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Effect of Sargassum fusiforme polysaccharides on activating JNK/Nrf2/ARE
signaling pathway and slowing down aging process
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Abstract: Objective To study the mechanisms of anti-oxidation and anti-aging of Sargassum fusiforme polysaccharides (SFPS).
Methods qRT-PCR and Western blotting were utilized to detect the expression of c-Jun-N-terminal kinase 1/2 (JNK1/2) in male mice
with different ages and in the old male mice fed with SFPS. The JNK isoforms were specifically distinguished by RT-PCR and the
expression levels of each isoform in the liver of mice by ig administration of SFPS or normal saline were measured. Finally, the
mechanism of JNK activating Nrf2/ARE signaling pathway was determined by co-immunoprecipitation and ARE-luciferase reporter
gene assay. Results The expression levels of JNK1/2 were negatively correlated with aging process. JNK1-B2, JNK2-al, and
JNK2-B2 played important roles in aging process. The mRNA expression level of INK1-82, INK2-al, and INK2-B2 were significantly
decreased in mice aging process, and the protein expression levels of INK1-B2 (5.4 X 10%) were significantly upregulated by long-term
diet with SFPS. The JNK1-B2 (5.4 X 10%) protein interacted with anti-oxidant factor Nrf2, and significantly activated Nrf2/ARE
signaling pathway. Conclusion JNK1-2, INK2-a1 and JNK2-f2 had negative correlation with aging process, and the expression
level of INK1-B2 (5.4 X 10%) in aged mice were obviously promoted by long-term diet with SFPS. As JNK1-B2 containing C-terminal
tail can interact with Nrf2 and activate the NRF2/ARE signaling pathway, therefore, it was suggested that SFPS can improve the
overall anti-oxidant capacity and retard aging process by activating of the INK1-B2/Nrf2/ARE signaling pathway.
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KM FEEENE Sargassum fusiforme (Harv.)
Setch. AL E#ERl (Sargassaceae) fHA, | 24K
TP PG AR s - L G, B “ K387,
AENBER M, T AZy, BAFEEFRIMEM
ZiFANME . DUREIFFE R, KA AN 2 BE (SFPS)
HARSRM 1,1- K F2- =3 %K (*DPPH)
THBREE ) KPtE A RE U2, R H B AR R e E
JIBL /N R R RIS EH . SR, SFPS K
FEPUEA . P2 RINLS] A B . A S0 = T A
WER R, KM SFPS () ICR HEME /N BT IE 4
c-Jun 3 A i B (INKD [RIE/KF 5.3 _FiRP,
1M INK 2 —FE U RE E, NS =EZEK,
$&7~ SFPS KAEHUEAL L2 ML AT 5e5 115 INK
ZRIEH K.

INK 74 2 Fh S S0E, 25 20 4B
R AR, AR, INK iR KA, 1
2k s 1671 L o, 3 R0k INK ] DAZE K H 5y (811
AL, MR R INK RAFK TSI R ThRE
B . X Re S B AR AN 4 % X INK H
5 F M FEVEYA . WA, INK A 3 FiE
B EIYEY) INK. INK2 AT INK3 (JNK3 {1 7E i
O BHRAPREREIE) B, X 3 Ff INK FJRYE
A RIAEBIY) o e 4 P iaAg, I HARRRER Rk
SRR T RN 4.6 X 10% 5L 5.4 X 10* (R E5,
TP a] AR BYAT) I ) 22 S A N R SN E
SERIPRTE P40 M Th g S AR B R b 22 S ) 32 R
BRI, SR, 56T INK & A4k 1 A= 9 D e i) 4k
R, JEIHAE R 2 I AR TR IR F AT AN B

A Sz 6y 36 g R I AN () O A N BB A A
INK1/2 Rk, FrmihilX 45 INK1. INK2 1)
B AR IR A, IR e L piE
(Co-IP) SRS el BRI INK 5% K 7
NF-E2 #2<NF 2 (Nrf2) MM EAEH & INK
C-terminal tail FJAEY)2~ThRE, DAFREH SFPS K%L
b BraE B AR LS
1 #t
1.1 =548

SPF % ICR A /)N BRI SE T M B R R 2 5K
BEY L, SIVERTE S SCXY () 2010-0049,
WRE (30.5+1.0) go SEREIFSEAERIIMZE
FoitE LS 2016-159). MR T = (25+
1) C, B (60+5) %, 12h B, 12h JlE%
R FE .

ANERETAELRNT 1929 MK o IR 2 e L g2
L .
1.2 Zm

SFPS  Hyili M K524 fir S ISR 22 e A et
FupriRft. SFPS RAIPUKIRIREEITHI T 548, #H
XPorF RN 75 000, FIFHRM IR ERE S 720 5E
Horh & 205 97.9%. HEIERR 51.1%. BAIRAR 9.2%. H
TV EIERR (GuLA). HERHEERR (ManA). Hik
BE (Man). FRZHE (Rha). HIZMEEETR (GlcA). Hi
ZHE (Glo)s ARBE (XyD- F7BE (Gal) 574 (Fuc)
Ry B EE SR EE A 389 188 161 :53:38:1.0:
52:9.1:289.
1.3 (Y&

Milli-Q #ZE/KAC ([ Millipore A F]); i
HF LS (R ERRZRAEAEARARA D,
Applied Biosystems Veriti PCR 1% Light Cycler 480
I (Gijk: Roche AF]D; /KFHIKFE (JbHiSN—1%
#5]7); ZF-258 R HMBUR BT RS (L
MR AR A F ); Amersham Iamger 600 %5 A%
B &4t (£E GE A7]); Bio-Rad T H LK R 4K
HERSG CEREMESATD; LR (1
Eppendorf 22 7] ) o
1.4 X7

Trizol® Reagent (Life Technologies A ]);
Hiscript® II 1st Strand cDNA synthesis kit (Vazyme
Biotech A#]); SYBR® Premix Ex Taq™ II (Takara
Biotechnology A#]); dNTP Mix (bRt AR}
HAHRAAD; EEEEHIF] Cocktail (Roche
Biotechnoogy A#]); JNK $itf& (BD Ar)); Gapdh $i
e CERREYHEARAIRATD: Nif2 Hifk (Abcam 2
A 1gG [AE A TAE CH et A BR 22 7] 5 Protein
A-+G Sepharose Beads (FZAEMEHARAFD.
2 R
2.1 PE5%HY

INRANIEE 3. 94 11, 20 AE4LH SFPS 4t
20 i, #EH 10 N RIEFTHIK AR,
SFPS AbFEAH /N EGRFEIER /N 11 A TTih4%
100 mg/kg ig 257 SFPS, FEL# 20 H#, sk ik
BE, BONTEEHH 2R AE T80 CUKAH, HRAHREML
6 SN B EAT S2 56
2.2 JNKI1. JNK2 R &SR ERE 1

53 AN [E] H 8 /) BRUFFIE 100 mg, RIS TR,
FITi7e PBS i ¥t 2 3, KM Trizol AR HUE RNA,
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J¥:F RNase Free DNase i iH 16 5% 8 1 2% K120 DNA.
Z: I Hiscript® 11 1st Strand ¢cDNA synthesis kit it B4
5, LLE RNA AR, ¥ mRNA #5354 cDNA,
R T-20 CHH-

1% SYBR® Premix Ex Taq™ I}t #H, DL E—25
JIT#3 cDNA AR, 73 7ILL INK1. INK2 £ 57514
(£ 1) BT 9 E & PCR (qRT-PCR) 7#4,
B-actin ANZ . R NAK 7 : Gukl 522 SYBR
premix Ex Taq II (2X) 10 pL, 1EFFIH520% 1
uL, AR cDNA 2 pL, &R MNAR A 20 pLo
SERERL CAB, FFRI AT ST 434

P cDNA JytEiti, 737 L0 INK1. INK2 %A 5
PR 519 (R 1D T PCR U8, RN R
N dNTP Mix(2X)5 L, IE[FAAR [ 5144 0.5 uL,
BifR 500 ng, WA/KAPFFE 10 pLo RBLEA R
AT 1% B IR B FUK, X &5 AT KB 434
2.3 Western blotting ;5% INK EHFRIE

o3 S EUAS [R) H % 1E % 20/ BRUF1 SFPS AL 20 H
WA /NBRATE 50 mg, PROEBTRE, N RIPA 2K
R A EEMHI77) cocktail. PMSF, UK PR,
VK 2% 30 min, 4 “C. 12000 r/min &0 15 min,
B I3, Braford VA€ B AWRE . fEERGHEA
FEAhH NN EE [ loading buffer, 7K 5 min 4814,

&1 PCR5I¥FFI
Table 1 PCR primers list

E SIMFER] (5°—3%)

JNK1 INK1-F  GCAGAAGCAAACGTGACAACA
INKI-R TTCTGAAATGGCCGGCTGAG

INK1-a1 F1 GGTTTGCCACAAAATCCTCTTTCC

R1 CACCTGTGCTAAAGGAGACGG
INK1-f1 F2 AGGTGGTGTTTTGTTCCCAGG

R2 CACCTGTGCTAAAGGAGACGG
JNKI1-02 F1 GGTTTGCCACAAAATCCTCTTTCC

R3 TTGACTATTGCTGCACCTAAAGGA
JNK1-$2 F3 GGTGGTGTTTTGTTCCCAGG

R4 TGATCATTGCTGCACCTAAAG
INK2 INK2-F GCAAAGAGAGCCTACCGTGAA

INK2-R  AGGACATTCTCTCATGGTCCAG
INK2-a1 F4 GCTGGTGAAAGGTTGTGTGA

RS TTACTGCTGCATCTGTGCTGA
INK2-02 F4 GCTGGTGAAAGGTTGTGTGA

R6 ACTGCTGCATCTGAAGGCTGG
INK2-81 F5 TCATGGCAGAAATGGTCCTCC

RS TTACTGCTGCATCTGTGCTGA
INK2-82 F5 TCATGGCAGAAATGGTCCTCC

R6 TTACTGCTGCATCTGTGCTGA

HARAF T80 C.

WA VELF R AR RSl AR 10 pg 3T
SDS-PAGE #tfiz ik, I3 0.45 um ] PVDF
5B, 5% B AR 4R W 4 “CHE I3 h, N —HTINK
(1:1000). GAPDH (1 :1500), 4 CHHELK,
TBST ¥ 3 ¥ I HRP #Ric i) —9t,4 CHEHE 3 h,
TBST ¥t 3 X, ECL 45 K& )%, #IH Amersham lamger
600 &R G 2 G 45 R I b
2.4 HBEILTUE (Co-IP) EHM Nrf2. IgG Fik

L929 AT 10 em B5FR L85 7%, 43 X HAH
IgG A1 Nrf2 4. A H AR PBS ¥ 2 6, A
500 pL 410 2@ (20 mmol/L Tris-HC1, pH=7.4,
10 mmol/L NaCl, 0.5% NP-40, cocktail) Z4f#, HX
LiE. Nrf2 Al 1gG HAESEM 2 E ARMRR (200
ul) F4r BN anti-Nrf2 (1 pug)+ IgG (1 pug) &
5, 4 CEBRINER . R E i i) & E R0
A 30 pL 7847 # & 1 Protein A+G Sepharose Beads
4 CLBIEN3h, 1000Xg. 4 CELr»5 min, #
7%, Protein A+G Sepharose Beads Vs N2 A B
FHIFIRTRA PBS ¥k 2 . N 40 uL AR A 2X
loading buffer H & Protein A+G Sepharose Beads,
WoK#E 5 min AV, B0, BCIEENEEMEET
Western blotting &l .

2.5 ARE-ZREGIR & EFE KN

L929 4Hfufl 24 FLAR, A% L 2X10°/mL,
B0 0.5 mL AR, T 5% COzv 37CTHEFE 20
ho VEEXTIRAFSZIGAH, XA H Je s ik
pcDNA. pCMV. ARE-luciferase Jiifi; JNK 4.6X
10* 40 3 e 25 34k pcDNA 5 pCMV-FLAG-JNK 1-
Bl (4.6X10%) Jfiki. ARE-luciferase Fiki; JNK
(5.4X10%) 4§ %4 pcDNA 5 pCMV-FLAG-
JNK1-B2 (5.4X10%) Jiiki. ARE-luciferase JiiAi;
Nrf2 205 4o 22 A& pCMV. pcDNA-Flag-Nrf2 ki «
ARE- luciferase fifi; INK (4.6X10*) +Nrf2 454
4 pCMV-FLAG-JNK1-B2 Jfi¥i. pcDNA-Flag-Nrf2.
ARE-luciferase Fiki; JNK (5.4X10*) +NRF2 4
B gt pCMV-FLAG-JNK1-B2 Jfi #i. pcDNA-Flag-
Nrf2. ARE-luciferase Jii$i.

2.6 FitFEFE

AR E /D EE 3 IR, ] SPSS Statistics 20.0
F1 Graph Pad Prism 5 #4784 4o it 2470 Hr, 208 DA
X5 Rox, BO¥E 2 18] RCR H LR R O 2 4 AT
(one-way ANOVA). LSD-f 554
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3 4R
3.1 JNKI1. JNK2 ZEARE ARSI RE
1B5

EHCRFE H# (3. 94 114 20) #Et /NPT,
FEHL RNA, FJ ] gRT-PCR #:il] INK 1. JNK2 mRNA
FRIE7KF-, Western blotting VAR INK 5 3R IE7K
o BERKRH, BEA /N BRI, INK1. INK2
mRNA F£IEKF RIS THm G T REES (B 1-A.
B), [AIf JNK (4.6X10%. JNK (5.4X10") HEH
WEI TG TREAES, Hd 20 AR5/ R
5 11 A#ddEZ4/NRAE, INKI. JNK2 mRNA
R ARE KT EE T (- 1. RIZEREE/NR
B INK1 A INK 558 2 5%,
3.2 JNKI1. JNK2 & FHEERE AR
FRIRIZER

ANELINKD BEFEA T 14 Sk B, 3F 13
ANIMEF o XA AR BT R A 4 AN R
& INKI1-al (GI: 225637490). JNKI-B1 (GI:
882939000). JNK1-a2 (GI: 882939019). JNKI-2
(GI: 882939047). 4 ™A A i) £ E 2= AT 7.
8 T AME T Ik BV 5% LN 13 S4BT AN [
FEEE IR (K 2-A), B INK1-al F1 INK1-02 %
5 7 SAMEF, INK1-B1 A1 INK1-B2 4ifd 8 54
T, X 13 SHNETF RIS INKI-a2,

mRNA AN} A&

- - B Nk 5410t
M < INK 4.6 X 10
- —————— GAPDH

3HE 9 AR 11 A 20 AR

3AK 9 AR 11 Al 20 AR

JNK1-p2 Lt INK1-al. INK1-02 E 1% 40 £ R
%, BRI INK1-02. INK1-B2 #Hi% M 5.4 X 10* K/
IR, INKI-al. INKI1-B1 BN 4.6 X10% K/
A, INK2 BT 11 Stk lb, 5 14
ANGME T XPAME AT AR BT Y] A 4 AR
Ffk INK2-al (GI: 254750738). JNK2-02 (GI:
254750708) INK2-B1 (GI: 254750711). JNK2-p2
(GI:254750732) . 5 INK1 (54 SR ARZALL, INK2
(1) 4 A R AR 1) 32 B2 0 00 T 8.9 S A T )ik
PRI S DU 14 SANR T IAFR 3 (& 2-B),
B INK2-a1 1 INK2-02 %ifid 8 5 4h i1, JNK2-B1
A INK2-B2 4wt 9 SHMNET, Xt 14 SANEFHIA
) B 9 75 INK2-02 . JNK2-B2 L& INKl1-ol .
INK1-02 FEHZ 40 225K, FIL INK2-02.
INK2-B2 #PE N 54X10° K/NEH, INK2-al.
INK2-B1 #HiF N 4.6 X 10* K/NEH .

FERI LTS5, INK1. JINK2 [f) 4 D] AR 7]
Z AR A s, INK L 4 > 7 AR 7E 809~880
UMEF 7. 8) INKl-al 5 INKI-a2 FF5HH,
JNK1-B1 5 INK1-B2 JF#5AHIA], TifE 1 229~1 334
(AMEF 13) INKl-al 5 INKI-B1 JFFIAH [,
INK1-02 5 JNK1-B2 /75 AH[R (& 2-C). [FIFE INK2
[ 4 AN FEFIELE 891~960 (HMET 8. 9) INK2-al
55 INK2-02 [FFIAHTE . INK2-B1 5 INK2-B2 514

JNK2
abd

mRNA FX} ik

3 AR 9 AW 11 AR 20 ARk

abd 2.59 JNK 4.6 X 10* abd

cd

3 A 9 AWy 11 Al 20 ARk

a-%E 3 ARAMLEEREE b-84A5 9 JRAMHKEREZE #4A5 11 JRAMKEREZ %45 20 AREMILEREE

P<0.05

a-significant difference compared to 3 months old mice b-significant difference compared to 9 months old mice c-significant difference compared to

11 months old mice

d-significant difference compared to 20 months old mice P <0.05

1 AEA® MRS INK BIFRIE (X £5,n=06)
Fig. 1 Expression of JNK in different ages of mice (X £s, n = 6)
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1 2 3 4 5 6 7 8 9 10 11 12 13 INK1
TETTE T T T I
BEHIBEDGE DEBEEODEB B
HBEEBIEDGDA EBD INK -2
DEEIED OIEDODE B o
. EEIEnDEDDD . o
1] 12 INK2-1
12 INK2-02
801
C 1 1 1 1 1
jnkl-cl GAGAACGTGG ACTTATGGIC TGTGGGETGC ATTATGGGAG BAATGGTTTE CI
inkl-pl GAGBACGTTG ACATTTGGIC AGTTGGETGC ATCATGGGAG ARATGATC
jnkl-a? GAGBACGTGCG ACTTATGGIC TGTGGGETGC ATTATGGGAG AAATGGTTT(
ink1-p2 GAGBACGTTG ACATTTGGIC AGTTGGGTGC ATCATGGGAG AAATGATCLL Il TGTT TTGTTCCCAG GTACAGATCA
1301 1311 1321 1331 1341 1351
| | | | | |
Rl
inkl-al AGTCATBAGA GGGCAGCCGT CTCCTTTAGT ACACGIGUAG CAATGATCAA TGGCTCTCAG
R2
ink1-pl AGTCATRAGA GGGCAGCUGT CTCCTTTAG. ACECGIGUAG CAATGATCAR TGGCTCTCAG
LS I —
inkl-a2 AGTCATBAGA GGGCAGCCGT CTOCTTTAG. — GIGUAG CBATGATCAA TGGCTCTCAG
R4
ink1-p2 AGTCATAAGA GGGCAGCCGT CTCCTTTAG ——— GIGUAG CAATGATCAR TGGCTCTCAG
891 901 911 921 931 941 951
D | | | | | | |
‘ F4
jnk2-al TGATATCTGG TCAGTGGGIT GCATCATGGG AGAGUTGGTG AAAGGTTGTG TGATATTCCA AGGTACTGAC
jnk2-a2 TGATATCTGG TCAGTGGGTT GCATCATGGG AGAGCTGGTG ABAGGTTGTG TGATATTCCA AGGTACTGAC
E5
jnk2-bl GGACATCTGG TCTGTCGGET GCATCATGGC AGAAATGGIC CICCATAARG TCCTGTTCCC AGGAAGAGAC
ink2-b2 GGACATCTGG TCTGTCGGGT GCATCATGGC AGAAATGGTC CTCCATAAAG TCCTGTTCCC AGGAAGAGAC
1381 13|91 14(|)1 14‘11 142‘1
|
RS
jnk2-al GGGGTAAAAG ACCAGCCTTC AGUACACATG CAGCAGTAAG TAGCAAGGCT
R6
jnk2-a2 GGGGTARAAG ACCAGCCITC AG- - ATG CAGCAGTAAG TAGCAAGGCT
jnk2-bl GGGGTAAAAG ACCAGCCTTC AGCACAGATG CAGCAGTAAG TAGCAAGGCT
jnk2-b2 GGGGTAAAAG ACCAGCCTTC AG-———- ATG CAGCAGTAAG TAGCAAGGCT

A~/ INKT ATAZBTY) B/ INK2 "R BTY) C-/ R INKT DA FIELRT D/ INK2 & 5 R 75 51 Hxt s 356 X ISR R s 2 7

IR F R AR AT IX, AL Sk R S BT X Ak

A-JNK1 alternative splicing B-JNK2 alternative splicing C-JNKI isoforms comparison map D-JNK2 isoforms comparison map; Structure of JNK

is illustrated with exons (blue), non-coding area (black), and position of primers (red arrows).

2 MR INKI. INK2 SEFMHE) R &N FAAREL 3T

Fig. 2 Production of JNK1, JNK2 alternative splicing and individual isoform alignments

[, M7E 1403~1407 [A] (4MEF 14) INK2-01 5
INK2-B1 FFAIMIE, INK2-02 5 INK2-B2 54 ]
(B 2-D). WRIBFHILLXTISE R, 7E4 ]R8

Z e E (B 2-C. D #ik) Wit 514, #IH RT-PCR
T ERE R X 40X 8 ANAIASBIY]. 514 FI/RL iR
X 4> INK1-al, F2/R2 ¢5[X 4 INK1-B1, F1/R3 #F
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7 X 7 INK1-02, F3/R4 FiR X5 INK1-B2, F4/RS5
5 52X 43 INK2-0.1, F4/R6 $55 [X 4 INK2-02, F5/RS
e X 4> INK2-B1, F5/R6 H5 5 [X 4> INK2-B2.

13 F e B HE 7 [X 20 INK 1L INK2 SRR 514,
BRECASE H# (30 9. 11, 20) HEME/NFRATIEHZEL
RNA, 5 INK1. INK2 % FMRTEIE R /NREE
HAERERE (B 3). HA INKI-al. INK1-02 %
AR LT, R T A AR 3 R
B fERFRW, BEAE/DNRA RGN, INKI1-B2.
INK2-al. JNK2-B2 mRNA FiA/KFEE T (K
HFOINK2-01 AIEIPEA 4.6X10* 1, INKI-B2 Al
INK2-B2 AT #1109 5.4 X 10° 5 ) 427 INK1-p2.
INK2-al Al INK2-B2 7E/N R 5 Z i 2 Rk FE E 2L
EH .

3 A% 9 itk

3.3 SFPS XfZH /N RAFBEF JNK1. JNK2 mRNA
RERFRIEHEM

HIEWZE (20 AR, B4 MR, ig
257 SFPS 24/ INK1. INK2 mRNA
(kAT g INK1T mRNA 57 52% (P<
0.05, B 4. [FRFAEX 2 FEA 4.6 X 10 F1 5.4X
10* 7 INK1 F1 INK2 FEHRBEEHEE LR (P<
0.05). K] SFPS AJ LMt 24/ N EH INK
(5.4X10Y EAMRIE.
3.4 SFPS X} 20 Bi#g/MRATAEH JNK1. INK2 &
FHI1F mRNA RiZHIEM

HIEWZ8E/NR R4 i, ig 4T SFPS
(/N RATIE A INK2-B1. INK2-B2 IR ET
MRk, INKI1-B1. INK2-01. INK2-02 [R5 &

11 A 20 Ak

FEEEEET T o CCECER

v

INK1-02

LR R b

INKI-B1
INK1-2
JNK2-a1

INK2-02
JNK2-B1

—— — —
P Y T L t) Lol dadondand "V<2-2
Ry Y Yy

—
W

INK2-B1

[on}

mRNA AHX} R IE &
o —_—
W o

S

1.5 INK1-B1 1.5 INK2-al
i) I a
ﬁ 1.0 4 Qfé 1.0 S
E ﬁ; Qe
_E 'E e
< 05 éo.s
2 2
g, | 0

3HE 9 A 11 A 20 i

157  INKI-B2 159 JNK2-a2
] a i
X . b X 1.0
® K
' '
B2 B2
<Zc . <ZgO.5
: :

0 0

-3)%@ 9 A# 11 Al 20 A

_3)%5@ 9 HE 11 H# 20 A#

3 AR 9 AW 11 AR 20 ARk

—
wn

INK2-p2
a

—
(=)

mRNA FHR] 5 E
=)

T

(=}

3 A 9 AW 11 Al 20 Ak

-3%@ 9 Ak 11 A 20 Ak

a-%2HY 3 JIRAMLILZER B b-%45 9 ML ZEREZ  P<0.05
a-significant difference compared to 3 months old mice b-significant difference compared to 9 months old mice P <0.05
3 JNKI. INK2 &FMHERFE R NRFEFHIRE (X £5,n=6)
Fig. 3 Expression of JNK1 and JNK2 isoforms in mice with different ages (X £, n = 6)
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~
)

JNK1

w
1

B
=

—
1

mRNA %} F ik &
(3]

(=]
I

X iR SFPS

POt SFPS

* €— JNK 5.4X10*

S e e e | <— INK 4.6X 104

[ —————— | <— GAPDI

H AN RILE
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