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Abstract

The XPRK motif as a novel DNA binding motif is studied by our
laboratory in recent years. This thesis reports on the solid-phase synthesis of
three series of peptides containing the XPRK motif
1. Fivelinear peptides containing repeating XPRK motifs.

2. Eight linear peptides containing N-methylpyrrole residues (Py).

3. Seventeen cyclic peptides containing repeating XPRK motifs.

Agarose gd electrophoresis showed that peptides containing Py residues
have some DNA nicking activities. Similarly, if the Pro resdues of the
peptide is replacedwith Hyp residues, the DNA nicking activities of the
peptides are increased. A number of cyclic peptides synthesized possess
good DNA binding activities, and gel retardation studies by agarose gel
electrophoresis showed that the 14-mer cyclic peptides possess better DNA
binding activities than the 10-mer cyclic peptides.Footprining studies by Lin
Pel-Hsuan showed that the cyclic peptides CRHY-14, CH2Y-14, CHyD-14,
CHyY-14 and CMY-14 possess DNA sequence selective binding, with major

sectivity on 5-TATTT-3, 5-TTTTCT-3 and 5-TATTT-3' sequences.
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1.1 SPXX
Ser-Pro-X-X (SPXX) X Lys Arg DNA

(Sea urchin spermatogenous histon H1)

! 1989  Suzuki
Ser-Pro-X-X (S6 Peptide) (gene regulatory proteins)
( 1 (regulatory gene) > 1984  von Holt
H1 3 SPXX Ser i-th
Pro I 1-th )
B -turn DNA ( 2°
i-th i+2-th i-th
i 3th > 1989  Suzuki
Churchill SPKK DNA AT
6
H1 (N-termina Dart) +
S. nudus PA | SPOK|RAA| SPRR SPKK SPRR SPKKIKSS| SPRR | K (AKRARASTHPPVAQH)
P.angu osus NH - SPOK | RAA| SPRK SPRK SPKK SPRK |JASA| SPRR| K AKRARASTHPPVLEM
Sgrandosus SPQK | RAA| SPRK | G| SPRP SPKK sP |-
E.crassa SPOK | RAA| SPRK SPRK SPKK|IK SPRK| R K ARSAAHPPVIDM
H2B (N-termind Dart)
Ilgdictas 1NH-PR SPK § SPKR|G g';s& SPRKg SPSK m gﬁs
.angu osus ) BB %ﬁ& T gﬁs g PRI SPRK PR KR
3 P|SaK F1K |R| 1K | | o7k R SPQK
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His-Pro-Arg-Lys- Trp-Lys- Ser-Pro-Lys-His-Ser-Pro-Lys-Lys-NH,
Ex-12

His-Pro-Arg-Lys-Glu-Ser-Arg- Asp-His-Pro-Arg-Lys-NH»

Ex-15

Arg-Ala- Arg-Pro-His-GIn- Ser- Ser-His- Ser- Asp-His-Pro-Arg-Lys-NH;
SP-12

Ser-Pro-Arg-Lys-Ser-Pro-Arg-Lys-Ser-Pro-Arg-Lys-NH;

MR-12

Met-Pro-Arg Lys-Met-Pro-Arg-Lys-Met-Pro-Arg-Lys-NH,



1.2  N-methylpyrrole amino acid (Py)
netropsin  (Net) distamycin (Dst)
(Streptomyces) 8 (minor groove)
AT ( 3" Dickerson®  Wemmer™
Net Dst Net Py Dst Pyt
NHs DNA A N3 T O2
Dickerson Py  limidazole (Im) %21 Dervan
hydroxypyrrole (Hp) Py 224 4)
DNA 25,26
HoN< _NH
HaN _NH \?
? HN /';;O
/
"," N/CH3 Py
' Py g
HN™ .
...... 5
= N
AN N\CH3 © | N 0 i
H --..'_’!'E‘ Py cn
HoN N\/<\ 3
NH © Py
Netropsin Distamycin
3. Netropsin  Distamycin
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Py Hp Im
4. N-methylpyrrole amino acid (Py) 3-hydroxylpyrrole amino acid
(Hp) N-methylimidazole amino acid (Im)

Py ? DNA

PyH-8

His-Pro-Arg-Lys-Py-Py-Py-Py-NH,

PyHK-10

His-Pro-Arg Lys-Py-Py-Py-Py-Lys-Arg-NH;

PyH-12
His-Pro-Arg-Lys-Py-Py-Py-Py-His-Pro-Arg-Lys-NH;
RPyH-12

His-Pro-Arg Lys-Py-Py-Py-Py-Lys-Arg-Pro-His-NH;
PyHyp-12
His-Hyp-Arg-Lys-Py-Py-Py-Py-His-Hyp-Arg-Lys-NH;
RHyp-12

His-Hyp-Arg- Lys-Py-Py-Py-Py-Lys-Arg-Hyp-His-NH;
RPyY-12

His-Pro-Arg- Lys- Py-Py-Py-Py-Lys-Arg- Pro-Tyr-NH;
PyX-12

His-Pro-Arg- Lys-Py-Py-Py-Py-Ahx-Py-Py-Py-NH,



1-3 ?

(B -Lactam)
27
2
( Streptomycetes aureus) Echinomycin  Triostin A TANDEM
?2 2 (Quinoxaline antibiotic) > Tetracycline
(Tetracyclines  antibiotic) L. Sheh
2 39
?  DNA / 045
2 2 2
? ? DNA
?
CN-14

q/do[éHg-CO-GIy-Asn Pro-Arg-Lys-AsnPro-Arg-Lys-Asn-Pro-Arg-Lys q/ls-] NH,
CRHY-14

I I
Cydo[CH2-CO-Gly-His-Pro-Arg-Lys Tyr-Pro-Arg-Lys-Lys-Arg-Pro-His-Cys-] NH>
CH2Y-14

Q/do[(J:Hz-CO-GIy- His-Pro-Arg-Lys- Tyr-Pro-Arg-Lys Tyr-Pro-Arg- LysCyls-] NH,
CHyY-14

I |
Cydo[CHz-CO-Gly-His-Hyp-Arg-Lys- Tyr-Pro-Arg-Lys-His-Hyp- Arg-Lys-Cys-] NH»

CHyD-14

I |
Cydo[CHz-CO-Gly-His-Hyp-Arg Lys-Asp-Pro-Arg-Lys- Tyr-Pro-Arg-Lys-Cys-] NH>




CYS-13

I |
Cyclo[CH,-CO-Gly- Tyr-Ser-Pro- Thr-Ser- Pro- Ser-Tyr-Pro- Arg-Lys-Cys-] NH»
CyS-14

I |
Cydo[CH2-CO-Gly-His-Pro-Arg-Lys- Tyr- Ser-Pro- Thr-Ser- Pro- Ser- Tyr-Cys-] NH»
CMY-14

I
Q/do[éHz-CO-GIy- Met-Pro-Arg-Lys-Met-Pro-Arg-Lys- Tyr-Pro-Arg-Lys-Cys-] NH>

CTH-14

I I
Cydo[CH»-CO-Gly-Thr-Pro-Arg-His- Thr-Pro-Arg-His- Tyr-Pro-Arg-Lys-Cys-] NH,

CY-10

OYdO[CH,-CO-Gly-Tyr-Pro-Arg-Lys- Tyr-Pro-Arg-Lys-Cys-] NHs
CF-10

I I
Cydo[CH2-CO-Gly-Phe-Pro-Arg-Lys-Phe-Pro-Arg-Lys-Cys-] NH>

CNN-10

I I
Cydo[CH»-CO-Gly-AsnPro-Arg-Lys-Asi-Pro-Arg-Lys-Cys-] NH,
CDN-10

I |
Cydo[CH2-CO-Gly-Asp-Pro-Arg-Lys-AsPro-Arg-Lys-Cys-] NH>
CNY-10

I |
Cydo[CH2-CO-Gly-Tyr-Pro-Arg-Lys-AsiPro-Arg-Lys-Cys-] NH;
ChH-10

I I
Cydo[CH»-CO-Gly-His-Hyp-Arg-Lys-His-Hyp-Arg-Lys-Cys-] NH,
ChQ-10

I I
Cydo[CH»-CO-Gly-Gn-Hyp-Arg-Lys-GIn-Hyp-Arg-Lys-Cys-] NH;
ChY-10

QIdo[éHz-CO-GIy-Tyr- Hyp-Arg-Lys Tyr-Hyp-Arg-Lys- Q/sl-] NH;



2.1

(ESI-MS)

(agarose gel electrophoresis)

(Footprinting)




2.2

2.2.1

1. Acetic Acid

2. Acetone

3. Acetonitrile

4, agarose

5. Ammonium carbonate

6. Boric Acid

7. Boc-4-amino-1-Mepyrrol-carboxylic acid
8. Dichloromethane

9. 1,4-Dioxane

10.Disodium Ethylenediamine Tetraacetate
11.DNA (PBR322)

12.1,2-Ethanedithiol

13.Ethanol 99.5%

14.Ethidium Bromide

15.Ethyl Ether Anhydrous

16. Fmoc-¢ -Ahx-OH

TEDIA

TEDIA

SeaKem

SHOWA

TEDIA

NEOSISTEM

TEDIA

Fisher

Fluka

NASA

SIGMA

TEDIA

ANASPEC



17.Fmoc-Ala-OH
18.Fmoc-Arg(Pmc)-OH
19.Fmoc-Asn(Trt)-OH
20.Fmoc-Asp(tBu)-OH
21.Fmoc-chloride
22.Fmoc-Cy(Trt)-OH
23.Fmoc-GIn(Trt)-OH
24.Fmoc-Glu(tBu)-OH
25.Fmoc-Gly-OH
26.Fmoc-Hig(Trt)-OH
27.Fmoc-Hyp-OH
28.Fmoc-Lys(Boc)-OH
29.Fmoc-Met-OH
30.Fmoc-Phe-OH
31.Fmoc-Pro-OH
32.Fmoc-Ser(tBu)-OH
33.Fmoc-Thr(tBu)-OH
34. Fmoc-Trp-OH

35.Fmoc-Tyr(tBu)-OH

BACHEM

BACHEM

ANASPEC

ANASPEC

BACHEM

ANASPEC

ANASPEC

ANASPEC

BACHEM

ANASPEC

ANASPEC

ANASPEC

ANASPEC

ANASPEC

ANASPEC

ANASPEC

ANASPEC

ANASPEC

ANASPEC



36.Hydrochloric acid
37.Methyl Alcohal
38.N-Methylmorpholin 99%
49.N,

40.NaOH
41.N-Chloroacetylglycine
42.Ninhydrin
43.N,N-Dimethiforamide
44.Phenol

45.Piperidine

46.PyBOP

47.Pyridine

48.Rink Amide AM resin
49.Sodium bicarbonate
50.Trifluoroacetic acid

51.Thioanisole

52.Tris(hydroxymethyl)aminomethane

TEDIA

L ancaster

MERCK

SIGMA

Lancaster

SIGM

SHOWA

TEDIA

NOVA

NOVA

TEDIA

ACROS

Huka

TEDIA



2.2.2
1. ? PS3 AUTOMATED SOLID PHASE PEPTIDE
SYNTESIZER Ranin
2 (HPLC)
Reverse Phase (Vydac C18 0.4x25cm  1x25 cm)
HITACHI L-7100
SomaUV-VISdetector/S-3702 Range 180~610nm
PC D-7000

Virtis 10-323

Buchi RE

EydaAspirator A-3S

5. BSGV
6. NITROX VHP nitrogen generator
7. Mel-temp (Laboratory devices)
8. AUTOPOL (Automatic polarimeter)
9.
HYBAID
PsS00XT DC

DS34 POLAROID (Direct screen instant camera)



10.

11.

Polaroid  Polapan 667

BiolD Software (Verson 6.32)

(ESI-MS)



2.3

”? (Solid
Phase Peptide Synthesis SPPS)™ (PS3
Peptide Synthesizer)

FILL MIX DISP
OLV 05 00:00:30 10
DEP 05 00:10:00 10
ACT 00 00:40:00 10
FILL : (sec)
MIX: (hr:min:sec)
DISP: (sec)
REP:
SOLV ( ): DMF 5
1mL) N, 30
2 (10 )
DEP ( ): 20% piperidinelDMF
5 N> 10
10
ACT ( ): 5mL 0.4M NMM/DMF
FILL 40

10



2.4 Kaiser test

? 10x75 mm

100u L Pyridine 75y L (8g phenol/2mL EtOH) 75y L (0.2g Ninhydrin

/2mL EtOH)
2.5 ?
2.5.1 (Resin) Fmo (Linkage)
a Fmoc
(50 mg 0.0315 mmol) 5
DMF 20 DMF
5 DMF N, 30 DMF 10
20 piperidine / DMF 5
N, 10 10
Kaisertest ()
b. (Fmoc-A.A.-Resin)
1 4 Fmoc 4
(coupling reagent) PyBOP 5mL 0.4M

NMM/DMF (8.9mL NMM/191.9mL DMF)

N, 40 10



Kaiser test ()
2.5.2 Fmoc (Depr otection)
5 20 piperidine / DMF N, 10
10
Kairser test ()
2.5.3 (Coupling)
4 4 5mL 04M NMM/DMF
N, 40 10
Kaiser test ()
254 (Cleavage)
a ?
( 9
b. (cleavage reagent)
phenol 0.75g TFA 10mL D.W. 05mL Thianisole 0.5mL
EDT 0.25mL

DCM

Ethyl Ether Anhydrous (4x20mL)

5% AcOH



y Fmoc

NO

= y 4
C
Cleavage mixture A ||| Cleavage mixture Cleavage mixture
0.5mL H,0O 0.75g phenal 0.25mL EDT
9.5mL TFA 0.25mL EDT 0.5mL H,O
0.5mL thioanisole 9.5mL TFA
0.5mL H,O

9.5mL TFA




? ?  AcOH ?

HPLC ?
2.6 o) 47
2.5 ? ? ?

(~ 10 mg) 50mL 0.IM (NH,),CO; (0.48g/50mL
D.I.W.) 3N NaOH PH 90 (25~30 )

8 HPLC

?
2.7 Fmoc-4-amino-1-methylpyrrole-2-carboxylic

acid (Fmoc-Py)*>°

Boc—NH Fmoc—NH
1. TFA / CH.CI,
/ \ 2. NaCOg3/ 1,4-Dioxane / \
N COOH >
| 3. Fmoc-Cl ||\| COOH
CH3 CHy
Boc-Py Fmoc-Py
100mg Boc-Py 11 mL TFA 1 mL
DCM (2025 ) 1

2mL 10% NaCO; 2 mL 1,4-Dioxane

100mg Fmoc-ClI 4



8 200mL /150mL
4 30 6N HCI PH 2

3%

2.8 (HPLC)
reverse phase C.g (0.4x25 cm  1x25 cm) column
A 214nm

1mL/min  (0.4x25 cm column)

25mL/min  (1x25cm column)
D-7000
A 5% CH;CN  95% H,O 0.1% TFA

B 95% CHsCN 5% H,O 0.1% TFA

C CH5CN
B %  0-40-80-100-100%

0-10-20-25-30 min

2 9 43
2.9.1 0.5% gel

agarose gel 0.369g 74mL 0.5xTBE



292 7 DNA
? DNA (0.225u g/p L)
(tubes) ? 0.5xPBS
65 25 3

2u Ldye 21 LOSXTBE  tubes

0.5XTBE tubes 100
V 30A 2
2.9.3
500mL O0.5XTBE ( 50p L Ethidium Bromide 1
mg/mL) 30 05XTBE 10
uv

Lane 1 — > DNA cleavage —— > Lane 2

Lane 1l Lane?2

Lanel  supercoiled form DNA
Lane2 a—supercoiledform DNA

b — linear form DNA

b ¢ — open-circular form DNA




2.9.4 Buffer

5XTBE 54gTris 27.5g Boricacid 3.7g EDTA 1

10xPBS 8.5g NaCl 0.2g KCl 1.15g Na,HPO, 0.2g KH,PO,

1
2.9.5 (gel shift assay)
uv (bands) (standard band)
DNA
?

mm (gel snift) ?  DNA
(gel retardation effect)
Lane 1 Lane2 Lane 3

- Ad
R SR v i
d mm

Lane 1 DNA

Lane 2,3 ? DNA



2.9.6

(bendc+bandb) /1.4
% cleavage = X 100 %
banda+ [ (bandc+ bandb) /1.4 |

2.10 (DNase| Footprinting) >

1978 Gdas  Schmitz

DNA DNA

( ? ) P

DNA DNasel
DNA
DNA
(bands)
DNA DNA
Footprinting DNA P DNA
DNase |

DNA DNA

DNese |



(missing dands) DNA

( 6

3'-labled DNA
Q 32P

/\ protein
DNase | nicks DNasel nicks

- gl
lﬂ — — ﬂ
— @ —_ - —e
S — ..------Q] Missing
o —| -~ enn @ sgments
—e — — —e
_Q — — _Q
—0 _— - —0
325-6;3)”6;?3 Gel electrophoresis pattern 3215_&',32%?5

6. Footprinting



6)

2( 2 2( 3 4
reverse phase C;g  0.4x25cm  1x25cm column)
? ?
(ESI-MS

?  DNA

5) 2  DNA

? DNA



? HKS-14
(gel refardation coefficient) 11.1mm band shift / uM peptide (

177  DNA

NHs
DNA XPRK (X
Ser M« P12 MR-12 SP-12
DNA MR-12
MR-12  DNA SP-12
Py ?  DNA
2 2 Py DNA
5 mm band shift / pM
peptide  DNA ( 34 PyH-12
? DNA PyH-12
Py ?

(KRPH- HPRK)  RPyH-12  PyH-12 RPyH-12

Pro Hyp PyHyp-12 RHyp-12
RPyH-12 PyH-12 (  35)
( conformation) DNA Hyp
Pro 1~-2 Dervan (polyamide)

Hp Py DNA 22:24



Hyp OH
Devan
(hairpin) >
? Ahx PyX-12
? DNA
5 ? DNA
CY-10
CY-10

X Phe Asn CF-10 CNN-10

CNN-10 DNA

XPRK X His GIn  Tyr Pro

DNA
B -Ala
DNA
PyIPy

DNA

DNA /

? XPRK
CF-10 DNA
( 71

Hyp ChH-10 ChQ-10

Chy-10 ChY-10 DNA ChH-10 ChQ-10
DNA CNN-10
A Tyr CDN-10 CNY-10 CDN-10
DNA CNY-10 DNA ( 72
CY-10 CNY-10 ChY-10 Tyr  DNA
NPRK CN-14 CN-14

DNA

Y PRK



CNY-14 DNA

(70 XPRK(X His Tyr Asp Me)
? Po  Hyp CRHY-14 CH2Y-14
CHyY-14 CHyD-14 CMY-14 CTH-14 CTH-14 DNA

CRHY-14 CH2Y-14 CHyD-14 CMY-14

( 70) CHyY-14



? ES-MS
? DNA Ex-12 Ex-15
MR-12 CRHY-14 CH2Y-14 CHyD-14 CMY-14 CF-10 CDN-10
Chy-10 HKS-14 SP-12  PyH-10

PyH-12 RPyH-12 PyHyp-12 RHyp-12 RPyY-12 PyX-12

CN-14 CHyY-14 CY-10 CNY-10 RPyH-12 PyH-12
Py ? Hyp Pro ?  DNA
1-2 ? ? 2 DNA

? CRHY-14 CH2Y-14 CHyD-14
CHyY-14  CMY-14 DNA T
S-TATTT-3 S-TTTTCT-3 S-TATTT-3
XPRK ?

DNA ?
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