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B E HH  FH CRISPR/Cas9 5 R #r YAF2( YY1 associated factor 2 ) 3 [ i [ 14 25 59 HeLa 40 MKk, JH T YAF2 3t
PAE & S A0 R o O RE RIS . iR S CRISPR/Cas9 JF 31 Bt W sl , B 1H 1 X 0L 1) YAF2 3 [R5 2 A 8 7 [R) o7
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Abstract Objective The aim of this study was to establish the Hela cell line with YAF2 gene knockout by CRISPR/Cas9 tech-
nique. Methods Firstly, two pairs of short guide RNA were designed to target two different sites of exon 2 of YAF2, and the sequences
were chemically synthesized, and inserted into plasmid pX335. Next, the correct clones were confirmed by DNA sequencing. The first
pair of pX335 - sgRNA was transfected into HeLa cells, and seven days later, the second pair was transfected. Three days after the sec-
ond transfection, genomic DNA from a total of 2/3 cultured cells were extracted and the DNA fragment encompassing knockout site was
amplified by polymerase chain reaction (PCR) to detect the knockout efficiency. The remaining of the cells was cultured to isolate single
cell clones by limited dilution method. The candidate clones were cultured and Western blot was carried out to initially screen YAF2 expres-
sion level. Genomic DNAs from YAF2 — null clones were extracted to serve as the template to amplify the target fragments by PCR. Then,
the products were cloned into pGEM — T easy vectors and YAF2 knockout were confirmed through DNA sequencing. Results Two pairs of
recombinant plasmids differentially targeting two sites of exon 2 of YAF2 gene were successfully constructed and the knockout efficiency esti-
mated by PCR was high; two stable YAF2 knockout cell lines were obtained. Conclusion The YAF2 gene was successfully knocked out in
Hela cells by CRISPR/cas9 technique, which laid a foundation for the study of the molecular function of YAF2 in HelLa cells.
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g SNIRY YAF2 BERS M1 4h i T RYBP 8k 2% i hl 1)
PeG A5G B9 H3K27me3 #9 T i, B #h RYBP # I
R o A AR /I 20 B I 78 2 I 98 40 o, YAF2
W F e R R ESE T N F 5 (programmed cell death 5,
PDCD5) fi2 i p53 4 5 (1 20 i 0 358 4% 35 P 9 1 38 s
R AR R AN Y, YAR2 R A% {2 MYCN (v -
myc avian myelocytomatosis viral oncogene neuroblasto-
ma derived homolog ) #< 8 #9) #e 5% 806 A T, 40 i Mye
F14 Sz ST M Ak, A 200 T ] 301 5 400 1t o A A 4
MU T R AR BT YAFR2 TR P o T 2
e AT B 50 , A< W25 F) ] CRISPR ( clustered regu-
larly interspaced short palindromic repeats)/Cas9 4 K
w5k E TR HeLa 40 B9 YAF2 JE[H, A BFSE YAF2
T Jip 968 240 I R /Y 235 D) RE B E A
M5 7%

LAPkE: N B 300 HeLa 20 bk iy oy 6 I 22 R} 27
B Al % 2 AF 5 B R A I AT 9% B Y . pX335 J
H A B2 2 B o e kit R 2 00T 50 BT BT R I
DHSo /&2 A b 2 XS AW ARG RS
Al FREIVERZER AN PIRE Bbs | 1 H New England Bio-
Labs /A 7], DNA Ligation Kit Ver.2.0 l§ H ( K% ) %
A TAREABRA T . B - actin P& (A5441) Fil YAF2
P (HPA026867 ) g FI 5 [ PG 4% ¥4 — B 48 0L 23 v [
AR T o el B FORL 4R 0 & b R D i
LAEYRHECA RA A T S0 4R & AR [
GG A AL TR L A ER A IR . Li-
po3000 52 L5y [ Invitrogen 23 7], FE [N 21 DNA
P4 R &0 B A TAEY TR (Bl Bk A R
AF o HHE MM Cocktail g [ Roche A=¥) 24w .
Fhi/h B TgG/HRP A1 E 4T 4 1gG/HRP I { JE 5t b
A W EoR A RS Al ECL AL 5 KOG IR W) F
BCA & F e A & A Pierce 22 Rl o FEALH IR
HEA G S DNA I By () A T AR TR i
A FRZA w58 o

2.7 (1) sgRNA B s 1) 00 15 e SE A% 1 TR Bk
(945 B 7E W3 (http 2 //crispr. mit. edu/) b 48 58 5%
YAF2 55 2 Ah 7 K E U E 0 & TAEN Y
200nt 1Y FE 51, 7 W 3G 45 H Y 75 49 nicked guide RNA
X e A 1 AR EERY HAY R Bz T 2 4 T
() guide RNA Xf . $i 8 134 45, L3k w9 X, 43031
fir 44 A seRNA — A — F/R F1 sgRNA - B - F/R, %3t
TERH R BE W, IE SCHE B AR B9 ST OR S s S -
CACC -3", Jx SCHEBLMR By 5" A i I 57 — AAAC -

3, LIS Bbs 1 W) 5 I 800 Zb 1 R i L A X
(BERCIFIRBEE P SN ISR 1) o fdJH] DNAMAN #k {43
TG B BT DNA 7 Bef) PCR 5% AT - F:
5"=TGC CTC TTC CTG ACT CCC TT -3'; AT - R
5" -=TGT GAC CCA GTT CCT ATC GC -3',§ /=4
Ky 448bp, (2) pX335 — sgRNA B (44 &« K5
sgRNA FEAZ T IR P 4% B Ah B BE IR KO ROBUEE - HTIR 2k
2% & ( 10mmol/L Tris, 50mmol/L NaCl, 1mmol/L
EDTA) iR 5 55 4% 1 R S 55 2 100 wmol/L, H #p
FC XS 9 P 45 sgRNA ZEAZ 1 IR B BE & I 10l IR &,
100°C 23 3min, (18454 M A %, 4CHETE 4. 3%
PR 4% Guide A —F -1 fil Guide A - F -2 3B k
JGIE I sgRNA — A 1 37 ¥ 51, i 44 0 sgRNA — A -
F; EAZ T8 4% Guide A - R -1 f1 Guide A - R -2
B KGR sgRNA - A B9 T F P51, fir 44 4 sgRNA -~
A -Ro MFHT %15 sgRNA - B - F fil sgRNA -
B — R HIBRfil e Be N VT B Bbs [ 2kt 4k pX335 Jix
KL 1w, G IMTHACJ i 8 2 E Ak JoRE kB 22 Sng/ s H
sgRNA - A - F, sgRNA - A - R, sghNA - B - F,
sgRNA — B — R Jp i) #ii B 400 A, 73 590 B 34 7 ¢ o
KA sgRNAs, ] T4 DNA % £ B JE 17 1% 3, e iR &
T Tl ZPEAL Ry pX335 Bk, 8l i B 1Y XL 5
sgRNA |10l i FE 1 solution 1,1l ddH,0, 3 201 {4
F,16°C EH W, EH WAL DHS o S 32 2540
Jf, PR IBCER T R, SR IBUBORLFE AT DNA IR o 4 A 4l
A ¥ 1F B 0 T 2H KD pX335 - sgRNA — A - F,
pX335 — sgRNA — A — R, pX335 - sgRNA - B - F 1
pX335 —sgRNA - B - R, 2 8 B % lug/ul, - 20C
i fr g 0o (3) 20 MY 5% 35 Rl e e - HeLa 4 Jifd 1) 35
7% A ] DMEM S8 55 55 L & 10% i 4= 10 X 3
(100U/ml # % # 1 0. 1mg/ml 55 % ) , & F 37C,
5% CO, {940 M55 S A N B J5 . HeLa 200 A0 % 4t -
1 HeLa 200 Ff 2= 6 LA P, 5% QL i & 15 70%
B LY Uh JEAT 20 MO 40, B L B Tml 3% JIG R
MEAF AR DMEM 374 . ffJ1] Lipo3000 %%
HeaslGn) PE AT B Gt , B fL 5% Y pX335 — sgRNA - A - F
1 pX335 — sgRNA - A - R i ki 4% 3pg, pEGFP - C1
JRL 0. S, F2 gk 6h J5 BN TS G R AL, A7
KIG,He b 3R Ge a0 MO AL AR, b T3 1Y 6 LAk, % g
pX335 - sgRNA - B - F fll pX335 - sgRNA -B - R Jii
KA 3wg, J7 & W AT, R, 23 ) Bl B G B Xf
pX335 — sgRNA Ji Az, J5 i [f] fi . (4) 40 g ik A 20
DNA £ 3. 3 [ % % 20 0 20 M55 2 IR e 29 3 K
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JETHAC ML, W SR 24 2/3 940 L 5 S T 41 DNA $2
WO A R IBCHEE AT 20 DNA - Bl e 9 21 1) 40 i o
TR 3 R 5 T A WO A0 i, TR AR O ik 1 IR P 40
DNA, (5)PCR K ifi MEAG I 7255 2 b 7 Hi /5 B9 A
TP X AE AT AT - F/AT - R LA
R IEYE . PCRAK R U1 :2 x PrimeSTAR GC buffer,
20pl; dNTPs,3.2ul;20wmol/L primer AT - F F1 AT -
R 4 0.4u1;100ng/nl 3£ H 4 DNA,0.2ul; ddH,O0,
15.4pl;PrimeSTAR HS DNA IR & fiff,0. 4ul, PCR 2
FE ok 1 98 95°C AE M 10s, 5% 95°C A8 10s,52°C 3R
K 55, T2°CHEA 30s £ 1 B, 3L 30 DR i
J& T2°C SE Al Smin, O PCR 7 ¥y 7 17 35008 B 5E I R
UK, X5 448bp BT Y Fr B gE AT R A1 4o AT DNA I
R B35 000 P 0 P £k 1 1 X sgRINA B 5 1 FHT B 4 i) o
YERIBITEE . (6) Ui 6 YAF2 £35E Rl B3R A 200 ok - 55
2 WHEGLY) 3 R JE IR IR AN M 1y 273 T 4 AR T
21 DNA AT 203 28 200 3 11 H5 R0 6 32 7 R o i 200 JH
Bl 10 /32 T A1 LB L AR AL 0. 1l T 96
fLAh . 10 K J5 BT WS, U8 i 5 20 D v B e o =2
24 fLAR IR B H YT KRB IR AR 6 £k, 4 6 fLAkth
AR IR B 80% Ao A7 I I AL ICEE 2/3 4l i, &%
AR AL W YA TR B R Y A0 0 )
17 Western blot ¥ K ] YAF2 & (4 3= ik 1 L. Xt
Western blot 1420 %8 5E Y AF2 33k B 14 1) 40 10 e e
FEWCEE AT 20 DNA i ik PCR 4 58 1 5 R 0 e, 4G i)
YAF2 [ 2T K A Mo S A8 B TE SCR7Z
& ES

1. pX335 JFUkLfR B S 5 4% 1 MR /Y B3t : pX335
UKL L U6 Jii 8l T4 5t sgRNA, Lk CBh & 3 F J 86 &
A% E AL T ) 1N 2 B A U Ak Y 1k e P BE K T
Cas9 Y] 1 [ (human codon — optimized of streptococcus
pyogenes CRISPR
hSpCasOn) () K3k, Y] H FAH L IE # By Cas9 2K
T AN A B, A RE 7E XWUEE DNA /Y — 58 BB
BV AN T B HTE 8 DNA XUE W ¢ ((double -
strand breaks, DSB) , ZEAZ R B 4% Guide A - F -1
1 Guide A —F -2 iR kK J5 JE B sgRNA - A 11 [ Ui W
HESEAZ AT W2 P 4, HoA & R S M M R s, w44
seRNA - A - F s [R5 1615 2] sgRNA - A 19 R ifF
XU SERZ AT TR PP 51 sgRNA — A =R [ sgRNA - B (9 -
T (FERAT RTINS R LK 1) o X sgRNA
E 51515 hSpCas9n #E4T DNA 5Y 47, 15 2 #49)
] B 29 SObp , #5411 10 Z [A]HE J& DSB, 1571 F 3 [F] I8

.24 .

associated protein 9 nickase,

=)

K Ui i% 4% (non — homologous end joining, NHEJ) ¥ 47
B,

W

&1 sgRNA ZEMREBZEFERFT T
sgRNA SERATRRF 5 (5'—-3")

Guide A - F -1 CACCGGACACAACCCGGACACGACG
Guide A -F -2 AAACCGTCGTGTCCGGGTTGTGTCC

Guide A -R -1 CACCGCCGAAGCCGTCCTCGGATGA
Guide A -R -2 AAACTCATCCGAGGACGGCTTCGGC
Guide B -F -1 CACCGGGCCTCGGCGCTGTTCCGGA
Guide B-F -2 AAACTCCGGAACAGCGCCGAGGCCC
Guide B-R -1 CACCGCATGATGTGCGATGTGCGGA
Guide B-R -2 AAACTCCGCACATCGCACATCATGC

25t e AR i 47) P AR A B e 7

2. NZERY YAF2 BRI (1) A T2 12 5 4L A fk
FLE 1 X 24 K 82403bp , F7AE S Fih i A5 A ] £
10T B 42 48 Ak, 4 % E , HeLla 4H il (1) YAF2
B EE W 2 By R4S (NM_005748.5) , H: mR-
NA &H 4 A8, St XK Sl 540bp, 2k 45 5
180 NEEMR ., T 1 /M8 7 L4 X KEN N
26bp , RiE A1 sgRNA, Bk 54 B 0 126bp 56
2 b8 FAE ikt sgRNA B IX 8, X T 48 3
i %F sgRNAs,sgRNA — B #y | F IR R 51 58 4 T4
2 Ah TN, sgRNA — A EF#RF AL T45 1 N &
TFrf, RUWERRE AL A 2 AR TR, PEXT sgRNA
R RV BRI bon] USR x5 2 A0 1 g 4
B, PCR Y IG5 ¥ AT - F/AT - R 43501460 T4 1
& RIS 2 &, 373G 7 1) 58 4 TR 5 el o 2
K 1), 2 DNA 7 5 3k, 8 4 40 /& pX335 -
seRNA - A - F_pX335 - sgRNA - A - R pX335 -
seRNA - B — F £l pX335 —sgRNA - B — R )46 A ¥ %1
R Aor 5 T ARAT , 5 2H 2 A4 2 ) o

3. PIXF pX335 — sgRNA A] 2 &5 % YAF2 %t [ 1
PR A5 PN pX335 - sgRNA S J5 5 Yy Hela 41 iy,
P35k 41 it B4 v B 22 R, WACAE 23 AL, DL B SR
2] DNA g #itl, 3 384 ¥8 4 5 B L 7 91, % PCR =4
[l B T DNA P o B G e — X pX335 -
sgRNA () HeLa #f M t1 HI [F) #F 19 J5 ¥ Ak B2 5 i 17
DNA WU o T 48 M it o B A 70 0 AN ) 58 A8 28 70 Y
HeLa Zf Jl 4t [F] 77 75, B 9 388 7 9 e 1 X6 #8407 5
UT DNA [ G 51710 76 00 04 1 1O B g, B8 A8
A1) 1) SF- 359 068 R 5 A R B 1 OF- 28 06 R 2 b TE —
PR b AT DU s R k% . A5 AR o, 5 AR AT A
ALY, e [ 5 % 20 40 (9 DNA 3734 75 %) o 30 0 8 149
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5’ - TGCCTCTTCCTGACTCCCTTCCCCCTCAGCCGGAGCGCGGCGE
GCCGAGGGCCCGCGGGGCGGGGGTCGCAGAATTGGGGCGEGGGGCGGEE
CGGGGGCGGCCGCGGGECCCGGGCACCEEGCGCGGCCTGCTGGTGACCT

GAGTCCCGGGCCTGCCCCTCGCGCCGLCCGGCCGGL
GGGGTGGCCGACCAGAGGACGCCCTTGCGGCTGCCGCCCCCTCCCATGAC
ACTGGCGGACCCGGCGGCAGCAGGCAGACGCAGGTGGCTGTGGCGATAG
GAACTGGGTCACA-3'

E 1 YAF2 EFEEXE M sgRNA $4 m REE
ik RS Y AL B A FORMA T 518 PCR 51T 51, K (05 57 B 5 7 1
RS 2 AP T IO, L0 TR P 51 55 1 X sgRNA, 58 (5 15 41 S 2 2 %
sgRNA, T &Ik brid PAM ( protospacer adjacent motif) ¥ %]

EIE K] pX335 — sgRNA XFHUAL i A AR TG 1k, B S0 5wy, DA PO Xt sgRINA St [ 4 F A i B 2k %
GEAL 5 - W v LU S O Qe AL i B RS HR(E 2) .

CGCGCCGCGTCGTGTCCGGGTTGTGTCCTGCAGGCCGAAGCGGCAGCCGAAG

i x l

BIYI A,
PAM 1 Guide A-F

B CGCGCCGCGTCGTGTCCGGGTTGTGTCCTGCAGGCCG AAGCGGCAGCCG AAG

etk

BT
PAM l Guide A-F

( CGCGCCGCGTCGTGTCCGGGTTGTGTCCTGCAGGCCGAAGCGGCAGCCG AAG

Nﬂhﬂﬂuhd .l.m,.l,“m,@!gl,l!,_,.“A!LJL.!L!

A
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YIRLA
PAM l

Guide B-F

D TGCACCTTCCGGAACAGCGCCGAGGCCTTCAAGTGCATGATGTGCGATGTGC!

2 DNA U F # il 7 Xt sgRNA  [54E A B E 1%
A WF T HeLa 411 76 8037 17 B6FJIE 000 FF 0% 1 5 B B pX335 — sgRNA 36 [ 2 4 i s 6 X0 37 3r 5 F) 00 g P15 €. pX335 — sgRNA —

A - F/R o A%
PAM 351 K 55 Y) 37 253 340 b 1 R 7 A

4. ARATFRE BB YAF2 SE R 40 M bk 2 Bk
Western blot 146 Il B o7 [ 20 g i YAF2 & 1 9 R 3k
KO, 45 5 R, B AR A HeLa 20 MO b 68 4600 ) 43 +
G 290 25kDa () YAF2 & 4 2501, (H7E 2 Bk i 1€ 5
SiRERY HeLa 40 h YAF2 2 (44 H R (B 3) . ¥
X A 4 L RE 7 5 7 51 1) PCR P24 5 pGEM - T easy
BRHEAT IS T W AL B Coli 40 )5 25 $k X
4 DK AT PCR %7 (K 4) i T4 3 5% K/
L, Kb A 4T DNA QU5 o 7 25 5 o, B9 bk 4
0 A o 53 A R AT G 0 ) G e 2 TR 3l R A
B R IR A AR (B SRR 5 N & RS
TR AT BT A e (K 5) o 2t 7E IR R 2
FI K LRI T YAF2 Gl o o

wi wi—1 wi—2

25kDa— | qmmm— YAF2

’ -—| B-aclin

3  Western blot 5% 7F YAF2 EE 5% HeLa
MAh YAF2 EARARIEKE
w Sy B A UK IR, we = 1wt =2 43 31 Sk i DR RREBR 14 2 Rk B S e A
ik, B — actin 4 g [ A B X IR

bp M w1 23 4 bp

M w | 2 3 4

500~ ==

B4 wt-1.wt-2 ZERIMREMASHHIEMN PCR B
2% # pGEM - T easy k5, B % PCR =41
IRAE tE R R Rk B
M. DL2000plus:5000 3000 ,2000 ,1000 ,750 500,250 ,100bp

.26 -

& B4 40 L Y A X R A Y I G 1A s D pX 335 — sgRNA — B — F/R Sl A% e f4) 4 0 it 7 X 1oz 437 5 ) 0 e e 1] 5 sgRINA |

T ®

AR LG A% Gt 1 [a] 5 o 2 A0S 0 i 8] i O 2, B
F18) 35 DR i 6 T 2L ——BF 48 B R B ( zinc finger nuclea-
es, ZFNs) , % &0 7 #8800 7 4 2 1 ( tran-
scription activator — like effector nucleases, TALENs)
AR B % 18] & 45 0] 3¢ ® & (clustered regularly inter-
spaced short pahndromlc repeats, CRISPR) i 15 %} 3£ [H]
i B AR AR L I 3 R L IR G AR kA
Joi b #J2 FE P 5Y J ,%B?fﬁt DSB I3 [A] i B 3 A
Mo R ZAEAE TS CRISPR 2 G2 40 T 0 187 20 141 7
I A 3 A v R i — b 17 e B 8 7 AR, P R X
YA 2 195 B M Sb I DNA, CRISPR % 4t # J]
crRNA (CRISPR - derived RNA ) #1 tractrRNA ( trans —
A M 56 9 VIl Cas (CRISPR -
associated ) 8 [ R 95 3 XiF S FF 41 14 B fige L DT Sy 4
R AR G R CRISPR R 48 3% — R,
CRISPR/Cas9 # A ZF H A T4 B sgRNA k5] &
Cas9 # F /e 4B AL 5 52 0t 57 U, #4541 F 240 g 4 & DNA
16 52 3ok A 1 v i T 230 S B A IR A A BB G, L) S
BUREDA i o RHELAS 1.2 PR PR i 4 T ZFN A
TALENs, CRISPR/ Cas9 3 4i 47 % 2 1A A 8 frj B e ikt
A ARG, R 2 v A I Ao

CRISPR/Cas9 ZGEHHI[A] I8 sgRNA 5 #L07 5 Y
HAMRGI G S AL TR N DI BE Cas9 78 HE s #E4T DNA XL
HEU) ], 40 M58 ik NHEJ %) DSB #4718 &2 (3 2 25 7
W 257 577 A BE AL A0 T R B 4 AR (B0 Bk 2k, AT
REIE e it 58 A2 5 o L9748 . pX335 J5i ki K ik 1Y
Cas9 I HEF{AE DNA XUEE Y — 4585 IR LTI I, 24
PN U1 0 8] B AR I s, P DT B 22 8] 1) DNA R B 2s o
B U1IE i DSB, i #E 47 NHEJ, [ b, fd ] 18] B 76

activating crRNA ) | 2%
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wt 5/ -TTC CGG AAC AGC GCC GAG GCC TTC-3'
wt-1:-5bp 5/ -TTC CG- --- -GC GCC GAG GCC TTC-3'
+25bp GAG GCC TTC-3’/

5/ -TTC CGG AAC AGCJ GCC

GCC GAG GCC TTC AAG TGC ATG ATG T

A

wt 5/ -=GTGTCCTGC AGG CCG AAG CGG CAG CCG AAG CCG TCC TCG
GAT GAG GGT TAC TGG GAC TGT AGC GTC TGC ACC TTC CGG

AAC AGC GCC GAG GCC TTC AAG TGC ATG ATG TGC GAT -3’
wt-2: -26bp, 5/ - GTGGCCTG— ——— --—= === ——= ——— ——— ——— ——— -CC TCG
+2/-48bp GAT GAG GGT TAC TGG GAC TGT ARAA --- ——-— ——— ——— ———

——— === === == == == ——— ——— ——— ——- -GC GAT-3'

5/ -GTGTCCTGC CT- --- —=-= === === === —om o —mm ———

+2/-72bp e e e e el el el el el el o

————— C GCC GAG
B

GCC TTC AAG TGC ATG ATG TGC GAT -3’

5 WHBAREMMERGCGSRMHENREMBANRE

A wi—17E5E 2 AP B F R Bl A 3 iR BB AR R L 1 RS 1T

KA ;B

Cwt=2 58 1 N T 2 A S AR B IE R,

FECmRNA B35 8 5 O (05 SEIREE R R BRI, — RN R A B %)

50bp LAY %% sgRNA 5] P4~ Cas9 ) M i 5 i
BYY), AT LA R0 AN R, 2 B e T R AR
B OARSLYR T WX sgRNA (8] [ 7 K L[R5 e, 3t
Ivi] 1 AR A #07 o5 9 D7 206 B A 2 DR R A it 9, Wk
pX335 — sgRNA i 4 2 74 5% YL 48 Jd 5 43 501 76 45 H 41
{7 S AT DNA B D), DT 4 i % YAF2 (1 il B 350%
WX YAF2 55 2 4b 7 AT B Be i DNA T &
B, LR G 2 DB 1 X sgRNA [ BB A 5040 TF 46
R A U, UF S AR S 56 FH 1) 9 6T A 1] YAF2 23 2
AP F 1 sgRNA A7 G B 36 Pk, B =35 2L [W4E H i
RO AR T B R R 0 0%, S50 38 1 Western
blot 1 F1 DNA WU 77, M 25 1 J50 R & PR K SF- 8 2 T 4
YAF2 (Rl 38 m T 45 R vl S, i T4
Trp 3 B A R B e s A AT AR e H: g A B
SR /N, PR B T A S R R R Y 8 AR A
3 R AR AR EE NS T A BT Sk A A R T
A1) Bk 7 ) A B R R AT R 3, R R A5 B T R A o
B YAF2 JE M) HeLa 40 fg bk o
tF YAF2 @t 5 2 fi (0 AH BAE 7 3
0 27 S R R W 3t A% vh R B EAE T AR B SR AE
Fj HeLa 4 £ 57 19 YAF2 5 5% (%) 40 i ik X+ F
FEMRIE A R YAF2 (9 FOIRE A B L,
% % sk
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