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— I 8 NMEEIR(W)FI 17 MR (Y), &P
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B IO B R AN 4 PR R g, H
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reesei) - A5 1) R N D) 4 4E &R TrCel5A #H
TrCell2A UL Jo — M Ak U] £F 4 &= 1§ TrCel7A.
ChCel5A B A= Y e HLORAZAAFN TrCelSA 1 H K
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FAS W ENT AT AAAF B, BAR TS Sk
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BR[23].
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9 0.1%~1.4%H] CMC Il & BF A= & ChCel5A & H:
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1.4 TOERB R A IERINE

WME REEEIRE T ETIARR R I, K
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100 wmol/L; ChCelSA F TrCel7A R JH B FE 16 %
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500~ 700 1000 wmol/L)%5 % J&, W 295 nm 4k
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2 HR5WH
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TrCel7A 3 Tl SEARTE A H KR (V) A7 AE 1
TR GG (] 1a FIPH AR S1). SR KA
FRAE A JRIAFAE IS OU R, 2 a i (1 5 i Ve 7
353 nm 4b. ChCelSA Al TrCel7A HH 5 1& 43 5 AN
338 nm A1 341 nm, P& B KIEIEE S 6 R
ARE, BRAETEEHENEBIS, XE&HT ChCel5A
FTrCel 7TA T PEEERA N €428 P Ak PR B K IR S5 A [
] 5 E e 200,

N XA AT R AT, S A SO AR A
P08 (2R T A AUC 05.505 ) 5 5€ Y04 FR 96
BT TR A, s RwE 1R,
Trp~ ChCelSA LK TrCel7TA ¥ & 5 5% 6 5 5 FE 1)
W& 2B 54 099, 0.99 F10.97, XKL S
JEYIH Trp. ChCelSA Fll TrCel7TA HH ¢ o fE 5
PEICMUE RRIEARR, RIZIVERA RIFHAT
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Fig. 1 Quantitative relationship between fluorescence intensity and fluorophor concentration

(a) Fluorescence spectrum of different concentrations of tryptophan. (b), (c), (d) The linear relationship between concentration and intensity of

tryptophan, ChCel5A and TrCel7A, respectively.
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Fig. 2 Determination of the single point specific binding range and nonlinear fitting analysis

(a) The fluorescence spectrum of tryptophan and pNP. (b) One phase decay fitting of pNP and area under the curve (AUC). (c¢) The range of single-point

specific binding. When 1g() is less than -1, the binding between tryptophan and pNP is a single point specific adsorption. (d) Nonlinear fitting analysis

of the single point specific binding.
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1F). pNPC(4- fiff 2 A HE -B-D- £F 4 — WE 1) LA K
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VIR 55 1 AR BLAE 2 S 2 sl 2 ki sz m
Bl oy 10 R AL 383 2 DRI IRATIN e 1 4R 4R
filf ChCel5A 57 & . CMC. pNP Al pNPC 45 &
I 5% 66 ARG (B 3). I & 2009 B ) 48 4 b
PR NI E £F 24 B ChCelSA I8kiE, K
YA & B IF RS ChCel5SA W& R & AW 2
MR ING, XU R T I AR A it 245 &
A1 (B 32). 4R AR EE ) CMC R
YIut 47 48 KB ChCelSA IR A T 8 0 HE K B
% (Kl 3b), XUl BHA 4R ChCelSA T LLE & IS
Y CMC, LG 4R 1 (R 5 CMC (14 B
TUIREE R AR A EAEF, (GRG0 R

ORIRRAERITEK. Fok, X E w46t
ESHUR BUBE 51 1T LR I 45 4 22 A1 4 B o,
EARGABEE LA TR E NS T. T CMC
TR 2 B R R A SR SRR TR I R A
AR HE N 47 4 25§ ChCelSA N, [
T 3 B A 0 2 IR AR E AT SR K 7, T A CMC
HABEAEFF 47 4 KB ChCelSA HI726 81 Kk A4 5¢
ERKIMG, HITREQ)E YR ChCelSA
5 CMC HI454 550N 7.79x10° Lemol” (38 1).

I H pNP. pNPC fif FC & B , £ 4 & I
ChCelSA Wtk A TR KIS, I+ H PR
JEE W VR B AE 1 mmol/L 1 I i 8 % A1 2T 2% 25 g
ChCelSA 1175 6 K A4 56 & 0 K (KB 3c, d), 1% 1 B
pNP. pNPC 1E N J& ¥ B AN AL &5 & 4F 4 & i
ChCelSA WETELM TR I V2 1R, T HL AT DLk A £ 4
B ChCelSA N, K24 4E 5 1§ ChCelSA H i
A B KL E K. pNP S5E) T454
1T N5 pNP & (ARG AT N EA -3, MET
RIS AR K AEZ mdh G, HH pNP 544
I ChCel5SA Z [B 45 6% 4N 1.98x10* L+mol™!
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Fig. 3 The fluorescence spectra of ChCel5A with four kinds of substrates
(a), (b), (c), (d) The fluorescence spectrum of ChCel5A with glucose, CMC, pNP and pNPC, respectively.

Table 1 Kinetic parameter and relative activity between different fluorophors and substrates

K/(L*mol™) K./(g*L™") Relative activity
Fluorophors

CMC pNP pNPC CMC CMC RAC

ChCel5A-WT 7.79x107 1.98x10* 2.18x10* 3.47 1.00+0.15 1.00
ChCel5A-W61Y 5.94x10? 1.99x10* 1.97x10* 31.09 0.28+0.09 0.71
ChCel5A-Y203W 6.39x107 2.15x10* 6.91x10* 13.80 0.31+0.07 0.80
TrCel7TA-WT NA 1.96x10* 3.71x10* NA NA NA
TrCel5A-WT 4.55x10? NA NA 11.74 NA NA
TrCel12A-WT 3.54x107 NA NA 22.74 NA NA

NA: At present, we don’t test the parameters.

24 RAXEZEENERENSTEBRRTHES
TR N NIEE

T YE KW ChCelSA VE R M B AT 2 05 &
REFER, v 61 K1) W AT 203 4211 Y(IE 4),
X 2 AN SCBRR A 5 N T 4 R LB ) A AR
. BRIEIE T ChCel5A K HRAZ K CMC Al

RAC B i% (R 1), KPP 2 0 B A 5w A <
PE, TR BAHE RHCN 0.9635, BRI CMC 1E K
VIR B i35 PR LA /N SR PR TR AR FE TG A
%M, ChCelSA W LA iKY pNP 1 pNPC FF 7
PGS, TS AW B K, RO T pNP, 28

H— N4 i) pNPC, H 5 ChCelSA K45 & H
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PNP 28 W) HIAH BLAF H £ 45 & ik & R 3 pNP
A S ERARRMAN AR . 8IS p O &R AT
DIIR pNP RY R 54F 4 RIS S 1, & 1
AT PLA H Y203W 5 pNP Fl pNPC ()45 &% St
FPARIMER, 1 W61Y 5 pNP 45 & 5 £
AR ZE R, pNP S84 5 I L A 45 2 5
s S WA EBAMHEGNE. 54, TrCel7A 7]
PLE pNPC 2546, H4hia w40 2 KT pNP 1,

(@

S
o
x

{H pNPC JEMIH AT DL TrCel7A KA AE4F e 1 45
G BT REERIOCH R AT LR K, H
I pNPC 4 5 iy T s R AE 2 4 25 i 5 SIS ) R A
HER &S SHAGHEMmMZE. W ChCelSA BAER
K H 98 A5 K W61Y A Y203W 5 pNP. pNPC Al
CMC IS5 G H L pNP 2R FAE N AR RAF £F 4
RS2 R 456 B 2051 20~100 %, FF
B4 52 B B R R R 1 I R

Fig. 4 The structure display of subsites in ChCel5A tunnel

(a) Surface representation of ChCel5A. (b) A detailed view of the two subsite amino acids. Functional residues are shown in cyan. The catalytic residues

are shown in brown. Carbohydrate chain is shown in green.
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Ko RIL2 MRARAE Y203W. W61Y 5JEY) CMC
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FW AT T REEME. TrCelSA 5 CMC 1 K, N

4.55x10* Lemol™, TrCell2A 5 CMC HJ K, N 3.54x
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L5 it S oK TR 0 € 1 K, B AR AL R AR — 2
KU DI HEE . 48R, R EZ R
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A EMA G, WRIEILE REGEH 5O ik ik gy
RRaE it R AATEIME. FAZOLEkE 7
ChCelSA K H 45 & We6lY Al Y203W 5 JE#)
CMC Mg & E, RIVFBIRGE A H BB, W
B R FH 2606152 vT DR BiUE SR AE HH 47 4 25
BT SRR IR 2 8] () 46 AR A A
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Quantitative Determination of Substrate Binding Affinity Influenced
by a Single Amino Acid Mutation in Cellulase Active-site
Architecture Using Fluorescent Spectrometry”

WANG Pei-Pei, ZHANG Li-Li, ZHANG Qing, WANG Lu-Shan, CHEN Guan-Jun™
(The State Key Laboratory of Microbial Technology, Shandong University, Jinan 250100, China)

Abstract The active-site architecture of cellulase is a functional area composed of multiple amino acid residues
which can bind and catalyze substrates. Aromatic residues, such as tryptophan, play important roles in the function
of this region. In this study, the dynamic of binding process between tryptophan in active-site architecture of
cellulase ChCel5A and substrate was quantitatively analyzed using fluorescence spectrum. The substrate
concentration range when tryptophan can specifically bind the substrate was determined and the change of binding
constant caused by a single amino acid mutation in active-site architecture of ChCelSA was measured through
quantitative analysis of tryptophan fluorescence quenching. Compared with the measurement of kinetic parameters,
fluorescence spectroscopy could accurately characterize the binding affinity between cellulase and substrate, as
well as the change of kinetic parameter caused by a single residue mutation. Besides, when using pNPC as the
ligand, the binding constant could be overestimated for 20-100 times due to the increase of strong electrophilic
groups. Fluorescent spectrometry can measure the kinetic parameter of cellulase-substrate binding process in a
sensitive and rapid way, providing a new perspective for the quantitatively analyzing the interaction between

proteins and substrates.

Key words fluorescent spectrometry, cellulase, tryptophan, active-site architecture, binding affinity, quantitative
analysis
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