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DNA nanotechnology and synthetic biology
SHI Qian, WU Yuanyuan, YANG yang
(Institute of Molecular Medicine, Renji Hospital, School of Medicine, Shanghai Jiao Tong University, Shanghai 200127, China)

Abstract: Conventional biology investigates and examines life for knowledge and explanations. Synthetic biology,
however, breaks through this paradigm and opens a new research era that relies on the reconstruction or creation of
biological/bionic elements towards new properties and applications. As a multidisciplinary field, synthetic biology
benefits from system biology, molecular biology, structural biology, bio-design and engineering and cutting-edge

biological techniques. It reveals the law of life, and makes breakthroughs. DNA nanotechnology, using DNA as
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building materials to make self-assembled nanostructure, has become a significant support technique for synthetic
biology. Besides the remarkable biological affinity of nucleic acids, DNA nanotechnology shows unique advantages of
the precise designability, addressability, controllability and modular assembly. In this article, we reviewed the current
progresses in how to use DNA nanostructure to direct the arrangement and assembly of other biomolecules (e.g. nucleic
acids, proteins and lipids) and to construct or mimic novel cell elements (e.g. DNA nuclear pore, DNA membrane-
spanning channel and DNA clathrin-mimic networks), biological reactions (e.g. membrane fusion, lipid transfer and
vesicle tubulation), and biochemical systems (e.g. RNA-extruding nanofactories, in situ assembly of viral protein and
coagulation system). We also introduced the attempts of employing DNA nano-robots for drug delivery and tumor
therapy. However, further studies are expected to better synthesize, simulate and regulate biological systems by using
DNA nanostructures. For example, how to recover the property of DNA to carry genetic/artificial information; how to
balance the complexity and simplicity towards high efficient performance; how to expand the production scale and
reduce the cost; how to produce functional structures in cells. Meanwhile, medical applications ask for more
improvements, such as increasing drug loading efficiency, enhancing targeting specificity, maintaining structure
stability in vivo, lowering the immunogenicity and modifying adjuvant for immune therapy. In summary, DNA
nanotechnology presents a broad application prospect in synthetic biology, which will help understanding the essence

of life, simulating the process of life, establishing artificial systems and developing future technologies.
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Fig.1 Schematic diagrams showing the relationship and key

concepts of classical biology and synthetic biology
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DNA fif Jes n] DLAE 8 (1 55 5 DNA, i i 2 F2
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Fig. 2 Basic principle of DNA origami and its development (Scale bar: 50 nm)

(a) Principle for the 2D assembly of DNA origami'’;

(c) Design for curved surface and DNA gridiron

(b) 3D structure assembly with the bending control"';

[12-13]
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Fig. 3 Assembly and applications of nucleic acid molecules

(a) RNA recognition array®";(b) DNA machines and molecular handling!*®!
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Fig. 4 DNA nanoframe-directed assembly of proteins and phospholipids

(a) DNA swing arm and regulation on cascade enzymatic reactions!®'); (b) Vesicles with controllable sizes
(c) Two-dimensional lipid bilayer assembly
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(transmission electron microscopy, TEM) #I AFM
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fH. KB, Ketterer 55 ' ¥ it T N2 N 34 nm )
N TLA%AL, 458 m) 4 A A [5) 2505 1Y) FG-nups B8R
B HIRIKRARAR, RV T BB MR IK R AR X
FL P9 B B R R S R A B

75— DNA 4K G5 1 7547 A= 4 i oo A b i) o 2
JO 2 K N I . KRR JEE TE 2 i i
JRA R, SERIRE TS, W] LAHEAT 40 i A N o) T
ME TR sh T #eE Eshiz . Har, A
S R ] DNA 9K £50R ) N TBGEE, AR
R R IR 7l , E R A N AT T sk
2012 4F, Langecker %5 " %11 1" i 54 25V 17 DNA
W SRR R N T YA AE e I AR A T
DAASE Sk 78 B AR &5 4 8] 72 72 N3 I 5T X2 i L
o SR 6 2 MR e R I ) 2R G A U 2 e A A, AE
B E R AR N B i S M B A SRR T IEE
SRACLIR i N7, SR T 2 5 A6 AR AE 375 4 M AT

i # o, Lo &Y oM o# 7 moMR OB R
(phosphorothioate, PPT) &4 N T 1E, %

ZiKh 6 2 DNA IR AL HE i, A A209 2 nm,  JFE
%ﬁ%ﬁl‘ 5 K BT LG 88 AN 73 1 R 245 73 93
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Fig. 5 Mimic and construction of cell elements

(a) Simulation of the nuclear pore complex **' ; (b) Simulation of cytoskeleton protein and network

I A A G AN R g, DL T A
A IS I R . B T R IR
AR, IEFERRKERET DNAYIKE WA T
JEE L A 5 A R R H R, S AR BOK AR A B 1)
Howorka 4 &5 4 ) 7€ 2021 4 ¥) ) — &5 Nature
Protocol L AHEILRIR T % 2 FL3E i 55 E AL i A
Tk i R U 732, R A N R S A
TR TR R NIRRT EEZNSE,

WA A 2 i — ol 200 L PN IO HR 5 g ) B e R
ERAREVE R =B 2R 851, R4 A AR B
W E BT R R A, IR B R A R
B SAE G J5OBLUZE A B O B 4 B S . Journot
A VR R B 1 IR (triskelion) BT T =
() DNA Z2K 2544, ) REC [ ] DK 3 o2 8 T
J LA FEGE Xy 12 b IMNIT P T EE S vT LA
SH MR [ 51, FIH TEM A] LA %2
B =L RE TR TR RE ALY,
X RS = BT RN TR R
322 B

12 H DNA K BRI DU @ AR 26 B, X AR

Wk KRBy 72 519 5 % A8 P R 2R AT B4,
A BT K 52 2% 1 AR i IR AE AR SR AT BT B R AR X
W T, I HRE S 1L K Sh XS B T 25 HOsk AT 45 1 110
P o REE 7 AR W IR 5% 0 A B A A B B e g
HARS, BEXYTEIRASSHERTE.
e e AT F2 77 ik BUAR AT LA B R BUR 73 1 4 A
BEE. AEERMWARSHER, JHFRE—EM
EER B, EX T RSORER T {5
Fo o Bl I e 0 AR e AR A5 A B SR I BE N A
HB € K 2% ) Lin Chenxiang B #5143/t 5 R i 17—
RAVEETAE, FF DNA G9K G50 13 1] 55
Wrotseft 7 B T A

RS2 — A EER IR, WETEN-
e D A 8 @ R S IR i s R - S I S
(soluble N-ethylmaleimide-sensitive factor attachment
protein receptor, SNARE) fEiX —idfEH i 2] 7K
#AFMH. SNAREEALE S H =FE AR 5
i 5 1 (t-SNAREs) Synaxin 1. 25kDa ) 5 fiih /s
TR G 1 (STX1 A1 SNAP25A) il 32 i1 2R 1
(v-SNARE) synaptobrevin-2 (VAMP2) . Xu % 7"
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T 7 DNAGKEN, J8 4 € 7 41 ml DL — 2 24
1 VAMP2 FIIR 5 [ 5 7E 99K B0 _F 48 1 21 N
H, FHH & T —X DNA R4 (tether) v-tether I
t-tether SRR IR 1) REEH 1, &1 DNA v-tether
ZNEIS: N

(small unilamellar vesicles,

L L e o

i Mo

SNAREZE 14 #:

SUV) ] Ll i B K /E 4 22 B 9K 30 B, IXFF
fe 0% 12 1fi 7 DNA t-tether [ 32 ¥ fif it XU )2
(supported lipid bilayers, SBL) 2H jl 4 ¥ % B K
148l SNARE £ [/ 3 1 #f 8 A1 T fib & 1) o F
(6] , ZWFFIEY 7 UL — X SNARE &

RNAZH 3
polclsdl

= = TR
DNAZERALEE A
o8l ) o @
\ i ) 53 R
el | IR
(e)

42.9 nm

DNATT 40 22 po— i)
= . gIIOnm
T, e e W

1 2 3 4 5 6

100 nm

Bleo MEILA it FEAI At Ak 5
(a) HWEAHEMEES 7 ) TRE U (o RNAFHgek T 79,
(O BHBEERKREEA DY, (o BXiEsmnAZg ", O NsiEaizs)

Fig. 6 Mimic king biological reactions and biochemical systems

(a) Simulation of SNARES protein-induced membrane fusion'”; (b) Mimicking BAR protein-induced membrane tubulation ™*;

>

(c) Producing RNA in a nanofactory"; (d) Assembly TMV capsid protein on the DNA template **;

(e) Autonomous regulation of the thrombin dependent coagulation””; (f) Simulation of the G-actin movement ™*)
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GV R LA 3B RS SR A

P <08 3T PR Tl i S - 1) A 88 T 1 1 AT
B I R A —Fh B E AR A B R,
RAEAE AL b B EE AL o O T R FUIK Be R E AL KUY
JE R ie | A FAE ML, Bian%E 7 #J%E T DNA
PraRaity, w7 DURS RS2 1 1A I 0T 44 2 1) R BE 2
IR Z S5 MBI 9T T S Ak 45 & B R SORL A T o
4k & % 1 (synaptotagmin-like mitochondrial lipid-
binding protein, SMP) 45 #4358 1 JIg T 5% 7%, K I
JIE J5 4% ¥ 1T DA R A AE G SMP SR AR K B2 1) B
b, A IRPUS K F R,

BE R AR AE A0 N AL N BT 3R
T e EE N . 2P RAR Y 8 ] DB
I B AR Rl 2, AT A B A B R R T
3 1 (dynamins) FIN FAA S ki 12 B 414
(endosomal sorting complex required for transport,
ESCRT) % & Bt 5 Jie 25 14 60, 2 I o1 8 i A2
Grome % " ¥ 7 DNA#T4CE M (curls) H K
SR M R 2 I $2 78 (large unilamellar vesicles,
LUV) W8 [E6(b)]. X DNA %5 i it H
ZH %6 2R A Snf7 I K 22 R IE e 25 4, IF BAEH A
FAHAE I 25 P IR R AU, Snf7 19 N B ANCHR 2 jE
FH AR 5 FE R A
323 MBEAKR

MK AEE, EVERNEAES&ME
R EBAEAE R AT AR SiHR. 5
5 AR B AR BT S5 . M DNA 49K 15
AR, B A 7 AR S N AR R R AR A R )
J7ial, AMEE BT IR RBAAE RPN, WA
TN A P A5 R AR AR R RO 2 4R T
R

2020 4, Hahn 4§ 7' it 7 — 3K RNA £t i 44
K] (nanofactory), 1] XS RNA H#EAT 76 % (1R
I AN T AlATTR T AR ELAR O 60 nm )
DNA &M AN “) 557, W “HLas” 1£
Horiz—g F RS [El6(c)]. W “Hl
&7 AiE: ORNAARIT, d DNA BT RNA
REWA R, #HATERA R, FI¥4 30 min BEH
724100 /N #5 UL H b5 RNA; @RNA i L ¥ 75,
RNA A ) Bl AT L — 20 4 e s 7= W R & A U1 )
DR, WCTIT AN T2 R 48 v 30%. 49K T 42

fE 77— RNA # AU T AR A5, F DU 52
RNA 7 FHEFIT H OB sgm,  JF B ok oh B 7=
RNA DLAR 1 AR A R AL T 37 %

NIRRT R AMA RS, AR
N TRIMNE A AR R, K DNA 4K 85 11
NBERR, ATPAESL E24s RNAEE, T & A 5e
AR E AL, 20184F, Zhouss ™ Hygd T H
Ry =AM =% DNA 9K S5, ke
M7 EE (tobacco mosaic virus, TMV) K 20 5
F RNA S 38 3 8 5 7 UG E X se b iy |, X B
RNA J7 41 FAE T 3RT 5 e ia B, w] BUR AL
N FRFEEANEG R, MATEASHHE N
FEAREEH TR 6D ], % T NS il ¥ it IF & &
DNA-FEAE A SR T B2 . TELRF AR
St I, Zhouss U it T sh A% TMV K 7%
AWK R, @by vhde s, v Bk
TMA-RNA #% & 11 /e 5 1 1) 77 2 [E] 52 /£ DNA 44K
GER b, TR AT A RE K BE L T AT DLEEAT
i B e B toehold [X 35, NS 5 B U firh
RNA B [ R, 30170 A 0% 347 4K 72 B (1 10 R Ao 41
3, B RNARBINBR, WHREF L, ZkRIR
BT SEHLR 4 FE DNA-EE A B A 45 i sh B 4L ]
fetk.

eI R G2 o S A Ak 9 AR R 2R A B R
HOPHT AR &R, LR AT R MR T B0 AR S
A7 A BB A G SR . Yang 25 U7 OR] L — R CIR
DNA GREMIH (5030 #5877 — Al ki
Mty 6 s R 2 o) R R i 00 A ) A R B = AN
BAmME EHERSE GHEH [Kee)],
DI ok 18 7 A S AR e R ) (B ASE B P B A, TE B
A ) I35 1D A 35 sz BT B B B A PR AT
W, IR RALEAS R B 9T 3% 5% v i sk i e s
H IR T eetk.

L/ LT e U 4 i AR T e s b, i L
BREE AR (myosins), AJ DL 4125 op L2, W]
DATE 1 FE 25 A A0 I Ak b 5 28 T LB &R A (actin)
AL 2 M EAE . fERILR SR L B R T
M, Fujita®s " #E T HR DNAYRKEW, HWE
WUEK & 1 Ha i@ il linker AL S5 M) b, IXFERT PALE
A PR 2 B B MR e Al R A LB A Sk
wWzsh (e ], MATRIMHY Hn, &5
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Wlsh & [ A A SSH EAE B85 B A R —
M SAMXIREFL G A£EHSER, WX
FLAFE SR B2 AE S Pz ik, BRSREETT .
I 2% 2 B AT DA S BN 2 A 2 Ok AT RS 4% 1
Bl iRt 0 B, ALAT AL S 39 AR ELAR 45 5 A
DRI, UL A AR R

£i b, DNAGURARG TR S EM KD T
HBTE RO A TTIE . R R RTTIH A & MR
DL, 5 DNA PR ERAE & R 2 s B A
LK B Je iy S5 R L 9

4 ARSI A A

4.1 BYiEE

PREEIRIT 2450 CBFE /N FRIEY 9y T2
Y, WREYERAR, 0T A S B A R RS E R L
%, Bf—wrRERMEE, HAE%E R A4
/SN NE 2 K R N R g
JPRLT, AR, DNAGUKEE T BA 4]
FEVERI AP AN, TETF R 25k U7 T A JE
KR, AT PGk 2 & . KAk N 76 21
I [E], AT $RAF B ()7 2k

AT A BE T, B JF R DNA 442K
SERTT DATE — 58 26 F N AT RN 59, AL it
1E 24 ) B0 1) 3 0% 5 T A A AR OK B R W D .
2012 4F, Douglas &5 "' ¥ ] — Fi 12 55 [T 4% 14
DNA GUK ML N, AT UK 5780 1 7+ 25 4 i ik 4
M. WA AN RANAERINSH, T4
Wid i S BT B B A R N R, T A R I T
- TLANP B 53 B R TE LA N TS, 4H i —
E Y57 (PEMEZRITEER, RAEYHIZIR
ERCARE AR S & A ReFT T4, BREEH P
B LB 7 .

MELZ S, DNA 4K 851 Sl s Th A T/
T 24P . siRNA 50 T I E7 . i & &R
(doxorubicin, DOX) & —FE /N F 4,
BAGUMRE R, SR B 8 2§ B0
U0, TR e o ) 3oz U7 AR . I
DOX HAHZ1EH, Re8 4 A\ ] DNA H F: FFK I
R T3 B, I BB R DNA 9K &5 0 1 75 50

8 N faf B ™, /N Tt RNA  (small interfering
RNA, siRNA) J& — 4> 20~25 /> 4% 15 B2 1) W 4k
RNA, FZHZ5RNA T, AT LURE 5 PR UER 40
FEH TR REIT ™. siRNA 5 i 4 9% S 8 58
/N, AR T R KD T R A Y ) AR PR, W] B
| F DNA 442K 45 14 #5 0 siRNA 38 Jin H Fae 1
siRNA 1] DL i 5 DNA 942K 45 1441 1) 4 € J7 41
ISR -t EZ 3 N S | N S D W i 1
DNA 44K 45 1) 383 2 M AT B G169 -« Bl
a1, Lin% " ME T =M DNAYRKL ), [F
I $4 T 8 R 97 &R TR PS3 R/ 4 F 259 DOX,
AT 2 2yt 250 Mg N FLIR S MCF-TR 48 i 2 (1)
G IR TT, TR AR A1 35 Be A 2800 ) s 3G 4,
HIGH 4 B 5 ko

AR, BEFE N LR A [FJEAR 1 DNA 9K
SERREAT T K EY IR T T, B = A
TR W0 BRAR P KA BT K L Y
[T N VA K NN AN 111K % N R (TR N
% . DNAGURKE AT LB N FERBEEN 7R
BN, AFEETEEQEEBRIEH. M%
HEMKHA A D E AR NS E
T T JE i N 0 ) 70 BEL D 3 % 1 7 9 ET DA 45
RN 40 M B s AR AT IR R Y. AR, 4H B A
DNA K5 K B ARSI A gk — 2B i 5

5210 DNA 992K 45 74 40 R s 126 (1) 3= BN 3= A
Fh: M IRTY T GERTEAR T g RN B
SR I VO A e R o T R B ) A3 A
S AN VS i BUB SR AL 7R e da s b
DA B A O H B . AR, aE AT DL IS 1 B
AK 7% E 3G 0 DNA 94K 45 14 1 20 P 3 328 25 %
Mikkild & " ¥ 2 7 K/ 72 nmx92 nm ¥ 5 B
DNA #7148 45 ¥, 51 & 48 2% BF 5% 9§ B8 (cowpea
chlorotic mottle virus, CCMV) [ & 5% & M
(capsid proteins, CP) AJ LLidid & AEH A 434 T
gim) b, JFHait i, JE i DNA #T48-CP
Hak [ET7Mm ], N ILREE BRSO 8 45 1)
P NJE'E 293 (human embryonic kidney, HEK) 4l
Mo, ATRLR IS B ER A AR M AH L, DNA 7 4%-
CP & &I 20 i i ik 3 2= 48 v 1 13 1o

Perrault 55 1" A58 400 A A0 55 1) BROIR 6 5 45 1
H 52 7 B AZ 250 nm ) DNA J\[H /& £5 1) (DNA
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DNAFT4E
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DNAZ )\ T {k
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() JBIEIT#E DNAGERHLA A B (b) AT R ABMI DNA gikgii U: (o) 177 FE B IG I 1032 DNA gk gh iy [10s)

Fig. 7 Applications in biomedicines

(a) Logic-gate controlled DNA nanorobot™®'’; (b) Viral capsid protein modified DNA nanostructure!'*;

(¢) Virus-inspired membrane-coated DNA nanostructure

nano-octahedron, DNO), H A5 B A& 1 1 5% 4%
TR W] DL 4544 i) 48 A DNA #5E P 411 2428, IFAE
iR PP ARSI, B S s HIE TR AT LS 2 AR
ST I BB 2 ¥ DNA 9ok &5 [ 7(e)]. 57
AL DNO FHEL, A ELJE ) DNO JE 3L H AR 1)
25 I 25 AR B A8 (1) 4 PR A A T R

[105]

DNA g 2K &5 #4) ] DLE o 18 1 A% R 3 FC 1k B
] 1 A 386 o 25 0 1 R, DR IR RN .
Ma %5 " anti-HER2 #% IR 3& Fic ¢4 in 2% 21 DY [ 14
DNA 20K &5 b, 1% 458 7] LUKy 53 4 #E 7] HER2
FH P 8 SK-BR-3 A ALl 4t i, J8 i 75 5 HER2 /i
B 2 R PN A RN T A PR A, DT R G A i R
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[ HER2 Kk, 2 UM T, 6] fih e 40
MK Ge &5 P ) BE A OB 1 FR R DNA 442K
ity W TR @Eyiik-257 45 &1 (antibody-drug
conjugate, ADC), FCfk2- [3-(1,3-FRFEHHE)-IR
]k =1 (2-[3- (1, 3-dicarboxy propyD) -ureido ]
pentanedioic acid, DUPA) W] DL 5 i 41| B 5 55 P s
Pt i (prostate-specifc membrane antigen, PSMA)
Zity, K% DOX (Y] ADC 45 5 P b 3% 1| PSMA
FHE ) LNCaP A i 51 e 40 2 .

4.2 BEETT

PPN 25 (I Dox. siRNA28) #4741
JH 3253025 2 B FH bR VR T AR R DT 58, FERT TR 2454
WHE T OAMuE N A BRI, BERGUOREE
HG T A B IR AR FH DNA 4 K ML 47 i
Je L8 A FE AN MR BE Wi T, AR BT 1R 1 1 T
M. 20184F, ZWREH BT T —Fh DNA 992K H1
NS I o o D o s e M R A R 7 R
2517, FEIX P DNA GKE IR S5 4 1) P B am a2 43
T AWK sulfo-SMCC 3 #: 1 — & H & 1 % 1 4 ,
“BUE A7 SRR R AR S R IE A, W]
DLARE S P R 000 i g I 0 A %A= % (nucleolin) .
EMIRE A S MR A i RSB G, 4R
HoRFHIE, BiEREE T, NS mE N
AR T AR IR G . 2021 4, T #g i @izl X
Fy gt 7 — Ff IR DNA 94K 45 ¥ F DAIT & i 98 o2
Hy U, FLNEREEAL T M [F L — APt E (OVA
Z KD AP A toll- A 32 AR I BN ) (dsRNA AT CpG
DNA) , %45 # ik N\ i i 52 2 40 8 (antigen
presenting cells, APC) HIVABFIAR, pH ) FEALAL
“BUE AN MRS, SRITNFETE, BRI
PR AL 2215 T APC B2, 175 K 5 11 i 988 45
SR T 40 M S e, BB AR IS T 4 i 4 98
%, ATLAA RO R /N B G 32 R ) TR IR 22 . AR
MM, KT DNA 40K 55 16 %L T 24 4 366 32 0 Jiv g v
77 BB H AT = T AR ETH, &
IR ICA —BEE, FEFILATGRET K
R OFARES A, LI ER & @REFA
RPN BT TR B D FRAR 25 A N AR AR AH SC L
s @VPFASLE N A A 77 A 1 G e SO

5 kSR

2k LFTIR, DNA KM T B A &
. KSR AT SR EYISE RS EE, RN
KA B AT 5 A R THD AR B H R AL B, LA R
NE A F BER SRR AR KSCEHN AT
WA H DNA 9K 25 M3 AT 108 85 1 R B T 11
AP RN, MIMSEIMAEN Ky T4 4L
ZYEDNAMEZE 3. A B AT RS e
FIH DNA 9K 35 AR 2 45 A= gl Bl o i« 2B 72
MANE R, BFEGENZAL. N TEEE. Mg
HESMMEC A, MBS TR, 40
MR S IR, AR RNA G R iR
FA R BEILRGE B R0T AR WA H
DNA 92K 25 M 34T 259 16 MR VG )T, R
THBAMM . M IERCRE R R e
) PR IR 7 9, DA SCTE e I A5 R 2 L T Re o2 1 O
RITHEHIN . 12 1048, DNA G KE ARG
MRBECEAHEHE TN TREENAE, BRS
R VT 0B AR A 58 38 %, 2 o e Xt 1) A
ol 2 R P 2 N FH () 5 1), B HA PN AR R A T g
HWER . ERR LI L HARTF RS,
T F0 3 AT 1A W gk 47 35 1) F SR 2 ST AIAE R T B 48
R EIER, BB R T BRI 2 1 1 AR A A
IHREALH 2 AR 525, MR R ot 2E 4
Y. BRAEWS . 5T ESESEENT &
WL, R T A SRR R R . R, FATE
TEAEME R, I DNA YK — D&, B
P HEAEMERNEREP N EEERZSGEN
2R, B W] FE O 28 4 2% 58 I DNA 9K &5
¥y b, — 2 FE T Mok A2 AR ] DNA #5308 L (5 B
RE 05 Qo el 7E 2 v S5 A BB I A 2 ME ) R B
PRFE N AR Z 00 187 375 A0 AE P2 IO s R el 8 AR IE
DNA 9K 25 K49 & RS 28 B A I, 3 ASE AR 7= A
B AR A RE BCAS s DA K o] 76 441 B P 56 ok 485 ) 1) A2
PR S, IX B ) U DNA 99K BRI & 6 H
KRR TETT IR . BEAN,  H T DNA 90K AR AE &
BT IR SR o 1S AR BB R sh i J2 1, 7 #
I PR 3 A R T8 2% EATD A7 1E VF 22 i A5 A R 11 ) 8
Bl . Wi @R X DNA 99K 450 1) & B ik, 1
INELZG R ] L8 AR PR B R LR R A% R 45 A 1 A
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SEPE, EAC AR AR PRI 8] 5 o] DAk 5 R 10 S 5
JE Mk B e 2 45 245 3 R B VE s e S8 0 48 e 12
A5 75 45 M L IR B0 AL A ROR 4R an i i A
A () e BB, 5 LR N, BEAT
RBRIT . kb, KRERIBFTIELE Ny i A B Y
il R FORBINGE AR, B0 DNA 99K 25 44 F) B A Al
PR AL ] 2 — B M A A e RS, A A%
Ge R A ik, AR 180 Jo/mg,  HE BLEAT
KRB . FAAEY B 516 Rk R EEY
SN 5 AT BE iR R IX — A A R . H R T
¢ L2 A LU FH I B 4 A DNA % Bl 56 1 225 14 T 5
MUK JEREERZE A B 4%, W BLR T BRI
BRI ET WP, HEFEE kK DNA % g
NRFERTHRY] T J7 Ao TP A 32828 #K O9 DNA
PURFAR I iR 55 T & A AR e, Bl
% DNA UK EOR G5 Beit . Dhmetife . MR A
S 75 T (RO AS ISR R AT BT TN PR N Y B
TE R R LA S5 8
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