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Mutational Research on the Role of Lysine 21 in the Pichia
stipitis Xylose reductase
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Abstract: The xylose reductase of Pichia stipitis is one of the most important enzymes. It can be used to build up recombinant
Saccharomyces cerevisiae strain for utilizing xylose and producing ethanol. Intercellular redox imbalance caused by NADPH
preference over NADH for Pichia stipitis xylose reductase (PsXR) has been considered to be one of the main factors for poor ethanol
productivity. Some key amino acids of PsXR, which affect the activity or coenzyme preference, were investigated in our previous
study. In this study, Lys21 were rational designed for site-directed mutagenesis to alter coenzyme specificity of PsXR from NADPH
and NADH into single NADH. The wild gene and mutagenesis genes were ligated into pET28b, and were transferred into E.coli
BL21(DE3). After induced by IPTG, the xylose reductases were purified. Purified mutants K21A (Lys21—Ala), K21R(Lys21—Arg)
were characterized by steady-state kinetic analysis. The results showed that the coenzyme dependence of K21A was completely
reversed to NADH.

Keywords: xylose reductase, site-directed mutagenesis, coenzyme specificity

WEH Toll U & JE XL A SR AR 2 R fir - KRR E 808 2455 2 30 SRS — R it
TAEAE BB DA R AR 28 /0, X Al FEAEREURAY T AT AR B RERUTE R DR PR ¥ g K BE IR LT ThT 2 AT

Received: March 14, 2008; Accepted: April 10, 2008

Supported by: the National Natural Science Foundation of Guangdong (No. 06300199).
Corresponding author: Ying Lin. E-mail: feylin@scut.edu.cn

JURAE BAREHERE 4 TUH (No. 06300199) % B



W B B 45 Lysine 21 872 00 48 T B8 o5 [ BE AW 0 5 P40 TR A0 A8 1 14 52 1 1109

ORI T RT3 AR 4 R 2K Y R R Bk F T
S AT A R UR L B A TR LT 4k R A WAL A i 2,
A DUGEff A H 25 A 38 00 e g, (] EE ELA 2 £ 3R I
Mrkoskzst. RIRLFGERRLTHER | LAEEN
AR ZE =R R o A AT G R K RS B Y
B, TR R A o B R, H AR TR
M, o AT o SR AE R OKARIEZR 1) 34% 01 D-ARBEE)
ANBEWE 2 B A 7o oy R, DR ) AORE 52 43
REAGAE I O TR A R AT 4 R ROR TR A R AR W e Ak
A R R ) AR AT

it VA 1% £ (Saccharomyces  cerevsiae) & 1% 4t AtH
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SREANRE BARA AN, (HJ2 AT LA AR 2 A
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pICAS-XYL1 hy 4% 5 46 %5 # ##; 3& 3k Jit e
pET28b MK #F 1 BL21(DE3) H Invitrogen.
112 M5

PCR fT I . BRI N VIR . T4 DNA %42
fifi . K/ FE & 1 Marker S TaKaRa 23 Al b Jit
KL BRG] G o 2 H ™ . iR & . PCR 7
By 1ol Wik ) A0 4 Quiagen 77 5h ARSI F &
(QuickChange®  Site-Directed Mutagenesis Kit) &
Stratagene 77 fih; 458 4l {k T %% H: (Histrap® FF
crude 1 mL) & Pharmacia F=fh; PKBEA Sigma r=f;
NADPH., NADH I H Roche; FH & ik 7)1y [ 7= 5§
b4 T
113 BFEEETRT Y

FT RS K21A. K21R R7EE, BITRZESI Y0
T: He514 A, B N K21A R25514), C, D i K2IR
FRART| W (R RN Zebn i Ry 5B R o
A: 5'-CGGCTGTTGGGCTGTCGACGTCGACACCT
GTTCTGAACAG-3'
B: 5’ -CTGTTCAGAACAGGTGTCGACGTCGACA
GCCCAACAGCCG-3'
C: 5'-CGGCTGTTGGAGAGTCGACGTCGACACC
TGTTCTGAACAG-3'
D: 5'-CTGTTCAGAACAGGTGTCGACGTCGACTC
TCCAACAGCCG-3'

RS YA R A T A TR RS A
R A 58 1o
12 A&
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O TET HIWE AL, ¥ H R N b
L pET28b 44 I 74 (1) His br2E8E4T T @A, I
Nhe I. Hind TIE§ V)67 S it 514 5'-ACTGCTAG
CCCTTCTATTAAGTTGAACTCTG-3 'l 5'-GATAA
GCTTTTAGACGAAGATAGGAATCTTG-3', LA pICAS-
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1.2.3 WL S B I AT 1 i G A A
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FEEC 0.5 mL BRI E] 50 mL BrEERARR: IR,
37°C FHi 2 h, il IPTG EZWEFE N 1.0 mmol/L LA
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1.2.4  ZFZFH401¢

0 B BB T 10 000 r/min, 10 min, 4°C
5.0, JH Buffer A(20 mmol/L #2412 Wk, pH 7.4,
4 500 mmol/L NaCl #1 20 mmol/L BEKME)EE, #H-
PEWEHE 5 s, RGO s, HE99 k. RIS WA 25
Buffer A V-3 # 1 mL HisTrap® FF Crude column,
FHl Buffer B VEMlii(Buffer A filIBKME Z 29 B K 500
mmol/L), WA H AUEAE i B 10%HY SDS-PAGE 437
alifE, AifbE A 15%9 H AT -20°C % H .
1.2.5 D705 g e R B M oo

T AR & 2R JH Bradford ¥k FillsE . AKH
I J i XR AT I & LA 3 mL W (0.6 mol/L
AMEZW, 0.2 mmol/L NADPH & NADH, 50 mmol/L,
pH 6.5 BEIREN S il . 2liAb 5 B ) 7E 340 nm T K
Il NADPH 5, NADH #{& byt . 1 ANBEE 00
SRS BEFE 1 umol NADPH 5 NADH.,

2 HR

21 HLEFEWMRBERAMLGEL
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XYL1-K21A, XYL1-K21R. #ii7 A Fid JE R i ik 2k
IREEAY R AFTE BL21(DE3), 15315 7 i %5 AL bk
WT. K21A., K21R. W#% 1.0 mmol/L IPTG /) LB
SR, W R BSR4 Histrap® FF Crude
column FEFNZHTAEAALCANE 1), WoBE R 1T T
SDS-PAGE #iill, 255K 2 BonsmHE 7T
2574 36 kD, 5t r 4t A A
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Fig. 1 Purification of XR on Ni?* Histrap column
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Fig. 2 SDS-PAGE analysis of the purification of 6x
His-tagged XR in E. coli BI21(DE3)
1~3: purified WT, K21A, K21R; 4: marker

22 MFMRISTE LR

Baifb i35 K21A-XR, K21R-XR 5 EFA Y
fitf WT-XR BEA 72 1 BT LU 5 0007, S 2 i an
% 1. 4L NADH JAHEIT, K21R-XR 848 M 19
T2 R EFEETRL 68%, FIEECHIIE . 2411 NADPH
BT, 16 )5 EY AR RUAH 2, X AOWE Y 3 RN ) KA
WRATF AT R ASUE . 2L NADH ol gy,
K21A-XR 278 [ 115 77 0 7 A= B 35%,  [A] s AR
BEFI NADH H %AW SR, K, - xylose H
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WT 1 67 mmol/L FFF» K21A # 167 mmol/L,
K, * NADH 5 WT ¥ 0.021 mmol/L FJ}#| 0.032
mmol/L; #EEECE Ke/Kn B TR, 208 AR

24%. {H4 ) NADPH K #HiRGFHT, WA F] 5828
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Table 1 Kinetic parameters of WT and mutant PsXR for NADH, NADPH, and xylose
Enzyme Coenzyme WT-XR K21A-XR K21R-XR
Specific activity/(u/mg) 6.61 +0.21 237+0.13 4.52+0.21
K * xylose/(mmol/L) 67+9 167 =12 67+8
NADH K + NADH/(mmol/L) 0.021 +0.008 0.032 +0.003 0.021 £ 0.005
Kea/(mmol/L) 785 +52 282+ 10 478 + 15
K cat/ Ko/ [mmol/(L-min)] 36854 + 758 8812+ 112 22441 £ 998
Specific activity/(u/mg) 203 1.5 ND 213+1.6
K * xylose/(mmol/L) 33+12 ND 67 +10
NADPH Km * NADPH/(mmol/L) 0.025 +0.006 ND 0.025 +0.008
Kea/(mmol/L) 2416 + 56 ND 2537 £102
Keat/Kn/[mmol/(L-min)] 95494 + 1020 ND 100276 + 487

[a] Data were not detected
3 Wit
AW SR AR AR B S %€ A8 i K21A-XR .
K21R-XR, H T 575 J5 1 24 JE R A A [m] o 75 g 2
AT B 2% 5 K21R-XR A4 M: 5 5 J 4 66 R AR 3,

MM K21A-XR H4H BRI TE 205 8] T 06 5 SEh 4%
i Lys21 £ S50 XR HEESS A5 bk f

f7 s, X 5HET P stipitis XYLL (943 F 45 Ml a4 11
A R — g U0 (B ik #) Al AR R e Y E

WX — s Lys 2878 ol Fi 2 S g 2 OC B . ASE
W RRE, AR T I IR T, Wk
IKPEAS g K M, 5 0O S B R 0 R AR R
P A HRE S A7 b kAR A T A AR o TR B S B 2 R
1 7R K21A-XR 5878 %F NADH (3% M Fifi Ak 3 %
HOA B AR, XA AT BB PR A S R M T 1 el
ARSI TR B A5 GRS M R A Ak
RORT R, 25 BRI 1 R AL R AR A1 %1
SO, ASHIFSE 0 HE— 25 TN S o A 2 AR A 4 B
GG ASAT SO = 7E L) NADH S S g i
TG 1 SRS, (1 75 0 T AR 1 A5 30) 398 % 11 g
[ Bp LA 7 0 P S AR 0R, T DL S b 1) FH A B
B 2
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