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RIRA TR AR B K ZE T (HSN 1) Hfg E5% B
DNA R B R/INo i 7 B Wt~y Bk K i

BRI R, R kgt AR, KR F 0, 0,
PR AN R TR AR RN S
L BBUE W S 7 BT BRSTAT 2 R S B — 2, 1L I 4302075 2. G A2 TRECR BT oL,
WL 24302075 3. 75 A A% G Bt B Vi T A 4 [ o S =, 1 I 430207 5 4. [ 24545 R DUAE Wy ] 24
A PR AR 4238, 1L 58RI 430207 5. W0 B AR BB 03 A FRZY 5] L #ETE 9994 313000

WE: BRY #r—Fp LT 0Bk 1k K S92 986 & PCR (quantitative real-time PCR, qPCR) [ MDCK 41 g i3 £ % #4
DNA (host cell residual DNA, HCD) J Bt K/NFI 4307 77 15, IF 247 B ik, DA T 0P Al It A7 i Jak 48 B 006 92 1
(HSND)ZE =i B HCD T BRSO . ik R A REERIA SR IR & HCD , S i 5 R S v 5 | S 8%, e nl 43 i
i 84,142,204 J 504 bp DNA J B2 qPCR 0 Hr ik o B E 7 VA M MR ] e 1 IR R P e v i P E R & B
P, R HESE 5T R AT R A i T KGRI (HSN ) i B RE B HCD B T, IR HOCD . R 84,
142,204,504 bp AR1EA7E 0. 003 ~ 300 pg / pLIEEN, 5 CefH R RIFMZME R, B4 5bnifE 2 de e 250(R) 1Y >
0.99;84 142,204 bp E HEFRIY N 3 fg / L., 504 bp FE BN 1 fg / wl; 84 142,204,504 bp X i (155 . ARk &
TR AR i TSR BT TE 50% ~ 150% 30 Bl N 5 G 28 1 LT F PR & T 30 IE CV Y < 40%. AT It IR 4 B JCT P8 1
(HSN DR PR BEHCD 5 HL# i (= 204 bp A BE S HE81. 0% ) , 2l i Anatifb 1%, R = 204 bp FBE i [
(%25 8. 9%, HARK Y = 504 bp B, W HCD &4t h 689. 9 ng / mL %2 10. 2 ng / mL, #5i€ 57 17 HCD FrEEK
I qPCR 43 MF 532 1% 1 A R RS v ERA T PR L Sk, ] T KA T B A S 1 (HISN D)
HCD R BER A0 AR 77 R A o s s il o

KR RUAT U AR B XS PEE (HSN ) s MDCK 200 ; 75 178 B DNA H Bt S 966 E 8 PCR REER %
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Abstract: Objective To develop and verify an analytical method for the size of host cell residual DNA (HCD) fragments in
MDCK cells based on magnetic bead method and quantitative real-time PCR (qPCR), so as to use it to evaluate the removal
effect of HCD during the production process of pandemic influenza vaccine (H5N1). Methods The HCD of samples was
extracted by magnetic bead method, and specific primers and probes were designed to establish qPCR analytical method that
can quantify 84, 142, 204 and 504 bp DNA fragments, respectively. The established method was verified for the linear range,
limit of quantitation (LOQ), precision, accuracy, robustness and specificity, and used to analyze the proportion of HCD fragments
in the process samples of pandemic influenza vaccine (H5N1), and the HCD content was simultaneously detected. Results The

linear ranges of 84, 142, 204 and 504 bp standards were 0. 003 - 300 pg/pL, showing a good linear relationship with Ci,
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and the coefficients of determination (R”) of the four standard curves were all greater than 0. 99. The LOQs of 84, 142 and

204 bp were 3 fg/pL, and the LOQ of 504 bp was 1 fg/pL. The recovery rates of spiked samples at high, medium and low

concentrations corresponding to 84, 142, 204 and 504 bp were all within the range of 50% to 150%. The CVs of precision,

robustness and specificity verification were not greater than 40%. The proportion of large HCD fragments in the harvest solution

of pandemic influenza vaccine (H5N1) was relatively high (= 204 bp fragments accounted for 81. 0%). After enzymatic hydrolysis

and purification, the proportion of = 204 bp fragments in the bulk solution was reduced to 8. 9%, and no = 504 bp fragments

were detected. At the same time, the total HCD content was reduced from 689. 9 ng/mL to 10. 2 ng/mL. Conclusion The

qPCR analytical method for HCD fragment size was developed with good precision, accuracy, robustness and specificity,

which can be used for the analysis and detection of HCD fragments of pandemic influenza vaccine (H5N1) and the quality

control in the production process.

Keywords: Pandemic influenza vaccine (H5N1); MDCK cells; Host cell residual DNA (HCD) fragment; Quantitative real -

time PCR (qPCR); Magnetic bead method

FFAT IR 4 B 3G T (HSN 1) 2
T A 2H 21 (World Health Organization, WHO) #E #£ 1)
KIAT T B MR 3PP 2 MDCK 4 )5 , 2855 9% Ik
AR K S SEAC ST B 25 1 . MDCK 42K B
RSN R X R R LA R S
2007 4F , 1% MDCK 40 i A= 77 B = 4y 37 2% 7. 2A.
PEPETE (B 4% - OPTAFLU, A= 72 T 5%« B i etk
250 /) A BT MDCK 40 B g 1448 240 il 2
FHFREW A=, AT AR 10 8 1 808 M, A G
B2 R 2 ™

A= i T i 32 40 A 5% B DNA (host cell resi-
dual DNA, HCD) AJ BEH5 47 I T+ 15 32 40 A A% B0 SE
AR BEAR DCIEA , 51 & Mo sl B e S O, vl iE ik
2Bk HCD B A W6 PE DARE AR L 28 XU . HCD A9
T PR A 25 B 3 223 ) B IR HCD A9 3% 5 5/ HCD
R BER/IN RSB, DRI, 40 35 58 1 7 A A HCD
A BER/NE S 7= 5 e SRR DG B SRR BRI AR
ST B e ST FE T REER 1L I SERT 98 72 i PCR (quan-
titative real-time PCR, qPCR) i MDCK 41 jfg HCD Bt
KANGIHE T FEIEATIRAIE , LA R R 00 K 37 730
SR BE KNG REHT (HSNT) [ HCD R BRI, i P9
Witk

1 MREFHE

1.1 #5 RUATIER A3 KE 28 (HSN 1) R
T (425 :2023005H5 V) (iR (Fik5 :2023005H5E)
alifb i (L5 :2023005H5C) | JFi (L5 :2023005H5)
B e s W i S A BT A PR T AT 2 e EE M 1
HF9E s T4t

1.2 XA BEME KB F N FAN
¥ B E 245 AL N A R R A% R A B L
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T HE O A= ) B AR A BRZA W) 5 HCD AR AR I A 3350 &2
(WEER¥E) \MDCK 7% B DNA B0 i 3k 5] & .
MDCK %% £ DNA % A7) £ % rDNA purify HCD
HIALH R G40 [ N B E P H R A BRA A 5 75
Y6 5E 2 96 £L PCR i 12 ABI 7500 %56 5 PCR XA
H & [E Thermo 23 A o

1.3 HCD ##8 F HCD FEAS A 4b B 5] &5 b 1)
s T RO 30 T BE i BEAT 100 4570 B8, AR BEIRAE
[P T 45 (NCS) |, 5 35 0 FE B2 NCS 359 2R B iz
B AT RTALH A fDNA purify HCD FijAb B £ 40 4%
HUHCD, Ay 2 )5 22 A 204 1 AN RS B2 DNA | Be
FZER , DNA PEBERAR T > 120 pL.

1.4 k95 FIMDCKA B DNA A B Hr ks
120 7R 6 T B R R TR A3 R i ) & i 84142,
204,504 bp DNA *& 2 7% S #i B %2 300.30.3.0. 3,
0.03.0.003 pg / wWL(ARES ) o AR LI 5 2 51 B
il 84,142,204 504 bp X} 1 i qPCR SR &, Jin A
P 96 L PCR M, 20 L / fL s F-1) %1 £L rp
T HH R e B B o R RE O NCS B BH P X R
(B BEW) , 10 L/ fL, B AR 30 pl / fL. K
PG FE T 96 FL PCR A ABT 7500 ¢ 56 %E B PCR
%, 7E ABI 7500 SDS A BB A IR 5T, 439 i
45 MDCK-84 . MDCK-142 ,MDCK-204 . MDCK-504,
BRI AG DEOEIE A R FAM, 35 K56 HE A A none ; B
H NS MIRE, 4 0 IPC, TR 59 HE A K
VIC, B K 52 53 M none ; #6912 H 96 6 S ROX,
PCR SR 45295 °C HiAETE 10 min; 95 “CAEME 15 s,
60 ‘CiE k305,72 ‘CHEM190 s (GEHHEE) , 3L 40 MIEHR.
1.5 334 1E ABI 7500 SDS B {2 s B (%
0. 02, W8 [ sl B 5L B 45 i BOW R Ar o it kAL
23 SIRAE A 300.30.3.0. 3.0. 03.0. 003, b i fh 28t
FEZRER)NE = 0. 99, FFMAE L ) Ce-TPCH{E 5 NCS
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() Co-TPC BMEL I AE + 14> Co{EL3E B P 5 93 4 ) R £
Rzl 25 5 1 o Undetermined (R4S H ) 8 Cr = 35. 00,
VIC 55 N AR S BRI 1 i 2k s NCS FAM AR %
1) Ce M > b th Ze e IR B FAM {55 Ce B{E 5L
Pl £ JC I BRI VIC AR 5 oA A R “S” ALy
HEMZE . LATFIURES) 84 bp F B DNA Y FE A 100%,
T 142,204,504 bp HBEiy 5 1L
1.6 7 k69
1.6.1 ZEMEVuFE ¥ 84,142,204 .504 bp MDCK DNA
FE 57 i F HCD AR i A 3850 & b 7 RV R
BR300 ~ 0. 003 pg / L, SR FHES B 7 - TR
FEAWREEBE 3ANE AL, LS ik Ak b, Cofi
PR AR PRUE M 2R PR E REU(R)
1.6.2 EEIR #f 84,142,204 .504 bp MDCK DNA
JE 1 275 i ] HCD R A Hij b 38 50 & v %) 6 B U
SRR REE 3.1.0. 3 fg / L, SR A 1Y Jr ik k7
R, BN e B 8 3 AL IR AL C AR S R 8
(coefficient of variation, CV) z [BIs 3 (SEM{E / T
i x 100%).,
1.6.3 fEbt
1.6.3.1 HEEM O idamsE KRR (HSN D
JEUR, I HCD REAR AT AL B & P R BRI AT 100
FEFR R, o T ARS8 | BR [R)—SE 56 51OR T EE ST 1 5 1%
K HCD Bk iR E 2 3k, T3 OV
1.6.3.2 k& BUL 6.3, 1T AL, 2
2 S G AN (] s T S AN 3 9, T 6 YA
R v,
1. 6.4 WEffME  WORWATIRIERANEE K IEAE 1 (HSN1)
R, FHHCD A 1 Ak B3R 75 &5 v A9 B e A 7
100154 BE , 4331 10 L 300 pg / plL () .10 pL
30 pg / pL (F1) .30 pL 3 pg / L (%) 3 /-9 B ) A
IR B R/ INGRAE iy, ARAS INBRAE it , 28R A 315 SR
ST T AR HED R BRI, DL & 56 EH 3
YR A DN ) ST A R A A ks, #F 5
TR [ ICR

AR (%) = CFRBER I — R AR x
HIALFEPE AR / OMARRFR x bRk ) x 100%
1.6.5 Tt BORA TSR AR OS2 (H5N1)
JEUR, T HCD AR AR AT AL HRR) & P R BT T 100
fERRE , 20 BIAE 50,55 .60 C44F N B ARy Ab 31, R
AT T RS HED A BN iR eV,
1.6.6 LJEPE W RuA TR I (HSN )
JECR 43 ) HCD BE A i Ak B0 & op AR5 B (R
W) FI I R 16 (0. 4 ng / mL) 19 PBS ¥ (7
B 2) AT 100 155 B, 2 mir Ab RS R FH 57 19 7
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PR HED B Be R/ 13 CV

1.7 Fakey A SRS I EX KT i 4
I BE JCTE P8 P (HSNT) 2B 77 o R A it O AR VA il
W AAR T ) HED Fr Be R/ NsEAT RGN, 2R H
MDCK %% B4 DNA & st A il i) & Al HCD 5 42 .
1.8 ZHEREZ S5 H W H ABI 7500 SDS v1.4 #ff:
HEA TR R AR S b

2.1 FrixaginiE

2.1.1 MU 84.142.204.504 bp DNA E RS
WHEAE300~0. 003 pg / WLYEEI, 5 CofEEA5E RAFAIZ
PESEZR SR R B Y = -3. 451 2 X +23. 751 2,
Y=-3.4512X+23.7512.Y=-3.5460 X +24. 9629,
Y=-3.4764 X +23. 119 9,R*5°40. 999 3.0. 999 8,
0.9993.0.999 3,3 >0.99, L& 1,

F 1 LMEEFESIELS R (CeHfE ,n =3)

Tab. 1 Verification for linear ranges (means of Ct, n=3)

DNA E #2745

N 84 bp 142 bp 204 bp 504 bp
300 14.9119  15.1280 14.4386  16.014 4
30 18.5777  18.7464  17.9655  19.7653
3 21.9607  22.1633  21.5563  23.4435
0.3 25.3755  25.4973  24.9676  26.8902
0.03 28.8134  28.9458  28.4919  30.3602
0. 003 32.0807  32.5212  31.7759  33.7904

2.1.2 EER 84,142,204 bp DNA SE 8BS % ik
43 fg / wL,504 bp DNA E S5 SRR 1 fg / pLAT,
[N 83. 3% ~ 117. 8% , ¥I7E 80% ~ 120% 5l Y 5
CVH3. 1% ~24.2%,34 <40%., W32, FWiZAM
J7IEEXT 84 142,204 bp i BR 4 3 fg / pl, 504 bp
M EEBR R 1 fg / wlo

2.1.3 K%t

2.1.3.1 EEM [F—L8 A EE 3R RRTT
WA G 1 K TG FE T (H5N1) JFU H 84,142,204 bp
DNA ¥ K 5 Fe il CV Y < 40%, 1L3% 3(504 bp DNA
WAL T AR -l R M T RR , bemg ) . SRz ke
M7 B4t % 84,142,204 bp DNA A & 1 RL4F.
2.1.3.2 TS ORFESEE R EE 6 kK
AT IR AR B KIE I I (HSN 1) JRI 84,142,204 bp
DNA ¥ K 5 Fe i €V < 40%, , 132 4(504 bp DNA
W AR T AR ph R e M L T RR , ems ) . Rk
5 41 %F 84 142,204 bp DNA F) F [k 25k B &
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® 2 ERREIELR (%)

Tab. 2 Verification for limits of quantification (%)

84 bp 142 bp 204 bp 504 bp
DNA ¥ (fg / pl)
cv I 4 cv I % cv EVES cv EES
3 24.2 117.8 3.1 93.0 12.3 117.7 14. 4 118.2
1 118.7 321.9 106.7 57.8 16. 6 129.9 7.2 83.3
0.3 55.4 332.8 137. 1 718.5 137.6 4196. 1 5.6 236.4
x 3 EREVERIESR
Tab. 3 Verification for repeatability
o 84 bp 142 bp 204 bp
DNA #¢ 2 (x 10 pg / L) dilt(%)  DNAMREE(x 10° pg / pL) (%) DNAWREE(x10°pg/ pL)  fAikt(%)
1 1.710 100 4.199 24.6 1. 878 11.0
2 1. 644 100 4.908 29.9 1.768 10. 8
3 1.713 100 5.107 29.8 1.936 11.3
CV(%) 2.3 0 10.9 4.6 2.5
& 4 PRIKEERUESS
Tab. 4 Verification for intermediate precision
R 84 bp 142 bp 204 bp
SCHRDL R - - -
DNAMREE (X 10 pg/ pl) (%) DNAHKEE(x 10°pg/ wl)  (5H (%) DNAWE(x10%pg/ pl)  HH(%)
1 1 1.710 100 4.199 24.6 1. 878 11.0
2 1. 644 100 4.908 29.9 1.768 10. 8
3 1.713 100 5.107 29.8 1.936 11.3
2 1 1. 607 100 4.937 30.7 1.873 11.7
1.578 100 4.718 29.9 1. 820 11.5
3 1.583 100 4.823 30.5 1. 845 11.7
CV(%) 3.7 0 6.6 7.9 3.1 3.3

2.1.4 fERGTE  84.142.204 504 bp %t 98 A
W RE IR EE 5 DR K 63. 1% ~ 73. 2%, YI7E 50% ~
150% Y@ P (504 bp DNA #e FE AR T hrofis i 2R £k 7
Fl R R, LLO pg / wLAEH 504 bp Fr BB AR INARA L)
%5, RUNZTERA RIFHERPE.

x5 UEFIPER ISR (IR, %)

Tab. 5 Verification for accuracy (recovery rates, %)

T 84 bp 142 bp 204 bp 504 bp
= 73.2 71.2 68.0 72.8
h 70.9 67.4 66.7 66.2
ik 63. 1 68.6 71.2 69. 8

2.1.5 MM mTALEE R E IR E R 50.55.60 °C
i, 25 B BEDNA MR K e VY < 40%, LR 6[ i T
AT US4 9 1 TG P T (HSN1) JE I 1 504 bp
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DNA ¥ FEAIR TAn i i e et B R BR , llemg ) . R
2T B BTS2

2.1.6 KJRTE FAM B 1R 2 8 B RO 4% A B
DNA ¥ Ko 5 H CVE < 40%, W 7[ T KRFEAT
IR 4 6 15 K% BE T (H5N1) JRUE 504 bp DNA
We BEAR T hr il th Ze e MR [T B, ek ) o R
B A 7 3 R v 3 G2 v R RN A R Tk T A N vk T
AL

2.2 Jrike R KA TSR KT (HSNT)
A 7 sk AR v B IO R e Ee B B K B HCD,
> 204 bp H Bt 5 ik 81. 0%, = 504 bp F Bt (5 ik
23. 9%; LA S 2lifk, K BEHCD o HEgibeqic, ik
H =204 bp A B FLATE 8. 9%, KAt = 504 bp HB .
], A A ) HCD ¥ BE 2 8T RIS, 689. 9 ng / mL
F$2210. 2 ng/ mLo W3R8, FRUPEM WA T 204
2B HCD A Wid bk
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Tab. 6 Verification for robustness
) 84 bp 142 bp 204 bp
FE IR (C) - - -
DNAMREE (X 10 pg / pl)  Aik(%) DNA ¥R (x 10% pg / pl.) (%) DNAWRIE (X 10% pg / pl)  dikb(%)
50 1.239 100 2.833 22.9 1.213 9.8
55 1.218 100 2.770 22.7 1.143 9.4
60 1.216 100 2. 895 23.8 1.119 9.2
V(%) 1.0 0 2.2 2.5 4.2 3.2
x®7T CREMERIES
Tab. 7 Verification for specificity
S ‘ 84 bp ‘ 142 bp ‘ 204 bp
DNAWCE (X 10pg/pl)  dil(%)  DNAWJE(X10pg/pL) (%)  DNAWME(x 10°pg/pl) i H(%)
1 1.218 100 2.770 22.7 1.143 9.4
2 1.252 100 3.149 25.2 1.138 9.1
CV(%) 1.9 0 9.1 7.1 0.3 2.3

R 8 RIMATIRIEAETE KR EEH (H5N ) Az = 3o AR & h HCD K6 25 57

Tab. 8 Results of HCD in production process samples of pandemic influenza vaccine (H5N1)

A BT (%) HCD % it (ng / mL)
> 84 bp >124 bp >204 bp >504 bp

WOIR R 100. 0 81.0 53.0 23.9 689.9

it gk v 100. 0 53.7 35.6 15.4 88.4

alifb i 100. 0 28.5 13.9 0.2 12.3

R 100. 0 23. 4 8.9 0 10.2

33 i WANG %55 57 T 6 4085 U 5 o k- O 1 35

2020 4, 5% [ 13 i 24 W B B R (Food and
Drug Administration, FDA) 8 S Sc - vp 3k, B G
J7 2R 251 HOD 75 % 72K T 10 ng / 7, H. DNA
B <200 bp M, 2022 4, Ho | [E SR 24 RS R
Ja 24 i AR K A RS S SR R A, A A R
FH e 240 e 2R L B30 40 Ak 2R sl 5 A A BUR L e EE
SR UG 5] B4 A0 L, 7 B 8 T 56 2 0% 20 Bt s B8 1 [R]
i R HCD 5 78 10 ng / FI LA, DNA 5% 84 A Bt
F /NI FE 200 bp LAF o 350 88 S0k A= W i)
Az i B HCD A ISR AL T B A A s o RIS SK
BT HATUEYE , /B T RE 3L R /NS 200 bp,
PRI B AR HCD i B /0N AT e AV e £t P 10 240 L 2R 7
T 8 S0 I A P XU | T s 2 o ) 28 4
o HAT F R

VA, KRBT 2R HCD F BE iR, 4%
B4 HL UK (capillary electrophoresis, CE) \ £ PCR
(digital PCR,dPCR) & qPCR%E% . CEIELITBE N
Sy ESIEIE , DL R L S K S ) B T AT
PRI 2E R FEBERAR R S S A HE AR S g Y

https://www. cnki1. net

7I‘(j\ilj_‘lﬂ((:apillalry gel electrophoresis with laser-induced fluo-
rescence detection, CGE-LIF) 1% , ] HE 6 43 M7 12 45 5
50 ~ 1000 bp K HCD A Besrfii o FIBER A sr 1
FET A B A LUK, AT 35~ 10 380 bp i
il HCD Fr Be i ATl . dPCR S 0 4 1) 5 44
X L, T A 2 BT 52 3 v 2 R A
HICHFHEAT DNA $2IUL TR A 7 vk PR {520
qPCRE AN A i BT 28519, Ewh B AL A R
JE HCD Fr BERY LBl AWFFEHE T qPCR L 73 Hir i %
SEF TP HCD Jr BOfk 2 2007 vk RO & L RERE AG
) i HCD , HoE f ERf , AR A 1155 1 HED A
[] Fr B 1 FE A1) 5 qPCR VAR S Pk i, 3 ol i 4 S
I FERER , AT AT X 4 R i 40 M Y DNA JEAT A
I, sk e FLAB AR H AR DNA B9 T, HL Rl s B AH X
BOP AL BN 3 Il A AR X
T AN R AT it 8 4 i B K 9 1 (HS5N ) i
17 7T HE, BiE g R R %07 1 BAT RAFRYL A
R 2V R T SR B M, HLZ O A Y
PR & RS UE P AT 1 BTN HAB AN Y L s
PESIE, S5 R R 200 & J0 A ) A i 4 i
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DNA. DL g5 R %070 nl A R AT i 4
7RIS (HSN1) (9 HCD F B i e A7 Ve 2347 -
I FHAZ 3R I R A T AL I 4 3 K T 9% 1 (HSN 1)
(AR = i AR A, S5 SR B P v A e AR P Y
it g AN 4G AL AL B KR BEHCD | He B 2 RRAIG, S5 RE
ai P HCD 75 i AR R H AR

FKURAT It B 490 15 TG 1 (HSNT) 2 B P 36
— AR AR A B LA MDCK 28 Jf A 58 5 () R A 7
TUBPE T, PR, 75 £ ST B X MDCK 20 i AH 5% B4 1Y)
ARy i o RUAT LI 4 1 K £ 1 (HSNT) i
W HCD % 484 10. 2 ng / mL, 55 K 45 5] ¥k HCD &
U 340 pg / L AL T ISR E , H HCD
> 504 bp HBEC 852 2 2218, > 204 bp A B R
8. 9%, FRWATEIZ ™ i I A 77 I glifb il # b, HCD £
YrE e TR AR AT DRI T 77 i 2 4

g5 L A5 T 7 I S0 IE TR K O
17U B A5 T3 TG P2 1 (HSN 1) W HCD BB He g
Tk R TEAR BE 1 HCD 4% B8 A% B8 T nT 5
FBt. gt — R RIZ T R AR R 40 R R 3
5 P8 A 0 ) i FLCTD ARG 0 45 38K 11 1z T, 38 T R 5
M SR AR BB, i — 2L X HCD 5% B4 K
D P 4 e SR
PR AT VR I TOR 45 phoe

5% 3k
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