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W OE AN FRABRAEATR RSO EA M LA T RSP REMRT ARG T LA NENAT ETLEL. EEES
PRSHEE R L BAERT ETHE MW LRALEGERS A ZAK X BEALERERT, Ao TR
TG h A ARAR KB E B A7) Ak, 4Fst h KRR E S T Z W IFE ARG RHEZE A 1.78(mmol/g/h), £ 3
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BE4%: 4% Bl (Pta) 49 B Lk & A1 AN 602 (4K 3] 74, #t—F 67 oAb AT L pta REABF AT AR RALE; adh 4
B AR EARSIST2 69 LB R B F KT 98%, 4 0.020(mmol/g/h), BEE M & B Adh #9858 16 7E /) A 585 FE1K3] 62, &
LRI AR SIST2 3k3a8 B4R = 4 65.7 g/L. Bl 4% P IR BAK K ATH Pta & Adh BEE W IR IR a2 @ik F, AMKE] =
WAFHFE N, HBh T Emie H AR HEmRGEMBROAST. FEREHREIATLEABS.
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Breeding of Actinobacillus Succiniogenes Mutants with
Improved Succinate Production Based on Metabolic Flux
Analysis
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and Jijun Jiang
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Abstract: It is very important to obtain high yield mutant strains on the base of metabolic flux analysis of Actinobacillus
succinogenes S.JST for the industrial bioconversion of succinic acid. The metabolic pathway was analized at first and the flux of the
metabolic networks was calculated by matrix. In order to decrease acetic acid flux, the strains mutated by soft X-ray of synchronous
radiation were screened on the plates with high concentration of fluoroacetic acid. For decreasing the metabolic flux of ethanol the
site-directed mutagenesis was carried out for the reduction of alcohol dehydrogenase(Adh) specific activity. Then the enzyme activity
determination and the gene sequence analysis of the mutant strain was compared with those of the parent strain. Metabolic flux
analysis of the parent strain indicated that the fulx of succinic acid was 1.78 (mmol/g/h) and that the flux of acetic acid and ethanol
were 0.60 (mmol/g/h) and 1.04( mmol/g/h), respectively. Meanwhile the metabolic pathway analysis showed that the ethanol
metabolism enhanced the lacking of H electron donor during the synthesis of succinic acid and that the succinic acid flux was
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weakened by the metabolism of byproducts ethanol and acetic acid. Compared with the parent strain, the acetic acid flux of
anti-fluoroacetic mutant strain S.JST1 was 0.024(mmol/g/h), decreasing by 96%. Then the enzyme determination showed that the
specific activity unit of phosphotransacetylase(Pta) decreased from 602 to 74 and a mutated site was founded in the pfa gene of the
mutant strain S.JST1. Compared with that of the parent strain S.JST1 the ethanol flux of adh-site-directed mutant strain S.JST2 was
0.020 (mmol/g/h), decreasing by 98%. Then the enzyme determination showed that the specific activity unit of Adh decreased from
585 to 62 and the yield of end product succinic acid was 65.7 (g/L). The interdiction of Adh and Pta decreased the metabolism of
byproducts and the H electron donor was well balanced, thus the succinic acid flux was strengthened by the redundant carbon flux
from these byproducts. The mutant strain S.JST2 obtained in this paper deserves being extended to application of industrial

fermentation.
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1 MHE7 %

1.1 ##
1.1.1  F#

P E B 3RS, 16S tRNA % 5%E (GenBank
Accession No. EU074771)%3 £ 24 7= B8 ¥ BR it 2% #T
W (Actinobacillus succinogenes S.JST), RHASZIG
PRI -

112 KEPHIgL)

FOKI(CSL) 15, FEEEE# 10, NaH,PO, - 2H,0
1.16, Na,HPO, - 12H,0 0.7, NaCl 1.0, MgCl, - 6H,O
0.2, CaCl, 0.2, #i%jH% 80(437H), CaCO; 40, MR
[l K 5.4 % (TSB)S, pH 6.5,
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TAY TR, E AR K51 s A L)
k75 NSl /N7 = St = N S L
(HPCE)>k [ 2% E Beckman Coulter /A 7] P/ACE MDQ
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1.2.2  ZEwEte
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HPCE f6ill, A9 B4 NAE 75 pm, M2 375 pm,
HRKE 50 em, LA 500 mmol/L HsPO4 & 0.5 mmol/L
TRAL 75 ke = H 5L 4% (CTAB, pH6.5, LA 10 mol/L
NaOH 7)) A T, sfTHE 9 kV, E170f
] 20 min, i 20°C, KK 200 nm, Sy HEFE
(3.5 kPax5 s),
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JE 250°C, MEFER 1 pL, 4 e 1:100, A5k
JE
1.3 RiFHREZEEEEN
1.3.1 M Hl R i 7

37°C AN, CO, RAARERMIEEF 240, B
mL & B FRE R 10 000 r/min 2.0 38453 #4K, pH
7.5, 0.1 mol/L BEMREh &z P B2 10 mL, vKikE
PR 10 minGEEF 2s/[A]FF 5s), 4°C T, 10 000 r/min
AURE L 15 min, b5 R0 A 546 HEL A
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VLT 5 F Pepek AL 2, Ir L Pepek [E13E — 41k
A I s R s B X N T R 2 b OAA R = n]
LATE] 2 2 R AR i U (Mdh)fE AL NADH f s 54X
B QNERRRILEE (Po)MRE: I b € mrp 43 51
JIA 2.2 mL i, KUKMA 1 mg/mL A& | 50
mmol/L MgCl,. 0.5 mol/L &R E 41 . 0.5 mol/L il
240 . 50 mol/L BRI A% 1T =R (ATP). 5 mmol/L
NADH %4 0.1 m L, 25°C {15, Z 545 [F Pepck
PRI, (3)Mdh I : W e e Bl A 2.7
mL 2, 0.1 mL 50 mmol/L OAA, 0.1 mL 5
mmol/L NADH & Wi 5, 25°C {315, Efh#/ER T Pc
BRI, (4) 2 B S B (AR A - 0 5 b L o 4
BIMA 2.3 mL i, 0.5 mL 1%(V/V) LIS
ZZ i EC ), 0.1 mL 5 mmol/L NADH & )5, 25°C
R, HABVER T Mdh BRI (5)Pta W5E 2%
SCHR[23].
1.3.3 5 it E
it 1 1 BT AR AS Ty A Y T R A B ek
4275 #E 1 pmol NADH i, 311
_ AAxV
exbx At

it 149 BE A g Sk A 2 v AR 1 T B G TE ,
PN w/mg, AT
U AA
VxCxn - g><b><At><C><

HPAA—340 nm AbIE G AR FR AR, 0 49
V—RAE SO AR, 6 Fe G L AP AR FR, 8 3 mL;
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e—NADH [ % W E /R I8 6 &8, A 6.22x10°
(L/mol/cm); b—L MRS, A 1 cm; Ar—Hf[HE
[EIB%, A 3 min; n—H FEAEEL, n=30 000/x; x—I[1] L
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Appendix Table 1 Biochemical reactions

No Involved Metabolic reactions
flux

1 A PEP+Glc=G6P+Pyr

2 I ATP+Glc=ADP+G6P

3 J3 G6P=F6P

4 J4 ATP+F6P=ADP+2*G3P

5 Is G3P+NAD+Pi+ADP=PEP+NADH+ATP+H,0+H"

6 I35 G3P=3PG

7 J6 ADP+PEP=ATP+Pyr

8 To4 G6P+2*NADP'=2*NADPH+Ru5P+CO,

9 Ios Ru5P=Ro5P

10 Jog Ru5P=X5P

11 Jos Ro5P+X5P=S7P+G3P

12 1y S7P+G3P=F6P+E4P

13 Joo X5P+E4P=F6P+G3P

14 Ig CO,+ PEP+ADP=0OAA+ATP

15 J; ATP+Pyr+HCO;=ADP+Pi+OAA

16 Jo OAA+NADH+H"=Mal+NAD"

17 Jio Mal=Fum+H,O

18 In Fum+FADH,=FAD+Suc

19 Jin Pyr+CoA+NAD'=AcCoA+CO,+*NADH

20 Jis AcCoA+H,0+OAA=Cit+CoA

21 Jia Cit=Isoc

22 Jis AcCoA+Pi=CoA+Ac-P

23 Jio Ac-P+ADP=Ace+ATP

24 Jao AcCoA+NADH+H '=AC.H.+CoA+NAD"
25 I AC.HANADH+H" =EtOH+NAD",

26 J» Pyr+CoA= For+AcCoA

27 Ios Pyr+NADH+H =Lac+NAD"

1.2522*ATP+0.5270*NADPH+0.05610*G6P
0.06989*NH;+0.01724*F6P+0.083*Ro5P+

8 Tone 0.02568*E4P+0.008852*G3P+0.1341*3PG+

0.04667*PEP+0.1279*Pyr+0.1280¥ AcCoA+
0.1043*OAA=1.0*Biomass+1.0547* ADP+
0.5263*NADP"

(o Bl E N BABR(PEP) . N RER(Pyr) . W%THE(Gle). 6-H
BRI HH(GOP) . RAH-6-BRIR(FOP). 1, 6- _BERME(E-1, 6-2P), 3-
B H MRS (G3P) . 3-BEFR T MPRBPG) . 5-BEMRAZ B (RusSP) ., 5-
BRER W (RoSP) . S5-BRFRAHRME(X5P) . 7-WhHR 5t KEAWE(STP) . 4-
TR AR EE I (B4P) . BEMEZFR(OAA). R Mal), & iR (Fum).
BEHIEA(Suc) . 4l A(CoA). ZMBEAINE A(AcCoA). FrEIA(Cit), 5
FrEmR (Isoc) . Z WA (Ac-P) . LR (Ace). ZME(ACH). L
(EtOH), H[i&(For), FL#&(Lac). o-fi/ —(a -Ket)
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Appendix Table 2 Equations from metabolic flux balance
and from other condition

No irll\:{eiizgige Equations from metabolic flux balance
1 Gle 1*J1+1%J2-1*J45=0
2 G6P 1*J1+1*#J2—-1*J3-1*J24-1*J30=0
3 F6P 1*J3-0.5*%J4+0.5%J27+0.5*%J29—-1*J31=0
4 G3P 1*J4—1*J5+0.5%J29—-1*J34—1*]35=0
5 3PG 1*J35-1*%J36=0
6 PEP 1*J5-1*J1-1*J6-1*J8-1*J37=0
7 Ru5P 1*J24-1%J25-1*J28=0
8 Ro5P 1*J25-0.5*%J26—-1*J32=0
9 S7P 1*J26-1*J27=0
10 X5P 1*J26-2%J28+1*J29=0
11 E4P 1*J27-1*J29-2*]33=0
12 OAA 1*¥J7+1*J8—1*J9—1*J13-1*J40=0
13 Mal 1*¥J9—1*J10+1*J17=0
14 Fum 1*J10-1*J11=0
15 Glxt 1*J16-1*J17=0
16 Ac-P 1*J18-1*J19 =0
17 AC.H. 1*¥J20-1*J21=0
18 Pyr *J1+1%J6—1%]7-1*J12—1%J22—1*]23-1*]38=0
19 AcCoA 1*¥J12—1*J13-1*J18—1*J20+1*J22—-1*J39=0
TFJ5-1%J9— 14T T1+1#]12-1%]20-1%]21—
20 [(H] 1*J23+42*J24—-1*J42=0
*]51%J2—0.5%J4+1%]6—1*J7+1*J8+1*J19—
1 ATP }*}Tillon 0.5%J4+1*J6—-1*]7+1*J8+1*J19
22 ?}ffﬁ:fggf)d 1%J45=A\(Gle)
Glycoxylate
23 cycle Flux are 1*¥J17=0
small
24 Biomassger  1*J30-0.005349%J44=0
25  Biomassper 1*J31-0.001644*J44=0
26  Biomassgesp 1*J32-0.008948%J44=0
27 Biomassgsp  1*J33-0.003184*J44=0
28  Biomassgpp 1*J34-0.001291*]J44=0
29  Biomassypg  1*J36-0.01788*J44=0
30 Biomassprp 1*J37-0.006889*]J44=0
31 Biomasspy,  1*J38-0.03604*J44=0
32 Biomassaccon 1*J39-0.004139%J44=0
33  Biomassoaa 1*J40-0.01959*J44=0
34  Biomassxrp 1*J41-0.06125*J44=0
35 Biomassnapen 1*J42-0.01754*J44=0
36 Biomassyys  1*J43-0.1020*J44=0
37 Suc 1*#J11=A(Suc)
38 Cit 1¥J13=1*J14=A(Cit)
39 Isoc 1*¥J14-1* J15-1* J16=/\(Isoc)
40 a-Ket 1*J15=/\(o-Ket)
41 Ace 1*J19=/\(Ace)
42 EtOH  1*]21=A(EtOH)
43 For 1*J22=/\(For)
44 Lac 1*#J23=A(Lac)
45 Biomass 1#J44=/\(Biomass)

15 PtalgERERERIEE
1.5.1  #X HLELF TR0

TCr il 1074 /mL RER, B S uL ¥WAkT
HAEN 5 mm WMEFAERB L, PR R 2 A
B BRIG AR AR S X BT IR s e, A
FHEZS LG B E 1.6x107°Pa, T [F 445 5
X SR AT RE SR IR TR A 3 min, 3K X SR NK 1t
AT I BIE RN 70%~80%, FH 48 515 1 I H- ik
ALH/NEN, 1 mL K, B0 IRY, T
A B ORAE T UKAR R
1.5.2  Pta 2B 75 BG5BT HEH9 672

W 58 J5 W A ML YR AT T 5 S TR R 17
M b, Gk 3R AT AR L 5 2 IR P 22 KR (1) PTA
T AR AT BB KR IEAR, TR 4 2 R 1 i 15 2
RUBEAR
1.5.3 pta A ZEEFT 7 X 207

X IR £ Tk A il 17 1 B AV P PR M S AR Rk 1 1 7
PTA JE[R vw B o r, T I ik B 28 A8 bk s I 5 | 4 A [+,
F1: 5-ATGTCTCGTACATTTATTCT-3', F2: 5'-TTAA
GCTTGCGTAGCCTGAA-3', PCR JZJii: 25 uL PCR J%

o AR Z h, 10xBuffer 72.5 uL, dNTP (2.5 mmol/L)
42 uL, F1(20 pmol)>}y 1 uL, F2(20 pmol)>& 1 pL, Taq
0.2 uL, BEHz DNA 7 1 uL, JFI7K%MEF] 25 uL.PCR
S A 94°C 5 ming 94°C 40 s, 55°C 40 s, 72°C
100 s, 35 MEFR; 72°C 10 min, PCR =9 [alli | 345 |
el Wy R sy (R &4k DNA; U1 L
[l i PCR =4, $4 18 pMD 18T 2 i3 £ i i 4,
16°C 4% 1 h DL by BGEHAR G 3.5 pL n#| 200
uL JRZ M R, VKIS 30 min JE 1L, P
FHE FERERRIEST PCR B85 P A1IE i K& 5 49
TR W T
1.6 adh EERTIEE
1.6.1 adh HA 7

ADH 55| Hy: 5-ATGAAACTCGAAAC
CCTTTC-3', Hy: 5'-TTATTCGAATCTGAGTTGGA-3',
PCR [N F=9 I L i 42 etk P AR TR) 1.5.4,
1.6.2 WA ERTEE

W TR 1) ADH BB Beifb AT s R A, W
2 AR, — DR R BT 79 6L, — R
A Bt JG 973 7, RABJG 4 TAA =B L%
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T, Hid 79 fif %28 514 M Forward: 5'-CACAAC
ACCTTGATTATGATTAAAACAGTCAGGAACAAA
CC-3’, Reverse: 5'-GGTTTGTTCCTGACTGTTTTA
ATCATAATCAAGGTGTTGTG-3', 973 {725 5]

Yh: Forward: 5'-GTTTTCGATTTCCGGTAACTTG

AAGACGCG-3', Reverse: 5'-CGCGTCTTCAAGTTA
CCGGAAATCGAAAAC-3', 2578 it T2 iy 3 1% 22 4%

At H AR BR 2 Wl 52
1.6.3 ZAMHEH

E MRS i B AR il 8k pLG338 4%,
ZJa HZEFL(I 50 uL B AT I 5 iR DNA TR G,
WA R FH 25 uF . 2.5 kV, 200 QHLIZALEE 4 ms) T A
AR AN, T RS adh 5878 B 5 g
AR adh Fr BEHA m R RRE, B & A R E AL
1.6.4  MHHEE L Kk

A #EAA pLG338 Btk sl AN, 5272
ATEERRAY Adh BEEISARSR, SNBSS & 5 7= A X4
i A7 BP0 Y TR A T, — LA 40 i PN 2 A i
(245 adh R BES YR B BE RIR Y adh RBE
KA . XHEEEMH, W Adh # ) GE sl
REATG, AT 1) P S A PR 945 o s T R 0% a0 — 25 05 1
FH P4 201 201
1.6.5 FEHHM adh FHM/F

Bt B4 KA S48 E 5 1.6.1 MR, BN BT 4K
PRIV adh 3R 2 A8 1 B .

2 R

21 RiBESH

ST ARAR A R R e i LA 1

WL 1 R R A A 2 AT DLk B
T A MR R T 8% A R A R R RO 1.78
(mmol/g/h), TNHEHER M Z WEHiEE A T Ui rd A5 &
Y KBk ORI AT, EERTYI R
5 B R 4 Bk 0.60( mmol/g/h) £ 1.04
(mmol/g/h), Kim L8 K £ BRI I T 2 k4
fitg A (R, 0 AR 5 B0 Tl 2 1) 3% F 1R 1) A
T REAR, JUIH R A A T2 T 2 L N
1) H B MR, HE3E i REE 2 IR 25 R R LA
K E R B SRR A B 4y iiFiH FE— 1 NADH,
K] I A e P i — 2035 7 7 R 48 < TR I A T
Yy 18 Je B AR I R A1 S i
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2.2 Pta g iE SRR 15 IE
221 FEIHE

A R TR AR A5 PR, SRR X R R ER
S5 NK i RS TR R, EA TP £ R T Al O
A% 6 MR KR, b SUSTI BRI WI AL & B2 Bow
B FA R A G O i B S, ) R AR i
WREAL, BRI E 2 H 1.78(mmol/g/h) T+
2.27( mmol/g/h)i w25 R UL 1.
2.2.2  FEEHNICH R MG 707

Xof GE AR R () F — A AR R o BT R B, 7R AR IR
FRBHE SR AR O LT, 20 7= ) 7 2 A /s B 31
PR 47.3 (/L) R 56.2(g/L), FEH R gE R L E
3-A, Pta TG KMEEEAR, 5 &R0 EE LG 7 A
UL 3-B.
2.2.3 A pta FESHT

Xt &bk pra 5 H 53T % W (GenBank Accession
No.EU256480), %KL 4 2142 MgILIFES, J8 T
SR RN O TR MR L RS, F i 5L R p 9 e B He
AT R R S, R AL B B s [
PVE R B2 Actinobacillus succinogenes 130Z Ak N
1Y pta FEIH 751 (GenBank Accession No. CP000746:
1823344-1825485), H[F Y5 ML 99%, XL FRHH ™
BRHATR LT TR X — A B Tz R A W 2 TR,
AR SR AR A SRR i, X Pta iRAR S
B RLTE I XFTRAKRM pta TR 34745 % 0
(GenBank Accession No. EU284747): 7Ltk pta
51565 259 i T #5848 R G, AN i 2 JE 1R
55 87 MM AR AR AR, FAE 1480 i
B G BERAE N T, MV IS EILTRE 494 (4R
TR b 58 A0 R e R, T AR R 82 40 BT 2% B X 4
PLEARAE T pra FEPIBEE ML S GRS X, 7] RE
X AR 1 T L () A
23 adh EERTIEE
2.3.1 adh ZEEHT

F adh R F B L I P (GenBank  Accession
No.EU256479)53#7, %A 1044 41, R
PEI R EE R, IR 2% FCB M DA A e
B ) IZATAE B RE B F IS T 2 T U, ik B
TG A i, ik 99.5% R UMY i B ATCC55618
HREINIY adh JERFH1(GL:150840531), 7E 8%
SEPR R 5 g Atk b AT A 5 2 AR SR T A T
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Note: Flux unit( mmol
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N sw; = RosP RusP
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3PG E4P %,
1,5=0.024/ L R 10007/
0.024/0.02 | 125=0.002/0.64/0.74™ e
15:=0.002/0.002/0.002 GIP ot GO OO TR N xsp
1:=3.92/4.00/3.03 15:=0.004/0.004/0.004
J1s=1.90/2.26/2.56 Pl;P J:7=0.01/0.01/0.01
1,=0.095/0.10/0.083 H J=1.92/1.62/0.38
15=0.05/0.05/0.05
Pyr
1:=0.095/0.11/0.13
J1:=1.74/1.36/0.063 CoA e
J.=0.03/ 12=0.087/0.072/0.091 0.13/0.13
0.03/0.03 oAA AcCoA
J=1.78/ J:=0.006/0.006/0.006 } T
2.27/2.58 ':_.'.fomm 1,5=0.18/| J,5=0.60/ 1,,=0.087/
J % Lo/ 0082/ 1 0.024/ 0.072/0.09
7 0082 VO.046 | 1 ~1.04/132/002
Mal ; A ‘ [Cit) Ac-P 0= 1. 5 U
Ji=1.78/ 115=0.046 \
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Fig. 1 Flux distribution in the metabolic networks

-+ g”' + h™"), Left flux form parent strain, Middle flux from mutant strain S.JST1, Right flux from mutant strain S.JST2
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Fig. 2 The comparison of the end products (A) and enzyme activity (B) of mutant strain s.sjtl with that of parent strain
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2.3.2  adh RO E T TETER NI E 4]
EEXT RS adh F 9005 SO AS G278 mi— A 2 5
HIAY 79 (VA9 G RAE R T, — N REFEFH 973 il C
AR T, LA 1.6.2, 5848 T ADH K
F BEva e AR U1K pLG338, ILit#R{A DNA f1E
SRR EAR T i, R Ao LI R A R AR
adh i BEM 3K pLG338 T AT 228k S.IST1
R, Tz B S Y dk i) ADH R B B TR
IR, BRIEE 5 kA R IR E 2
2.3.3  HIHEE L M HT i o R

FIHT pLG338 Jivkr Ak BT B A 1Y) Amp $Hi ki ik
PR S A 7, 3 3k 975 T 1 B30 88 800 D BH 1 5 4k
FriiiE adh 5878k, P ARk SIST2 A K E
TE R B AL K o TR adn R 5 B
(GenBank Accession No. EU284746), 45 FHAIR
BRI I RAE adh | BCS AT IR G AR adh
R BT T8 sc e AL, R 7 5%t E 22 B
R B — AR, (Al TR T R
BT & R E T, B — A 58748 5 DL Z
FE RS ko
2.3.4 TG 0w XS BT

X H 40 A A A KR S IST2 ik — A 40
Mra&il, 78R REIHE AR R BT, P29 = a
SR 4-A, L) e R BoR SR T I 2
65.7 (g/L)o VAR ILIE 1. FErme i &I
2.58 (mmol/g/h), FHiE ULIA 1, &7 9 L BRI
TFE. Adh i HGIE 7 R IEREAR, 5 A Pk 0 L

3 W

Actinobacillus succinogenes J&—F IR B 53
B TS R A e DA AN, B rT DAE RS M
FFACAR Z 28 R B PRl A B . R T H R S5
PR A B A Al 7 R EA R RO B A AR,
F RIS BEHRR 7= A B A P R AR O, BT AR A
PR 1) J% BEAEARAS 1 — B B ] AR AS S A AT SRR

AMEFERT A9 o B — PR BRI R L AT
WEAT A R A, IR S R T A e R T AR Y
P 5 A0 AR i 0T, AT R Y R
RS T ) B F VY, AR IR S i Ak S
PN LT

AR LR AR A RS, A
e U B s R AW Rl TR N B g 7 T
BRI AL BRI AN R EEE, 4
LA T A2 B AR 3 K T S WA A 1Y
T, (HE R S BEREE A WHm T H R AR
CBESER Wi, JUH CREAME S T SRR
By C P, SN T 20 ARt A v AR Y
A HIEEZE AR . LR BRI 2 ) 2E 7 &
PG R ST B

23R X [FRP R E AR S, A FEARE Y 3
LRPTERAE R SISTI ) LRI i WAL, F2%E
H T 38 £ R X TR AR A A6 R AV A8 18 BOPE 4800 1) 58 BU
il Pta ARSI, — HISASHXT 3 £ R HA Bk,
W] Pta BETE AT REAEH 1455, #F— 20 BOBETE 23 BT ik S2
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Fig. 3 The comparison of the end products (A) and the enzyme activity (B) of mutant strain S.JST2 with
that of parent strain

Journals.im.ac.cn



TN ZE S JEF AR = BT IR HRR B AT A S 7 i AT

1603

A —A PSR RAE o (ERALRR S.IST1 Ay HLAH |
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