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The Establishment of the Detection Method of G-Quadruplex of
DNA Structure in Mammalian Cells
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Abstract

G-quadruplexs (G4), which have been associated with genomic stability and the regulation of gene expression.

Guanine-rich oligonucleotides folded into quadruple-stranded helical structures known as

However, to date, the methods of imaging G-quadruplexes in mammalian cells remain poorly defined. Here, we
reported the generation and application of a structure-specific antibody (BG4) that was employed to visualize DNA
G-quadruplex structures and telomeric G-quadruplex by immunofluorescence-fluorescence in situ hybridization
(IF-FISH) in adherent cells with extracting and treating by RNase. This is contributing to research of G-quadruplex
structure more accurately and intuitively in vivo, definituding the interaction of between G-quadruplex (telomeric
G-quadruplex) and ligands, and consolidating the position of G-quadruplex structure in the areas of genetics,
epigenetics and pathology.

Keywords G-quadruplex; BG4; immunofluorescence-fluorescence in situ hybridization; telomere
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DRI, 3 667 [X PR G- DU B A 4 A D — b s A 14D g 417
I R

ST G- DY B A 75 4 47 5k DR 2H A2 1tk A 4
s 5 RAA EE R X, ITHER, LEFME
W) 0 AN R G-DU 5 ARADNAT A ) 2 Dh e DL S AR
PR 25D R RS R AT S s T T e O
H AT, G-DUSEAR Rl 7 vk 2 B S [ = ki
(circular dichroism, CD). X-%F 2% B2 4 A7 5. A% i3t
F(nuclear magnetic resonance, NMR). & it & L4z
% (fluorescence resonance energy transfer, FRET). Hi
5% 5% J5i 11 1% (electrospray ionization mass spectrometry,
ESI-MS)&5 . [ — i 3= B8 i A I e e 1 HE W G- DY
FAARI R, BANFRG-DUBEAR 731 DL HoAth /N1
A (R4 F ERCAS [R] 1) 15 7 PR B2 A RE A G- DU B A4 2 A
(7] P10 0 2R T K 4 e R 00 T I8 o T R o ) 45 R
X5 28 AR R AT S5 8 1 8 G- DU B AR 1 45 1A AR T
(loop)F &, 3& mI LR € 42 )& &+ F/N 73 T AR 5 G-
UV %N e VA= RIS 78 AR 3 4 1 A s TN
5G-PUFE AR B AP, 2Ot R EILIRE R EOR AT
HTHT G-I A4 & 5 I MG-W ik 5 N+
BCAAR AR EAEH, [RIEtm] DOG G-PU iR 347 #4072
B 15 TN U 5 O TV R AT A R R R
— T I A  E E T , R I RO IR S AR AE ELAE
HMEET A —, TH T RG-IUEE IR TE B 570N
SRR G, 0] T G-DU AR 3 B30 71 25
POFRE R RAERIER 2R 75T H
T-G-VY AR 72, (HRE T 40 AR N il 772145
AR, JoiEA B s N G-DUBEAA T -

20134, Balasubramanian=Z 4 %5 BB H &
G-VUBE RS S P LA L K (BG4) I pSANG10-3F-BG4
JBTREL, 23K A9 20 BE 1) 1 R 0 G- DU A ) PR ——
BG4, T RSEIL T 4 M /K ¥ G- DY B 4K 1) T AR AL AT
Fo MoJE, AFEWF TN R 1% 7 %05 RLG-
VU A, (H 2 AN [R]BIF 5 I BN L A 1 S 56 0 BRAN T4
20134, Henderson%5!"IifF 7L AL &4 5 DNA G-PY % 4
FH A i F8 A — 2 ¥ BERNase A R 41 g, LA
Z:FRRNA G-PUHE X S50 s . AR %07
YRR, 4 B A 8 sk 37 AL AL B, RNase ) 4b 3 5 &
Ik B TR R, A AEAERNA G-PUSEAR I T4, [7] i
BG4ME LA N4 A% 1 5 DNA G-PUBEIRLS &0 2015
T, Moye 5Pl 25 B gm B ot, ) 2 1) 77 iR AR
I PR N 5 R A A, T A A B R B DU BG4E N

40 k% N SDNA G-UBE AL & . TATRAH EidT7
LRI, MM SME{ERNA G- AR I T4, 2
2 FH T 4 i P R B A AE i R 3 5% RN A (telomeric
repeat-containing RNA, TERRA)BEH BG4 M 51, &
BOZ TR AR . Ak, 2 ITE R B
S M AT AR SN 2, BRI CytoSpin 7 V2 #E 4T 40
Ao RAE Guth, BRI AR B, &R RN, AR
e, AT B FH 40 1 5T i 2 AR Nase i 3 1) 77 7%
XTG-PUBE AR AT R I o 1 FH 25 315 FRINP-40 %5 41 ifd Ji
BEATHIHE, (BG4S T HENA UL 5 GAdti &, 7)) ik
o 1AL A B L FIRNARE 5 T80 Rk
RNase/tb #, BEH2H FR 4K 2 FATERRA, K KFFAK T
B B S R R AR . BT E IR FIBGAbT AR 5
JSCXT Uk g 355 75 210 ff 5 DRI 2 o () G- DU AR AT AN, 77
EEINfE R AR R

1 MRERE
1.1 IR ES

RPMI-164057 785 Jia2F fiLiE 4% H Biological
Industries(BI)A ] . Ji F B (Trypsin)J¥J H Gibeo
A7l PMSF. TMPyP4. Triton X-100£1 Tween-20
B E Sigma/A ). Nco 1. Hind I H TaKaRaZd
Ao 30 kDai I8 . P VL KF T Western blotiz
334 H Millipore A 7] . Flag-tag (MA4) Mouse
Monoclonal Antibody H 1t 5 %i#t A\ . Goat Anti-
Mouse IgG H&L(HRP)4 H Abcam/A &) . Alexa Fluor
555 Goat Anti-Mouse IgG (H+L) Antibody/¥ F| Thermo
AFl. Ni-NTAH 2R EAT . HARH 7]
e H E 25 3. PCRAVE H ThermoA F] o HLUKAL
HLFE A I F Bio-Rad /A 7] o
1.2 4Hp8

HelaZiI i i 5 [F 37 32 R4 R 5 H
1.3 XA
13.1 B4 pSANG10-3F-BG4 /i M
Balasubramaniani: 45 % 3K 15 pSANG10-BG4 7 ki H T
PLRSES . SUNcol . Hind 1151 pg pSANG10-3F-
BG4J5URL VR A B 137 CCOKIBEEAR2 h, 5 1%E8 g
BEAE T HL R 120 'V HL K40 mins
132 BG44uikegkik bt PREURE SRR T
2 mL 2xTY(1%%E F i, 0.5%8REE, 0.5% NaCl)+2%
B HE+50 pg/mL IR H I IR 5, 30 CHRG 5 7%
12 ho W B 2200 mL 15 S5 755 [2Y(0.5%
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B2 BERY, 1% N-Z2K [ %), 2 mmol/L MgSO., 0.2x4>
J& B IR (0.1 mol/L FeCls-6H,0, 1 mol/L CaCl,
1 mol/L MnCL,-4H,0, 1 mol/L Zn,SO,4-7H,0, 0.2 mol/L
CoCl,-6H,0, 0.1 mol/L CuCl,-2H,0, 0.2 mol/L NiCl,-
6H,0, 0.1 mol/L Na,Mo0Q,-2H,0, 0.1 mol/L Na,SeOs-
5H,0, 0.1 mol/L H;BOs), 1x5 052(0.5%H ¥, 0.2% a-
FLBE, 0.05% %1 ), 1XM(25 mmol/L KH,PO,, 50 mmol/L
NH.CI, 5 mmol/L Na,SO,), 50 ug/mLEHF &K], 37 °C
PR 55 776 hg 7% 2230 °CHR % 75 7212 he BT
4°C. 3000 xg 0210 minJ&, 7 _E7E, YIE 100 mL
TBS(50 mmol/L Tris-HCI1 pH8.0, 1 mmol/L EDTA,
20%JER)+2 ug/mL PMSFEE:, K10 min, AR E
T UKk L FE R EEE. RJE, 16 000 xg. 4 °CE
020 min. Y EiB(L). 2 mL Ni-NTAH: 510 mL¥E
B(1xPBS, 20 mmol/LIK M, pH 8.0)4 °CJit ¥ ~F- 1y
12 h, E3E(L) SNi-NTASEAZE A, 5 mLEEER(1<PBS,
20 mmol/LIk M, pH8.0)4 °CJi& #%5 min, F & 3K, Jit H
BRNWL. W2, W3, Pt (1xPBS, 250 mmol/LIKI
pH8.0)BE M 77 V% Al b, P2k, 435I NEL. E2. ¥
Ji T4 °CZ:30 kDaitl i B R 4 -

133 ZARLRAFLHZHERE  HEARK
AE99 °C4x BB NS min. AP PEJE 192 A i 3EAT
R TR I Tk i 4 2 FL K (SDS-PAGE, 5% 4 1%, 10%
Iy IR e T Mo W G VRO P I A 2 B AR Ay
W, SR 5 A KB 207

1.3.4 Western blot 40 pg# A FUA99 °C4 8 it
IS mine S G AR 53R4T SR TR A Tk e v e P
VK(SDS-PAGE, 5% 4 X, 10%4) B3/, 100 VT
IEEEE(PVDFRE) 1 he 5%l 4= W53t PR (5% Mt i 9
A1V T TBST)7E 5 PVDFJE 3 [412.5 h, 48 )5 0% & Flag-
tag (MA4) Mouse Monoclonal Antibody(1:1 000), 4 °C
FEd . KH, TBST(1.211 g Tris, 9 g NaCl, 0.1%
Tween-20, SRR N1 LYBEIER3 K, FK1S min. iR
§% & Goat Anti-Mouse IgG H&L(HRP)(1:10 000)2 h,
P HTBSTHE 35, B K15 min. & (a3 1: 138k
A4S min, BE = EE10 s,

1.3.5 @@fedsc HeLa(s 30 41 i) F 164085 77 5
[T 1% /5 2=, 10%06 4 175 (FBS) |55 7: 1£37 °C.
5% COLMEEFRA

1.3.6 %% % H(immunofluorescence, IF)  HelaZfiliid
TEOFLIR I, B55724 ho FliFRE[20 mmol/L HEPES-
KOH(pH7.9), 20 mmol/L NaCl, 5 mmol/L MgCl,,

300 mmol/LAE ¥, 0.5%(v/v) NP-4014 215 min, [#
J& 43 5 F10.1% Tween-20/1xPBSAHI 1 xPBSE 143 min.
SR 5 2% % 58 1 [ 5E 40 fg20 min, 1xPBS¥E %2
7%; 0.12 U/uL DNAase 37 °C £ & 1 h, IxPBSTLI2IK;
PBG(0.1% cold fisher geltian, 0.05% BSA)&t 4] 41 i
1 h, 2R )5 BHBG4HTAL h, 0.1% Tween-20/1xPBS{#
Ve 4l fe4 ik, — Pi[Flag-tag(MA4) Mouse Monoclonal
Antibody, 1:1 00013 & 1 h, ¥eisk iikE b &)amE
W IG6HiAA[Alexa Fluor 555 Goat Anti-Mouse IgG (H+L)
Antibody, 1:2 000130 min, ¥E /72 Lo 85457
F70%. 90%-. 100% 1% i 7K2 min, )& 5 H 5t 9%
FERK T E Fr o
137 #fEwA-KHFRALLZ(F-FISH)  Hela4ll
MIE6FLER HE Fr, 10 hE 7393l4%0+ 10, 20 umol/Lik
& I NTMPyP4, 4k 2L 15 7724 ho fl1 £ #{[20 mmol/L
HEPES-KOH(pH?7.9), 20 mmol/L NaCl, 5 mmol/L MgCl,,
300 mmol/L i #, 0.5%(v/v) NP-40]4l1 #2215 min, B 5
23 591 H10.1% Tween-20/1xPBSH11xPBSYE:3 min; 28
J& FH2% 2 58 F I [ 32 20 920 min, 1XPBSI¥E2{K;
37 °C 1 mg/mLE & A RF(10 mmol/L H 2 FRpH2.0)iF
HS5 min, IXPBSIHE20K; 8 G 78 16 )5 40 M i 7%, 2%
I R ] 52 4 A2 min, e 774 1F) L 0.5% Triton
X-1003%E44 20 min, #1¥E2K. 37 °C 50 pg/mL RNase
AL R . PBG(0.1 % cold fisher geltian, 0.05% BSA)
H A1 h, SRJE B BG4PLIA 1 h, 0.1% Tween-
20/1xPBSH ¥4l ffi4 X ; —Hi[Flag-tag (MA4) Mouse
Monoclonal Antibody, 1:1 000]5% & 1 h, ¥ 77 % [H
b W5, 1% B %Otk [Alexa Fluor 555 Goat Anti-
Mouse IgG (H+L) Antibody, 1:2 000]30 min, JE#577
74 [F . BfJS, Blocking reagent®f 4] 10 min, TelC-
FITC(Panagene, FITC-OO-CCC TAA CCC TAA CCC
TAA, 1:100), 35 pL FISH#: A2 ¥ 78 75 56 3% v, W=
85 °CAZ:3 min, IR 4352 h; B j5 18 R (2xSSC
pH7.2, 50%H it , 0.1% SDS)RIYE 2(2xSSC pH7.2,
0.1% Tween-20)77 JI£E37 °CHI42 CPye i fi. 2R G
43 70% 90%-. 100% & fii /K2 min, T8 )5
LR SCEE K FANE Fr o

2 HFR
2.1 BG4miARIHIE 5S4k

&4 BG4FE A ) pSANG10-3F-BG4JFi ki K/ Ky
6 173 bp, Fi AFRIABG4EEH (1) v BE R /NAT59 bp, H
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WAL 5 4 2 R (6 His)br %5 13 MFLAG(DYKDHDG
DYKDHDI DYKDDDDK)F#%&(E1A), PLE F FINi-
NTAEE A M4 5 R . 1) 2 5E . TP
45 FUIESE, BT REUSURL TG 12 (E1B) , Neo 1#1Hind 111

AT 4 7 5 o30~40 kDao X5 ST S A AL R
F1 15 F Flaghr 2 HU 14 31T Western bloths il (K12B), 45
REIR, B35 YA R e It 51, RYIBGAEH

2.2 YHRAIK - G-THE AR R

FRAVRI FH S8 5% ¢ 6 SR Z4 22 e ARG I e
15 3% 40 e rp R X AR G- DY A HE A7 RS D (BE13) . A
FFITCHR £+ MIBGAHTAA 43 5l A ic v K AF 5 A1 G- 1Y
HE A4, {3 FHIF-FISHA %2 uity $or G- DU 4 4% 25 14 1R T ik,

WGV K /N 212800 b
pSANGI10-3F-BG4 i ki H 5 3 55 7 il
KIEBG4, ZNI-NTAMEFIAifL 5, #7555
W EE2A). 5 FATM L, 55 Z gL
30~40 kDafj — gkt 5o 2 1 o SR ANPENAS 2 H ) 8

(A) (B)

Marker 1 2 3

Hind 111 (5 999 bp) bp -

Not 1(5 889 bp) /T 7_terminator
10 000
8000 n
KanR g 888 .
4000 ' |
3000

pBR322 origin

1
3xFLAG

sPANG10-3F-BG4

6173 bp

lac 1

1000

A: pSANG10-BG4 /5 i i B: VI K IpSANG10-BG4J5i k. Marker: 1Kb DNAZS T-HR1c; 1: ARZISFEI AL H 75 1 % I8 20 Hind TG 45
3 3: Neo THIHind TN Y 45 5t o
A: profiles of pSANG10-BG4; B: examination of pSANG10-BG4 with restriction endonuclease. M: 1 Kb DNA ladder; 1: control; 2: the result of
Hind 111, 3: the result of Hind III and Nco 1.
E1 B MpSANG10-BG4 R L
Fig.1 Examination of pSANG10-BG4 by restriction endonuclease

(A) kDa Marker 1 2 3 4 5 6 7 8 B) «pa 1 2

=
ooy 5 30—F-

A HEAFIK S e iE g, BREART kTR A A M BTk . Marker: 14~100 kDa & H B/ FAR1E; 12 S AT 2: HiES 7
$E37 CCHRG T FHIMEW; 3: B SHFREE30 CCIRG 55 VBRI 4: 1535 B IGHE 75 BICRTE 5 1) 3 vB(L); S: P R s RO s 6: 4tk
WIRW; 7: AL TEIRET; 8: 4Ll E2. B: 4ifk 5 I Western blot%55E . 1: FRATHMWED; 2: FREHMED.

A: SDS-PAGE and coomassie blue staining. Black arrows indicate purified protein. Marker: 14-100 kDa protein marker; 1: bacteria suspension before
induction; 2: bacteria suspension before induction in anto-induction medium at 37 °C; 3: bacteria suspension after induction in anto-induction medium
at 30 °C; 4: the supernate of suspension of bacteria suspension after induction; 5: the precipitation of suspension; 6: washing buffer (W1); 7: elution
buffer (E1); 8: elution buffer (E2). B: the purified protein detected by Western blot. 1: the protein before induction; 2: the protein after induction.

E2 HAIZEHESDS-PAGEFWestern blotZ5 R

Fig.2 The results of SDS-PAGE and Western blot of objective proteins
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i ALE T 5 G-V BEAR 5 5 E AR, W38 B G- DY 4
PR AE S b B R G- DU B A . 45 R W, G-Y
BEAR AR T AL, S ERNase b # G, B
I I i 4T o R 40 A% R R BH M A S e AR (I
3A). BEAb, e AL S IR S, A 25% A 47 (1) i
i 4158 6155, iF B 5 I DNA G T G- DU & 44
(FI8E ST RIS FRATR I, K0 a0 G-I (S 5 A
i FiDNA K A 3 e A7, 1 S H At 5 K A DN At A]
PATE G- DU B4, B A5 AR o T S (X B o 22

(A)

Tel Merged

DNasesbH 5, JE K ZIDNA #3416, 4z LTk 4
DAPIZ:th, DNA G-VUHE 7R 5% (5 5 A 2%, 15K
BG4 it 45 4 I Hi NDNAZE 4, - AERNABL # &
F

FE MR A b, AT — 2 5] N T G-PU B R f
5E A ——TMPyP4[5,10,15,20-tetra(N-methyl-4-
pyridyl)-porphine]®™"** 75 T G- PU % 44 1) % B I AfE
ZRaE . {EIF-FISHI SEE & I, TMPyPAAALfH
i A G- DY i 1 £ 4 3 (4 AT E14B), 1T HL A

B)

Merged

A: RNasesh 45 J (B 8 Sk R on uiphiG- DU E440); B: DNaseAb B 45 J(E 0 i 2 R n g UAZ BT A B ) o
A: treatment with RNase (white arrows show telomeric G-quadruplex); B: treatment with DNase (white broken circle shows nucleus).
E3 I AIF-FISHE RN 40 A G-T0 % {4
Fig.3 Detection of G-quadruplex in cells with IF-FISH

(A)  TMPyP4 umol/L) G4 Tel

2 pum

10

20

Merged (B)

®©
<

N
<

foic per nucleus
N
(=)

The number of G-quadruplex

20
0.
© 3
é'—é 51
sk
55 4
2 &
s ]
2 x 2
Ne)
EZ
55
=5 14
z |l
E& o ; :
O 0 10 20
TMPyP4 (umol/L)

A: FIFIF-FISHE AR KM TMPYP4(0. 10+ 20 pumol/L)Xsf G- UG 4 F i b G- DU BE A4 [ 201 (1 € 55 S 3R bi G- DU S5 44); By C: 150 M1 G-PU 54

WD GELH AR, ++*P<0.001.

A: the effect of TMPyP4 (0, 10, 20 pmol/L) on G-quadruplex and telomeric G-quadruplex by IF-FISH(white arrows show telomeric G-quadruplex); B,C:

statistical result of 150 nuclei for G-quadruplex were counted, ***P<0.001.

El4 TMPyP43T40 AR A G-TU R AN im R G- T &R A 22 M
Fig.4 The effect of TMPyP4 on G-quadruplex and telomeric G-quadruplex
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A1 N G-V BEAA AT BTG n(&4C); it 150141
G-V FE AR Ha R I, 24N [A] K FE TMPyPAAL B /5 iy
KG-U AR ER 2 B AR5 25, M2 EH4
N2 dHA% N G-I BRI 2 A Siit o 2 7, 1
ZAEHLI 215 (P<0.001). LL 145 345 B, TMPyP4
XF G- VY B ARG 2 AT e £R 1%, 12N T AL AR TS 2
i L X G- DU 4 A 2 e, b 35 TR 4 e Ath 57 B ) G-
B m B R S EH .

3 g

R (OIE R T, G-DUBEIARZEMILE LA
Py EE R AR, ARG B AT AT BoR, 75
NERFER T, 25350 00043 FH2 A TR G-TU 5
A )38 301, AL Gt A R i o K7 X S TTA GGG
HEFHIP. DNA G-WEEARS 52, T,
JiIRE 1) R AR e I — e Hoph g i AR IER T
DNA G-PU A 7EAH A Py 2522 (1) R )2 D Re, I AE K G-
VU A b G- DY B A R 9052 B D

W 50 2 B 7K 7 G- DY 4 4 32 22 R FHIF-FISHSE 56
FR, AHARAZ T 0 40 M 1) b BRI AR SR A, Hoovk
X EE IR ML AT RO EE . FRATT B UK F 40 R e, TR
B BB 2 2 FH 41 B 57 i1 B2 FIR Nase b ot 74 0 7 922462
MG-VUBEAAR o 1207 VAT 40 i 59 0 (1) 7 25 5 7 {°8,
I HL3d F P I e 20 P, o PG RS T . 8 i o i
Je 45 G RNase b B, (EA8 5 NG R 2 BB FH LS
5o I AT B LS BIDNA = 45 H G- DU E A4,
SEHL T AR KT G-DUBEAR I AT AL . 8 ST AE A
Ao W00 i A v 2 A A G- DY BE AR B 7 5, AR B T4
Jo S AERG . EDUHLYE 40 K P B SUDNA G- DU 4 {4,
B B G- DU B 4 (3t 10 G- DU A A7) 5 /N - B A4 AH ELAE
H, DEG-DY AR AL 27, RUBL 22, R
S AU T LA
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