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I 58 I S A L Wk B AR T DL T g o 5 LT i
PERCAR BAE LA . 5 TR M Tk i v P2 23 R FL k2 i
T T SR (A 2 4 ) TR A Y 5R TR AR P Fr
R, HUKIN R 15 2 RS A T b 45 A A
E, SRR TS REMK. B,
Takeo ''7E 1987 4F-H| FHSE A HL Pk Wt 70 4R 35 5 AT i
PEIRYIIIAR ELAE A . 2000 4F Tomme 250201 F 35 Al
HLUK R ARIRTE T KA B ) 45 & IS4 (carbohydrate
binding modules, CBM)-5 A ¥ 1% £ ¥ ¥ 55 F1 ) 7+
ALK RAR AR ASREE . B S %0542 N
B HAh CBM %545& AW Fh 39, 534k, Kormos
S5EUSIFI] 5 A FLIK T FT RUR AR Cellulomonas fimi
7= A2 10 V) 5 B B (endoglucanase C)4F4E & 45 &
I (cellulose binding domain, CBD)HI4E & 17 NI AL
b, RIUAH IR HL KA AR AT DL R A TR 7 i 2 5 PR
3 CBD 456 . Rk, SERTE KR
HAPE, RS, SN E AR5
WEs & IMAEFI T A.

GHI11 ZJEM GHI12 ik 1) 0% K #8277
HATFRERAD, BEEERAAMEE LR, B2
R H T 5RME G RIFRM 11, &
WF I M A D) 2T 4E 21 Bl TrCel12A-E200Q Az L5
— R IR R IR(W22Y. W22F. W22H Fl W22A)
Al TIXynA-E86Q & H R AZ 4K (YI6A. YI6W), PR
T R N TSR B RAR B A AR SR A
HIPKEEAR, &0 17 AHCEG 7 1 5 R 2 1R 1) 45
G174k, 5 IR E ERIEFPOE G E
MRS HCER, D T A0 S8 5 8 ST AH G
HFAR- WA S AL

1 MR57E

1.1 RFI S

WF): Triss HZBE. M BEIZ (acrylamide,
Acr). BB # (ammonium persulfate, APS). PYH
H 7, — J% (tetramethylethylenediamine, TEMED).
2% L i R-250 W H il A TAMHEARA R A
Al T RERE S B O H Fermentas 2 7 i
unstained protein marker(SM 0431). f2& 3L 4f 4 &
(carboxymethyl cellulose, CMC) 1 A #i
(xylosidase, X-3504) 14 H Sigma A @ . K ¥ b
(xylan)lJ H Megazyme ‘A ).

10 %% HLIKAX (Bio-Rad, 164-5050), FHi ¥k 1
(Bio-Rad, 165-8005), fH#if(BenQ, 7550R).

FUZ AL B 4:  Quantity One(Bio-Rad technical
service department, Version 4.6.2), OriginPro 8.0
(Origin lab, USA), Photoshop.

1.2 FHEZRMINARERIES

2 4 2 W 2 B IR (Trichoderma reesei) =
1) N V) 45 4k = B TrCel12A B A= B J J 58 AR 4k
N20D. E200Q. W22YE200Q. W22FE200Q-.
W22HE200Q Fl W22AE200Q, 4K [ i & 1 i Ke 7
P BEBEAT SRR IS A4 A2 1,

AR 5 W 1 A2 i A AR VB R 22 70 TR (Thermomyces
lanuginosus) 7= 4 W TIXynA R % & E86Q.
E86QY96A I E86QY96W, & [ Jifi A& 1 FI K i #F
R BEAT SRRk A 4fifh.

oA TR EE TS LB R ST
1.3 EMEKENES FS5RINES

2 R K SR AR ) 2R 1) 5 A A e e
2, AE7r B I SR P B RS BE G 22 R, AR
JEHEATHIK. RNEBIZER 6% kb a
& 10% RA MBI 375 mmol/L Tris-HCI(pH 8.8)-
0.1% APS. 0.02% TEMED F1 0% ~0.9%#f % 4% 1k,
IR IRAE I ELHE 4% KN MEIBENZ . 62.5 mmol/L
Tris-HCI(pH 6.8). 0.1% APS #1 0.02% TEMED. LA
xylosidase (Sigma X3504){F B HEXTIE, 5 BSA &
Bz 1 1RE, fEAn s @i as
5~20 pg HAME M EREERAILIE, BIKFMA R
HLR 80 V A [B] 30 min, 45 1% 180 V HLIk,
L K A TP L SR8 AT s P v el J 1) J82 A 2 9 i 70 o
BHR/NTIE. HIK G 25 5 i i sl Ho At H
PRI G € 7 V2R AT e £ s 0 2 1 o 2%

14 FHBAFHEIBRNEESH

HL Uk 2% 7 3L #% % 1 € B4R IR @ T Quantity
One B AF 58 . ¥4 K B FH Quantity One #1447
TF, TR E NSk, i Band Attributes-
Relative Front & 7~ & 2% 2% 7 [ AH X 3 #8 2 19,
Takeo A1 Nakamura M€ | BCARWK 5 & H B
TR A HE ML R. M Origin 8.0 F A
PAFHS IE A% 2800 IR LA IR Y =a+b X T7 R BEAT 1]
HAHERE, RKihZH o Mo H, Hi o HR
Mg A By ()1 5 LS AR IE RS R, b (AR
RV IS A IE RS R REm, B2 T 5 IRV 45
FIR, b (NI XHME RO, £
I, AT E AT RCBH iR #Y (effective retarding
constant)K, N b [IAXE, LA R FRAE B I P 45
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EWALIPNG)Y
1.5 RAXLENEHBS FERVNES
B> T-(E200Q W22YE200Q. W22FE200Q-
W22HE200Q F1 W22AE200Q) 5 £ %1 ¥ £ ) CMC
(02%+ 0.4%. 0.6%. 0.8%-+ 1.0%. 1.5%. 2.0%)
BE, UK EE 30 min, HEESKMASEE. K
K ERERE 7> T (E86Q. E86QY96A Al E86QYI6W)
5 &5 E K xylan(0.1% . 0.2%+ 0.3%. 0.4%-
0.5%+ 0.75% 1.0%)¥& &, K _FJRE 10 min.
SRFEINE 295 nm AL ORI, RSO B Al
Y0 N 305~505 nm.  E#E A B B AR 7 A S L
HR[6].

2 HER5THE

21 FIRTFAYIAHZS FEE. EXEDD
FERNE KA

ARSI SR AT L bk e R T B T S R 2 18]
BIR B AR, %A TrCell2A J2 & ) 2 D RAR A
N20D. E200Q 317 1h B CMC 35 Al HL Uk J@
NESHT. FIRRIER TrCel12A BT HERALFEE
AFRTEEIR A 3 %%, P&k EaERA, K
M F& 4TI A% 2 (1 B U2 (B 1a). E200Q RASA
FEXS B AR B — AR 200, B E 200 A7FR
MR IRTRIE(B) B A R A kiR (Q), 7E#
AR 0 AEAR M vk ol A AR B i S B AR A
TrCel12A I B AR Mol Bl B X 20 FF, BPEA A

(@ BSA TrCell2A E200Q N20D

. —

0% CMC

(©) TrCell2A  E200Q

N20D

M IE % 2R . K B A A 58 AR 48 i — AN F H e
(N20D), AHCH 1 MIE# 2 2 B 5w kW) 80,
AT T LK S R FOE R AR TR, I HAH G &
B BIFREIM(E 1a). —A A AL AL g8
TSR HL VAR R S I A SR B AR, X Ui
A FL K AR [ R B

FIFH AR P B K 45 & CMC IR BB I AR U9k
ATt — 2 E H TrCel12A B 4 4% W S 1 36 14 2% i
(E 1b), X U5 BB P I R ZE LG 2 T s i e
ER R . W RS R A R R E R
TR Q, BT R BMEATEE, TERERE R
G B S 2 B, X S I E A5 R — 3R
N20D {57 2 FE R 1) 58 A8t 2 B 2 S M g, v 1k
i K AR (A e, d). B IEY(0.5% CMC)
NG AT YK, T LUE BN B R 5 R
KA THRRAEAER, S kAE T BRI R I
Z(E 1c), MKERH CMC KIHRE, TrCell2A
HYKIER R A T R, N20D iR R4
B2 13 (B 1d),  TRIRAE A A I AN AN TR R P 1
&Y, RIS IRYIMAHCE AR & R TR R
Ak, BT AR TR AR T 2R L ATE T, PR
E200Q 7E i M vk (B 1b~d) P R s ok, (=
AT CAHE R R R R A AR, PRk, R SR
FH 25 B Wi e 08 e R o T A AV TR H A 45 B0
PEIAH G R 2 A RE JT AR AL

(b) TrCell2A  E200Q  N20D

(d  TrCell2A

E200Q

N20D

Fig. 1 Native-PAGE of TrCell2A and its mutants (E200Q and N20D)
(a) The bands were showed by Coomassie Blue staining. (b), (c), (d) The bands were showed by Congo Red Staining corresponding to 0%, 0.5% ., 1%

CMC.
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22 FEFNEGKAEM TrCell2A-E200Q K H R {K
5 CcMC WEEHT®

NT RN T IR JE SRR AR, K
TrCel12A-E200Q JIN A/~ [F] ¥ B I 71 (CMC K N
0%~0.9%) it i EAT SR APk, BT TrCel12A-
E200Q ZRARMAR LK 200 7 E LR R T Q
WAL, DR TR 5 T, (HREA 46K
Yitiae s, HE 2 vTLEH, MHET I CMC 44
RE 77 10 28 13 A & (4 (BSA) F xylosidase, E200Q
HEAM KW RAETWRIAMEE, I+ HBEERDIKE
FI#E R, TrCell2A-E200Q 5 BSA HIAHXT R % %
FEELECR, JFH CMC KR E 2 8 G S (R=
0.95)(K 2e).

7E E200Q HI2EAt_E X TrCel12A 5 VE 22K 1) ¢
SR FEIR AT RAVRAL, T FH SRR KB AR M vE
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PR PR S R IER R B T 5 IEMEE A 16
. HIE 2a W LLE H, W22Y. W22F. W22H
T W22A X LT T A 51N B2 B L&
FEPR IR AL, DR XA AR AH X T E200Q WA
(TR Z A0k . SRR AH B R AR AE A 7] CMC
FEEAT SR AR SRS, AT UKL — S IR R AL 2%
SEHEEINESR, XIERM KT R RN
HR(E 2b~d FE4E S1). A Quantity One 4k
HE & o o B VR WP A RS2 ~S6. & i
TrCel12A-E200Q M) 53 #r, 43 il BA FEAE f (1) A5 X T i
20 CMC R FE EAT B At AH DG 1 4 B, R AR
RKABHAE 0.9 LLEGER ). RIBELIERHBZH o
B PTG o Aar U AR DGR AL, T 26 1% [ A S 500t
b H A P K, AR T LR IR A
YT R, MR 1 BIRTE H K, [ER KD

E200Q

(b) M E200Q g3y —waor wan waza M
—— — - -
- en *° e o
. — - v B
Xylosidase - s - -
BSA s -
0.3% CMC
£200Q
(d) M E200Q 5oy waor waom waa M

—— -
- S e -

Xylosidase _—
BSA W S
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®
180+

——: Lincar it of WY FHA»
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Fig. 2 Affinity electrophoresis of TrCel12A-E200Q and its four mutants in different CMC concentrations
(a), (b), (c), (d) Corresponding to 0% , 0.3% , 0.5% and 0.9%. (e) Linear regression analysis of the relative mobility and CMC concentration.

(f) Correlation analysis of effective retarding constant K, and binding constant K.
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RN TrCel12A-E200Q>W22YE200Q>W22FE200Q>
W22HE200Q>W22AE200Q. ¥ 3% Al B vk (1 %€ K,
ZH 5 Z 17 ITC ME M) K, 45 R (MR ST
TCIEENE ) K, 45 R (MR SM LR, A 2(H
it HB(K,) 3 0 5 4 UKL R 8O KR B K
BAESEEMFM, Pearson #H 3% R E2IR? 43 7 N
0.82(& 2011 0.83, X 15 B FI H 2% A1 HL ¥k 45 2 1A
SR BRI B K, B TT AR AE N V) A4F 4 25 B 1t 42 4
H AN IR IR AT F RN 455 J1A8 k. 48R FI H
21 R FEL KA BEAR e b X 5 H Aoy 22 S BH R AR SRR 4

Table 1 Linear fitting of relative mobility of
TrCel12A-E200Q and its mutants in affinity electrophoresis

y=at+bx alq/m) K, (substrate)/(mol - L) R?
TrCel12A-E200Q 0.438+0.0031 175.8+5.8 0.950
W22Y E200Q  0.449+0.0034 162.9+6.3 0.933
W22F E200Q 0.438+0.0027 156.0+5.1 0.952
W22H E200Q  0.448+0.0033 135.9+6.2 0.909
W22A E200Q  0.451+0.0024 124.6+4.5 0.941

2.3 FEANEKAET TIXynA-E86Q RERTIRS A
BRIEMSEEHTH
FABL TrCel12A-E200Q % H R A% A A ¢ 75 7%

E86Q E86Q
(@) M EB6QyoeAvosw (b) M E86QToavosw
— — -
 — — T e—
BSA e BSA -

(e) M EB6QVocAvosw

BSA == BSA =

E
(O M E86Qocavosw

FIFSER IR A, X GHI SR E 7 135 M 24
KB TR i AN G5 TR a3 AT T b
Vg FH LI AR A4 AE A [R] A 58 W Tk B a3k 47 28 A1 R YK S
5, nLARILE — SRR A = FEOLE A 1=
S, AAE SRR R O R B0 M R R R 3). B
IR AR AR (1) AR I B8 2606 A BB TR B 3R AT AH DG 14 43
B, RIVEYEAR G REHAE 0.85 DL (K 2). 4R
MR S o (87T LS THBUAT BB AH G AR 4L,
126 PE B A S HOR 2 b EoN A R 8K, 3
HRRTEL RN, WK 2EIETEH K,
18 1 KN RN TIXynA-E86Q<E86QY 96 W<ES6Q
Y96A. KSR FHIKIE I K, 2505 % e i
SEM Ky SRR3R SOMELLER, A 2 BH ¥ o (K,
56 MO K K, B A B 2t A R (R? =
0.84), X5 B FH 2 A FE Pk H R AT BARAE GHI1 A
SRVl v 1 S Hh L SRR R B A IR, IF
HAZARAL 5 5O AR M 2 854 F1 172810 B 5%
U B — 3.

gr b, SEMEIKE AR @i s 15
R A 12 72, el & A REAFRY)
WRE A R BRI A K, 22 a0 i, W] DU B
SE T RAE B 7 T35 1 280 5 g AR 5| S IR 45 6 e
I ES.

E86Q E86Q
(©) M E86QY 554 voew (d M E36QY56Avosw
— -— L —"
BSA = BSA == —
E86Q
(8 M E86Qyg55avoew () M E86QY96A vosw
————
f— —
-l p—
BSA e BSA .

Fig. 3 Affinity electrophoresis of TIXynA-E86Q and its mutants in different xylan concentrations
(a), (b), (c), (d), (e), (), (), (h) Corresponding to xylan concentration of 0.1%, 0.2%, 0.3%, 0.4%, 0.5%, 0.6%, 0.7% and 0.8%.
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Table 2 Linear fitting of relative mobility of
TIXynA-E86Q and its mutants in affinity electrophoresis

y=atbx alq/m) K,(substrate)/(mol '+ L) R?
E86Q-TIXynA 0.500 481.0 0.890
E86Q Y96A 0.533 497.3 0918
E86Q Y96W 0.445 487.0 0.888
d: N
3 él:l 'lo/k\,

SR PR RO AT R AR s A T L
ARSI RAMERE R AR E =T, KA
[7) SR AR A (1 R BEL 5 K, AT DA SR BB e B —
IR G L G I, TGS AR W R M
PRI R BB B B — B IR AR S M SRR 4l
KR, (B 2T & A pNP. FIEE X
RIT ARG, T e 45 R = % A G A %2
ITC J5 %AW 5E 735 (81 AR ELAE H 70 S ERA R 7 ¥ »
B s R RCR RS, 2R AR T
e JE R R IR AR

gi L PR, SERAMEIK. ROGO6E & ITC =Ff
Mg 7 i I 7 7 . R AR SR 45 & 7142
e, FTEAN ] 7 BSOS R PRI G L IR, ASIH]
1 S 36 = AT AR S 146 5 S B0 BT B SR FEAT A B
W BT HREONERA R PRERR A, IFHE
R B S R, A ITC. 20T
M BIBR 1, BT LA AR LUE T 2 S0 A4

HEEss =

MifF B S1, 3R S1~S9 LM% fi b 5% (http://www.
pibb.ac.cn).
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Affinity Electrophoresis for The Rapid Identification and Characterization
of Substrate Binding Ability Influenced by Amino Acid Single-Point
Mutation in Active-Site Architecture of Glucoside Hydrolase"

WU Xiu-Yun, LIU Shu-Ping, ZHAO Yue, CHEN Guan-Jun, WANG Lu-Shan™
(The State Key Laboratory of Microbial Technology, Shandong University, Jinan 250100, China)

Abstract The enzyme molecule is natural effective biological catalyst. The enzyme - substrate (ES) complex
forming in the first step imparts the catalytic efficiency of enzyme. Specifically, multiple amino acid residues
composed the active site of enzyme, which created a precisely organized architecture for substrate recognition,
binding and catalytic process. Therefore, the function of amino acid residues in active-site architecture has always
been the research hotspot in protein engineering. The enzymes in GH11 and GH12 families have small molecular
mass and large range of enzymology properties, which are good candidates to study the binding affinity of
enzymes. In this study, the catalytic activity and band mobility of different mutants in the active-site architecture of
TrCel12A and T/XynA could be rapidly demonstrated by affinity electrophoresis. The substrate binding affinity can
be quantitatively characterized by quantitative regression analysis of the relative mobility of proteins at different
substrate concentrations. At the same time, isothermal titration calorimetry and fluorescence spectroscopy were
also used to determine the binding affinity of different mutants. For the mutants of 7rCell2A, the parameters K,
measured by affinity electrophoresis were significantly related with those determined by isothermal titration
calorimetry (R* = 0.82) and fluorescence spectroscopy (R* = 0.83). Therefore, the magnitude of their affinities was
TrCel12A-E200Q>W22YE200Q>W22FE200Q>W22HE200Q>W22AE200Q, respectively. Furthermore, the
substrate binding affinities of the variants in T/XynA were also characterized using affinity electrophoresis. The
results showed that there was a good correlation with that measured by fluorescence spectrometry (R* = 0.84).
These results indicate that the parameters K, measured by affinity electrophoresis can characterize the binding
ability influenced by amino acid single-point mutation in active-site architecture of glucoside hydrolase. Therefore,
affinity electrophoresis was effective and can be used as routine screening technology in biochemical laboratory to
detect the change of series mutants binding affinity in mutant library.

Key words affinity electrophoresis, binding affinity, quantitative determination, isothermal titration calorimetry,
fluorescent spectrometry
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Fig. S1 Affinity electrophoresis of TrCel12A-E200Q and its four mutants in different CMC concentrations (0% ~0.9%)
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Table S2 The relative mobility of TrCel12A-E200Q in different CMC concentrations (0% ~0.9 %)

Table S1 The protein concentrations obtained in this stady

Enzymes p/(g-L")
TrCel12A 0.258
N20D 0.266
TrCel12A-E200Q 0.340
W22Y E200Q 0.399
W22F E200Q 0.240
W22H E200Q 0.218
W22A E200Q 0.300
TIXynA-E86Q 0.200
E86Q Y96A 0.200
E86Q Yo6W 0.200

CMC/% TrCel 12A-E200Q

0 0.449 0.449 0.456 0.449 0.458
0.1 0.425 0.425 0.435 0.428 0.434
0.2 0.389 0.376 0.372 0.382 0.389
0.3 0.385 0.378 0.363 0.376 0.381
0.4 0.368 0.361 0.370 0372 0.366
0.5 0.349 0.348 0.348 0.345 0.361
0.6 0.330 0.334 0.336 0.336 0.342
0.7 0.329 0.338 0.330 0.321 0.330
0.8 0.296 0.288 0.289 0.295 0.288
0.9 0.285 0.284 0.273 0.279 0.288

Table S3 The relative mobility of TrCel12A-W22YE200Q in different CMC concentrations (0% ~0.9%)

CMC/% W22Y E200Q

0 0.463 0.447 0.449 0.446 0.446
0.1 0.432 0.431 0.442 0.424 0.445
0.2 0.425 0.425 0.421 0.395 0.405
0.3 0.411 0.396 0.393 0.399 0.396
0.4 0.411 0.394 0.388 0.388 0.385
0.5 0.373 0.336 0.354 0.353 0.358
0.6 0.345 0.340 0.344 0.340 0.354
0.7 0.354 0.365 0.368 0.332 0.349
0.8 0.318 0.308 0.319 0.308 0.318
0.9 0.284 0.309 0.315 0.287 0.312
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Table S4 The relative mobility of TrCel12A-W22FE200Q in different CMC concentrations (0% ~0.9%)

CMC/% W22F E200Q

0 0.454 0.456 0.437 0.432 0.442
0.1 0.429 0.428 0.405 0.419 0.428
0.2 0.412 0.399 0.393 0.414 0.402
0.3 0.395 0.381 0.396 0.384 0.385
0.4 0.388 0.371 0.354 0.372 0.380
0.5 0.354 0.352 0.382 0.352 0.372
0.6 0.336 0.342 0.334 0.346 0.366
0.7 0.326 0.331 0.336 0.336 0.354
0.8 0.313 0.325 0.324 0.309 0.308
0.9 0.301 0.288 0.304 0.288 0.288

Table S5 The relative mobility of TrCel12A-W22HE200Q in different CMC concentrations (0% ~0.9%)

CMC/% W22H E200Q

0 0.452 0.439 0.426 0.455 0.449
0.1 0.437 0.428 0.412 0.438 0.437
0.2 0.429 0.419 0.399 0.426 0.424
0.3 0.427 0.413 0.395 0.412 0.426
0.4 0.422 0.389 0.389 0.400 0.396
0.5 0.390 0.373 0.365 0.389 0.388
0.6 0.373 0.355 0.338 0.377 0.376
0.7 0.331 0.357 0.325 0.366 0.360
0.8 0.355 0.332 0.330 0.339 0.340
0.9 0.331 0.323 0.309 0.331 0.330

Table S6 The relative

mobility of TrCel12A-W22AE200Q in different CMC concentrations (0% ~0.9%)

CMC/% W22A E200Q

0 0.452 0.446 0.441 0.455 0.443
0.1 0.437 0.432 0.426 0.440 0.429
0.2 0.432 0.425 0.417 0.435 0.423
0.3 0.423 0.419 0.412 0.428 0.412
0.4 0.420 0.419 0.393 0.423 0.408
0.5 0.398 0.389 0.385 0.399 0.388
0.6 0.376 0.371 0.356 0.376 0.359
0.7 0.375 0.363 0.369 0.379 0.366
0.8 0.352 0.353 0.339 0.355 0.348
0.9 0.339 0.336 0.328 0.339 0.330
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Table S7 Thermodynamic constants determined for the binding of mutants to CMC

K/(mol'-L) AH/(cal-mol™) AS/(cal-mol'-deg™)
TrCel12A-E200Q 1.04E7+6.22E6 —4.61E4+1.43E3 -154
W22Y E200Q 1.19E7+5.20E6 -4.55E4+1.02E3 -152
W22F E200Q 9.31E6+3.28E5 -4.01E4+7.85E3 -134
W22H E200Q 5.32E6+2.42E5 -3.37E4+1.27E3 -113
W22A E200Q 3.98E6+3.03E5 -3.08E4+5.50E3 -103

Table S8 K, of E200Q and its double mutants obtained from fluorescence spectrum

Y=1/(a+bX) Ky/(mol-L) R’
TrCel12A-E200Q 154 0.992
W22Y E200Q 177 0.991
W22F E200Q 147 0.992
‘W22H E200Q 119 0.998
W22A E200Q 114 0.989

Table S9 K, of E86Q and its double mutants obtained from fluorescence spectrum

Y=1/(a+bX) Ka/(mol™-L) R’
E86Q-TIXynA 220 0.996
E86Q Y96A 318 0.999

E86Q YooW 292 0.999




