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The Spectroscopic Study on the Role of C-terminal Region of
T4 endonuclease V in the Interaction with DNA:
NMR and Fluorescence Experiment
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Abstract—In order to study the role of C-terminal aromatic region of T4 endonuclease V in the in-
teraction with substrate DNA, NMR and Fluorescence spectrum were recorded. Analysis of flu-
orescence emission spectra showed that C-terminal region of T4 endonuclease V is in or very near the
binding site. In the HSQC spectrum of “N-Tyr-labeled T4 endonuclease V*DNA complex, the broaden-
ing of a peak was observed. It is presumed that this peak corresponds to one among three tyrosine
residues which belong to the WYKYY segment of C-terminal region of T4 endonuclease V. Interactions
of peptide fragments consisting of C-terminal residues of T4 endonuclease V with DNAs(TT-, T* T-DNA)
were investigated by NMR and Fluorescence experiment. The results suggest that two peptide frag-
ments themselves bind to DNAs and their binding pattern is not an intercalation mode.
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T4 endonuclease V= 2 &4o|WA, pyrimi-
dine dimer-DNA glycosylase®} apyrimidinic DNA
endonucleasegl= 2789 AA8AYS 2w vt o] &
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£ 3A% 5 2 pyrimidine?} glycosyl 2% Avis]
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A} o] AP site9] 3 9] QA esterATE A3} g
H Qlzre} HEQ A4 79 F (xeroderma pigmen-
tosum)-< EFFA, 53] xpej el ojsf aRl=E A7
ole wrAish= o) o] AP fHAH o2 DNA 8717

o o7t Q7 sl gofrhs stew agT S 1

Z AxA AHZ9 wldAM Xl T4 endonuclease VE
=dsha AlXe] DNA 58530l 355 7lo] g
A" o] Azl AATE AM1YA, & endonu-
clease®] A& 2%t Zlo] AAIHUTE o] AL 17k
3} phageth= AME Hal Eoizl AEF TF<
DNA 457|547} EAjghch= 28 VERdisL 9ok,

T4 endonuclease V7} 712 F7F &48491
DNA glycosylase®} AP lyase9] activity® o] &4 %,
2%, pHel o2} M2 5gxoz Wty wiidd T4
endonuclase V& A2 t}& BE0] 0|5 activityoll
ztzt Bojd Aolgke Bast UUTHY T4 en-
donuclease V& 3% 727} Xray 23132 WA
11 site-directed mutagenesis 27} tlEo] Glu-
23] glycosylase ZH&¢} HAR7INE Dot
Arg-3& ¥|23% amino terminus’}t T4 endonu-
clease V9] 2Hgd Foaithe AME Ragc* 9
Lys-Trp-Lys, Lys-Tyr-Lys Z°] aromatic residue
& 7}A)3= P33 tripeptide”} AP lyase activityE 7}
A Bt YA ® FWEAE T4 endon-
uclease Voll= C-terminal region®l aromatic clust-
erg o]%3= Trp Tyr-Lys-Tyr-Tyr (WYKYY: 128~
132) segment’} =%t} Site-directed mutage-
nesisE ©]€3}o] °] region°| T4 endonuclease V]
activityel] ¥R d8S d4e At 2yt
Lys-130-2 Hdukgo] opel pyrimidine dimer
specific binding®l Beista”, Tyr-129s} -131 9N
specific bindingell F835th= B37t YLch? 18
I Lys-130 99 aromatic amino acid”’} glyco-
sylase activityell 2831t RoE JYAcH® |
£ NMR =z 9] d%F2l photo-CIDNP 2 3A7E
B}t o 2 T4 endonuclease V2] C-terminal region®]
DNA bindingell #edghhs A& BAHH?

o] =FdHE WYKYY segmentE ¥3sle C-
terminal region9 AF4A A+E 98 b3 22
Agko 2 {3t Trp-128 F713= Fluorescence®
&3, Tyr-129, -131, ~132 7)== 15N-Tyrosine la-
beled T4 endonuclease V2] 2D HSQC NMR A3

£ 23] 43Pt 1813 T4 endonuclease VY] C-
terminal region©.2 ©|F°]3 peptide fragment&
348} Fluorescence®t NMRS #alt) o224 7]
A<l DNAsE] A#ol| le14 T4 endonuclease V¢

Cterminal regions S SR ARS8k
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EHYZ labeling X FH|

» wild-type T4 endo V& #AZ: T4 endo V|
AAZE = EgA0|EE transformationd tF
< HjFE 5 ool 71 d WA E AASET

* 15N-Tyrosine labeled T4 endo V& Al=x:
tac promoter$} T4 endo V FHAE A#3% plas-
midE 3ol transformationd & LBHIX] ol A} wj
4. 278 50 pg/ml ampicillin, 1% glucose,
0.01% 15 N-tyrosine, 283 tyrosine €] 0.01%
7} obu e ALS: $H-5-8 2 1 MO wiA ol FFHr}. 30°Coll
A 0.6~0.7 OD7HA vl £, 200 pg/mls] IPTG=E
induction®{th, 3~4X7t F Aoz FaFct A
£ #1383} buffer A (pH 6.5,50 mM potassium phos-
phate, 1 mM B-mercaptoethanol, 10% glycerol)ll
peliet& AHEAZ|1 sonicationd sttt FAY
AANE Ao AAZT F5NE buffer B (pH
6.5,50 mM potassium phosphate) 2 H33t¥ Bio-
rex 70 ion-exchange columndl ZAY. 0~1M
KCl salt-gradient® ©¥W&& elutionr]Z! ¥ frac-
tiong FHHch H7|¥Eez o9 @A fraction
& Centriprep(Amicon) 0.2 F23ich. ghde] &
S SDS-PAGEZ 813 A3} 99% o) gl it

DNA #4 9 S|

T4 Endo V9] 714 2A thymine dimerg &-H3}
+ 10 mer DNAE protected thymine dimer deri-
vativeg AHg-3to] FA3Ah™” $#H T4 Endo Vi
thymine dimerg ¥ $3h= specific DNA% ©)|&
3812 W= nonspecific DNAZ 7¥3lo] repair &
€& Yehll=2 nonspecific DNAE #4313t
Nonspecific DNAE DNA synthesizerg AH-sho
@445ttt DNA §42 500 OD o4 &t 18
3 DNA®} 2ol 10 mero)/d<l ¢ T & o] bind-
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ingol £ 4&S vjRA) Yorg BE 10 mers 33
t}. §43 thymine dimer & DNA (-T"T-) %
3%%¢] nonspecific DNA (-TT-, -AT-, -GC-)¢]
sequence= U3 7},

T"T-DNA TT-DNA
d(GCGGT"TGGCG)  d(—TT—)
(CGCCAACCGC)d  (—AA—)d
AT-DNA GC-DNA
d(—AT—) d(—GC—)
(—TA—)d (—CG—)d

(—) & T T-DNAIA] vb#A] 42 sequenced
vehdT)

DNA #AlE ohea zo] 3Htt. $4 crude
product® 94 HPLCE 0.1M triethylammo-
nium acetate (pH 7.0)o 408 5S¢ 5~50% a-
cetonitrile gradientE Z°] main peak® #3353l
t}. o] DNAE pyridine dowex column® F3A1A
pyridine HelZ THE ¥ o|RA& A Na® dowex
columng E3A)1A Na* del2 THE]c).

a8lx Chelex column® FHA|A paramag-
netic F£012& AAHL. o|AES FAAZ A
% =5 AAE &1, ARl strande 80°CA an-
nealing® double strand® TERT. FEAXE
% Sephadex columng FHAA single strandg
AAS I desalting® 3L RS HFH o2 A
AZANA 9% oY =& He nAEHY
sampleZ THEIT}

Peptide £14 9 FA|

Peptide= solid-phase methodol 2}3 A=A
. $4E F71A peptide T4 Endo V& C-ter-
minal region®] Ala 123~Ala 135 (13 mer), Gln
124~Ala 138 (15 mer) 2 Z}7} o]Fo}4 v}t Am-
ino acid sequence= v} #th,

T4-PEP13 : AQRPTWYKYYGKA (M.W. 1630)
T4-PEP15 : QRPTWYKYYGKAIYA (M.W. 1906)

AAE &3 2o Pt 4 HPLCE ol &3
0.1% TFA aqueous solution®} 90% acetonitrile
solution (in 0.1% TFA solution)d] 4580l A
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linear gradient® #¢] crude product® main
peakE BHe & &2 Fol/] Al wHUxE ¥
W oRbEStET) Ao 99% oY TEE 7HAE
T A4 E] peptideE Ao,

NMR 48

Sample bufferZ+= 50 mM potassium phosphate
(pH 6.5)& AH831931 90% H,0/10% DLOZ NMR
sample® FH|gc}t 1D A¥dl= JEOL GSX 400
MHzZ 2D A8+ Bruker AMX 500 MHz NMR
71718 AHEFCE HO0 4949 1D A8 1-1 echo
pulse® AHESte ZFAHYPUL. 2D AFANA time-
domain one-dimensional data’} baseline—cor-
rected=I% 3 Fourier transformation el @Zof
Sine square window functiono] &% t}h. Chem-
ical shift g2 2,2-dimethyl-2-silapantane-5-sul-
fonateE 71EFoZ vt

Fluorescence 4J#

oy Hepo]= DNAZE 50 mM potassium ph-
osphate buffer(pH 6.5)9 =< samples TH| AT},
Fluorescence datai™ tryptophang 280nmollA]
excitationdl] 300~450 nm H¢olA 2 emission
spectrumE HEo=ZH dojHrt AMEE J7e
JASCO FP-T770]t},

CEEE

T4 endo V2} 37}X| &M DNA (TT, AT, GC-DNA)
o WEHA EAA] Fluorescence spectrum B}

9] internal fluor®%E tryptophan, tyro-
sine, phenylalanine®] It} o]E9 fluorescence
spectrumo2 RE] gl conformationol] 3t
ABE A& F 9+ dl, F= tryptophano} AMS-H}.
2 vjFAE T4 endo Vol tryptophan®] WYKYY
segment®] Trp-128 sh} H#o]ojr] T4 endo V&
DNAS9] binding®ll $1¢14] C-terminal region®] 9+
o freldt 218 AFIT. T4 endo Ve tryp-
tophan %719 emission wavelength™ tryptoph-
an® emission wavelengthet 43}, o2 B
T4 endo V2| tryptophan Z717} E8e] &5 o] 2l
& AT 1A 5 DNAE H7Hgd& A &2
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Fig. 1— Fluorescence emission spectra of T4 endo V and
its complex with 10mer DNAs. Trace 1was the
emission spectrum of T4 endo V alone; traces 2, 3
were the emission spectra when the mole ratio
of DNA to T4 endo V was 1, 2, respectively. The
concentration of T4 endo V was 5 uM.

E 2~9=3dA tryptophan® quenching 4ol #
FHcHFig. 1). ©o]2%E T4 endo V& AH8H 3%
o] DNA E5o Agge a4t ©]RAE T4 endo
V$} DNAZ} nonspecific binding® 3the AR
tryptophan 717} 71 Agel] #ogE v F}

T4-PEP13, T4-PEP150] T "~ T, TT-DNAZ9] titrati-
onA] fluorescence spectrum 3}

o3} %AslA AA peptide fragment®] fluores-
cence spectrum® AT} ¢9) T4 endo VS 3579
nonspecific DNA®IS] B¢ d3olA nonspecific
binding AFdS E<18I4l7] wiEe] dEHe= TT-
DNAYHE: peptideste} A28} A3l 5THFig. 2,
3). T4-PEP13% T4-PEP15¢] TT-DNAZ% titration
& ", T4 endo VS vFE7FAZ tryptophan®]
quenching®] #&=Uc} o]28E T4 endo Vo C-
terminal region© 2 ©]50i3l peptide fragment7te.
25 DNAY Atk A& 43it}h T4 endo Vol
T T-DNAZ H7Istd 27k DNAYE Esisjz=
NMR A3eo] Brbssith 2 Fete] Hg4dnelA C-

T4-PEP13 + T T-DNA

T4-PEP13 + TT-DNA
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Fig. 2— Fluorescence emission spectra of T4-PEP13
(upper ling) and their complexes with 10 mer
DNAs (lower line). The mole ratio of DNA to
T4-PEP13 was 1, and the concentration of T4~
PEP13 was 0.15uM. The excitation wave-
length was 280 nm.

T4-PEP1S + TTT-DNA TA-PEP15 + TT-DNA

inten sity,

intensity

Wavelaength(nm) Wavelength(nm)

Fig. 3 — Fluorescence emission spectra of T4-PEP15
(upper line) and their complexes with 10mer
DNAs (lower line). The mole ratio of DNA to T
4-PEP15 was 1, and the concentration of T4-
PEP15 was 0.15 uM. The excitation
wavelength was 280 nm.
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Fig. 4—The HSQC spectra of “N-Tyr labeled T4
endo V (top) and its complex with 10 mer TT-
DNA (bottom). The concentration of “N-Tyr
labeled T4 endo V was 1mM. The 1D-slice
spectrum of a broadened peak is shown by a
box.

terminal regionZ Z gl #hodtA| Tt EA3514-9)7) o}
vk Zo) g2l $7) Wl peptide fragmentol
T”T-DNAE titrationd)= DNAS] £ dojuA]
%2 Aolzka 4 4 gl 1eiA T4-PEP13, T4~
PEP15f T T-DNAZ titrationd}] fluorescence
spectrum H3HE B3I H(Fig. 2, 3). TT-DNA%}
ulz7FA 2 tryptophan®) quenchinge] #E=Ach.
A7 02 T4 endo V& C-terminal region®| spec-
ific “18]2 nonspecific DNA9}] Aol FQ3hch=
A& FAg & it

"*N-Tyrosine labeled T4 endo V& TT-DNAS| &&}
& @Al 2D HSQC spectrum®) {8}

"N-Tyrosine labeled T4 endo V¢ HSQC
(Heteronuclear Single Quantum Coherence) spec—
trumell Al T4 endo V& 77} tyrosine 2718 218191
. TT-DNAE 7S o F2 29 9.2ppm <A
peak®] broadeninge] #AEIch(Fig. 4). Peak?
broadening ¥4+ macromolecular®] A& 2H-8A7
o) A} binding % ¥-& ¥ 4F= indicatore]th. ukeba
Aol #dsl= 247)= freed Aehol vlsl mobility7}
#Hago g FHAsiAzlo] Fo|E9] NMR spectr-
um ‘3l broadening®] ot peak’t BAE7| wE
o|t}. T4 endo V€] C-termian! region®] DNA2}He] 24
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Fig. 5— Imino proton resonances of 10mer T" T-DNA
and its complex with T4-PEP13. The mole ra-
tio of T4-PEP13 to DNA was 1, and the con-
centration of DNA was 0.1mM. The buffer
was 50mM potassium phosphate (pH 6.5),
and the temperature was 27°C.

goll Fa3sitia A o)) B g nigto g Y
@ broadening®] Yol peak7} WYKYYel &3h=
3719) tyrosine Z7] 3 ol AQIR|= o} FIEt 4=
PRI 1 Fol 3hte) peakoll AFsleletn F&H}

T4-PEP13, T4-PEP152} T " T-DNA, TT-DNA S8}
#| @Al DNA2| 1 D NMR spectrum &} 25

Fluorescence spectrum® Z#E wgez 1D
NMR A€ 35t} T T-DNA9 T4-PEP13& 3
713€ 9, DNA imino proton resonance®] ¥3} of
& @23t T4-PEP13 #7F A3 %9 spectrum
& A ol 22 chemical shift W37t dojyi -2
GskcH(Fig. 5). 2813 TT-DNAY) T4-PEP13# T4-
PEP15E 217} 71318 W= chemical shift W37t
A=A HFig. 6). 3HtE3F 13.1~13.2 ppm 2319
¥ peakollA] ©E% peak’} %02 0.03 ppm (&
Aozt 0.004 ppm) A7]¢] 2L downfield shiftE
HRJo A F peakd] HUl7] BYo] Frjojd A&
2 ¢ Utk o|2XRE T peptide fragment®} F
DNA$ A%< fluorescence datadl ©]o] thA] #gl
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Fig. 6 — Imino proton resonances of 10 mer TT-DNA and their complexes with peptide fragments. The mole ratio of
peptide fragment to DNA was 1, and the concentration of DNA was 0.2mM. The buffer was 50 mM po-
tassium phosphate (pH 6.5). and the temperature was 27°C.

ok 283 ol ¥ chemical shift B3l7} B35
A @2 Aoz HE aromatic ring cluster?!
WYKYY segment’t EA3E E78tn T4-PEP
13, T4-PEP15% intercalation binding® 3% &=

= e &4 ok
o &

T4 endo Vot DNA®] 53] 84 A] C-terminal®]
conformation W3E ##3}7] A8} Fluorescence
A#o|A tryptophane probeZ AME-3HITH Flu-
orescence data® ¥ C-terminal region> DNA
ste] ZAzbo TS oA site-directed mu-
tagenesis 28279} & X3S Lot WYKYY
segment®lA tryptophan 7| £]9] aromatic am-
ino acid¢! tyrosine T71E& A+3s7] $13A tyro-
sine®- isotope-labeling¥t T4 endo V (tyrosined]
S1XE Fig. 8o H)E Tk oA BaRo] *N-
Tyrosine labeled T4 endo V¢ DNA E¢HAie)
HSQC spectrumolA broadeninge] #zd &
peak®= DNASLe] Agd] #AA3}E= WYKYY seg-
ment %9 tyrosine 27 3lLtol] #ZFecs AL H
2k 4= 9)i= |, o] A4+ tyrosine #7119 A%l &
gk o)A 9] site-directed mutagenesis 4@ 2ol v
3 B} ¥ FA & $ Uk, vholrt o] AF

Trp 128

Tyr 129
Tyr 137
Tyr 131
Tyr 132

Fig. 7— Relative orientation of the side chains of aro-
matic C—terminal amino acids (WYKYY). These data is
from a X-ray crystal structure of T4 endo V.

Al 94L& NMR datai= T4 endo VE 2 ojv]iedt 2
isotope-labeling®Al T4 endo V4] 287144l g
AR B Bl FRoAle] o) 1% A7l 4
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Fig. 8 — Schematic diagram illustrating the tertiary structure of T4 endo V., obtained using X-ray data and the pro-
gram Ribbons. The loop structure of the C-terminal aromatic region is shown.

o}7 Aol

X-ray AATZE g O Z T4 endo V& WYK-
YY segment?] side chain®) A& <) orientation®-
Fig. TaA 353 Ut DNASKe AjtolA of
side chaing°] Fa3tejehs AME iyl 98
T4 endo V¢ C-terminal region .2 ¢}50}13 2%%
o] peptide® 43t NMR |47& A T4-
PEP13, T4-PEP15%} DNASY) interaction &7olM
o|% peptide fragment?te. 2% DNAC] A3l
AFA S sttt o]AL T4 Endo V& WYKYY seg-
ment (aromatic ring cluster)& HH o2 3= C-
terminal region®) substrate bindingdl 243 9%
& Fth= 0)d Y R E AR Aot} Y9 A
¥ C-terminal regiono] ©-A2] 33} 73 Aol 7
4o} DNAS A28HA @224 interaction@th= F
39 9u)7} o}, o] regiono] DNASH &4 in-
teraction@thz 753 oulg Rk 18w
peptide®t DNAS} interaction® Q7 o] A¥L
binding %2l #% shte] AMNE AFECE T4
Endo V¢ DNA®} 4] 9194 Cterminal re-
gion® intercalation bindingoll @& 817} Q194
x| gt o] regiono] @A Wof] EA31A] &< shte
EY=<l peptide fragment, § T4-PEP13, T4-
PEP15 HZ 532 w o5 peptidet aromatic
ring clusterd] WYKYY segmentZ 71w &0 2
&4, aromatic ring® 7} ligand’} F37] A&
binding %21¢! intercalation binding& & 7}s4del
A%t 4843 intercalationr] ¥AEHE ring
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current effect2 1% @A chemical shift ¥3irt
#TEHEA ?&9):‘:}. webs T4-PEP13. T4-PEP15+=
intercalation binding& 37 FErhe RS 4t
A ZA) o]% peptide fragment®) DNA binding %
22 intact protein¢l T4 Endo V wol Exi% we]
binding %33} fAbe Zizth olul® DNA groove
o bindingdle AZv T4-PEP13# T4-PEP15
DNA%] interactionolX A9 22 & R
o, o1& F 2709) residue® ¢ 7}A 1 gl T4-PEP
15 NMR sample AlZ#4oljA] &7t 2 A
AL Ry}

DNAS Z+ base paird s EA8E imino
proton< DNA®] conformation B3}l wfj-¢ 9173}
™, 2179 resonance’t THE resonancedl B3] A2}
Aregelo] JEREE overlape] HA| et aEA
DNAY imino proton® rescnance= ©ijad &
peptideste] Ag €3] of7|=]= DNA9 helix
conformation®] W& Hist= o /L3t Fig
5, 694 peptideste] B3Al FAA 22 chemical
shift ¥3}7} dolut peakE HEHJAT imino pro-
ton resonance®] A patternol: & Wzt g2
224e 5= 9t olA-2 peptide fragment”t DNA
o} ARl ARG B = Al 1 dFeg Ql
& DNAY AA 72 E £ 99 F4 et A
& AARSEAL Qi

T4 endo V& F8l3t 2711 9] 715 7k 9l
s AMde & B8 32 compact ¥ domain @
2 a]RolA] gt} o] A4E 79 a-helix, 5719 re-
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verse turn, extended chain segments, 1¥]1
loops2.2 s} vk mEA F2E all-a hel-
ical protein®.Z £F¥ 4 Slt}. Main chain fold®]

714 #8238 54L& amino-terminal®] 77} residue

isotope-labeling 3ol 23t T4 endo V¢ F+&-7]
5 AaA o] NMR 9+ 3ol 7128 A&t 3l
ou, F7F data®A 45|31 it T4 endo Vel C-

~ termianl region®] 2H& Fof XA o] =& A3

9] segment’} F712] F8 helix, H13 H2 A}e] 2 7|
o] E0j7} gl Aotk (Fig. 8). ol3% 7RE 7kAl=
T4 endo V= AFAH 02 47}1A19) 7159) 9t} DNA
o} ¢14], DNA<}¢} A%, PD DNA glycosylase ac—
tivity® %38 glycosyl bond®] A, 8] AP
lyase activity® ¥ phosphate backbone$] d¢t
o] 71 71%5E°lt}. T4 endo V¢ &3 N5EH T2
o} AHRBAE 937] A3 o] AZEUZNE B
T3t o] E 7wl #odle EAHIE 2R o
B2 o388 # gl HAle A 2A HEHE]
2 27150} T4 endo Ve 7|50 Fasch=
o] site-directed mutagenesis 2ol 3] Lo
o] ¢lt}. 28]3 T4 endo V9] aromatic clusterg ©|
F= WYKYY segmentE ¥33}= C-terminal re-
gionZ o] @A tigt Aol glojA 83 HH o]
sojgit}. 1%<ke) ¥ 3194 C-terminal regione &
@r)E & AT 98-S dvta ¢sA Sl d
AZA = o] Fr%o] M2 uietH]l Aol e
- 2t} o] =R B3 P g B8 71AY
DNAS}] A& 2H8oA T4 endo V4 C-terminal
region®] G&el tigt o] E Tl AT ©f re-
gion®} DNA®}e] Al #jgto 2 M T4 endo V7t
39 targetell AE3HA AAsl aAhEAM Y 75 E
TFYIEE s 948E dElEte AE ¢ F I
Z C-terminal region®] T4 endo V¥ 715 5 7]1d 3
o] A7)l TR RS A Aot

3% T4 endo V4] C-terminal regions} H£¢] 7]
Al DNASIS] Aol BA=EE A S ZA basic am-
ino acid 0] 55} it} T4 endo V| WY
electrostatic potential®] molecular graphic dis-

=3
<
™
=
A

play: %2 positive charged residue (Arg, Lys)E
o] EH %o Zo) 9l3-& Hol= b o] AL o] B
o] DNA®} electrostatic interaction® 7154-& 2o
3 9t A positive chargeE zts #7189
isotope-labeling® £3% NMR &7l DNAE ti-
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