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(1. DUIEREAAE Rl A2 e, AR S ARSI B S e =, DU)II% AR 610065)

WM. EREAESMEYEESE, WAELIRE NIRRT RIS, SEMNE 2 53 AR L IRER
BUFE R AFRRIEEIE 0~72 h B, WALCEREEA KRR TiFE 2R R EERAEHREL
i 12~24 h JAIR], BHJS AR RIS . FIRT, XEEUNIE 0h, 24 hy 72 h B AL EREE SR 4H DNA 34T
AR UR Y 1 £ &1 (Methylation Sensitive Amplification Polymorphism, MSAP) 70, SMIEEE|T 291
AN H AL Z S AL, Fod & A AL AL S AE 0~24 h A1 24~72 h 43 51 &7 8L 211K 29.90% 41 53.95%
TEBR UG 24 h 4b DNA FHIERE K (12.71%) , SHIEUREM (26.80%) ;5 SEUE 72 h 4K
DNA & H AR R (28.52%) , FHEMRREM (1.72%) , K DNA H AT 7 Rl 2 iR E
FARRI R — PR A AONIR RGBS T WAL BRI S KA R LR AL T8
(I 52 77 17 o
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Genome MSAP analysis of Haematococcus pluvialis

astaxanthin accumulation under nitrogen depletion stress
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Abstract: Haematococcus pluvialis is the best resource for natural astaxanthin, which has multiple biological
function. Nitrogen depletion can result in astaxanthin accumulation in Haematococcus pluvialis. Under nitrogen
depletion stress, the growth rate of the algae was found to decrease during O to 72 hours, the accumulation of
astaxanthin mainly occured during 12 to 24 hours, and then slowed down, however. MSAP analysis of stress time
point at 0 h, 24 h and 72 h have got 291 methylation polymorphism loci. Among which 29.90% of 0 h-to-24 h
methylation loci and 53.95% of 24 h-to-72 h methylation loci have changed. After 24 hours of nitrogen depletion
stress, the DNA semi-methylation rate was the highest ( 12.71% ), and the full-methylation rate has got the lowest
(26.80% ). On the contrary, full-methylation rate was the highest ( 28.52% ) and the semi-methylation rate was the
lowest ( 1.72% ) after 72 h stress. DNA methylation changes appeared to be a vital regulation for astaxanthin

accumulation. This research shed light on molecular mechanism of astaxanthin accumulation in Haematococcus
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pluvialis under nitrogen depletion stress.
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W AELLEREE (Haematococcus pluvialis) » 5&— MR KAEK K BANMSEEE, J8 T 20301,
SREEAN . DI . ALBRIERL. EEE . EARIPRE R (g, Eih . miR. BRI,
SRR EREA TR E R, HREMERNNSME (BRR W, 2017) o IFHF &R
(Astaxanthin) & —FhJE T35 228 (Xanthophylls) FIZREAE M &, BIRMA M, {L2Esh
FIRLTB-9E N & (Martinez-Delgado etal, 2017) , J iZfZ/ETUF. . b KAy
KWPIEd, BT REAHEEAIRELSL, EBGRmPTEA . S A RS TNRE ), iR
A S S E ARG . WM B AT =FOLR AR, B 3S, 3'S; 3R, 3'R; 3R, 3'S (43l
NEJE. AlE. NIHEE) (Ambatietal, 2014) , FAEZAEREE (H pluvialis) £ N (3S,
3'S) Rk (Wanetal, 2015) . Liu (Liuetal, 2016) %5 A[MARSMIAN SCIGRE, o8
B W =Lk R AR TR TR R O (38, 3'S) > (3R, 3'R) > (3R, 3'S) . H#lH
IR RAR IR R B AE T IS0 28 | A REAI A B b, o R AR 20K (Haematococcus
pluvialis) ZRININE 2= PR AR GRIRMESE, 2016) o IMNE RFHEA S RUEY i NE,
I AESR C R B N AMIEFEN AR 98 . At BR25 . B E R AT LI FE #

DNA H AL —f% s DNA H I A2/ (DNA methyltransferase) 1% S-RRiF AR R
(S-adenosylmethionine, SAM) [JH B35 DNA 71 amsng ik 5k 5 A7 a1 b, scil
DNA i 7% . FPK2H DNA H BV RE 4E R ta ) B DR 2H D e A e DS B ki s (1
IRIREE, 2013) , EREATHEMMIEEAEKKE . SORHEMENER, RHEITE, 5l
RIPTERSE GERESE, 2009) o HEMBURY 2 A (Methylation-sensitive amplified
polymorphism, MSAP) s&7E4 14 B K 2 A% (Amplified fragment length polymorphism,
AFLP) 2t BRIk (Vosetal, 1995) , FIH [FZLEE Hpall/Mspl %R 51551 CCGG
R H B BUBVEAN ], 72 A AR ) DNA D) F1  BOR S 7~ R AL /U (R34S, 2012) . Hpall
P AT MR g <= F BRI A7 R, MispI 3R i) P30 i g 4 FR B A R A7 A 78 L s g P
o A P e i 2 B4 FR AR AU AN BE AT — BB BT ), TR FRAEAG ) CCGG 81 W] LA I g A
BgBy Yl (Schulzetal, 2013) o HRAEYHIH AL, ([EHRATUX I 4 [H 4] DNA %
WIRES . BT IRIERAMS, REER, ASZEERE T HIBRE], A7 5 2 IR A o4 2
AR (REFEF, 2017) , H AT CBOREZ (9 N T i R 2L R 41 DNA 4K, £
TV WAL 2 (B FE b BAT R4 B FH AT 5

T4 5%F Y A 41 BRI 72350 70 T s 805 37 ((Jaime Fabregas et al, 2001; Zhang et al,
2014; BRMA 4, 20050 , WFE RV R MBEHORAR T (BLR KEE, 2017; 2/ EE5E, 2015)
DA ST 2R AR R 44 JoR A SR P L 5% 5 T AR BRI 25 40 TR 1 I B R e P A (FE R 4%,
2012) , XPEREGRAE T AR ZLBRERIN T 2 AR SR AR I R R 2 MSAP A i R WAk, 1M
T #7 FY AE LD BRI R SRR A MR 28R R BARHL ) B A 8RR S ARHIEFUE 0 /AR
CIBRIE TR NG, 454G MSAP %, BRIUW AR ZLEREEAE SR EUNE FIFE 2R RIS
DRI AL KPR AL, W04 7 TN AR 21K T SR U 38 (P& R AL, RN E U iE
AR ZL RGBT T R AR R PE gt — s MBS LA, 35 R R B L 5 I AL N2 .

1. MRS TE

L1 AR
W AELLEREE (Haematococcus pluvialis) A H DY )1 R 22 A d b} 27 57 B SR 2R S 5 3% 7



FERAT
1.2 Hik
121 EEFEHIE

K H BBM H57i8E, #9575 A (Vs Veor=98: 2) , I&E (22+1) C, g/
#12h: 12h, HEHEGEE 900~1100 Lx. 1FASZL0 AT e BT TES 77 5 Ab T 5 B2k K
P 1. 10 Eefldefh, @A FEEMEE K. BRSO 1. 6 IELBIEZE 1 L =AM
Rk, R R Ea BRI G, B s ol sE, B e B AARUHEC K BBM &5y
Fedh g TG, XHHRZLE BBM ARl T IEH B R,
122 RSO B %2

B x B AN B R A A R AE L ERPEAE RS 95 2 0 hy 12 hy 24 hy 48 h. 72 h B 43 S EUAE,
FH 5 A5k 0 4 8 40T B 285 9 FH Bk - Hob N s i 3 E .
123 IFEREGENE

B xt B AN E R A R AE L ERPEAE RS 95 2 0 hy 12 hy 24 hy 48 hy 72 h B 43 S EUAE,
BHATHR S =& BRI, J7i R edk )92 E Cyanotech A A 7775 (ZHANG W & T,
1995): # e T 15 ml O TG, I 1 g FA R0 AT 5 mL DMSO, 45~50 “C /K% 30 min,
A 4E 5 min WHEIRY 30 s (FEiF 6 ) o 3500 rppm T &0 5 min AN FUTTE, LiE
BN 10 mL 8 . FEAE S OE N 1 mL R, W iEdRE% 30 s. 3500 rpm R &0 5 min
{EAIY RGTE, K EIEWEEN 10 mL e, WEEDME 3k, B3 EEREAT
& (YN 0.05) « HEIEAES 10 mL, BEEH E FEEVRS, WH 5~10 mL %
NELE, 3500 rpm I B0 5 min PARR 280D b NSRRI . 474 nm 3K R I 5E B
KOGl (HEEES AR o B KT 1.25, TDAZ5xtkE i FH 7R s 8 i FR, Fike
EH—M N 1 5~1: 100 HAHAIANELE. THEARXWT:

EAIBHEA
KB PEFR (mg) = —————— x 10mL (A x FFEAH

250

- EHAFE (mg)
o e 00
IFEER (%) SFE (me) x 80%

1.2.4  MSAP 7t

BEREACTE 0 h PR ALFERT, fEAXHIRD « 24 hy 72 h (IFE A0 BRI AE Y Ezup #ER
YRR ZH DNA G & (A TAY TR CRg) i AR A FD #E4T DNA 25, 2 Xiong
(L. Z. Xiong et al, 1999) %5 NI Edult G TR ) EHe. TRy 1Y Ry 38 J k.
MSAP 531 B R FH 33k 7 41 . 10 38 51 ) SO B9 18 51 ) 5 5 AR 1. H3k A5 035 B
ATAEMTRE (R BRARAR R, REIEN B E Thermo A7, Ts DNA Ligase
T4 H TaKaRa /A7), PCR mix i H AR SEREER AP E ARG RA A .

1 MSAP Fr Ik M 514
Table 1 Adapter and primer for MSAP

SR AP (5°—37)

Elk e .
Name and seqences of primer (5°—3")
Types of primer
EcoRI (E) Hpall/Mspl (H/M)
ek EAl: CTCGTAGACTGCGTACC H/M1: GATCATGAGTCCTGCT

Adapter EA2: AATTGGTACGCAGTCTAC H/M2: CGAGCAGGACTCATGA



Ty G514

Pre-amplified primer

No.1

No.2

No.3

HEFEPEY 1Y 5 Rt No.4
Hey No.5
Selective No.6
amplification primer No.7
groups No.8

No.9
No.10

No.11

E0: GACTGCGTACCAATTC

GACTGCGTACCAATTCAGC
GACTGCGTACCAATTCAGA
GACTGCGTACCAATTCAAA
GACTGCGTACCAATTCAAC
GACTGCGTACCAATTCAAG
GACTGCGTACCAATTCAAT
GACTGCGTACCAATTCAAC
GACTGCGTACCAATTCAAG
GACTGCGTACCAATTCAGC
GACTGCGTACCAATTCAAC
GACTGCGTACCAATTCAGG

H/M0: ATCATGAGTCCTGCTCGG

ATCATGAGTCCTGCTCGGTCCA
ATCATGAGTCCTGCTCGGTAG
ATCATGAGTCCTGCTCGGTAG
ATCATGAGTCCTGCTCGGTAG
ATCATGAGTCCTGCTCGGTAG
ATCATGAGTCCTGCTCGGTAG
ATCATGAGTCCTGCTCGGTAC
ATCATGAGTCCTGCTCGGTAC
ATCATGAGTCCTGCTCGGTAC
ATCATGAGTCCTGCTCGGTTG
ATCATGAGTCCTGCTCGGTTG

STHRELH DNA 43 53547 EcoRI/Hpall F1 EcoRI/Mspl 2 AN &) . B S S NAK £ 20
puL: EcoRI 10 U, Hpall & Mspl 10 U, 10xTango buffer 4 uL, DNA £/ 300 ng, ddH,O %
A 20 pLe 37 CHEYI 10 he BEVIRMN WG, FH 1%IIRHEBER Byl i ) 808 -

BETELER:, BB AREIL 20 uL: BYI~Y 10 uL, EcoRI #3k (5uM) 5
Hpall (MspD) #3% (50 uM) % 1 pL, T4 DNA Ligase 350 U, 10xT4 DNA Ligase buffer 2 uL,
ddH,O #ME 20 uL. 16 CHEERE 12 he EEF“WIFFE 10 15 )5 247 B 1.

Ty A &R 20 uL, BLFE: T 514 EO (10 uM) 1uL, H/MO (10 pM) 1 uL, &
FEW) 10 f5ARBAI S ul, 2xPCR mix 10 pL, XUZE/KEME 20 uLo T HEFEF N: 94 ‘C 4 min;
94 °C 30s, 56 C 1min, 72 ‘C 1min, 30 ™MEH; 72 CLZEM 10 mine RMZEHJE, ¥
T = e 30 Fr AT B IEY 1 .

EREVEY A R 20 L, EHE: EcoRLEFMET G514 (10 pMD 1 uL, H/M EHMEY
B39 (10 pMD 1 uL, Y349 30 £5# FE 5 uL, 2xPCR mix 10 uL, ddH,O %M E 20 uL.
PHFEFN: 94 °C 5min, 94 C 30s, 65 C (BMEIAA 0.7 'C) 30s, 72 C 1 min,
3L 12 MEFR; 94 °C 30s, 56 'C 30s, 72 ‘C 1min, 3£ 25 ME¥FF; 72 'C 10 min.

EREEY AN SR, B 2~3 pL AT 6% 8 M R N IR R F vk, Bk RS
R CRIAR, etal., 2009) %5 NH 7 ECGH G TR Gy, MBHIRELE R

HLVKZE S, #% Hpall/Mspl BEUI =¥ 1) &b Thrid, Joakiiidh “0” , AH4e A
“17 o Gk R8BI H . A Excel 2013 3ET 45 R 04T

2. 4EER

2.1 FZEZEBREEAE SR MRA T I ALK 4 A 52

2.1.1  FAEaRkEAKLE

R ZE 2 BR 7R IE % BBM A BBM B3 7836 Hp A KB 1 s . ANl
FErp, IEW B TR I AR L ER AR KRS B A, £ 72 hi, g0 s 294 13.2x10° ) - ml!;
MR BRI, A Kte, RISZi6KRH (72h) , gifa%EN 8.7x10°

A -mlt, SNXTERZ 0.66 %o
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Fig. 1 Growth curve of Haematococcus pluvialis

2.1.2 S
SR ERSE B 2. (EBREE 0~24 h BAA], AR LCEREEANARAL AR B, E g
72h i, B A LA 2 D R R R .

A: SRE Oh; B: HRE 12h; C: HR%E 24 h; D: HRE 48 h: E: SRA 72h
after 0 h (A), 12 h (B), 24 h (C), 48 h (D) and 72 h (E) of nitrogen depletion stress

Bl 2 FZEZDRR R S0P A T B ROs 52

Fig. 2 Microscopy of Haematococcus pluvialis
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Fig. 3 Changes of astaxanthin

2.3 BREMHE T A EREE DNA 1 MSAP 247
B 11 SR BEEY B 51 4L A HEAT A 20 BR8E DNA K 4 35 DR 4 FF A0 40 i (B 4D

18119 20 21,22 23,24/ 26 26 27,28 29 30/31 323334 35 3637 38 39 4041 42

vg«* ® o
nf:'.""tv i -'

i i ;%
¥ 3

I

" -*.‘ ui ' l.nt!!!f' '“ h

M: marker. EIHEL 6 MKIEAN—H, HANFIWAEHE, JFHHNFT =MFsEAHE 0.
24, 72 h WAL BRVEST I DNA il Hpall B§V), J5 = AMFENEEALEE 0. 24, 72 h (3

/M2 DNA £ Mspl B§ 1.

M: marker. Every 6 lanes were divided into one group. In each group, the first 3 samples were

w : B

¥y

* I W Ry

B TR R
e
[T 4 2 A8 T

aaEEmEE 0 0

Hpall digested genome DNA from stress period 0 h, 24 h and 72 h, respectively; and the last 3
samples were Mspl digested genome DNA from stress period 0 h, 24 h and 72 h, respectively.

K4 GREALFE 0. 24, 72 h RIAZZLERIEE DNA ¥ MSAP B35 7R 4
Fig. 4 MSAP bands for Haematococcus pluvialis treated with nitrogen depletion environment for 0,
24 and 72 hours.

Sf ER G AT S e, % Tang 25\ (Tangetal, 2014) MyJ7ikittrsrak, Bk
ARIME 2.

R 2 WRAFATE IR
Table 2 Methylation band classification

Hpall Mspl FAM (Types)
1 1 I (R340
(No methylation)
0 1 I (4 AR
(Full-methylation)
1 0 I CE AR

(Semi-methylation )

0 0 IV GEF AL




(Hyper-methylation )

AL — LG DURNZRAL, (1D Hpall F1 Mspl AL¥AH (1, 1), BIEA KA I,
(ID  Hpall &7, Mspl A4 (0, 1D, AWNEBMEEEKAESHEEMN; (1D Hpall A
W, Mspl il (1, 00, NAMURmELE S HFAR4;  (IV)  Hpall A1 Mspl 434 (0,
0, NHEHIEMALS., 280G, FRISEZTHEWES s,

203
2001 194
176
E
S 150
Y
(o]
g
2 100-
>
=
®
ﬁ 50+
0_
hO h24 h72
B8] Time

| I | NI 1| N A Al R D VIR S A i
I, I, III and IV stands for methylation type I, I, III and IV, respectively.

Kl 5 AR R B SR A AT B

Fig. 5 Loci number of different methylation patterns

TEAR T, BILERT 1265 570, MNXEE&ar h15 2] T 291 A HEMLZ ML .
125 CRRAEWIE BHRZ, EHELFE 0h. 24h. 72h B05H108 194, 1764 203 4.
11 ZRAE SR A 3 1) = AN ) S AR AN K T ZRAE SR ZEUMME 24 h #1172 h BHED T 86.49%, 4%
B3, IV EEREE, EHRELH 72 h i’k 64 4, E=AEE AP EHRZ.

X UL B HEAT AL R M, Goitibk I 55 IV SR E A IRk, PRfR4s R LE 3.

3 ARG
Table 3 Methylation rate

Oh 24 h 72 h

BSE/a: KA 291 291 291
Total amplified loci number
A R BEAL L 97 115 88
Total methylated loci
number (IT+IIT+IV)



2 AT RS 81 78 83
Full-methylated loci
number (I[+IV)

JER iR T 33.33% 39.52% 30.24%
Methylation rate
4 A R 27.84% 26.80% 28.52%

Full-methylation rate
AL R 5.50% 12.71% 1.72%

Semi-methylation rate

Note: Methylation rate (%) =[ (IHI+IV) / (IHIHIHIV) ]1x100%
Full-methylation rate (%) =[ (II+IV) / (I+II+II+IV) ]x100%
Semi-methylation rate (%) =[ (IID / (I+II+II+IV) 1x100%

AL R Gt 5 R, BREACEE 24 h (8 FIEALA S8R (115 A4N) , R E R
B (39.52%) 5 SREALEE 72 h (RS SN i d b (88 A4N) , B HIEL K (30.24%),
IRTEALIE 24~72 h J[A], BEPRZHE HEAL 3R N UR 1 23.48% . 4 H AT SUEAE BB EE 0
hy 24h. 72h ZIAZEFAK, SHIENEE 26~28%. FHEAA S RE LT 0 h, 24
he 72h 20515 164 37, 54, S RFEBVE 24 h iR R R K (12.71%) , tLoh 4t E
F+ 7 131.25%, 1Mtk 72 h A FFE T 86.47%, AL

FEXT e A F AL AN 25 A AR A AL iR KA T G, BRI 4.

® 4 R
Table 4 Methylation pattern changes

(Type h0->24 h24->72  h0->24(%) h24->72(%)
changes)

1 I->1 JeE 153 125 52.57731959  42.9553265
No change

2 I->11 GIE Y4 6 8 2.06185567  2.74914089
methylated

3 [->111 GIE Y4 15 3 5.154639175  1.03092784
methylated

4 [->1V GIE Y4 20 40 6.872852234  13.7457045
methylated

5 ->1 EHELL 9 10 3.092783505  3.43642612

demethylated

6 I->11 T4k 8 3 2.749140893  1.03092784
No change

7 I->1v GIE Y4 3 9 1.030927835  3.09278351
methylated

8 1->1 R 2 23 0.687285223  7.90378007



demethylated

9 I1->111 JoE Ak 12 1 412371134  0.34364261
No change
10 I->1V S g 2 10 0.687285223  3.43642612
methylated
11 IV->1 RN 12 45 4.12371134  15.4639175
demethylated
12 IV->II RN 8 5 2.749140893  1.71821306
demethylated
13 IV->II1 RN 10 1 3436426117  0.34364261
demethylated
14 IV->1V AL 31 5 10.65292096  1.71821306
No change
15 1->11 AL NA 3 NA 1.03092784
methylated
Mt 291 291 100 100
(Total)

IIHT ORI, EREMNE T B M e e B AR 2 R AR R R = A (—) HERE
ST . TEEREAEEE 0~24 h AT 24~72 h H1E],  FHE RGO AT AR TR A E 23501 8 204 F
134 4, %5 5 B AL AT 25 70.10%F0 46.05%. () fir i R A AL . BREALFE 0~24 h 1
B R A FE A AT B 46 A, R AL S 15.81%; SBREALEE 24~72 h J[A] & A H G
IS A 734, 5 25.09%. (=) ALsiURAEZHEEN ., SREULEE 0~24 h AR A4 2 H
FALIIAL S A 414, & 14.09%; SREUCER 24~72 h BIE] &A= £ WIS SE 84 4>, 5
28.87%. 45BN, 291 DL ASVEA S AE 0~24 h WA 87 MRA T W KAV ER 2 1 R4 A8k,
57 29.90%; 24~72 h HH[A1A A H A B 25 AL AR A A s 157 A, 5 53.95%. BT,
TEGR AL A2 R BL R 41 DNA [F)B R 28 H AN 2 Ak, HLAESRIR e (24~72h) kA
FA L S £ .

3. Wi

BOURREMERKKE MK EEER LA D HFRRERRITCER, R4 5
L ERKEEEEZER, g “AanR” (BREASE, 2013) SRRV, A
TCE AR 2 PG AR KA AR R E % (Griffiths etal, 2009) o AWFFiH, &t
RN NI BREEA KR e, X 5EEmE N GEEM%, 20000 HFd “fEEfl)sE 3
d, BREAEAEKHRESE” IR 8. FOKESE (FKIESE, 2009) RI, SREFKMT
N, MAEIRER RN R FER A RERRAT, & ERFI4 M B AR RIS %,
X5 AHIE T RS AREE 72 h B GO 2 B 1 RN AR 21 R EE A0 R B R Y R BE R ) A

BEMNE T, BAELEREEAE KIS, AN RS EN—E N, RUREATINE
RE, X522 R - (EBEWS%, 2000; Borowitzka etal, 1991) , ALl AT
AE A2 RN B a5 S 40 Rl P 35 P K T3S 0 (Mendesferreira et al, 2010) , 2 REAL A,
HEAMI PR . KBS BN E R EPUAN BUERRARA E TS (RS, 2012) , 4ERF
2 A PR S B A T o A, SR G 2 1Y 0 RE e 435 1Y) 1 J5 44 7 & (Hirooka et al, 2014),
T A AR T 2 R 75 2R A TN AR 21K R 20 BT R i A7 1937 B (Kobayashi, 2003) , IX /2 HRE
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MSAP S 30E0R, PUAHIEMERA g, 128 CRAZERI) Fidun®, IOy IV
¥ GEWIEEMD o R, TESREULEE 24 h b WG R Fem, 1k 12.71%, AR
K, 04 26.80%, MISRE 12~24 h WIAMRE K& RSN, RISVEYIH, IFEFRRA
AIREE T LUENAL DNA H AT AT, B 72 h i, IFE RIER R, HER
LGN, BUIS RN DNA 4 AR Ry, SR 32 22 L4 WA T 0

DNA FEAL S & FBEAL o) ORI 2R (9 3R0E, sl A bt n] BE A SMJE DNA JTER, B
ORFFIER AL 52 38, AR LW A RACH, AP RIE RN AT (XK, 2013) o JEH,
B A WA R, R AR 25 P AL S BN ST gk 3 R 3RGX ((Tk et al, 1997).
ARHEFEH, & REEREUE, B4 DNA 7E 0~24 h HI[8] AR (¥ FBRAL A7 1 2 T 25 R AL
R RYIBORRIERFEE CARIRE R G R PSSR DT (3L A, S pia
L R, EANFIEE CEANFISE, 2015) XTSREE N R SRR 41 MSAP
MR, ZOREANEE, S WS T A MR, R & E N R e
I, BREGE PURE R RIE SN, B LU BRI RIE . SREUNIE 24~72 h J9I1E], K
ZPRURIA s 2 T RO, PLEWRAON T, RTIRE R Rl 18, T REREIR
RAWIRR, MHRIER RS RS, KA RPRATPERGE . W, shEUE N RIS R R
5 DNA FEEAAH S, JER F A A 25 F AL 07 sURR B R RS, NITTSE MR
RN

225 3k
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