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[ ZE] [H®]Y @5 R K R G B 5 KB (Thermodesul fovibrio yellowstonii H.) Pifl fift i i}
(TyPifl) . W 5% TyPifl fif Jie B i) 08 $ e M A BEALEE . K5 3k B Typi f1 A T B 2 7% X R SUMO i %5 47 25 2 75 IX.
fil 5 3% A pET15b 4153 5 20 % 35 2 /& pET15b-SUMO-TyPifl, #4 i% 5 4 48 ik 5 A K% #F I BL21(DE3) 1§ Bk i & £
ik, 28 NENTA H:5E Fali 4k 378145 fl & 5 H , SUMO R H g U)BR AR 4 B 28 NENTA M K BR AR 4 85 1 & SUMO 2 H g
% Heparin Fif — 25 4l fb I 283K 18 TyPifl K& (A, #5286 4 m 5 M, B = 65 (CD) A 2e ot ik ik = 7% %
(FRET) 3 Bt TyPifl fi# e i 19 DNA 45 435 Pk i BE 6 P LA B e g e e ve . (45 RY 378 T4l KT 95 %1
TyPifl FHH,1 L {3250 LIRS 2 10 mg 4l KT 95 % R (H ; TyPifl M e LS & 2st DNA R G4 DNA B3 #4: W
5 F WU DNA; TyPifl A 88 B IE G4 DNA G PE L 1 25~60 C T H G 45 by M %k R g » L Ak o ookt 3R o k3
Fh i 3 K, 25~50 CTyPifl Bl R e 0. 09 s "3 KRF 0.23 s, [£58) Rabalifb T M AR 9N TyPifl figfie
Bt HORNA B R #AR o o  [R) i ELA e 5 19 45 & i ie G4 DNA [ RE T .
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Prokaryotic expression, purification and functional analysis of
Thermodesulfovibrio yellowstonii H. TyPifl

WANG Shuaifeng, LIU Nanii, DUAN Xiaolei,
LUO Yixin, FAN Sanhong, XI Xuguang

(College of Life Science s Northwest A&F University ,Yangling s Shaanxi 712100, China)

Abstract: [Objective] This research used prokaryotic expression system to obtain Pifl helicase from
Thermodesul fovibrio yellowstonii H. (TyPifl),and studied the mechanism of thermophilic characteristic
and unwinding mechanism of TyPifl helicase. [Method] The Pi f1 gene of Thermodesul fovibrio yellowsto-
nii H. (Typifl) and a SUMO protein folding tag gene were synthesized to pET15b to construct recombi-
nant plasmid pET15b-SUMO-TyPifl. Then,the plasmid was transformed into Escherichia coli host strain
BL21 (DE3),and the TyPifl helicase was purified by two-step Ni-NTA affinity chromatography and one-
step Heparin chromatography at 4 °C using FPLC. Fluorescence anisotropy, fluorescence resonance energy
transfer (FRET) and circular dichroism spectrum (CD) were used to analyze the DNA binding and unwin-
ding activity of TyPifl as well as the stability of its secondary structure. [Result] The full-length TyPifl
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helicase with high purity of >95% was obtained. Its binding activity with ssDNA and G-quadruplex (G4)
DNA was much higher than that of dsDNA. TyPifl has high activity to unwound G4 DNA. The secondary

structure was relatively stable under 25—60 °C ,and the unwinding rate increased from 0.09 s ' to 0. 23 s~

1

with the increase of temperature from 25 to 50 ‘C. [Conclusion) TyPifl helicase was expressed and puri-

fied. TyPifl helicase not only had good thermal stability,but also had specific ability of binding and unwin-

ding G4 DNA.

Key words: Thermodesul fovibrio yellowstonii H. ; Pifl helicase; protein expression and purification;

DNA binding activity; DNA unwinding activity

fife Toé i = — 2SR K fif NTP B RE 1T &
DNA B B2 3N 1 53 5ik”. S 5 R 2 .
L NCI RT3 I SR I e oY/ LN E il s o £
ffat . HAMCSE R A S R BORIE R I & B
Werner 254 JE . Bloom 454 fE %5 . Pifl i HE i
S BEORSF (57— 3" 1) fifk T 1t » A T e I I R K
JG T B — K )2 AR TR A A A% AR
L L R 2 Bk (Saccharomyces cerevisiae H.)
Pifl % — PP Pifl FEH (ScPif1) . Hoo
W26 11 ScPifl 2 540k & DNA (&2 il FE 4"
B I B 5T 2 B L ScPifl 125 T s b 4 B R 4 K
N DNA [ W7 2446 210 368 ScPifl [/ i 2 5
T LKL A R B TR A AR E R R AR R R R I
FEAE I — Rl Pifl-like 2 11 Rem3, HAE S & il 1A 1Y
— B4y, AT LA R G e AL JE Pol2 /E T 7E
S22 R v B S SRS B TR R RE XU 58
B R BT, Rem3 N i O 5F (19 motif (LA 7 LI 5
PCNA (58 40 i A% 5T J5) # B AR 24 g e 1
(Schizosaccharo mycespombe H.) H B 1 £ — 4>
Pl G fiff e 5L TR P 1> 327 B TR G ) 70 Ao O =X
(%) Pfh1 2R 4 - — o 0 F 2R Ak, — Bl 47 F 40 i
¥ e de 4ok A 52 i Prhl £x 5] 4k ki ik DNA %
K I B 2 BN MR T 5 5 5 A% E A0 S A A 2 T 3K
AP TE G2 W1, JF 51 % DNA #5067 s iy R
FRE i LB N ORI B R 4 A g B
— 1y Pifl-like & H 7 91 X & B SR/ B Pifl
R R Gk 84% ., A ZE Pifl (hPifl) [A] H Al
Pifl-like £ 1 AH AL HCAE ] #E 076 20 J0 A% i 2
PRES /N B P AT RS st R A AR (R
Ui LA B R A B S

FEARWE TSR WL Pl it i il B A K ATP Al
Mg"" () 5'—>3"J5 [6] 1 fift JiE 1% 14 . ScPifl 1 hPifl £y
A Ll f## ie DNA/DNA,DNA/RNA #1 G4 DNA Ji§
Py H. ScPifl fi# it DNA/RNA 2% & g ¥ 1 2 B %
PeF DNA/DNA JEH" 5 L IR 58 & B ScPifl

B 4 JT G4 DNA 2544, Hoflig G4 DNA 13 2
B T WEE DNA, H G4 DNA 77 15 B 9% i 4 %L
B DNA W lens 11 . ko & 30 J5 A% A )
HrERE A AR Pifl 505 it ie B, e T B B A RUEE
DNA F1 G4 DNA f#eqk f1

ARG EL 2 B/ S A T R B
S Tit 1Y) e AL B EL AT OGS VAR T L T g A TR A 1 L
A oy F IR il G REE L B 45 A U AL R B
TR T4 . a2 4L 1E 1Y DnaB, RecG #
XPD 45 Rg B 2 1 A BIF I L — Bl 3 B 9K
Wi (Thermodesul fovibrio yellowstonii H. ) (% 4=
KRN 65 CHPif1 5B TyPif157 Jy bk}, 1 H
AL I8 RGURAT R 2 TyPifl & F L JF X 3
PR E T DNA S5 5 30 4 gk 8 58 1% M 2R AT 40 A
US98 J % A W PREL G216 fife e i 305 M F 50, 9F A
Pif1 S5 fif Jié Mt 45 A6 it A 2 Bt 32 47

LR ik

L1 # #

FIRH K pET15b SERER bR E. coli 2984 ik
Wtk E. coli BL21(DE3) ¥ R A S 56 % A A7 5 B il 74
NG BamH | .EcoR T . Xho | W H NEB A #];
T4 DNA % 0§ . Prime STAR HS DNA polymer-
ase I H K% T EY 2 A s PageRuler 4L Lad-
der ) H Thermo Scientific 22 & ; Ni-NTA Beads 14
H QIAGEN Al ; HiTrap Heparin HP 5 mL i %%
FEW B GE 23w 5 HoAl 12500 24 o 7 171 88 [ 7 3 4l
.2/ &

L2.1 &E$E& W TIRYE &R FOehric fHE
i HEE DNA f b1 A T AR 28w & s i 45 3L
HEFA G4 5K 19 DNA EPI - 0T 05 4% 1 iR
W T A & 100 mmol/LL KCl # TrissHCI (50
mmol/L,pH 8. 0)Z& i #,100 CHI# 5 min, SR 5
ZERHNEER. DNA YR F I E LR 1,1
W 5 AR T DNA 55 35 P I 5 . 5 6~ 8 Fil
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Table 1 DNA oligonucleotides used in the study
ETRE T W) 44 JFF(5'—>3D
No. Substrate name Sequence(5'—3")
1 16nt ssDNA ctetgetegacggatt-F
2 18nt ssDNA gectegetgeegtegeca-F
3 24nt ssDNA geectggtgecgacaacgaaggt-F
4 G4 DNA F-tgggttagggttagggttaggg
_ geectggtgecgaccaacgaaggt-F
5 24bp dsDNA
accttegttggteggeaccaggge
ttttttttttttttactcggatcaccatggeggactetetgetetegtgete-F
6 14nt-38bp
HF-gagcacgagagcagagagtcegecatggtgateegagt
ttttttttttttttttttttttttttttttttttttttttttttttttttaatCCgthag(‘agag*F
7 50nt-16bp
HF-ctetgetegacggatt
aagcagtggtatcaacgcagagaaaagggttagggttagggttagggatgtatgtcaaggaagg-F
8 26nt-3G4-17bp

HF-ccttecttgacatacat

L FHRERFOLR  H EARATOLK.

Note: F represents fluorescein; HF represents hexachloro {luorescein.

1.2.2 Rk #Hpey#HmEr EcoR 1 Al Xho | Y]
pBMH-TyPifl FAi GZ ik o AL & TyPifl i Jig [
%7 4, th BioMatik 24 & 4 80 » 4813 TyPifl &
PRl 2 it DX 471 5 of 2 B 7 81 ik A7 PCR 7 3 3k 15 SU-
MO i % 7 5 (A 52 5 = AR ), JF F Nde T M
EcoR T MUEFVI, ¥ 4K 1501 2 MW R B 5 M k&
Nde I #il Xho | XY pET15b 8 AKIR & 1% £
2T Y& PCR . OBLT U1 I Kl e 80 3E 5 d 24 3k 45
i 2] ik Ak pET15b-SUMO-TyPif1,

1.2.3 &4 TyPifl rBERXMHE PHLEER
ke th At OF 4 # K pET15b-SUMO-TyPifl #%
A KA BL21(DE3) 8% 32 25 41 fifd v, Pk B 2 55
WAk, 37 CH KEEFEE ODyo ly 0. 6~0. 8 BI A
IPTG (¥ JE 0. 2 mmol/L),28 CiE SR 6~38
he BLOWORFERIF PR MR 12 5~1+ 10 By )i
HIRF L n A lysis Buffer (50 mmol/L Tris-HCI
pH 8.0,300 mmol/L NaCl, /& /r% 10% Hil,10
mmol/L BRI , 55 F B 50 40 . F i3 — A 48 7 i 3¢
DNA, DL AR 7 W 6 B, 12 000 r/min &0 20 min
JE 0. 45 pm JERE T E L BT A [0 A Ni-NTA S
FAE: f#i B Elute Buffer (50 mmol/L Tris-HCl pH
8.0,300 mmol/L NaCl, & 43 %% 10% Hih, 300
mmol/L BEBOYEMDL . %08 1 ¢ 1 000 4 Ji i & L i
A SUMO 1, 4 °C i R YI - 3% B B 2 oK v J5
PR R A Ni-NTA 35 fRE, 08 58 s 1 G 3h 2%
i (50 mmol/L TrissHCI pH 8. 0, /& F143 % 10 %
HIHO# R 1 A%, 88 )5 28 A Heparin i — 25 4lifk .
Wtk BAREE 4L 43 . 8 30 ku (9 Millipore #8384
B VR R W AR R, — 80 CIRER . 4

Bk R g 10 % SDS-PAGE i 3K K I 4% 4 B8 4%
REE S P ai

1.2.4 TyPifl % 8¢5 DNA es A4 F Mz H
Infinite F200/M200 % Z ] 88 fiff b 1L (Hii £ Tecan
AN EDME TyPifl fig ig f 9 DNA 45 G 36 P B
K& 150 pL, HrP 45 5 nmol/L %&)6HR1c DNA FI
TyPifl f#hElF, 37 CHEH 5 min J5 W& & — 1K
MR R R 45 1) SRR . T v BE AT pH X fif i€ i
5 DNA G55 1GE 2R A, I 48 DA 18nt ss-
DNA A& % TyPifl 454 DNA i 5 1 2 vh i
#H 43 (50 mmol/L Tris-HCI pH 8. 5,50 mmol/L
NaCl,2 mmol/L MgCl,,2 mmol/L DTT), eIt 5
T o e 5 RS (1 1~5 JIEYD) (A 4% )
S, KR R B LG i 50 25 2R L Binding size (45
G4 K% Dou FEI I I 5

1.2.5 TyPifl &% 8y A5 % W54 fifi i Bio-
Logic MOS450/AF-CD 3% % % 4t (3 [H Bio-Logic
2y ED K TyPifl 78 K 190 ~260 nm T (1 B —
1% (CDYE . DAFE 25 °C A= 1 B9 AT I8 (Bacte-
roides spp. ) Pifl fif jig fifi (BsPif1) (A 5256 28 i 45 . 4>
T 50 kw Jyxd B, @ R Pifl SR H B E
0.5 mg/mL, i EAJEE N 1 mm 4 FHH 7 A [F
IR (25,30,37,45,50,55,60 C) T 4 B #E 47 #E
By CD I, 54> I B A FR TP 3 min, & 25K 1
nm, 3 HEE 0.1 nm, H B E 100 nm/min, BRI
HE 3 W AR Goran = 0, X100/ m X d b B
B b, 0, AT T Y CD B i (mdeg)
m RRE S B W B B (mol) ., d Sl A7 BE R Y R B

(em) )
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1.2.6 TyPifl ### 8¢9 DNA M & a2 ff
il Bio-Logic SEM-400 & 4 1% (#: [H Bio-Logic 2%
HDD L A 20 3t 4R A8 & #% B8 (FRET) Jgt 31l 5
TyPifl f# 7+ DNA B2 5E /) 3 4% . LA BsPifl iy Xf i,
DNA JEWIH 2 G54 53 0 F 2 6 R FS /98 Fn
e PR WK 492 nm I K 525 nm. N KR
22 W A 4 25 mmol/L TrissHCl(pH 7. 5). 10
mmol/L NaCl.5 mmol/L MgCl,.1 mmol/L ATP,
fE BV R 100 nmol/ L, IK# ¥k £/ 4 nmol/L,
FH 14nt-38bp W AF 53 1 X Pifl & 1 A Jie 16 4 1Y)
S0, JE B B R 25, 30, 37,45, 50, 55 °C; 50nt-
16bp Ml 26nt-3G4-17bp JEE ¥ T TyPifl 1 i i i
Wy Al e P 000 5 it 1 6 B Ak B 2 % Zhang 455
T3

A Nde 1 EcoR [ Xho 1

_] T7p |—| SUMO | Typifl . |—

B M | C

100 ku
5.0 kb 70 ku -
1554
1.5kb bp 40 ku
1.0kb
35ku -
25ku -

55 ku .

2 AR5

2.1 TyPifl EERZEHFEHMERFEBVEANE
kA

P 35 4k pET15b-SUMO-TyPifl [ i
DL 1-ALZ 3R Z EcoR T . Xho T WU U)K I 35 15
T 2 (B 1-B) . F 54 ok & A KW T
BL21(DE3) %A .28 CiF TR A G EHEH KA
UL A7 (B 1-C 9k 2) . B4 Ni-
NTA 3£ Fl A gl 4k . SUMO & [ B ) 9 7 % ot Ni-
NTA 3 f#E & Heparin #, 4ii{k 5 7 F 10 % SDS-
PAGE HL 3K K (] 1-C), &A1 L &K LB K
FERP IR T 4 10 mg 4l KT 95 U IEN .

& 1 pET15b-SUMO-TyPifl @ (A) X YIR (B) K& TyPifl 2 [ iR E 4k (O
(B)M. DS5000 DNA Marker, 1. EcoR [ #1 Xho | WEGEHIAY pET15b-SUMO-TyPifl #44 ; (C)M. & 4 Marker,1. R EHEH .
2. WA 3. NiENTA @EBRai b iy s 438 1 . 4. SUMO B VD9 S8 1 . 5. R NiENTA @i Bkaifb g TyPifl .
6. B¢ Heparin tE2f4b 5y TyPifl HH.7. 2ifk /5 1) TyPifl &H
Fig.1 Construction and double digestion of recombination vector(A) ,expression (B) and
purification (C)of TyPifl helicase analyzed by SDS-PAGE
(B)M. DS5000 DNA Marker, 1. pET15b-SUMO-TyPifl digested with EcoR [ and Xho [ ; (C) M. Protein Marker,

1. Insoluble protein induced by IPTG,2. Soluble protein induced by IPTG, 3. Recombinant protein purified by Ni-NTA beads,

4. Recombinant protein cleaved by SUMO protease,5. TyPifl re-purified by Ni-NTA beads,

6. TyPifl purified by Heparin column,7. TyPifl after final concentration

2.2 TyPill f@ieBsH DNA &&iEH

B AR AN 50 45 R 3R W, TyPifl i e B 45 & 5
B OWEELL ) G4 120 DNA R IE I BA 2 5
P ARYE K R B ELA 58] TyPifl 454 24nt ssD-
NA.G4 DNA . 24bp dsDNA [ K K # % K, KKK
14.0341.69,13.97+2.92,223. 79+54. 61, K,
LT o i i@ it X AN [R)JEC 40 1) 25 A 35 T R S A IR
G4 DNA > 24nt ssDNA > 24bp dsDNA (& 2-A),
TyPifl f# e 45 4 16.18.24 nt ssDNA [y 4% [ 5

P F 20 0 K A FLJS Z5 RanE 2-B o . il 2-B
UL B DNA KB IE K, 455 AH ) Gl i 1 IR
JIT e L e 3 22, R W] DNA JR )8 K 75 245
& R OBE BE R 4y TR R B 2. IR A R A5 2
TyPifl 254 B4k DNA B4 71t B8 (N 5Bt
JEMERAME R R A N=1 mF R TR R Y
EREE 1A RERE T R IE LM SC R AR R P K
-k 11, 27 nt, B Binding size=11. 27 nt([¥] 2-C),
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ol A 100f B . R
» 75| > J
on L X3
S 75 A24nt ssDNA S :
58 ®24bp dsDNA R S0+ Al6
=5 ) nt ssDNA
R S0 G DN 2”; g ®18ntssDNA
:3; g w3 25} m24nt ssDNA
#3257 &
= ol
oF 1 1 1 1 1
! 1 | L ' 0 20 40 60 80
0 50 100 150 200 TyPif13k BF/(nmol « L™
TyPif13 &/(nmol » L™) The concentration of TyPifl
The concentration of TyPifl
3.6 c
3L y=0.188x—1.121
&
E 2 28¢ N=3.27
k.8
3 24t
23
20F
L6f L 1 1 1 Il
16 18 20 22 24
JRP K FE/nt

Oligomer length
& 2 TyPifl f#HEREHY DNA 255 3% H
(A) TyPifl f R4S & H4% DNA X% DNA Rl G4 DNA 1 H 45 5 (B) TyPifl fif jig A 45 & A [
ik DNA Y9 HLE; (O HigE DNA R 568 B 4k X R
Fig. 2 DNA binding activity of TyPifl
(A) Comparison of binding to ssDNA,dsDNA and G4 DNA to TyPifl helicase; (B) Comparison of TyPifl helicase

binding to different length ssDNA helicase; (C) The linear relationship of ssDNA substrate and number of stoichiometry
2.3 TyPifl MR EH) RIS E M 2k 1 W Z g 5 4 78 25 ~ 60 C AL A K. T
P 3-A A4, TyPifl £ 216 nm &b — A5k BsPifl {1y CD &1 bt 25 513 T o £ 55 032 8 /s LI
S0 s FLBE A T T i L O WA R S R R R R T 45 O R Hh BIGEE R B R (AT 3-B) iy it mT A
TREHLL BT AN T HBERE TR T &S ® BsPifl 7RIS T 45 CJF RE R ERI R
G b HE TyPifl b fid 5 ok 22 2 BBl CD

op-. 15
» S
\?E) —40 T, R E 0
= c. HT
e TOEg
£8 w0 T &8i-Is
Lo C #h o>
23 g a3
i bl —_—55C; . 30
= 3 —0C 2
- _160- 1 1 -r-l 1 1 1 J 745 1 1 1 1 1 1 J
190 200 210 220 230 240 250 260 190 200 210 220 230 240 250 260
% K/nm # K/nm
Wavelength Wavelength

B 3 AREEET TyPifl (A)H BsPifl(B) R 451 CD 3% K
Fig. 3 CD spectra of TyPifl (A) and BsPif1(B) at different temperatures
2.4 TyPifl f# ie B 09 #E HE & 14 W.as R KE 4 fros. B 4-A A H, g AE
fii ] FRET J5 &40 TyPifl f#fig i) DNA JiK TyPifl (% fif € 3 A% T BsPifl, 48 10 i B2 F+ & i
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TyPifl f# ¢ DNA XUEE 9 # % i 25 ‘C BT 0. 09
s UHEINE] 50 CHFAY 0.23 s ', T BsPifl (1) i g
R I 5 e B T T RIS s T 45 °Cfifk e 1% 14 56 42
ek, kR UIE BEXT TyPifl fig fie i B A Bos 1/
T v A A T e B B R AT L X 5 i A TR

moTyPifl;

0.80F CIBsPifl A
—E

0.60}

0.20F
0k
25 30 35 40 45 50
/T
Temperature

A PR R i AR KA R A AR ) A . ] 4-B e
T TyPifl fig#jige G4 DNA FBUEE DNA (1 22 5, 84l
AR B G 15 B8] TyPifl fig 7+ G4 DNA 1 Xk
DNA #y 3 % 4> %] 2 0. 546 F1 0. 301 s ', & B
TyPifl f#fit G4 DNA 7% J1 B i & F XUk DNA,

(=)
(=}
T

3G4

26nt Qﬂbp

50nt 16bp

S
(=}
T

[5o3
(=}

i JiE E 43 E/%
Fraction of unwinding

0 2 4 6 8
i a)/s

Time

& 4 TyPifl BgLEA TR EE CA)FI DNA R (B) N /4 i e s

Fig. 4 Unwinding activity of TyPifl helicase at different temperatures (A) and with different substrates(B)

3w

ABIE 5T A R R G Rk aliAb T — i AR B 9K
W P i e B . A O 09 24k 5 2 TN 1 LR
A2 10 mg 4 KT 95% &K TyPifl &
Ho %W E T TyPifl fi il 5 A [7] DNA JK#)
M 4E a1 PE . & P H 454 G4 DNA FiEgE DNA 1
PR T ORUE DNA, TyPifl Xf G4 DNA 75 5%
07 S HURR PR AR E G4 DNA B R3IF . Dou %t
IR FFH RecQ f#EREHY DNA 2545 R P i) 15
B KIAFF I RecQ fi# i€/ 1Y Binding size 2 8 ~12
nt, AFFEE XN RS B g DNA 45505 1 1Y)
2z, 15 1 TyPifl 454 DNA JE# 9 Binding size
11,27 nt, B JE iy T8 HEE 4 /0, 4815 19 Bind-
ing size ] g & A i 2 .

Paeschke %5 B 57 3 B, Pifl fi# i€ i % i€ G4
DNA {11 71 /& RecQ W fif HERE Y 1 000 1, 1L 4,
3 AT AN [R] B if E IS ) & B s ReeQ 5% 15 fifk 1€ T
PR T Y-25 4 S, 0 Pifl 585 48 K g g G4
DNA KW . ot R M, ScPifl fif e il L) S48
KEFEVEH S R 58 38 00E B - G4 25 44 1 £F 75 R
SREVHIE ScPifl fif e B (Y % e X EE DNA K 1%
1 ARWEIE R Ty Pifll figk JiE i 7] A B8 i e BUBE
DNA fil G4 DNA, Hf# i€ G4 DNA i # % &5 F 3
B DNA, SR IH f 4F T e & A G4 25849 1) DNA
Y. X 5 5 T i 8 ) ScPifl i BE B 09 4 — 2,
SR ScPifl fift i€ il % fig G4 DNA JE ) iy 3 i s T

TyPifl ff s> .

TyPif1 fflema s Kok { F —Fl Az 15 76 8 £ 1)
p2. WO 2R N N NE 0 S U o e 74
(CD)Y 431 & 0, TyPifl fi# i i 75 25 ~60 “C N %%
ShA R T , I DNA i B85 1% 4 B 25 I B T s 1 b
K TMAE 25 C IR BE rp AR 16 09 $UFF 18 BsPifl fif Jie B
W HIBEE R E T m E e g, TyPifl X — 4
5 H A A 15 BT v i A R AR R ) A A G
FLAZ A Y Pifl fi# e i 40 ScPifl #1 hPifl 4 J¢ 4R
i

Pifl fif Ji i 52 % Ho b s B3 4n hPif1 . Rrm3. Pfhl
RRERAG aK |  m TyPifl fig e i LA %K
R A DNA G5 G 5 R e 05 1 R AR
AR IEE . R IBBR IR Pifl i iE B
YERWFFEA R, — 07 T AT 9 J& Pifl fif Jié i 0 A 5278
Bl 53 — 7 T8 DU St el T o PR AR AR X A B A
AHIF5E HE N7 Y FRAR AR FR N IS 2 T RE RN 25 # B Y
AT — AN R M, N E T P R E R R 2
TR BEAE T BRI .

(5% k]
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