn>s LRGSR
B K375 &b Mg il Ca> 35 A7 i SR 1A K i ANPS 164
(32 3), JKH# ANPP ], Mg Zn2Fl Ca2%f 250525 (44
BN, A D317E K i 4NPP T4 52 FI) M2 B 305 | 52 Ca?
HIFS I ; G318S X Mg Rma i {H I 9 Zn>FFFTE (F 4)
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Fig.3 Optimum pH of PAAS and mutants for hydrolyzing 4NPS
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Tab.3 Effects of metal ions on PAAS and mutants for
hydrolyzing 4NPS(%)

PAAS/ZEE A PR
2.0 mmol/L Ca* 2.0 mmol/L Mg* 2.0 mmol/L Zn**

PAAS 93 94 45
M72K 144 138 174
M72Q 116 142 109
M72D 143 147 50
M72N 208 232 138
M721 130 139 88
G138S 114 112 94
D317E 107 99 101
K375R 95 87 97

R4 EEBETI PAAS RETE SR K 4ANPP #20E(%)
Tab.4 Effects of metal ions on PAAS and mutants for

hydrolyzing 4NPP(%)
PAAS/ZAE(A PR
2.0 mmol/L Ca* 2.0 mmol/L Mg* 2.0 mmol/L Zn*

PAAS 205 117 43
D317E 259 219 25
K375E 115 43 15
K375H 116 53 19
G138S 110 106 53
M721 117 47 18
M72Q 75 70 42

2.6 Pridi B R ARG

PAAS AR ETE 4 CRaE PERLF , 5 e LB IR R TE 4 °C
AR E PERFEI  PAAS MOHSRAEIRTE 37 CRuFAIE thZk
FWIHEA R T AR KR ORI (1] 4) , ATHIAE 37 CHIEEK
T e TP A MR R I () AT DL B RAE HAAER E T
SERRM],BR T DIVTE, Fr e i i) 5 A8 MR AR fin 2 2 % i
H 105 HRBCA WAE AT (K 5) , Hal W 1E P PR 1F T i AR
TETEH

100

—==D3I17E at pH7.4
- ®- D317E at pH9.0
—=—PASS at pH7.4
- 4= PASS at pH9.0

~ 60 .
5 .« Rl
= .
¥ 40
20 F .
0 L L L L
24 48 72 96 120

37 °C 1.0 mol/L Tris—Hcl Ffi&fERTE] (h)

4 PAAS F1 D317E 7 37 CRIFHAEIRE 1 TR B 4%
Fig.4 Decrease of activities of PAAS and D317E at 37 C

£ 5 PAAS REZRT{EFE 37 T 1.0 mol/L Tris—-HCI H

HRTEFLRE
Tab.5 Effects of mutation on fsin 1.0 mol/L Tris—-HCl at 37°C

FAR losat pH7.4(d) tosat pH9.0(d)
PAAS 40+0.1(3) 40+0.1(3)
D317E 0.08 0.75
K375R 220+0.9 (3) 7.0+0.3(3)
G138S 75+02(2) 35+0.1(2)
M72D 140+04(2) 9.0+04(2)
M721 9.0+03(2) 53+02(2)
M72N 25.0+1.0(2) 40+0.1(2)
M720Q 150£0.4(2) 8.0+0.4(2)
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ELISA REE 52 L5y ELISA A4 , 5l Pk w2
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7 1.0 mol/L Tris—HC1(pH 9.0) | 2=/ 6 FE B 1
W 12 i 7K f% 0.20 mmol/L. ANNPP 3% M g 5 T 600
kU/g, H PAAS % Mm% 5 F7E 1.0 mol/L. DEA-HCI
(pH 10.0), AT UL, Prag itk i O A H SDESA-
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ELISA 7] H] 1.0 mol/L Tris—HCI(pH 9.0), SDESA-
ELISA ZE3K PAAS Z&7E &7 1.0 mol/L Tris—HCI H17K
fit ANPS 1511 T 800 kU/g, {HEF A= %I PAAS 3%
PEAL L 30 kKU/g®, Al UL SDESA-ELISA Fff 5w i
TR A, (H DA% PAAS HEAT 40 ol B s e 1k
e,

PAAS XTJEEH) ANPS SEFI IR (% 2) . 18R
A 1E SDESA-ELISA H ] A 5.0 mmol/L LA PY4NPS;
B G M g, % ANPS (19 K, /Il TF 1.0 mmol/L
) PAAS Z&ARRH AR ERICHE , SDESA-ELISA J
MK Z A ANNPP il ANPS 1 Fh i (7 JFE 4 ; PAAS fiE
K S ANNPP! B 2= /)N fizy 55 RS 14 0 2 6 A 7K fi
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TEPHEANRESZ 2] M2 i 0 . B8 i kA R A
GRAGNT U T LU SRR K fif ANNPP FlT 4NPS
TEPE LU S Mg IR . 3 PAAS S22 {K7E 1.0
mol/L Tris—HC1(pH 9.0) 2% ity 1 7K f# 0.20 mmol/L
ANNPP 7P T7E 1.0 mol/L. DEA-HCI(pH 10.0)
JKf# 10.0 mmol/L 4NPP {5V 40% , H0M 7E 28 A8 1A
1 1.0 mol/L. DEA-HCI(pH 10.0) 17K fi# 10.0 mmol/L
ANPP JEPEDME I T e beg, R 2808 MO
P HE A AR DS R I 2 52 i RS e M (HL PAAS 1%
PELAES Car, R T2 S5 ML/ER , gt &
R OIS DL, 7 [R5 R A e 2 A
A7 X PAAS FEAR R M R0

JIFIN AR IK A ANPS 5 PEEBFE A ; PAAS fi4L
SRR (K o Ko) WARAIG , AE X RS 35 R g i 5 3k 26 I
AR B 2 (8] 38 A ) Ak AR A AL
TEPE RV, 6 AR SE D317 K375 Rl
FEgRIE G138 M72 28748, #3ik il # 5.0 mmol/L
ANPS T PER B R, IR S8 A A K il 4NPS 157
FEARARZ M, B D31TE, HAAPAAS 284K
fift 4ANPP {5 HEASZ MW 30 ,(HK375E FIK375H
IRy B IR 1 T P v T G R TR R I 1 T RS5K
RATRIS Y e BEPE L B0 T I R L BR T
D317E, Jr3E o7 5 A 5 A8 FEAA Bk 25 BRI 52 A (AR AR
EPE, AU, D317 EZAEH N RE R A A is M A
SEITREEITT Ca2 , AN B AN AR P Ao
&3 K375 1 RSS 1Y 548 23 ff 58 A8 (A2 740 S i 1 1
fiff , AN S R A AR RN 5 AR AR IE 167 251 5 AH i, M 72 il

G138 St 1 A R AL Sl o [ R 4 4 214 4
Vel i, HAT, L M72 F1 G138 Sk (v s, il id ik
AN S AR I AR 25 PAAS F878 (4 LU
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