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BeAg . X P4 B K E Talaromyces leycettanus JCM12802 kR 44 M i 46 B 849 H 55 F A8 8% 4% 74 2L B man5A #9 CBM
(Carbohydrate-binding module) %4/ R £, ¥ TFiE#ER AR, FHERAREAESELRA TixynllB &k X %45 5 5
5 manbA #9354 R #H4Tak4, AR TIxynllB-linker-man5A @é A B, JFAEFBEE T RH KL, FFTREE
& Tixyn11B-Man5A. Tixyn1lB. 4 CBM X #5 Man5A #= Tlxyn11B-Man5A #3265 F & 5 314 21.6 kDa.
41.0 kDa. 62.6 kDa, *4bft/z 49 akb & @ HATT HA AT, BEZ AR B AA 5 ) RIS H E R T %,
A B ARFAERNREREAHT0 C, REBKANRZHT 5 C, HEREBYREREA 0 C, Harbar
—H. BABHARARBHEABTHARIRG, 60 CAIZ 1hF4 48%0EE /), i RANMKENE 60 CHLIE
20 min ALk 4 20%69 B8 7% 7. RéAJE a9 R RAE B Fe - ERAE B 69 3R pH 431 4 4.0 2 5.0, B FIRA AN 55 4R
# 7 05 A 1.0 ANNE4x, b EBet)EA pHILEA FTEE. RE A6 R ¥ EA &4Fe) pHAEEE. e B A
T A B Fo b 55 T AB B 4 15 4 A1 H 1 784.3 U/mg = 1 639.6 U/mg, 423 1 A B 3% (8 300 U/mg #= 1 979 U/mg)
Befk, HakdBen T2 RMX. kb /E ) RRAEBEFo K R-AEBE 69 Ko 1L %] % 1.2 mg/mL = 1.7 mg/mL, Viax
4% % 2 000.0 pmol/(min-mg)#= 2 831.6 pmol/(min-mg). 44 MR 4F L, kA K FAR B ot 55 FAB B 7249 4T
B LAk FERRKERNE S, FABGEREIRRET #0854,
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Fusion expression of p-mannanase Man5A and xylanase TIxyn11B in
Pichia pastoris
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Abstract: Mannanase and xylanase, the main hemicellulolytic enzymes, are widely used in food, feed, textile and
papermaking industries, and usually they are used in combination. Mannanase Man5A from Talaromyces leycettanus
JCM12802 consist of the carbohydrate binding module (CBM), linker region and catalytic domain. The CBM coding region of
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Man5A was removed and fused to C-terminal of the xylanase gene TIxyn11B. The fusion gene TIxyn11B-linker-man5A was
successfully expressed in Pichia pastoris and the fusion protein TIxyn11B-Man5A was purified and characterized. The
theoretical molecular weights of TIxyn11B, Man5A without CBM region, and TIxyn11B-Man5A are 21.6 kDa, 41.0 kDa, and
62.6 kDa, respectively. The fusion protein had high xylanase and mannanase activities. The optimal temperature of the fused
xylanase is 70 °C, which is 5 °C higher than TIxyn11B-w (xylanase before fusion). The fused mannanase exhibited maximal
activity at 90 °C, which is similar to Man5A-w (mannanase before fusion). More than 48% of xylanase activity of
TlIxyn11B-Man5A was residual after the condition of 60 °C with 1 h, which is significantly higher than TIxyn11B-w (only 20%
of activity was left at 60 °C for 20 minutes). The optimal pHs of TIxyn11B-Man5A for xylanase and mannanase activity are
4.0 and 5.0, respectively, which are 0.5 and 1.0 units higher than those of TIxyn11B-w and Man5A-w. The pH range of fused
enzymes got wider and the pH stability is improved. The specific activities of xylanase and mannanase of TIxyn11B-Man5A
are 1 784.3 U/mg and 1 639.6 U/mg, respectively, which is lower than those of TIxyn11B and Man5A (8 300.0 U/mg and
1 979.0 U/mg). It may be due to of the high molecular weight of fusion enzyme. The K, and Vs of the fused xylanase and
mannanase are 1.2 mg/mL and 1.7 mg/mL, 2 000.0 pmol/(min-mg) and 2 831.6 pumol/(min-mg), respectively. TIxyn11B and
Man5A were successfully fusion expressed in P. pastoris, and the good properties of fusion of xylanase and mannanase make
it has great application potential in animal feed, food and other industrial production, and it provided new ideas for the
improvement of enzyme performance.
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JKC AR FH 55 SRR R AR RO e S S, L
TG R A R A 27 4 R 7 A AE B R RCR B, K
FWiME (Endo-1,4-B-xylanase, EC 3.2.1.8) REWS/E
HTFSA B-1,4 ARVEITFHEAARRIEA 355 IF 8 H
WA R AR~ R AL b B ZE SRR A 3=
Lo A FE BT K i (Glycoside hydrolase, GH)
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Mg, ok T RA AL RORE Bk 4
3 o0 PR R U ) A SROME T AR T SR A
BRI TR G RS B A (pK15) HhiffT R
i, A T R R SROWE IR RO I 1 3 1 o
B e Bph Sk R T 54.0% F1 104.4%P4
Adlakha ZF41 M L HU 8 H 3R A5 1) KR M i 5 21
AR RS FRIL, BhG A R A T I e HR A —
SE R,

WEARE T, leycettanus JCM12802 & — Bk i #4
HidE, BoddEKEE RN 40 C, HETEZMNIZHE
PRECREARTS T R AE W TR i i e, H 24K
LA TR e U 2D A S 2 S i G b
SRR T —1 GH5 FKj% [ 2 B MilE ManbA,
HeGEIRE R 90 'C, HAE80 C&MUTHRE, [F
B ARTS T — GH11 G AR RBERS TixynllB, i
ISR JE S 65 C, ik 8 300.0 U/mg, {HIHLHA
FaE M s . AR AR ARG JE A TIxyn11B A%
PR A GG X 751 5 2Bk CBM X (1) H #8 pi il Ik
[Al manbA 3 o H &4 % 22 M, FF eI
P B2 P AT FE IR AR RN A, fe A i [R] s
LA 4 o 0 H 8 RO R AR SRR B TE :, ARR b
it () IR e AR 2 T B B AR T

1 MRE5FE

1.1 ##
111 BERRFIERA

AT A TN IR () JFkE pPICO-Tlxyn11B Fil
WA H 58 M B FE R 1Y BRE pP1C9-man5A 4 i Ac
e s R Ar P28 ok pEASY-T3 FifE R A
#F & Escherichia coli Transl-T1 iy Hdt i 44
AEVHARGRAF, AT HSER R Fok
pPICY M ik 1 I 5 AR lEE Pichia pastoris GS115
W4 Invitrogen, T2 1K 2 A (% 44 2 RN A1 I A
1.1.2 RS AEH &

Bt 1 N VD BEIE [ TaKaRa A7 RS R]; 4

&: 010-64807509

fifg F1 DNA 24k 12050 G0 B B Ui e A 20 7 5
JFkr SR BGAF & OMEGA Al JEY M E AL
FIBEAR AR B BEE [ Sigma-Aldrich; &1 Marker
W H Genestar 4=# /A H]; DNA &k KRG
FastPfu DNA Polymerase i A Jb 57 4204 A W4
RAE WA HAb Ak 21150 248 ™ 4B al,
113 FEBEFERIEFRFME

S i RS R 35 354 LB (Luria-Bertani)
WAR R F2 BB A RE F2 36 . YPD (Yeast extract
peptone dextrose medium) R 1A 5% 5% 3 il [ 4 85
FH MD (Minimal dextrose) [E{4¥55: %5 BMGY
(Buffered glycerol-complex medium) &5 # J& |
BMMY (Buffered methanol-complex medium) %%
Frhk. VR4 )ik v 2 OCER[19].
1.2 HEREmMAREERESEEK RS

DL A K B OB TIXYNL11B 4 i 5k (A
Tixyn11B & Fi ki pPICO-TIxyn11B M #y , LI
xynll-F1 fil xyn11-R1 R 5[#ik47 PCR ¥ 14, 3k
PR RBH T B A X g A LR Tixyn11B; LAJBRE
pP1C9-man5A Atk , LA man-F1 Fl man-R1 5|
Y4t PCR Y4, RAFER T CBM XY TH R
WS man5A. PCR W FRIFHN: 95 CItE
5 min; 95 ‘C#iE 30 s, 55 Cikk 30s, 72 C
HEAH 1 min, 30 ME; 72 CLEE 10 min, 514
FEAN LR 1, N R0 G 404X 3R BRI e 1 A7
EcoR I il Not I , H:H man-F1 I xyn11-R1 %4
15 bp B[R] 751 LIE T J5 2Lid i 8 S 4B PCR
BEAT AR TR T &% A BE D AR5 o

3R PCRY G 7 Wy A7 B I R Tk 5T 0 1) Il i
bR 2%, LA 269 5 0 R AR , L) xyn11-F1
1 man-R1 K51 Wik T PCR ¥4, v 251 1A | o
PCR ¥ 34 = ¥ i% # pEASY-T3 # 3 #% 1k 3
Transl-T1 /&2 AU, JFIRAM W& R Rtk
LB ARG TR AP AR, 37 Cl 557 5 AT I 7%
PCR Bk, - Hkdks B 5 Ak 254 7 36k

. cjb@im.ac.cn



1852 ISSN 1000-3061 CN 11-1998/Q =¥ T #2244  Chin J Biotech

F1 HMEARER-HEREBRSEENIYFT
Table 1 Primer sequences for constructing
xylanase-mannanase fusion gene

Primers Sequences (5'-3")

man -F1 ATTACTGTTTCCACCCAAACGACCACGACC
ACTCTG

man-R1 ATGCGGCCGCTCACTGAAACTGGCTAATAT

xynll-F1 TAGAATTCGCTCCTAGCGAGCTCTCCAAAC

xyn11l-R1 GGTCGTTTGGGTGGAAACAGTAATGGAAG
AA

The underline represents the restriction enzyme cleavage
site.

1.3 BREFRIZFRAL pPICIO-TIxyn11B-man5A By
&, B SRR ERIE

WPy TE i 7 o R EA T BORLER MU EcoR 1
Not T WUV 5 MU R B, i A TRIFEZE EcoR 1
Al Not T ZbFEF) pPICO #fA, #44k Transl-T1 K
FRRESZ A, PRk BHE se B JF 00 e 3 e . AR15
A pPICO-TIxyn11B-man5A F T e 7k 1% £ 14
Ll

20 £k 1K pP1C9-Tlxyn11B-man5A FH BE il #4: 14
VI Bl T £epEAbAb 8, 2000 i L Pk 4l Ak )5 1] i
LAY, R A AL B AR I B GS115 87
4R, A 1mol/L ByIlBiEEE £, 30 CHrE I
H 1h AU I8, AR5 A T A AR B R MD
WA, 30 CHEIEAENEIE R E 2-3d ER AR
AT UL ATV, BEALH 25 Pk ik 48 S ra b+ )5
Fh 214745 %55 1-100 % MD Fi1 MM ~F-4i | 30 C
PEIRAR BB B 9% 1-2 d, A SBT3 ph T
HHBFRSHEA 3 mL BMGY B3R 3EA 15 mL
WA T, 30 °C . 220 r/min }535% 48 h Je &S0
B BIEW, WA 1 mL BMMY SRR E A, 5
SREFF 48 h JE O RIS TR I,
e R IR AL
1.4 ERBEEMIEEBL L

38 AR AT 0 M v A A A TR IR 5
B AL T 7 YPD K: 3R 306 b5 4 1% &
AT 300 mL BMGY JiiAs;3R3H, 30 C .
220 r/min ¥53% 48 h, 4 500 r/min &.0> 5 min 3¢ |
W, FIAEET 150 mL &4 0.5%H i BMMY
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WA FR Ak 2L 5535 48 h, Wi ARG 12 h b
0.5%M HI i . BE SR ol e g O UR IR, &k
B4y 10 kDa I BEA0vk s, FH 10 mmol/L i 47
BRIR-WEIR A B2 iR (pH 6.5) AT BB
PAEBRZ AR 43 o AT AL BRS (9 i ROIN 283 2
PR HiTrap QXL P& T4 2 ktrh, Jf
FH 10 mmol/L () pH 6.5 F A7 R - ik S — 4 2% v
WAL Y9 1 mol/L NaCl R4 746 EEVEL , WS
N () W BT N B T O AT N M e A
SDS-PAGE 431 .
1.5 BgiEARME

R SR TG B 2 2R M T %) Tt 0 0 7 35 R
3,5- f KR (DNS) ¥, HAKZ M Miller
£ Iy A T i o LA BT A 2R R 100 pL
YA PRAORER , 900 pL FTEARFL N 1% P8
ARARRNE (T AR RGBS ) 5% 0.5%F
T (R 88 OGS D) A A R -
R ANV, TEIE N 10 min JEAA 1.5 mL
DNS Z 1k )iz, #hoK#s 28wk 5 min J5 7 BIE T
VK HE AT, B 250 pL e i 2 BT 540 nm R
DU RE WROGAE MR A R AR o iR 2 5 S il T
J1o REWERGTE J11E pH 4.0, 70 CE&ATFE,
H &% BWEBETE J17E pH 5.0, 90 C & T E . i
W R 7 EREFMTN, B4r8™E 1 pmol &
JEOBE I T R 1SR (V).
16 EEFMROH

TR T I B AR E R I K Stk Yl
AREVEATIE YR, £ 30 C-95 CHRELAMT
J% pH 4.0 5% pH 5.0 B9 5548 43551 I 52 A SR b it A1
T8 ROV A BETG ,  DURA E @A 1 P R SR B A
I 5% RO T 10 3 O B K RV (100 ng/pL)
SrI7E 60 C. 70 T, 80 'C —ASARIEIEEE T AL
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b, ZJE RS WA BT AE R A5 1 T I Ak
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(1) J5 AP it 1180 38 23 Tl 3% L0 Tl 6 S (R T AR
ETE

fxid pH K pH FRoE PRI E « 23 BiTE T 8 R
W Tt R A SR Tl 174 B 3 T B2 2% AF TR DU AN [m] pH
(1.0-12.0) 2544 (AT 7 R B 22 Bl pH; K
AT pH Y22 s AT Re, 37 CHEIRME
1h, iS00 I R R B T, R ARG
it T (A BTG 71 100%, TR TR] pH AL EER (AR
Xof 3 2% il O LA o Tl E AN R) pH R iR e

Bl 75 R E 43 ) DAk B S
0.1-10.0 mg/mL HYBEARARZMEFI 0.5-5.0 mg/mL
B SRS, 76 pH 4.0, 70 C&1F T llE A
BRI PE, 7E pH 5.0, 90 C 4/ FillE H &R
BB M, SO BRI 5 min, RSB EOLE
P AAS 2] Koy 22 Vinax FO{E

4 B B T S Ak 23 R0 X T T 1 A R T 5
¥ 5 mmol/L BN [F] A 48 2 Ak 23 s
B S VAR R B, DORE A 2 7 F k23
FUME X B, A 04 Bl 25 1 DU e AT D) il T
PER R

2 HER5AW

21 FEHBHKRHMMESESMEEENRIES
ik

it PCR K 594 bp (1A HME R 2 X Gt i
RN Tixyn11B F1 1 131 bp Ay H &8 JO0E il 5 (K]
man5A (A2 N i CBM [X) #EFTHF%, 3545 1 725 bp
HyRA R Tixyn11B-linker-man5A, il 5E X 2
M3 I PRI 50 T 62.6 kDa, FRSZEen 5l
4.82, ElEFEA TIxynl1B-linker-man5A 7E e R
B} GS115 Rl TR, FAEM G EN
TIxyn11B-ManbA . HR M />F 12k 70 kDa, %
Mgy R R (B 1), ZEGEEA 2 Dl RERY
N BEEEAGALA, TESE AR BE R R IR AT BB L A T W
A T3 R WL 23§ R TR T

&: 010-64807509

35 —| —
25 —
15— =

10— .

1 FE&ZEA TixynllB-Man5A B SDS-PAGE 447
Fig. 1 SDS-PAGE analysis of fusion protein
TIxynl1B-Man5A. Lane M: the standard modecule
weight; lane 1: concentrated TIxynllB-Man5A; lane 2:
purified TIxyn11B-Man5A.

22 BHEBERIEEF IR
221 BAMMEE pH X pHRREH

F£ pH 1.0-8.0 i [l I 2 T 5 SR M g AR 2R
BRI 5235 pH L 45 5 B 7R G i 1 A ROBH it 11 B
i& pH (& 2A) 4 4.0, 7F pH 3.0-5.0 JL[F N fEM
HrkF 60%LL F YRGS ) Rl e i H ER SR
B fcid pH (K 2B) 4 5.0, 7E pH 3.0-5.5 LN
T 5SRO T 1 FH X G ) 4R E 50% LA b 7E
pH 1.0-12.0 Y8 [ Al E il G WY pH T8 E 1k, 45
B R AR BMEREAE pH 2.0-9.0 BfFa5E, pH 2.0 i}
P A BTG ATh 15 90% (& 2C). HEE R Wi (& 2D)
fE pH 2.0-9.0 JEFEIN, FlAHGIE 1 RES 4E R A
60%LL | (& H TIxyn11B-W F1 TIxyB 43 Bt 22 fil
AT G AR B BEREL, Man5A-W Fil Man5A 43 51I14%
FRG IS BT 6E RPERE)
222 REMMWERREREREN
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(IBETE 17, 45 R B (K 3A-B) RlG il -h AR B
it F1H 8% R WEBE > 942 70 CAH 90 CHyHA i
S o HEE ROBEAE 80-95 “C Y Bl N 4k e
50% LAk I Bl 77 o AR RBERGAEAR T 70 C B I Bl
VTR TR, 70 CLL RS AR R 1R
& pH 4.0 i 5514 T R B 43 HIHE 60 C .70 C 4%
A7 A FRA [ i [ 3000 7 A SR M Il () IR 1, 45
RER (K3C), 60 CALEE 1 h ik F 4y 48%HY i
771,70 CALFE 2 min A 60%[¥ NG f1,70 °C
AbFR 5 min i&F 23%H NG 1. fEfiE pH 5.0
W) 45 1F R B B4 N AE 70 C . 80 C &M
A AN ] ) B[] 00 S SR T 1 Sk R A
g EW] (K 3D), 70 CALIE 2 min B F 4
77 5% EE , 80 CALIE 2 min M4 71.26%
(1) Tt 31 o

Ao,
—Tlxynl1B
& 100 ¢ ——TIxynl 1B-W
= 80t
z
3 60t
2 \
z 40+
E
= .
2 20} \\\
Y
0 L L L L —
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C
120 —=—Tlxynl 1B-W
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223 RBEENINHIESHENE

A3 FEH 8 M AR R 0 s AT
DL SRR R R M I AT 0 2, &
Michaelis-Menten #5141+ 55 H f & i b H 88 R
PG FOR RERE R 2 12280 (R 2), &1
B Al A R0 H R R Ko 1 Vinax 2090 0
1.7 mg/mL . 2 831.6 umol/(min-mg), AR ZBERFE K,
1 Vinax 235124 1.2 mg/mL . 2 000.0 pmol/ (min-mg).
2.2.4 ZJRET KA N B IS R R

Wk 3 R, MG HTE &R 5 7 Ak A
Xof T ) T 2 B S M S AR TEAE AL, X T H i R A
Cr**. cu®. Fe**. SDS fefgMifiImes , milibes
TR 2E R S LT B R o X R R
Pb** . Cu®*. Fe**. SDS REME MM, Hiow 7
AL 2R TG B 5
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120 ¢
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=z 80F
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E 40
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= 20¢f / \
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120 ¢ —=— Man3A
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c:a 100 + ETR
z 80t T
s
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g 40 ¢ \
L]
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04 . \ \

B2 BEAEARERAHERERNRE pH & pHREM

Fig. 2 Optimum pH and pH stability of xylanase and mannanase before and after fusion. (A) Effect of pH on the
activities of xylanase TIxyn11B-W and TIxyn11B. (B) Effect of pH on the activities of mannanase Man5A-W and
Man5A. (C) pH stabilities of xylanase TIxyn11B-W and TIxyn11B. (D) pH stabilities of mannanase Man5A-W and

Man5A.
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A B
120 - TIxyn11B 120 Man5A
= 100 ~ Thynl1B-W 3100 b ManSA-W
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¢ —=— TIxyn11B60 °C D —=—Man5A70 °C
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. —— Tlxynl 1B-W60 °C =— Man3SA-W70 °C
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= g 1
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El3 MAEAREHRAMHEREENRERERARENY

Fig. 3 Optimum temperature and thermostability of xylanase and mannanase before and after fusion. (A) Effect of
temperature on the activities of xylanase TIxyn11B-W and TlIxynllB. (B) Effect of temperature on the activities of
mannanase Man5A-W and Man5A. (C)Thermostability of xylanase TIxyn11B-W and TIxynl11B. (D) Thermostability of
mannanase Man5A-W and Man5A.

R2 AREHBMEEREBRSINEHNANESY
Table 2 Kinetic parameters before and after fusion of xylanase and mannanase

Vmax (Mmol/(min-mg)) Km (mg/mL) Keat/ K (S/(mL-mg)) U (U/mg)
TlxynllB 2 000.0 1.2 1 805.6 1784.3
TIxynl11B-W 12 800.0 3.3 1426.0 8 300.0
Man5A 2831.6 1.7 29213 1639.6
Man5A-W 3200.0 2.0 2 400.0 1979.0
3 Wi TN S s S NN Lo R

A SO F 2 B R TEPERA Eh A

TR 308 5 5 SRR 11 2 1 34 42 DX AC SR %EC%EMZM%%Tf%%f@ %gmm
@ﬁ%ﬂﬁﬁ%@ﬁﬁﬁﬁﬁ, Mﬁ‘ﬁiﬂlT%ﬂ%%@iﬂj, g}i ﬁ?@x EE/E\\ = *’lﬂ\ ﬁ%ﬂn”)\r?\ Lj‘%%é/“]ﬁiﬂﬁﬁ
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*3 AEEeREBEFMAFRATGREHEHEREBMAREIRE LRI
Table 3 Effects of different metal ions and chemical reagents on mannanase and xylanase activities before and

after fusion

Chemical ManSA_-\_N _ Man5_A_ T_Ixynll_B?W _TIxynl_l!B
Relative activity (%) Relative activity (%) Relative activity (%) Relative activity (%)
Control 100.0£1.9 100.0£3.2 100.0£1.7 100.0+0.5
cré* 57.8+5.6 68.1+1.3 101.8+5.9 100.7£3.1
zZn* 105.7+2.8 102.5+2.1 99.9£1.2 97.7£2.2
M92+ 121.4+2.0 110.2+3.4 106.9+4.0 100.6+5.6
NaZ* 119.6+0.4 112.5+2.6 107.5+12.3 98.6+6.3
Pb?* 92.7+3.7 85.3+4.1 86.5+2.3 89.3+1.8
Ni%* 94.9£1.0 100.3+1.9 107.8+0.4 94.1+6.5
cu® 68.7+0.6 80.5+2.4 85.6+8.6 80.6+3.1
K* 117.0£2.2 100.6+4.8 112.8+£1.7 108.8+4.0
Fe®* 50.7£1.7 65.5+£5.3 54.7+1.3 66.4+6.2
Mn? 91.5£2.0 100.3+2.5 96.3+3.2 90.1+2.9
EDTA 120.9+1.0 105.4+6.1 113.3£8.9 97.2+3.6
SDS 20.8+1.0 10.3+0.2 33.1+5.6 18.6x1.2
Ca** 99.4+1.1 110.245.3 109.3+0.9 90.8+1.5

R BEE Man5A () CBM X J& T CBM1 %Kik, T %
W B YrE A RLH = IR LR, K R
Tixyn11B M\ =445 FORFE [RIFE 802 H B &
RHIL, 1E450 5 CBML A — & BIARRLE, M
AR UE T BEL5 A T RE B I, 30 T A ka4 i
PR T —E ntE
82 BB Man5A A 353 f i i se 127,

MASBERE Tixyn11B e @A 22, 25
Man5A ] CBM 4y A R TG TIxyn11B i1 7 fil
ArE, AR SRR A PR R AR O T
8 RN S e YA PR, (AL 224 CBM 1Y
Man5A (Man5AACBM) #fa s 127 Wang 2544 &
Man5A 7E 80 ‘C 43 60 min J&, 158K 1552 50%
HEEE F7, 1 Man5SA-CBM 7 80 “C 4b¥# 30 min
JG SE 42 o TIxynl1B-Man5A ) f& 5 M b F
Man5A #il Man5A-CBM 2 [al, 1] il CBM 7 H#%
R PEBE ManSA $ESE MR B 4 5 v k1 T B A
H, HE CBM MZHAE, AREWER TixynllB
RS S ML o AN BH A, 000 -5 322 4 X AR SR
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WA AR AR O o A1, oA 2 PR SR G Tixyn11B
VEFIIY pH TS FI7ERE & 2218 )5 A8 3 TR 9 . TiF
43 BT I A SR 0 5 SR il S [ 4 iR T
AR R BB LR X 5, Cu®, Fe®*. SDS
B 5 [ IS0 ) P R PO 35 1, A1 Cr* X H 58 SR i
g, P o A FWmG LA TR, Uim a4
ST I 5 00 R T o 4 SRR B T AN Ak st e 4
Ve S 2B RO, B R H 5 SO A A B
WY Ko (IIREAR, BERARES S A F T 05 Y
ghL, WIETR KeaKn [EI3INATE , WS IEH
P B AL R A 4 6 o X i i 2 1 R A
AR ) AR E MR FSY , BT R Z AN 2
HEHERK AR A4 S T RS IS B 1 B S5
SR A5 4 Ry 3 ) A A 234

L b, A AN A3 T 4 ) 5 IR A R 08
TRAVFAT T AT st HAT 50 25 SR A R
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