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AR TR B TE S ER ST A 3 K . A
DT, BAR, BEE

(1WA BURAEBE , WV BN 3113005 2. WiTTARARA: URHE IR S QR 5 R FIBFSET, #iiT
LM 311300)

WE: [ B ] B8 PA) R HMRAMSROTTIR, XRASHMERLFT AT o EMES A me TR0 R, R
W B A A PA &2 A TN T M+ 4R TR, AR LK B E A A 2 BN M 20 i PA &3 TALH KRR
4, FFRZNE S E 2 A PA ST, [ k] 4 Spo20p & & F 5 E L —9 PA 44805t 6L B
Bl 5 gERwkEG LRSS, 2RFHAKGFE Tz LR E LR EHIN drabidopsis thaliana ¥k %, L&A %0
MRAE BT UBQIO B3y, F AWK GMRAEF—446 PA WK RIS, MG, B A2 5 R4 K 2 aupkia T ae i
PAASEW TN, [BR]MERFIAREANLES, EHEAELELRMEHTHEA, £ 5% LT F PCR (RT-qPCR) 5
MEF: FARARETPREANGELRZAELZS, REREIRPAREREET: MARAZWS, PARMTAR
om 2] 2 umol- L' PA & #ZAR K 10 min /G208 PA A F 60 EAL; W H PA KA £ A THAKET, *FPA MM ZHKERLET
M, RO —ZAE LR RIRAT 2T PA Bl e R HUE 5 L AR FARX IR, 20 PA RARA LI LB a @R R S
min B T -F R LRI A PA $9R R, 5 PA AT P Ta A TR4ER, (4] AFRAET
—FF T a4 I P PA 4t AT A AR 69 SR ARAT, HIRATT A T R AL Hh s kil T vh i A2 P I PA KRR
e, M g TR e AR AR TR, B 7 & 1436

KRR BERRER; SOBIRAT; AR Lmabia; it

FESES: Q946.5 XEkPRERS: A XERS: 2095-0756(2024)01-0104-09

Generation and application of a fluorescent probe for phosphatidic acid in
Arabidopsis thaliana

MA Shuyan', ZHENG Yueping'?, ZHENG Zhifu'?

( 1. College of Advanced Agricultural Sciences, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China;

2. Institute for Oilseed Crop Germplasm Innovation and Utilization, Zhejiang A&F University, Hangzhou 311300,

Zhejiang, China)
Abstract: [Objective] Phosphatidic acid (PA) serves as an important signal molecule involved in the
regulation of plant growth and development and different responses to various stresses as well as a general
precursor for glycerolipid biosynthesis. However, little is known thus far about the dynamic changes of PA in
plant cells. This study attempted to construct a fluorescent probe that can effectively monitor the changes of PA
in plant cells and use it to measure the changes of intracellular PA under saline-alkaline stresses. [Method] The
corresponding nucleotide sequence for PA-specific binding domain within the Spo20p protein was fused to the

green fluorescent protein gene. Transgenic Arabidopsis thaliana lines bearing the fusion gene under the control
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of the constitutive promoter UBQ10 was then generated via genetic transformation. The resulting fusion protein
constituted a fluorescent probe specifically binding to PA. Subsequently, this probe was employed to monitor
the changes of cellular PA under saline-alkaline stresses. [Result] Seven transgenic 4. thaliana lines
homozygous for single insertion of the fusion gene was generated. Real time quantitative PCR (RT-qPCR)
analysis showed that expression levels of the fusion gene varied among different lines. Experiments with
various exogeneous PA concentrations revealed that as the expression level of the PA probe increased, it could
effectively monitor the changes of cellular PA in the root tips treated with 2 pmol-L™" exogenous PA for 10
min, whereas this was not the case when the expression level of the probe was low, indicating that the
sensitivity of the probe for PA detection is, to a certain degree, associated with its expression level. Based on
this fluorescent PA probe, PA accumulation at the plasma membrane or in the intracellular space was evident in
the root tips under saline-alkaline stresses for 5 min, implying that PA may play important roles in early plant
responses to saline-alkaline stresses. [Conclusion] A fluorescence probe for effective monitoring of cellular
PA was developed in this study. This probe can monitor the alterations in cellular PA level during early plant
responses to saline-alkaline stresses, thereby providing a new tool to study early responses to various stresses.
[Ch, 7 fig. 1 tab. 36 ref.]

Key words: phosphatidic acid; fluorescent probe; transgene; saline-alkaline stress; Arabidopsis thaliana

WEARM2 (phosphatidic acid, PA) J&—Fli WA 4 ML HMBEAS, (L REEHRMEEEZ —, JLFra 4
PIERNER 274 PA, WFEEELED . shpC FiE Y™ . TEAED T PA IO L EEALEE 2 Rl Y 1 P
M A BGEAR, 3-ERR H I SCIE FE 3-BER T T Ik S Bl R 1 B B R M Tk S A R B (R VR T R A i
22 2 AL O A B PA, XARLJE PA A BH) FERARD 5 2 MURBEIR RIS TS, BEIRIRAE 0T 4r R
2, —FlORBEIREE D MK g B S5 R BRI B L PALC, ) — BRI EE C i K B NR EELEE
A IR IR H Y, 4kni2e iR H R IR A2k K PAUY. PA MR —FRESHAIRAR , BRI 1Sk AR
gL “ AT ORI T G E AR AT AR, PA G5G 8 1 hal 1E FL AT R R 2
R R AT LA S I BERE AU )2 LR i far, i i AR S RS, 4k 5 PA SKES R BEIR
FEAE R, PR — N R E R RS A . PA SRR G H far  ELAE AR B AR R S IR e AR ) ik
TR AT PA 256 H S HIRE S R SR SIS A RIE T AE R EE F RS FI DI RE Y
KA BT AERIBERR 0 — S50 1 LA S H AR & R A Y BT, PA 82— RS 5401, TEZH
A R KRR . W AT, 175 S IIREN PA S ELRG TEAEY N B A T AEY) SR
Yy s B o PA JKSF I S T, (HGX R A B A R A . X U AR R A — A R L S
43T PA SHRIMLE], XXHETT PA(FSA R | dERRA0IEY 5 RE AR 1) sh 38 Pl e E 2,

R PA A ZFIie, HHE T4 PA SRSV Z D, X F2Z PA Rl Bt
RR ] o o 25 RER S Q2 20T . R AORCRE € % AN 1 R A7 R bR i 45 AL T B A i e T
ERL SEAESR, IS AT AR (4 AT A5 0T L FE PA FE PN 45 i B B A% I T VR RN A2, BRI
XS PRAL T B AR HBEXTA SR B b PA B SRS T e AT, JCIR PRI PA Y
BRI AR AR S . E A, P A PA & AR, XA B TR SEE AR A0 — mEH -l i A ke,
T A AR g TP AT (S S DIRE R PA Sl AR, SRABEIE SRS PA (Y E AR L.
U, MR E—FREE AT ST A ) PA T H

KPR AP PASSEEARSE L, XHEA A PA 4553 (phosphatidic acid binding
domains, PABD) %5 7RfE1E 2% 5, Hirp—26 PABD [H 5 PA 454 % —1EWR, Bk IF &k £ 7 PA 5
B BS TEREER 1 Spo20p HTHY PA 45 & 5 O B IE SE LA BRI T —PEPY, HEZ5 G PA AN, & H M ik
g . HHiHT X — PABD UrH & 1) PA $-5H fE B2 i 13z, (BAEAE Y R FH 20 A BREY . [
I, A5 B EA AL T Spo20p H1 Y PABD MUY PA FEGHRER, S e 4 e J0 I 25 06 455 ol 30 194 200
i 78 VA 1 7 T = O
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1 #MEE 7%

1.1 AT

111 23Ry BIUEIIT drabidopsis thaliana Fh & T & A 1BIEIE AR B IR LA, 4 °C VKA
WEEHLE 3 d R SRR R R (Ve - Vier - Visgpen=3: 1: U)o KGEIRFI G 10 245 325 1 28 R
Wi, BT 24~25°C E. 50%~60% M. 14h JGRY10 h RIS SAE TR, 7d R AR
112 #hkeEs HEMEITMTFIETHEEE, A S KRS 2K, 164 °C KN GCE 3
d, MIETE 12 MS KigR3k I, B TR R p % .

1.2 PA BOEIRSTHIME

1.2.1 pSY06-GFP-PABD #kty#3E  WHREEH Spo20p FRAETE— AN BEL —Y PA 45444 (PABD), %
PABD i 40 DZERRIRFEM L, HE5E PA IS G HABBEIE Y, B, AWF5EE£R% PABD 5781
EHEAA, M PA YOLHE . R4E PAPD B RIT A BT 5149 (% 1) 3547 PCR ¥ 3, K15 5%
PABD #HX % () DNA F Bt ; [AlAF PCR 488 4545 GFP BN 4wt X F8) . B, FIH 4 el s & ok
T.), ¥t GFP 1 PABD F Bt vile ZAEY FE R 24K pSY06 AYBR I N VIBEAL 5 Kpn 11 Pst 1 2 06), 3R1GH
ZH Jii ki pSY06-GFP-PABD, PABD ¥%4% % GFP JE 9wt X1 3%, 14 GFP-PABD Rt G 3, Zml&
F R Y 3k AR 37 UBQI0 BK3h . S ALk (38 A BE 2 1R 7% PCR . Kpn 1 #l Pst 1 XU LA
Ko PSR S, SR #208s ok 3 Ak 2 R AT 1 Agrobacterium tumefaciens GV3101, H T 52240l rg
e

®1 HBEX5IF5

Table 1 Sequence of related primers

g ElL B BYIFH1(5'—3")

CCTGCTAATTTCAAGGCTAATTCATTGCTGTTCGCTCGAGATCTGAGTCCGGACTGCAGGTTGGAT

2YP301 CCGGTACCGAGCT
GAAGACGTGATAGGCTACATGTGAAGCTTAAATCCTTGAGGAATAAAATCCACAAACAACTTCAC

ZYP302
CCAAA

PABDILIH AR - TGCTTCCTGAACAATTGTCCATTCTAGATTCTGTCTTGTTGATATCAAGACCTGCTAATTTCAAGGC

TAA

ZYP304  GTACCCAAGCTTCACATGTAGCCTATCACGTCTTCTGCTTCCTGAACAATTGTCC
CACAAACAACTTCACCCAAACTGTCGGTTCGATGACGCCACTAAGACTAGTTAAGGTACCGGCGT

ZYP3035 AATCATGGTC

ZYP308  TCCGGACTCAGATCTCGAGC

PABDIEH T
ZYP309 AGCTATAGTTCTAGATCTAGATTAACTAGTCTTAGTGGCGTC
ZYP306 TATCGATGGCGCCAGCTGAGGATGGTGAGCAAGGGCGA
GFPXLA vl
ZYP307 AGATCTGAGTCCGGACTTGTACAGCTCGTCCATCCGGACTCAGATCTCGAGC
) MSY0l  TGGTGTTAGTTTCTAGTTTGTGCG
RN T %
MSY02  TCATCATGACAGATCTGCGC
ZYP389  GACCACTACCAGCAGAACACC
FikworHr

ZYP390  CTTGTACAGCTCGTCCATGC

122 @d@sagidttd s, MR %R DIAHME B AR B R IT (WT) A e, AR R AL
RAGEFACINR T o KR A T ACURI I A T AT R IMTH T, S50 Bl & A R L PR (10 mg- L) ARG
{1 (50 mg- L™ [ 1/2 MS Gl e 15 37 5 EEAT O o FF B bR 5n Btk i) B B R A 1) b 4R SR 5 57
3 AR IBUY i DNA JF3it 514 (% 1) #5497 PCR %252, X Ty F Ty AU L DA bk 28 A T B 050 B0 ) gt
b, e e B4l & Bl AL FE N R R o
1.3 HERMEFHENERREIEST

LIAE 172 MS Fi3RBE AR K 7 d ORESE U R T AR AR IE R R, R R 43 RNA S U & (&
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2 4) FEHC RNA I X H 47 400 B G I A B 52 o BRI RNA, il R e s ik onl & (% 3%) b A7 b
cDNA A . SEEEIUR TN E AL Actin AN S, BT (& 1) #7580 586 % & PCR
(RT-qPCR), JFRMEHER] 27 k-4 7 40 HT
1.4 PA AR FHEEMEIFTHREYE

V7 AR BRI SE R R AT oSG 7 1/2 MS gL I, ERR 6 dJa, HRiEKFHIE 84l
B AN, 20 k), 23R 2 44 0 Fil 50 mmol- L™ NaCl Y 1/2 MS [F 4435 75 5 v 4k 22 12 B 15
F%, 7dJEMERAL,
1.5 PARXKRFRBESH

FHAE 1/2 MS T30 I ERG SR 6 d M4 7 B AE &4 0. 2 A1 10 pmol-L™' PA 1) 1/2 MS ¥’
IR, RAEEE S, 10, 15 120 min 5, FIFHZEOE WA (ZEISS, Axio Imager 2) X R F iR
G3AEIX PA B A A A TR B A IR
1.6 EEAME TR PA FI&T

B PA DOGIRE IR ST L R bR R A7 5B 7E 12 MS RS2 1, I 6 d, @EHFHA
— BB A A3 SR AE &4 100 mmol- L' NaCl, 10 mmol- L' NaHCO; FIf & P4 1 1/2 MS WA R 357 5t
Hr, AbFE 5. 10 F1 15 min S5 FHPEE BB AR AR AR 43R X PA 1436

2 HEXRG M

2.1 PA KR REZEREFPEITHKE
W 1 AN ZERRLL pSY06 2R, M 35S A s IR sh A M ik PR AR 0 Rk N —— B A M R [N
(bar) B33, i GEP-PABD Rili-& 3R ) 235 W i UBQ10 J& s+ 3K 5 .

35S Promoter bar 35S Terminator | UBQ10 Promoter GFP PABD  UBQI10 Terminator

B 1 pSY06-GFP-PABD #/kH
Figure 1 Vector diagram of pSY06-GFP-PABD
KRNI AT AR YW GFP-PABD Rl 3D ASURE ST, 245 T G F T XF T, R4l ik
PR (10 mg- L) BTG S PCR %58, #45 56 Al & 2L 3L R &R . Bl)S, SHARR Bk
F T, RAE (AR R 29 300 BR) RSk 17 S B WEBR BERI BT i . ROF ISR W7 A7 & 3(FHME
0 LAPER R sy s AR bR R AL 8 /S, IXSURE R & Al A SR R R BR R o FEXT T, RS MR R
ANTRIFE AR B F BTG A (T3 Q) AT BR RN PRI 2k , K08 7 A G . Sl A7 5 % S DR R T bk
Z, R 8-1. 11-1, 13-12, 25-5, 42-4. 48-1 F153-1,
22 ARHEEEKER PA KARHREENSF
H T AN [ S R 3R PA SOUIRE RIB M E S, X Bk 7 MR RIETT T H I FE R
KM E . RT-qPCR 454 (K] 2) Wi . MR BRI R 8-1 hah & R A RiE iR NS HEH
“17, HAeT 6 RR &R (111, 13-12, 25-5. 42-4,
48-1 F1 53-1) 19 A1 XF & 35 & 43 5 0 174, 1591,
0.72. 1.06. 1.69 1 1.52, #EFR 13-12 ) PA ¥{EF 11
Tk, RHMERMN 90~22£%, N PA K
PR IR R ML, AR R 48-1 1Eh PA 5
FHIRERISAEL

AT Fe b b

2.3 PARHARHWIMEFERKEZ BTN 81 11-1 13-12 25-5 42-4 48-1 53-1

R T B PA BEOGHRET YRR R R S XY A A
KEBF AL, RSN THAMBETAAR B2 RE#£LEME K EZ P GEP-PABD &
SR bR R K R R IR S 5. L8 CE SRS ERE o 2

ﬁzﬁ;‘;gﬁﬁﬂf\‘ X ﬁiﬂ%iﬁ%?ﬂfﬁﬁ% g E,(J [H‘H‘ Figure 2 Relative expression level of the GFP-PABD fusion gene in
EEK%ED% ﬁ%ﬁ ’ %%\%ﬁj%%*ﬂi% (13_12) 51&%‘% transgenic 4. thaliana lines
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KL RRE R (48-1) Z A IR IC AT DL 25 53 (1K 3A), B &b, FE&F 0 Fi1 50 mmol- L™ NaCl i 1/2 MS 15
FRIEP AR, BRSO 3 S AR R Z R R I AR KGR 9 25 53 (8] 3B). X SeZE Ui . 75—
FEVLIEI PA ZOEHRET RIS MBI T IEE AR AT, X —ReEA BT 6 B R e 5 T
N PA AR fEXH Y AE K R B AR .

A WT

13-12

B WT 11-1 13-12 48-1

0 mmol - L' NaCl

50 mmol - L' NaCl

A. PASOGCIREH L RE IR R 13- 1201481 5 EF A R (W TR T b 8RR A [LHR, #5R2 em; B. PAYOL
WEMEILRRR R 11-1, 13-12F148-1 5874 RI(WT)II I+, 7E1/2 MSE;FEIE LU K 550 mmol - L™ NaCli1/2
MS Bi gk 59713 dig R A LR, FRRUA2 em.

B3 FARMENFE 3A PA RARAHARR RO AR L
Figure 3 Phenotypic comparison between wild type and three transgenic lines of 4. thaliana bearing PA fluorescent probe
24 TRLERSTIEN PA HIRBE
Bl E DGR FIB R OYIEIN, AMNADOREE L Ss3ER X4 T3 PA KD B fF MR L R R AR
B, DGR IRN B AR 2 2 ma PA K ) RABEE o O T AR AT ARG I R AR A I AT A = 1) PA BT
e, HIARIREZ RN PA A BRESCIRET R IN EAFE 22 i BE AR 2R, MRS W 5B T WLAAR
IR PA B RELL . 45281 (K 4~6) o B AEAMUIBEITTEA . TOAME PA BT, ARARANNE A LK 9EH

0 min 5 min 10 min 15 min 20 min

BE1/2 MSEFR L1352 16 dIVEFAERICWTIEGIF . A PATOGIR MR B L SE P bk R (48-1)
I FE IR R (13-12), 43 BIFETCAMEPA MY 1/2 MSTRAREE F2 3L ik b 30, 5. 10, 15F0
20 minf, FIZEE WAMEE I RIS X PARY 43 o HEN M50 .
B4 FINR PA AZET PARATES AR fo 2 N B Wi bk RARK P 32 RIR T 09 £ F o7

Figure 4 Analysis of discrepancy in fluorescent intensity of PA probe between wild type and two transgenic lines of 4. thaliana

WT

48-1

13-12
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SREETCH 2250, SAh, TERRIMEESNE PA LMBET, DO CHATRFRB R VE R (48-1) IR AR 4
X I PA & it AR L AR REDL PR 2 . AR, X FoOCHRE M RaA M SE R R (13-12), 2 A1 10 pmol- L™
PA 73 5l Ab 2 10 F1 5 min J5, AR 53 A= DX 4 AE A A PN B80T S L 1 PA R 23 b AT UL (& 5). AN
PA VRJBEARET, B LSRR R, gifrh PA FLEE/D (B 5), X AR RESE R P H AR & i (4
JRE) PA BN HA BT . 024N PA T2 10 pmol- L' B, AbFE 10, 20 min 54K AT WA A
H PA AR (B 6). X EEZE UL . DOLIREN IR B m R BR R (13-12) A7 4 T Wl 40
M PA &9 A5 4L

5 min 10 min 15 min 20 min

WT

13-12

~
%
—

FEAE12 MSESFRIEH R TR 16 dRYEFAERI(WTIRI ST . &8 PATE GRS BUIRFR IR L SE MR & (48-1)
FlEn Fh LR 2R (13-12), A3 BIAEE2 pmol - LANEPA N 1/2 MSHRES F2 3L iRk b 35 . 10,
151120 minJi,  FHZEE BB ILIIEL RS T AR 432 K PARY 434 o FRJ M50 pm,

5 SR PAQ2 umol- L") 422 F PA & AARAHAT PA Mol R BL% 69 447

Figure 5 Sensitivity analysis of PA fluorescent probe monitoring PA under treatment with 2 umol- L™' exogenous PA

5 min 10 min 15 min 20 min

WT

48-1

13-12

FEAEL/2 MSES R RS2 T 6 dIBF AT (WS TF . A PATOLIRE AR ek i B N FR R (48-1)
i F Tk LR 22(13-12), 4R HIFE 710 pmol - L SMIEPARY 1/2 MSH AR FR 3R b BR5 . 10,
15F0120 minf, FZEE WIS WUl R TFARZR 70 A IXPARY 23 A o B RUAS0 pm.

B/ 6 $FE PA (10 umol-L™") 422 F PA 3 AIRATAT PA M| 2 BUE 69 04
Figure 6  Sensitivity analysis of PA fluorescent probe monitoring PA under treatment with 10 umol- L™' exogenous PA
2.5 RHREHE N EFEMME TEEITIRG PANSETWL
TP EUE PA ZOUERET RSN, SO Rk B = A RE IR R (13-12) AL b
AT RGN PA S EAY B, SR TR . BPMEIR S AP LM FR 5 min J5 BIAT7EAR
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R XA A AR PA B SR (8] 7)o IREHEWT, ASBEFTA R PA DECHRET R T Ui 58 4%
PEN DA PA SRRV S35k, EREEPNE i RIS S PA FURIX — IR R W A Ay R 0] a0 g i
L PA SRR EAE A

100 mmol - L' NaCl+
100 mmol+L"' NaCl 10 mmol-L"' NaHCO; 10 mmol-L"' NaHCO,

HEE1/2 MSTTE R IR A LI FR6 dRYIEF AR (WT)ILRI T Rl b i RE IR R (13-12) 940, 43
ck(JoHrH) . 100 mmol-L™' NaCl, 10 mmol- L™ NaHCO; &% 100 mmol - L™ NaCIA110 mmol - L™ NaHCO,
AR AT RAL S minf5, FEDOGRBEE R WIS ARIL I R X PAY 43 A o AR50 pm,

A7 FrSoke Hmiia T PA AL RDHIEL > AHE R PO 5K

Figure 7 Distribution of PA in the root tip meristem of a transgenic 4. thaliana line bearing PA sensor under saline and alkaline stresses, alone or in

13-12

combination

3 7tk

L0 PA FEAE A K R B S B e i ik ﬁ$kﬁi%¢m A FH= PA AT AL 0T T H, X
YL PA SR BN T T AR . X — 7 BRI T PA fEHALEIAARSE , o5 —J7 A P4k 2R A
TREFEBREMY AL PA & & E%%FEM%Hf%&%W*@%oI%,ﬁﬁnh@l%ﬁ
Spo20p X} PA &L — MG S TOME ARG, AU T X4y PA BEAT AT LA AS I 9 5 5t
WET o

g T B DGR AT TE T W A AR K R IR R 4E 2 40 TR R PA KO, R R SRR RS B T
UBQI10 388l GFP-PABD fili &3 F23h5 . BFoE &80 HYANMrh PA MR R B 5 PA ZEGIREN I 2%
R YIME, TR B A DOLIRE T A SO B AN PA AR R ALY PA K MIARLE, ik
AR AR AR I ORI AR 2. 0 13-12 Bk R PASOCIRE M R s m T HMMWK R, ZHEZR 2
pmol- L™ #}JE PA 402 10 min, FHARZRAAMLH PA FSCHR A0 BE T 9082 2, Xt ibd BHAMIR PA BEAS 94U
RIS RPN, 4k 5 PA ZCHRENES &0 BT O AW H W & T 10 pmol- L™ MR PA K
DU PA FREF 1) RAKED, AHIFGE b 8 1 98 SEHRET v A3 2 W 1) 2 pmol- L AR PA A3y of 14 21 i
N PA Ea Ak, HEMIEET 13-12 R R ) PA ZOGIRE RA B 1Y PA Kl R B

BRI JE, PA SOCHREN A AR, A Ak B S (1] ) 0B K TR XU 25 516 U %) 448 5 359 2 AL 40 4
TR IERT, SRR A LY, IFRE PA KRS L, e seiad e, 7R B4
FEHIREAS A ) R Bt 18] B2 2 YRS A 1], DA g SR 485 T 1) BL Sk

EhmR L P ER RN B 2 bk ﬁﬁfﬂ%%i%%L HFEFE MY E R AR ER . FHARFT A
) PA ZECHREN 2B $hWra b P 5 min B4 &PA?%@$%%%,LEBﬁmM%m% — 3,
IS, B AR BRR A W ae th 2 s is 5 PA MR . IRk, S T ATl 1 iR A7 R 00 20 5 e 1o AL
A AEL W R A PA E RIS ARSI &Y PA S8 EHRET ik S8 5 T () RIS FR it T dE
AR

4 i

AWEFE LI T —Fh L T WEREEE 1 Spo20p H PA 45 G I DG IRET T A A e I ) A e v
PA GBI HIZARET A BRER B0 A] PR S 0 s T RO ARM  E E FI N PA BOFRER , X —&52R
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