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Abstract: In addition to canonical right-handed B-form double helix, DNA can adopt various
higher-ordered structures such as, a hairpin, an A-form duplex, a left handed Z-form duplex, a
triplex and a quadruplex. The thermodynamic stability of these higher-ordered DNA structures
are shown to be strongly dependent on DNA sequences, and thus the relation between
higher-ordered DNA structures and their functions has attracted wide attention. Since
higher-ordered DNA structures are considered to appear rarely and transiently, the development
of single-molecule level probing methods to investigate when and how they appear is highly
desired. So far, we have focused on the fluctuating emissions between bright ‘“ON’’ and dark
“OFF” states of fluorescent molecules, so-called “blinking”. We developed a method termed
Kinetic Analysis based on the Control of the fluorescence Blinking (KACB). This article reviews
the discrimination of a hairpin, a duplex, and a triplex DNA sturcures by KACB.
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Abstract: We have recently developed nanomechanical DNA origami devices, DNA Pliers and
DNA Forceps, which can pinch exactly one target molecule, and transform between X-shaped
open and parallel closed form. Detectable targets of such DNA origami pinching devices vary
from proton, metal ions, small molecules such as ATP, to gigantic proteins such as antibodies,
since there is almost no limitation in the choice of ligand(s) introduced to the devices. Although
single-molecule pinching of targets with strong binding affinities were successful, targets only
weakly bind to the ligands were often incapable of triggering transformation by single binding
event. Cooperative and multiple binding of such targets is one of the good solutions, although it
makes the binding profile more complex. To improve target pinching efficiency and form
discrimination under AFM, allosteric control of the pinching devices as well as construction of

more rigid DNA origami devices was examined.

[FLOHIZ
AR R BB IO LTy A A=V 7 Hiim I EL, TR LW 2 E
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HERC T DDNAD L A FDHLZ HLS 28 B L T, 64KD ZEHHEAZNA120° DK THRA L TS
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(6HB) &) o ZOIHRE R/ I—YZ2 2K E L, LiEdDDNA Pliers® 9 ZHolliday Junction Tk 4
HZELIZED, —RDF—F Y N2 KO T-OETe DNA Chopsticks SRS 15,
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90°C/H25 CETHRA (-1C/min) T5Z& T, BSKIN70 nmD2AERDL N —EFNBRLKFED T ) AT1=T)
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K3 TN ALEAAEHDNA Pliersb B4 T AMEAFDNA Forceps® AFM{%, SADYSINT,
DNA Forceps® %23 () o

ZOIRAVIIT AAAE NI =Ty M2l T2 FIEEL T ET Y= v My F2<0F T
e JOIZ 15y 721 % 3 2B ERERE (pinchingBéiE) 2B R LT, ¥ — 7 v Lis<HEG T2 R
T T NAADU AN —EO S ENE NS T DEALTEE, ZUWOEFRIFEI15 DX —57 vy
FLFEA ST D, ZHUCEDL S — [T 772 8BS N AR F i, Il AR X LT2RABIZH DL N — D3
T2 ACTRIEA LT T D, ZOT NAARROREEEAEZAFM TRLIEE 35281280 ¥ — 7 v IR
BNICFEET DIt 5, LA 2T N4 F o CEM UL, RTICNMZ AN TR E
VU (SA) B FIETRE G L. BIBRICBIEE CEOME RO NI L2 7THIAPHU 7o paralle R I &2 L5
Do L= T NF LA TEMT VUL, RERICHI T VAL BA L HFURD ST NITEE 15 1720
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Ba T HIENTED, BHAFM TH U RV EEBIE LT 72T Tl 7272 O EIROMIEN L2 57205
THHD T, DNAFVHIT AAZREFEHL TUILOH TTELE Y Th D,

712 — D DOLEREHEE AR L THYTIT NARAZ AT S [pinching# | 13, FEH 1TV BAEH 2=
FTSARE DL =7y ML TV, ZL LSO PR LU N DM BAEH LRI NWE—5 v M T,
FVHAIT NAAD A5y el G B A F R TEAR NI ENFREIND, DNAFUHIH 2R HL CHHEE
FEDORESNBHDLDNAT /HEERE DDHH RO —D1E, HIHODNAZEIER Lo | L TEifES
HDHIENTEHI LD, T THNTEUNDZ—7 NI LTI, AVITIT RAADL N—E E
IZ4FLDODNAHAE v /=D DO XHITE AL, 2O REIPIC/EH S5 [ zipping i | 2 L7z,
ZOFER, 12 merDErT B AT BLF|—AREEDNAN — BAb T 2P Z2FH L T, WK ONa™CK O FFAE
EAVHIT NAADOHEEEALEL T LV TR 22 ST B LT, AR, IR O Ag DTFETE
H, C-CIAV YT DR EEFHATHILE TR TES, SHITIE, FHEIRMEEREE F O A TSI HDNA
M EH THDi-motifa I § 22T WK OpHA L AR T 52 L Al RETH D,

B O EAERZHRMIAERSE THINIT ASARERPU AT 5 [ zipping it | L1z, #—
7o bR HDNASE DM BEERIZED, HODLD AT TBWZT NARAERIRAICHL LT —F 'y
NOAFTEZ 0T 5 lunzippingéi& | 12 OWTHRFILTZ, HOEUHALSTZDIZfE > TUV7-DNA . EH 4
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(BT DRSNS, DNAT 74~ —IZ BT oS 2 b2 3528 T, microRNARATPZ22 E %5y
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PliersiZPAUC 72 AR AR D ZE BB 72 o7, BRI T TR 2 BRI FHEL-2 TlX. 12048 F )
RL-12255 D BRI DZDNAD AHANBRE G L, B CIEIEF BB VR R E S RN TETND
ZEITRY | T SR F DOSBROIEEA~DICHRES IS D,
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B SEFFOX TR X LT R RIS NI, BRSNS RO 9FILL ik 1 ZF #2230 o M 524270
TR ZEARFF L TERY, 3~4FDMu SO P i, A Z - TV ZHERDDNA Pliers& bbik L T, AFM#E
BIZBITH2EREEOH AN RSN, SHIZEATF EMICLDSAD T OEREEH~T-L2A, Z
HOIETPRICK LT, 4B DT SAALP AU IR ~OREE LA R L T oTe, B4 F AL
DNA Pliers& D% BIR G A ERL . ZAUZSAZ M A TRIGEM TIOR854 T M iE (L3R IIDNA
Pliers A B AZ @D o7z, ZOZEMND, DNAF VT IT NA R L TH—7 v Ny 1 ORI 7e i & A 2 &
FI2WGA T, J0Rk T A IDNAA VAT FAL D F MR L TODIENRBRI T,
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T&D, LEXTFA T, VBBV AT LTI T FRES O EHE Fio g T e —27Ths
PNA7Y, DNA “HEIZEDIAA TINZ G EIIA 9K (Strand Invasion) 728, AR H 45 -1 ZHp & LT
HOENDRF R AL A HER . DNA Pliersk 7 /VERIKEN 52 L CREICHIT CEHZEN D> TETS,
T AR E S BAEICAT A, &S (TIRF) BEEE L8 B ATIDNAZ #L 2B DB 1= 48 i 44 e
S ERIED — D THHDNA-PAINTIE LMl A BB IE, T A ALY T OREEELEZ )T V2 A 2R
T2 EH R ABETIFARNE A,

PERDFEFTTIL. DNA PliersOAiE 2 b Zcrossthd RO AT LR (2ARDL S —R3 R U &% [h)
Vo parallel Y 36 LN [A] X (278 > T-antiparallelt) DO 6D — 5 LD TLOMTIZEN TER)-T205, b
N—[Al L Z2HE AT HDNASEDOE SN Z TR HLICED, ERo =->DRERTHBIITERSES%
DOREEITHREZH L T4, Parallel Lantiparallel o0 O ZE R Tld, L N— RO B B EEEEIL200 nm
IZHBLS, RVAF LB —=ARURY — LR E 2 ET 28T E OB I L OB LA,

INETOBRIL DB ORI 22O EEL T, 4 H TIEIDNAICH A THZEDTEXHILAY
WIRIREHIRD 2N EF > THl S TIHRWERE DS TnD, Tox BHFELICT /AT =TT /SA A
b, ZIVHETE L TR & 229055 BF ~ D I A ARSI D

B

AWFFRIE TN, AR BB 2 B 22 o # —/Ner (L EFFE R B KON, BT R b Ay T2
HAL S '8 LA R RENE 51 40 TR 8 =R 12 C L RBHIF 2 B AT 7E(B) (24350088) . 7“7 fE e 95 [ 43
FrRT 47 A1 (24104004) . TV 7 b5 E | (23106706) | ISTSE AT 45 il & B E A H ) BE I
(JPMJPR12K4) | 3L OEF 1 HF 228 4 (BF OAFFEAT) O R ICESW T Tbhie, ZHRE, 2
L IZEST/INVE ILHE SR (BIMANA-NIMS) | KRR 54 INEERE S 5E 4130 AR, AR
H-LET,
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Abstract: DNA structure and its thermodynamics largely depend on not only nucleotide
sequence but also molecular environment around the DNA strand because hydration and counter
ion condensation, critical factors affecting DNA structure and its thermodynamics, are dependent
of molecular environment. In this study, we discussed how molecular environment in a living
cell, where biomolecules are crowded, is different from that in a test tube. We further used one of
the typical osmolytes, trehalose, to induce molecular crowding conditions and evaluate
thermodynamic parameters of a DNA duplex under the conditions. It was shown that trehalose
and a synthetic polymers show a different effect on thermodynamics of the DNA duplex. These
results suggest that trehalose affects the DNA stability via a hydration change and other factors
such as a direct binding to the DNA duplex or an excluded volume. It is possible to propose an
importance of development of a cell-mimicking experimental system with naturally-occurring
biomolecules to induce a molecular crowding condition for investigation of biomolecular

properties in cells.
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SEALTHZENRENTND, ZDOZ L, o T EBRESEOMRICE 59222 RmE T 550 THD
EBZHNTND, — T, ZNETOKBROMEECHAE L OBMITEICBI T 2L, fFFExt &L 95
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AAETE I 260 nm TRLAR B A HIE LT, S0 7-UVERh BT, BRIk L CIEfIE — ks
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YLOHEIREET, 0.5 °CminTTY =—V 7 % To72, 0%, JIEREICE T, 1IRF[L EAF=
N— g 5727,

BRRUER
DIVITVT 427 BB I 1T HDNADIE I 22 E

F9 DNA O _HOLEAMEDOEZ ENVEIZRIET 010707 40 TR ERRGT T D701 FEEH
#% (100 mM NaCl, 10 mM Na,HPO, (pH 7.0)) (2 2] 53 7- 8723 200 DAY =F L7 Y=z— L (PEG200) % 0
W% 5 40 wt%ETHML . DNA #4{[d(AGTTCAAGGCGCCTTAACT) DI +% —EHEAMEED
Al E 2 E U, AR B OME 2T, REZEIZEO IR 260 nm (ST DU E A bz vz
(X 4A) . ZD#ER, PEG200 FEAFEAE T O A AR B 5 C DRl ffIE L 7% 66.4°C LHH S 7z, PEG200 O
WINMZAEO R IR IR T L, 40wt% D PEG200 /77E F CiX 55.6°C IZIK N L7, ZOBED A = R/L¥%
— 24k (AG®3;) 1%-17.3 keal/mol 7>5>-14.1 keal/mol ~EZ2{EL (K] 4B) . PEG200 (ZX503 7770 T 427
IZDNA “HEOL W AMIEZ S ) FRINCALENL T HIEN RIS, ZORERIT, TRETICHREI L TD
DO IALFN A D DNA “HEOLEAMEICKIET N 1770 T 4 T RE—F LD B8, —
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INETIZEE SO ZERE RS, DNA O = EHH AR, WEHE AR, 0 iEiE% D DNA O
FHHEYERE T2, PEG200 [ZXB0F7T70 T 40 ZICE» TREATHIELREN TS 8 cnbozk
NS, A ITTT 4T EREICHLMIEN S TIX, DNA OE#ERE Cho —ELEAMENRZELL,
FEREEREE DL EATHIENE 26D, BERIZ, 7T =ICE AT DNA $HEE DM THLT R
VITE AT DNA 88D “HOLEAMEED, 0770 T A T BREETIIDWEEL T, & 4 DIUELE AME
1% (G-quadruplex & i-motif) Z 22 EbMESNTRY Y, ARFFRFEREGEHTD, 2. /7 =12
B AT2 DNA 8§D % 9% G-quadruplex #& & 1L, ORIy 1770 T 40 7 FEB WL > THEEZ B
A ZEALSE D2 LB LRI FENT > NMR & T OIS TVD 2, 20 X912, PEG200 1285
DYITUT 4 7B, DNA OFEEREEZ R EL , IR ERIE AL ETHZE T, DNA Off
EZRMEATHER T HZ e RS,

A S R 5 F2 R R DA 2
FICHRAT LD BEHE R D Ml TOMZIRORE G0 OB R L EMEI BB O A i i

4 (A) 0 ~ 40 wt% PEG200 171E F 23155 10 uM DNA “ELE AL L= UV @figdh i, HE1E 100
mM NaCl and 10 mM Na,HPO, (pH 7.0)fZ ¥ #K H T1T7572, (B) 0~ 40 wt% PEG200 f77E FIZHBITHH H =
N —ZEAU(-AG7) DI, KEIMEITET ) FINCLTE THHIEERLTND,

BREL T COXNLERESERLIEDIREN DS OH D, BlRZIILO LT HEMT DM WBRE N
AN TRECERLI LT, M2 B M UBRENE S+ (BRI TR T a—7  [LER EHE G
) D FBREHIBWTHORERMEE D, HEAH DS, UH L RODNAMESE AAEIE XDk A HEN
NFIITTT AT TR TL, TRAT 2R T27 047 — B OB RIEHILERHIKR T T2282®EL T
WDP, ZNHEDOZEND, MRNESD 5 T BB A R BRE N T RIS LI BRI E TE L,
AR GrF DPERRAT A H TH LT T Mla TIEVEZ PR CEHIERENE /Y DR ETBAZE 1T
AHTHHLEEZBND, LinL, ZNETHFIIUT 40 7R e BT 272D Vb TE72PEG72
EDE L& TR NFICATAEE T M N OBREZ A ITHML TODEITE W,
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ZZ T, MRRANS TEREZ LVEEITAL AR T 22NN ETH D, € Dimrg & L TR TIE, #
Rl R R B WA T DIRB LB 5 T2 N2 1770 T 10 VR EE AL DNADOREIEZ EMEIC
FIET S RE R LT, BBEHAG D FLL TR a—2 (3) U, Fbo— R IR ERRE S
JEFEI Sy THY, Zo RV EOMEE R ELTDHIEN ML TWEY, K5AI, FEEEEICN e —
Z&0 wt%) H40 wt%ETHRMLZEED . dA(AGTTCAAGGCGCCTTAACT)DJER % ~HEHH AN
HEOUVEMEHARTH D, 40 wt% Rl /"o —RIFLE F TOAG31%-15.6 keal/mol TH 72, ZDFEFD,
PEG200(ZtE X T, hba—ZADERNMNZLEDDNA B S AMEE DO RZELE S WIT/NSNZ LSy
MoTz, BURIENZ LT, AG D ZEAbIE I~ — AR BTG U CERA TIX W2 e A RSz (K5B) o
ZAVETIZ, PEG200D W NNZ L HDNA “H O AU E D B2 AR L E)S, DNA EOLE AMIE
DOET) PR EMENME T TLEREMN, 5327707 47 FIDBDNAO KRR AL RIETZih
DTENHESN TGS —J5 KT RLNIAREE DN "o — X2k " ELEAME DL E
fbiZ, P m—2AN T B AME R EMEICRIE TR, KFBREA~OZ RSN DR TR D L%
IRIBEL TV,

5(A) 0 ~ 40 wt% bl \o—ATFEE FICHBIT5 10 yM DNA _ELHEADOBKILL7Z UV @hfigdhir, HlE1x
100 mM NaCl and 10 mM Na,HPO, (pH 7.0)fEE &K ' T1T-o72, (B) 0 ~ 40 wt% PEG200 77 FICHITDHH
H T R —Z{0(-AG7) DA, REREIIET )N L E THHIEERLTND,

T OBFZER] Tk, DNAD " E S8 A L DU B S AREE OB HH0 22 EMICR T DR AF LT
VN-FF R (TMAO) DN BB FTEN TWAD, ZO WA Tid, IKIEEDOTMAON —EHH AMEL
LEAL, EIRE TR ELSERIEINRENTND, £ ELHERELL T, TMAOA —EHEAME
EDOT N —T\CEEERER T HIEDRIBEIN TS, RIFFETHLNE oI e a— 2D R EIT, b
L —2ZADERRX VIR TEHOEAMEEIAET SR RS AERHLIZL O THL RN E XD
ND, —h  HRx R BREE, W, WIS F0 70 T4 TIRE L NI E ORISR EMICE 25
R ERFT LI IR Tl B LD F 070 T 4 T R A e R IR A Lo TR T E D28
BINTENTNDY, ZDZENS, HERAEREIC > T ELEAMEL L ENTAREMELH D, IHIT,
DNAELRNAME 32 IU S AMEIE D) 122 TE P& Ll U7 Boft O BFFEAE R0 Dh | ZKFnLLSk
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DN RAE IR T 206 BHEAFRR ST D™, ARBFFE CRIZS N /e — 2D FE IR 81 DI
TEACHEIE L@ iR B ISR DR L EALBE DIRINZIT, 0 F 2770 T 4 T AID B RS/ B A R HY
ICEALSHZ LR, M2 IR SR 2t D ZH LR AMIE I RIT T M — 2D R F T 2 08 )
0D

PL EDXOITABFZETIL, Ml PS8 &5 BR S N AT IR D 70 F R A Lk U B DG &2 DX E
PE ST HERITICB W CEUREA BB TN ERH LI LM Ui, SBIZ, MlRNG T 8REE
LR D721, RERIHHET DR EEME 0 ChOMN a—2REHWTHFII70T 4 75
BAEME LT, 200 TR CDNA ZEL T AMEEOR IR EEEZFHLIZLZA, GlE S T
HHPEGIZ LD R EIT B D Fea bl a— AR R T ZENALNE T, 2O 0 T O E 121X
L% DESSIRDRHN DU ETHDLN, 5y T7T70T 4> 7 HIDOE WL - T, DNA HEHH AR %2 E M
SONEREIRDZENRENTZ, ZOZENS | FEBRIZARG DR T DML TO LR DY)
P € BICHER 27201213, M ER O 4 1B 5 2 LR B IR L T2 BB R O E N L E THD
ZEbRENT,

HEE
AHFFEIZISPSEHIFE 15H03840., 16K140420D B kA 52 1 7=t DT,
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Turn-on B NAET 7 MEH
Jo—Jnals
KA IEEYME)—FELT~

AWHAFEA o) —E R 2HE
% Ef

(tera@sunbor .or.jp)

Abstract: G-quadruplexes are a higher order nucleic acid structure formed in guanine rich
sequences, which are thought to be involved in the control of telomeric length, transcription, and
translation. Telomestatin is a natural product known to stabilize G-quadruplexes, however it has
several disadvantages as a biological tool in terms of solubility, availability, and accessibility for
functional modification. Herein, development of telomestatin analog (60TD) as a G-quadruplex
ligand and elucidation of the telomeric G-quadruplex-60TD complex by NMR are described.
The NMR analysis of the complex suggested that 60TD’s conformation was altered by
G-quadruplex binding, which guided the design of berberine (BBR)-dimer as a fluorogenic
G-quadruplex ligand. The BBR-dimer containing a cis-alkene linker between two chromophores
showed reduced fluorescence due to self-quenching. Docking simulations indicated that
G-quadruplex induced conformational changes of the BBR-dimer resulted in green fluorescent

emission with low nM binding affinity.

1. [FCHIZ

TT = (G)IXFE 2 D&J/RAAL U HFIE T TE K Hoogsteen B K ZfE A 2N LT 7 =2 &K
(G-quartet) Z kL, 23 2-42 =y b Cr-nfl AAE M $22LTY 7 = U EHH (G-quadruplex: LL T G4)
ZIET D, GAZ T DEANTIEZ A O YL ARG DT m AT §7Ik, c-myca 4O &9 HfE 4 D
G 7 0T — & —E, mRNADOIEFIRR (I8 TROND', GAD AW LIRS REMRAT . AIFEAZEL
TOFREMEIL, GAE R ELHDNIM T DR AL AW GV A L R K0 RE T2, Bk sk
WG X 2 NI L AL ORI D720 T2 D | F OREIE S ERMED RO D, LT3 > T, G4V
YROBIFEIZH O TIPS S FET D EHEH B LU AREHDNA, RNAEOERA 72 A1 % n]
RELT D0 Fak G ER D, ARG TIXET, G4 ZE T DA IR FEM T uARZ T DL
gt O8I EORIR, 2N EGALDE G IR 23R D, BT, ZIMBREb IV /L2
gL AEY) —IRAEHPED ~ v ~U % O Tz turn-on 82 G4 77 R D BHFEIZ DWW Tk 5,

2. TOARZFUBREBRERNGAAF

TRAAZTF 2 (TMS) (T HRRE IR FER LV STz, GAE TR NI Z TELT D RRA I EW
THD’, TMSIZZE D4y A XM G-quartet J- [ & 3T Ubfj’ow - AZ X NI GA%E R EALTHE
EZLNTWAN BRI ARS TR, RS F T2V R TIEE S0 BA1E
HRRRED AT RAL 23D CEE R fE M E 0D, Lo LR TMSIEL 05 i@ <M ME B RE FE 23 W 72
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ERRPEDMELS . ERAR0D
DEFEENRONLTWDTE
(2 AH AR AR AT 25 DR B
Tholz, EZ T, G4EDHE
BRI Z AT HEL § HTMS
7FuZz ., 60TD (6-oxazoles
telomestatin derivative) ‘5 #%
G o RN E AN >3 e
05 53 Je 1 (NMR)IC LD TMS
TharlTuAT GAOE G
IR IS MREAT W ZE L2 T L7,
60TD @ — > L2H2-6M(2)
OTD (DiF, 2207/ F I A)TMS BLUGEEL7 60TD (L AWEOMER. B) 1 L7 0T G4 4
NWEEERMSIEANTHIET, USRI AFRED NMR KEERFATK. 1 OA %9 =67 G-quartet &

KM O LGan ey T EMEAL, 7KL G4 EFLRFRHA LML 5. C) BTN
FHRLVRD 7 BRI LU G4 ~DRE IO YIHA—Tar,
HARARY T AT LGEL L PoR DR R L0 Ga AP 6OTD 27

OEEMEAEMZBFLTZ, 'THNMRY 7 T OIf BE RS T D702, 60TDH DA X4 — /L5
PED2E PN AT NV IEZ B AL, TS 2 IERIFME LTz (K1A) 7,

60TDD HLyF 44 1EG-quartet D4 D> DT T = LD A TEARLZ yF 7T HTE3G-quartet DA/ 7’1
FoMB60TDDO T IR 7 BR BLPATF LA — )L ~NOESY NI S 72 Z L IC KV B E 7o T2
(K1B), HIEH T/ FITGAEH DOV Y = AT VI LB EAEH 22800 a2l —varid
O T B F AL IR2E D FLlhE RN ORIz, SHICE T /IR OR RS, 60TDIFX M Tl —
T T g A= a BRDIN, Gl G T DHFICIEG-quartets D -kl AAE i % it KL T 572912 &
DRI T g A—ar ~EBAL T A N1 (K10)

WEFDGAY T RDBHFE TlE. G-quartetE U T RED A — /N —F 7 H O RALITEZ DN ENILTED,
D BN T ER FHERIE SR D LT, L L, A EDR L7 IO IZERIR IR BE T D G413 G-quartet)d &
PLLRERICEHEIZRLT ., GAVT U RHEGAHI L > Tar 7 A= ar iflfish b=, G4V R
FEIS BN TE DN LT LS L ETITENZ N DT, ZOXINCGALDFERIZE>TUA
YROaAv T g A= ar WEALTHOTHIUE, ZhE S EFEE L, FRoE b~ E BT T
turn-on{ D H G4V H U REFIFE TXHIT T THDH, L L7ZeRH60TD B Hi3d Rtz S 1, j(f/?ﬂ?
DT THL O T A—a BT E T EREMITRD, EZ T, THARZF LG FHRKEDRHY |
W2 RO IO b AW E W Clurn-onM O G4V H U R DRI ~EE F3 528127,

3. Turn—onBIG4YHUR  RLARY D Z 2R D 5 FE&E

201342 Gratterib i, iYW R THDH LRV N T4 TTRAT G-quartet|l Zn-nAX v 7
T DI LAEXBHE AT IZ LB LTz (K2A)°, ~L_UL (BBR) X O H# B H YO F ThYGaL
AT OIEDHBIL TN A G IR B AR L TBBR 4y 218 L 7-BBR-dimer(Z, LV TRV
BHDBEFRFHRD, SHIZEDY I —%2 TR TIULGAEDFE S OHiE Tar 7 A—Tar BbzifiE s
1. fluorogenic G4UH L RDOBHIE N TEDHEE 2 7=, GAEBBRO LS iENTICL AL, — 5y F-DBBR 2L
FEVICSABEN CTRY, ZAUTV I — DR A MICb LoD 23R EM A RICBEE %35, £z, Vv d
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2 A)BBR BXOT AT G4 Lo &M fENT14. B) BBR BL T A L7z BBR-dimer JH O i X

—ZHLBREDMIEMA R T 5T, GA~DFER DOHIE Tar 7 A—ar il cEsL&E 27,
+Z T, cis-alkeneZ > 71— L TBBRD2. T fE L= cis-alkene BBR-dimerZz ik it L7=, Vo B — D%
ZAH~_57-91Z, alkane BBR-dimer, alkyne BBR-dimerd, 5o TE L7z (X2B, A% — A1),

SCHRBERN D J7 15 TBBRDAF L o VA F U BR A RRIR IR M SR A TR IR L, AT T2 — LV D3 %
BRI AT IALL, 7=/ — 3545721, DTN 7 A mAd 2V R R K a (B S E 528
Thy 7V T RiIERR4E 3T, IR TR BERSIZEV N AT L UL T 2 F Lo 28 A LTt N AT
NNV HEEREL, HER6ZFFT2, 426 CR ANy 7V 7§52 Talkyne BBR-dimerx &k L7z, =
AUTKF L TNT U0 MMl 2 LA K S/ AV SOt & #% Calkane BBR-dimer%, U R — il |2 X A5 45 T
£ Vcis-alkene BBR-dimer& Z L2 1LA K LT=,

9, #5172 BBR-dimeri D 'H-NMRA Il 7E L7z 25, cis-alkene BBR -dimer COZBBR 1, 1377
nhAZ, BRERDRICLL LB DD @Em S > 7 A Bllls Iz, Zhid — > OBBRE # Aicis-alkene T
BAES I ZETHWIA = "—=Fy T L TNDHIEERIRL TV (KI3A) . SHICHERIZHE Y 75612
ST HFRE N E IR ERELIZEZA, “ODOBBREEE KA — N —F v 7 L X272 alkyne
BBR-dimer TIX6(ZxF L T10% D 8t & FURE R LT-DIZKIL | cis-alkene BBR-dimer{31.4% 06 )t &
FUILEL RSN
EWPoT, ZRHD
i KB | cis-alkene
BBR-dimer T |X BBR
BAS B RSB WIZA
—N—=Ty T T DL serwerne @eR)
THOEEEETY
HIEDBRBEINTZ, £ oMe oM
Z < cis-alkene
BBR-dimer!{Z %t L C7  Aknessrdimer — > | .
AT G4F VT X7 7
FREMELIZEZA,

Reported
procedure
—_—

Alkyne BBR-dimer

OMe OMe

BA 3 e SOCHE RN B cis-Alkene BBR-dimer Alkane BBR-dimer

bivlc, —J7 AU 2% — 2 1| BBR-dimer ¥ ® & L. a) THO, NaHCOs, pyridine 44 %; b)
B P Tl A 84 TMS-acetylene, Cul, PACl(dppf), EGN, 43 %; ¢) KF, 83 %; d) 4, Pd(OAc),, PPh,

DNAIZ 4 LT s & K3POy4, 34 %; e) Lindlar catalyst, H,, 61 %; f) Pd/C, H,, 68 %.



XL 0y-7- (K3C) .
_%U‘o@aj‘nﬁéﬁﬂz@rf%%#
©cis-alkene BBR -dimer®
TRAT GHIR T HEAE
¥ (Ky = 2.6 nM) 1L, U—F
71 THDHBBR (K, = 350
M) (2L T10065 LL B/
S BWFEGERTIEN
Dinotz, TORERERN v
VITET IV Ialb—ar
THRAELTZ, 7R AT G4D

G-quartet i fiZ. T cis-alkene
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BBR-dimer 7 fi i L 3F 5 L 3 A) cis-alkene BBR-dimer Oz 7 4 A—1g3>, B) cis-alkene BBR-dimer
7z & 2 A | cissalkene BLUYTBEAT G4 LORyF LT Ialb—varOfER. C) cis-alkene

open-form% B 5 Z & 3 - 2

SN2 (H3B), 3725 cis-alkene BBR-dimerl3, 1 KB T Sclosed-form/ns, GA~DFE A IZfFEN
open-form~EAEIE AL THIETEIEERTHIENNMR, EHHEBLIORyF 72 —arm
FERDOMEFR TEIo, BRI, GAZ BT A VA XTIV AT REANTEUELS B IO ZAREHE SN KL T
BBR-dimerz{& A LEKIKENL72EZA, GAF VT XL AT REZ BRI E N RELTRT 5

[ LTz (1K4) 1, BIAE . cis-alkene BBR-dimer:G4&DE DA HAELIRFEA B S L~ | iR

*ﬁﬁn BATHTH D,

4. FEO

KREWALEMT O ARSI F L OT Fus LT
60TD'H #&ZBHIEL . ZALET mAT GAL DIE & 1K1
PreNMRIZEVIT o7, ZHUSED GAUT R H3GaL
DREGIEVNEH DIy 74 A= ar BB LEE D
TEEAMLZ, ZOMBITIA  RRARILE A~
RN LGALDRE A IRE AR T 22 LT, RER
AT OHERREANTHI LR BHDay
T A A—=ar B AbE N A — L LT D on/of Tl fE
23 ] HE72 fluorogenic G4V 77 R cis-alkene BBR-dimer
DBAFITHEI LT,

5. Bk

H AR L P 255 ORI S I F RS T a2l
FEEB DIVEHHBL EIFEd, TuARgT
el Y R AR Y S BN SN S B/ N
FFEERITIB T, LGRSO s L T TV L EL

TelomereG4 — + + + + — — — = 4
HaipinDNA = = = = = 4+ 4 = = +
dSDNA = o e st e e asp e oo o

cis-Alkene
BBR-dimer (uM) 4 0 1 2 4 0 4 0 4 4
- .

525 BP fiiter

- e

“J 8
610 BP titer

4 cis-Alkene BBR-dimer (2557 B2 A7 G4 D w]
fifk. 1 uM @ Telomere G4 (TTAGGG),, hairpin
DNA, dsDNA (Z%IL T cis-alkene BBR-dimer %
e OIRETERAL, 12.5% FEEET 7YV TIR
TNCTKENE, =F LT av AR T LAY
Lz, 7Lid 525BP 74X — (kB ) |

610BP 7 (/L5 — (R Edt) TENE LR LTZ,

.
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Too FHEHE CHVET RIBMRBRIESBILPL BT ET, £2T7 0 AL TF L EGADE A IR FEMT I
L[EFFEH CTdhDHAhn Tuan Phan#f:##% (Nanyang Technological University) @O F3E D LI THLELT-,

ALY T RARORFIEIL Y N — A B R E TV I E R 2R GRS b RE R 2 —) |
IR R 2=y N —& — (BT SRR | & IRZFE KRR (o M) — LB e = ) O ZH
OB EERNZLELTZ, B AR AT IR B S ReBI 078 B 52 e | BT E A FAFFEB (26750366) LV 5L
BOYVR— 2T ELT, ZTITHEHHVELET,
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Abstract: An emergence of a drug resistance in human immunodeficiency virus-1 (HIV-1)
variants is one of major obstacles to successful anti retrovirus therapy. This drug resistance lies
in the ability of HIV-1 reverse transcriptase (RT) to excise incorporated nucleos(t)ide RT
inhibitors during viral reverse transcription and replication. To design nucleosides which are
refractory to this excision, a series of DNA primers containing nucleotides with various sugar
pucker at the 3’-terminus were chemically synthesized to assess the correlation between sugar
puckering of nucleotides to be excised and RT’s excision rate. Remarkably, a subtle change in
sugar structure can dictate the translocation state of HIV-1 RT and thus can control the extent of
phosphorolytic excision of the primer 3’-terminal nucleotide. Nucleotide sugar conformation is

therefore an important parameter in defining the susceptibility of RT-catalyzed excision.

1. FCHIC

EHFUZBITHEMUEARRY ALV A (HIV) S E BUT2015FE R OB T, £93,670 5 AR LS EH
BENTWE, DO TRIEDIRESNIZHIVIR LIS LV IEIE T DA X3, R IIL b AL 2K TH
HAZT (Zidovudine) D% WA 2 EIVIZ, HlAH FTREZ2 9 & ORI/, ZHETHIV {RHEEL TAZT
Z M) HIVIER GR35 (HIV-RT) ZARRE LT kR & 72 X7 L A3 (F) BRI HR 5% 3 [ E A (NR T 73 B
RSN TE (K1) P, NRTUCH@§ 5 LR EL T, 3K IEZL 22N ENE T b, bR/
FUREITX =V O BRIRICAGE S V2% HIV-RTO BB L2 528 T 74~ —8ICHIAEI, VAL AH
SKRNA (F721IDNA) g R 245 (L LB E D R A H T 5, BITEIL, I OFEHIZAL G TIRH
52 A0 AL (HAART) JIZED | HIVIEYLE OFIE LT A X DO L FITRE RS 7203,
FEAN M A 7L 2D HBLO AN T, RIZITHRER S TORWRERGREE 72> TD, RIFFETEHE
ik, FREMHEERE I O W T2 i A3 5 B AT 572D T, ARRICTRIT S TIEL,

0 N (o] NH, o] _N HN% _N NH, R NH,
N o = N N O’ = N=/ N
f{j \‘g " H°/<° \‘g KCJ \‘g HO _<N“2 ”°'P\/°\/r Hor<°} \‘g
HO
HO HO

;l" AZT ddl 31C d4T7 Abacavir Tenofovir FTC

1 EEOHL by AL ZFRIEIZ BT SR T DRI b R 10 R 5% 35 P 5 A
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2. HIVHEEEEBREFTFHARICE T HRE. ?SJ:UZFET?EUJEE‘]

HIV O SEH it 4 545 0O 704 & U CHIV-RT 1%, WG SOSB L OE RS THRAENT- 774
~—$H3- K um ONRTIZ R 2 (Nucleotide Ex01s10n)ﬁ‘5ﬁ“$§fﬁb“(b\5 LR FENS, FDOH ., =
® RT OIEANEZE ST DM NRTIOBIF ICB T BHEA DD ED LA >TNS (H2-A) %,

T (\2XB7 T4~ —8HHEDEIZ, Nucleotide binding site (N-site) (ZfER T2 2-T AF T X/ A4
k- 5’-iU‘/ﬁg@@ﬂaﬁ{s:‘/72L;<~~‘/a‘/aicz’-endo(SOuth\ S#) 735C3'-endo (North, N7 ) |2 HE i 28k %
HZFZE £2 RT ORVAT—BIEMEEIKICFETHDNAZ VT X7 LA F R, *Fﬁﬁrs:‘/%r%»«w

VU ISTUMNBNRNZRE AL TODIEN, XHAS S E AT IC RS 2McE N Tna (K2-B) %,
DF NG, RT IRV AT—BRISE T T DRI, 7oA~ — 8 EHFEHO XL A F R ﬂf#mmﬁ
AT F A=A RS E TN EITL TWAZENRIBIND, T TEHEEOLDZ V—71X, IRTD
IV A FRREZB TS, BOGZAFELVE T T 4 A= a b DA T DITEV R DA
Folz, ZOBREFIGDOHEREIZ OV TEHEIZSIN TODER, BRESNAEIBIET a7 A—vark
BB SRR B1T & b THO RN RIFFE Tld, XZLAFRBRERISICH L TIEDH 555 +%
AT DI B A RIE T AIEE B IRL ., IO~ 3 KO T A A= a EXI LA TFRERE
OGN E D B DWW CHFgE 2t D2 LT,

2 (A) HIV-RT OF4i (Pre/Post) . 3L ATP ZF L7 HIV-RT (2L A X7V AF R ER S, (B) HIV-RT
(AZTr) & AZT 242 DNA _HEHLOE A RO X k555 1E (PDB: 3KLH)

3. EBRRLEE
EHiDNAT 7 A4~ —DILEE R

FEREIAERNTIL, BERERDXILA TR -ZVFEORTIZED (1) BUAA, (i) VY =AT L
fEA DI, (i) i _EH L CORTOFEHEBE) (iv) RTICEDRERIS, BDEETHDHLN, Zhb—
HORISEZ B THY, b THMETH D, BT EHIEDRERT A ThHD, BERIFRFRIIC
£k % 72 X7V A F R ZDNA/RNASIE A RTRE CTHHZEAHHL | BEICHVIAENTZ %7 DOIRAEDODNA
TIA~7—HAL AT HIET, ER - EHOKIGE T HEIL, (v)DFRE RIS D AITHE RE Y TT
HIV-RTZ B OGN A REL 70D B 2 T2, £ TT IA~—3"KimlZ, S| F TN =7 4 A—
A RO T XV AL R EALFERICHEIAATEDNA 7 I~ —% 2 (LA R LT (K3-A) 5,
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FIEIFBEICHES L SN TWARARE T IF AMNEICT(M3-B), £7-T7 VR A AT 5B OEAIZBNT
WX, TURBEERARa T IX AN DRI ZRET DT80, HARAR R —MEIZLA Dy TV T % -
(3_C)o 10,11

(A) Sugar puckerings and the library of DNA primers

[e]
Base Base NH NH NH | NH
- x (A (X, '\ v N
’ kj kj kj k_i e # e
DNA-like (C2'-endo) RNA-like (C3'-endo) OH OH OH OH
"South pucker” "North pucker”
dur ara-Ur seco-Ur ddT
[e] o [e] [e]
\KLNH ﬁk \f( \f( fLNH \fLNH
)% ,& ,& ‘A ,& % N o ’z.o N" o l"0 ° N" Yo
o] o o
F o]
__neN =N __x=N F H
=N =N NZ
2"-araF-T 2-F-Ur 2'4"-diF-Ur LNA-T AZT 2'-araF-3"-azido-T 2'-F-3"-azido-Ur Oxepane-T

1 R, R*=H, OH,
(B) Phosphoramidite approach " ( ; =RH:rcn-: H,or F ) .
ﬁ“ T

N” ™0 N Yo

DMTrO
( UNY-Linker™ ) o ) DMTrO o
R N A R2 (i) Chemical chain extension
R! N N—sEt o R!
(i) CN ~N =P— ii) Deprotection and
OM' J\/\If (PN"0T H ° g O en ( t):lea\':age from the support
(ii) 1, oxidizing reagent o o}
0.
Q- "J\/\IT N
H o “Me
(o]

(C) H-phosphonate approach ( R R?= HorF) 5

. o R3=H or CH;
5 (5-ar-cpg) . " Q\««. .
Et;N-H I NH o Base
o /& 0=P—0—|

- n N" o | O o
0-P-0— o S
3 o | NG R“
0=p-0 Base H R? o o Deprotection
) ° -n=N R cl | /&0 and cleavage
NC/\/ i) r;l—+ 0=||’—0 o from the support
OH (o} R2 ——
(iii) 1, oxidizing reagent T
DNA (19 nt) N:rf" R

DNA primer (20 nt)

3 (A) 3-RHHIC SEUE I N O T4 A—aL & bbhfEix ULV F L REHT%5 DNA 774~ —. (B) R4
AT IZANEICLD 3 RIGEA~DEHEEERDE N | (C) HR AR S —MEIZLD 3R ~D T PR ERi kIR DA

BB, 7 4 A—3a LHIV-RTIZE D X/ LA F R E Kt 2 o 18 EA BE 4%
FHAMRLIEADNAT 74~ —%2 T, LROEar 74 A= g EHIV-RTO XV LA F RERZE K
SRR ED M RREEL T2, AITH RO — 2B L T3, Z£4 D DOSEER G Z R X7V A F
RIZBRESIEDEITL, T T4~ — OHENELIR ST EM BTV THBS =, — DA 4D DONELE
WEZ R T XILATFRTIE, BT EYITHERIN T OO TEEILT T~ —#H RITFRFLTW

4 ST (2 4 41)) BIONEL (F7 4 51]) BE SRR 15 2 7R XL AF RO | wild-type HIV-RT IZEDBRE G, n: 58
BRTIA~v— n-1: 3- K X7V AFRPERESINT 1 IR LR 72U EY),
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HZEMGhoTe (K4), KUK, BT TA~—DFEREFLD THE -0, NEOXILAF R, SHD
KOV AFREHARBRESIUCVEANCH D &% RHLTES, Fo, BRERJSIETEN XD # W B TH
HAZT-resistant (AZTr) -RTZ HWTRIER DA AT o722 A, ST XV LA F Ridwild-type RTE AT,
FOHELCONTBRE LU HEIT U208, RIRE L ONE X LA F R I B O BR 2 SUS T E 277 3~ &V O 12
BOONIRNZEN -T2 (F1),

# 1. Correlation between Sugar conformation, and Excision/Translocation by/of wild type(WT)-RT and AZTr-RT

Nucleoside at the Nothern Southern 9% North® Excision Translocation Excision Translocation
3'-terminus of primers® PP P ? by WT-RT®  %Pre (WT-RT)° by AZTr-RT®  %Pre (WT-RT)°

LNA-T!? 17 n.a. 100 - 41 - 43
2'-4'-diF-Ur" 18 n.a. 100 - 27 - 30
2-F-Urt* 21 159 87 - 26 - 25
2'-F-3'-N3-Ur'® 17 155 85 - 32 - 30
ddT'® 11 154 75 + 66 ++ 58
ur' 18 162 58 - 19 - 21
AzZTY 22 160 50 ++ 80 +++ 75
ara-Ur'® 22 151 46 - 37 + 38
2'-araF-AZT'619% 11 120 40 + 76 ++ 75
dur™ 18 162 39 FH+ 66 -+ 71
dr?! n.a. n.a. 37 +++ 73 ot 66
2'-araF-T% -6 126 31 + 70 +++ 72
seco-Ur>% n.a. n.a. n.a. - 24 - 26
oxepane-T>+% n.a. n.a. n.a. - 28 - 30

*Nucleoside sugar conformational preferences were obtained from indicated references. "Northern (Southern) P is indicative of the pseudorotational
angle of the nucleoside in the most stable form of the North (South) conformation. ‘%N = 100 — %S; for ribonucleosides,
2'-(a)-fluoro-2'-deoxyribonucleosides, and ddT: %S* = 10 x J,»; for 2'-deoxyribonucleosides, 2'-(B)-fluoro-2'-deoxyribonucleosides, and ara-Ur: %S
=100 [J, (cis) + J1o (trans) — 7.11/9. “Legend: - no excision, + slow excision, ++ moderate excision, +++ fast excision, ++++ very fast excision.
°For South conformers and AZT: % Pre = Pre/[Pre + Post] x 100. For North conformers, seco-Ur, and oxepane-T: %Pre = Pre/[ex-Pre + Pre + Post]
% 100.

BB 7+ A—a EHIV-RTONM B EEIRBL OB ER (RENEIIRESNIZVA ?)
T I~ — 83 - RIERX LA F R HIV-RT DP-site/N-siteft] TON & I FHERIRFEICH D, X714
FREBEERISDEITTHEEIC, 3- K X7V A F R N-site AL ETHIERNHLALTND
(Pre-translocation. [¥2-A)?°, #ZC. AWFZE CHENI ooy T4 A— g XV A FRREK
JREDHBIBIfR DI, ZORTONLE FHEARAEN B 5L TWHED E DR AT THIZE STz, I T,
HIV-RT LA A% L T DDNADNT & 5 B S5 BIIKT S i % A\ V7= “Radical-Footprinting 757 % F
WT, £ DNAT T A~ —8 L TOHIV-RTON &P O E B 24TV ARG DMRGEEZAT > 72, AFIETIE,
RT BICTFEL CWBEEED Y AT AL T BRI DTF A — VTV N B RS T, Z DI
& HDNAHAZ I+ 523, RTO " HH ETOMBENIELSTNDIIET, ZOUKEFTL 1L TSNS
(K5-A), 2T, ZOUWENLLEZRIT 7LV TIRF L ECTERTHILET, K2-A, K5-AlTRLTE
Post/PrelRRED L2 T E /T DI LN A REL 70D, E A RD ., BREBIC D IEITLIZSHX /L AV N TH
% dT. AZT, 2-ara-FIEHi X7V A Rk EKIT, wild-type RT, AZTr-RTW TR OEHAITE O ThH, Bk
S RIEFPEEBAL T HN-sitel A7 B T DI HHZ LM -7 ([5-B, C, F1)E, ZOfEHENS, TSR
JL AV RIEIN-sitel AL E § DM 72280 | BREFUG D IELNHET LT LR sz, — .
NI A &2 A 52 -F- X7 LAV NI, S XL AV REE 2B AN E Pz R L, BRE SIS
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5 (A) Radical-footprinting D&, (B, C) &7 74~ —"TD wild-type RT £721L AZTr-RT O & -

PEIEAT T DHN-site TIL7e< P-sitel N {E ¢ AEIEIZH D ENBHBNIT -7 (K5-B, C, #1)®, 2oz
DB INT 7L A3 RO OB 25 BOUGTYE I . ZON-sitel 27 & LRV EHRR BB ICHEE K 45 ) ZEAVURIBE
iz,

YL EDORER LY NBIX L 4 2 RIZHIV-RTORNaseHiE M EBNAL T DN-site TIF72<, P-sitel)7 &35
A HY, 2L XI LA F RERESUSITHRT L TR WIKHIEEZ R SEEICH D, LV Fi=/e s R
HHZENTE,

4. EBRF %
DNAZ 7 A~ — & Bk

RILE L THEA TERWRARE T IX A ME, BLUOH-FAR R — MR~ X7V A4V RFENK 2T
v 7 %R CH AL . NMR, HRMS% TIL W D[R EZAT T2, AVAXZL AT REMG I T D50y
V7 RO IEEICDNA H B & R EEE S TIT WO HARAR R —MED By 7V i3~ =a T Ny TV T
T3, BoNT-% 7T I~ — ORERUTFIHPLC,, £7- 132 A 42 ZHHPLCIZ TITW, R E 1
ESI-MSIZ CEMME LG RME D — &R T 5L TITo72%
X7V AF RERE K3 O Al

FOGEER D E BFMZATHI280 . %7 I~ — 13 P TR MRS 21T o 12, X7V AF RERE RS ITE
{EHVU7 (50 mM) | Hifb~2 %74 (6 mM), ATP (3 mM) DIFELE T, NI A-HEEE /Sy 77— (50 mM,
pH 8) H1, TV LS TVRWEERISHDNA (60 nM) | **P-f55# 77 A ~—81 (20 nM) , 750 nM wild-type
HIVI-RT (£721ZAZTr-RT) A > F 2_X—hF 52 L TITo 7=, UINr bR, PRS- KOk PEm &
BELTWARRERE TS IA4~—2 R T Z7ULTINT L ECERTHLE Tt Z4T - 7252,
HIV-RT DAL & 5 D FE A

PPREEERIT, TV MK DU A S T D EF BN AT o 7, HiAb T R (10 mM) , DTT (165 uM)
ZEH LAV NNy T 7— (60 mM, pH 7) IZEEfESE 725 nM DNA ~EH/RTEAKIZX LTIV AV
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FECHL~INA X VHMNEEZEH ST A2 82X, FFRISHZ UM L, BESR O E (PreE 721X Post) (K171
(AR B U FE O B AL ECE R LIS,

5. BHYIC

BERLF A REM 2 WS LT fix b EMiE LTz, fix iy 74 A—Tav b H 56X
IV AT REE ANLIZDNAT 74~ —% AL, HIVIF R Gl 58 O KA EEE Cho XL A FRERE
B & D FEBEBILR I B T~ H0F R 2 A S CIEW =, ARBFFEA L T, NI XL A4 U REHIZHIV-RTO 3
FMPEREAE (2 L CE WP 2 R 38 R A 1552 L3 T& 72, NRTIBIFIZIB W T, Wilis G g ~ D HL
ABBFRLEDD CEERKN T THLHMN, T, WAV CiE2 R0 7 P A b B8
IZANDZET, LD ETEEZNRTIOBI R N ATREIC 2 Db D EH 2 TV D, I CIT R A, RN
BJeE RS — DN FE B R 2D TEOLND R A HTHIVIEOEFdA % 455 | Crisper-cas9 ™
7 ) DREE BN & O T HIVIEFRIE O BRI 72 1R RIS R S BAEL D DI TS, RRFFEAHID AL
ZHEBHFEIZ BT, O IEANMN PEREE A T DI 75 SR DBR R HE# O — B XS/ Th D,

B 5

AHFFEIEEF DE LR R &L TMCGIILR b FiMasad J. Damha#i#% O 782 T J& RF AT > 7o bif
72TV, Matthias GotteZ#% ., Michael A. Parniak##Z & DILFEMFIEOHETED LT, MEEDESE
I KD B NIRZEZTEZELE, EHFILBL B ET, FRAZT-XIV A VA REEEW T XF
L7zKelvin K. Ogilviel# IZEHH L LT ET, B ITRVELIZN, KFFEE2Z1T 5 TR LR o7
AL OWAITZ | JES TR TEE E U7 BN - BIRROCHERIR I, Z2AXEGH L LI ET,
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i AGCT &

PHERFRFRIFHAEREGRSFIFER

RBEZ

H AL 2 OAIT B Ty A ZHESE TR DIX R ERL ZFTHHM, [ FLA Y
HEBICTRATEW 2 LS, RERFHROLEZTWD, BITFAUTE D KEEN T, P22 @RI
TNVUARTEE D AR S A R A I IZ T CHREEDN E ST, BRI L T, £ DO LR &
MHAEMFEREICE L E TRSIRNE T2, TIIRERNERREZ R REL CRATZ DN 2 %
DO RERFHIZZTIETHML, AR L 7R A TE > T2 W /N (LB e A DS EE R 24> T
WinbTZ, 69— D O/NSZR B IR, FADS/INE LI CDNA B ORI A 916 T L7 kg | MRSt A3 it
FFINZFE R BN T-HE A IRIC R 21072,

D UREZ58578, FAAFALZ B SE IR A TZ DR, Tk Z A5G HR A HY . TEITE(E
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NT030 [dGTP 1.0ML 100mM 4,000M
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Rat testis imaged at 10 um pixel size with MALDI-TOF autoflex speed
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Ry (The BONAC Nucleic Acid)
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