Available online www.jocpr.com

Journal of Chemical and Phar maceutical Research, 2014, 6(12): 900-905

ISSN : 0975-7384

Research Article CODEN(USA) : JCPRC5

Synthesisand Interaction of YYAAY with CT DNA
MaLi**, Hao Xu-dong*and Lu Kui**

'School of Chemistry and Chemical Engineering, Hedaiversity of Technology, Zhengzhou, China
’Henan Institute of Engineering, Zhengzhou, China

ABSTRACT

A similar ACE inhibitory peptides YYAAY were sysittexl by solid phase synthesis. The crude peptidkipt were
separated and analyzed by RP-HPLC, then charae@ri®y ESI-MS. The interaction of YYAAY with DNA theeh
examined through utilizing fluorescence and ultodeti spectroscopy and viscosity method. Result atidghat the
absorption spectra of DNA were decreased with iairey the concentration of YYAAY. When the coratorr of
DNA increased, the absorption spectra of YYAAYentesl hyperchromic effect, and the fluorescencéY#AY had
guenching effect. The viscosity of DNA-YYAAY wasedsed too with increasing the concentration cAXY. The
experimental results revealed that YYAAY insemnedNA with the mode of the “partial” (or the “nonassical”).

Accor(ljing to the Scatchard equation, the bindingstant of YYAAY with DNA was calculated to be K=207

L-mol
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INTRODUCTION

In recent years, the hypertensive disease incidierceased rapidly, and developed to the secotel kif human
health. Angiotensin convert enzyme (ACE) plays mwpartant physiologic role in the blood pressureutation,
ACE inhibitory peptides can effective inhibit igtivity then lower the blood pressure, and hadlissiue effects’,

so ACE inhibitory peptides has been the hotspahéphysiological bioactive peptides. As an impatrtgenetic
substance of human body, DNA is the main targearafcancer druf®. Most molecules could affect the DNA
replication by interacting with DNA. It is reporteétdat small molecules are bound to DNA double hbiixthree
binding modes: electrostatics binding, groove bigdand intercalative bindiff§y so studies on the interactions of
ACE inhibitory peptides with DNA are not only imgance for clarifying the structure and function@¥A, but
also useful for deeper understanding the mecham&mCE inhibitory peptides’ action and designing BC
inhibitory drug.

In this paper, YYAAY which has some structure cletedstics of ACE inhibitory peptides was obtairtsd Fmoc
solid phase synthe&s The interaction of YYAAY with DNA had been exareihthrough utilizing fluorescence and
ultraviolet spectroscopy and viscosity method. Thede and mechanism of their interaction was digzliss
preliminary. This paper provided the basic datalferstudy of peptide and nucleic acids.

EXPERIMENTAL SECTION

2.1. Reagents and methods

2.1.1 Reagents

CT DNA(A.R, Beijing Tiangen Biochem Ltd) was dissetl by pH 7.4 Tris—HCI bufferfgya=
2.38x10°mol- L");YYAAY was synthesized by Fmoc solid phase andsaliged by pH 7.4 Tris—HCI buffer
t00(Gyvaay) = 2.38x10°’mol- L'™);All the other regents are also analytical reaggatde and doubly distilled water
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was used throughout the work.

2.1.2 Synthesisand Characterization of YYAAY

According to the referenc€b YYAAY was synthesized by Fmoc Solid-phase Syrithe&irstly, Wang Resin should
be put in the synthetic tube and soaked within 1@MF for 30 minutes. Then the Fmoc protectingupof the
resin was removed by suspending it in 20% pipeeidim DMF solution for 30 minutes. After removed the
protecting group, the resin was washed by DMF amthemnol, respectively, for three times. Before déimaino
acids were added to mix for 4-8 hours with $thaking, the resin should be activated by HBTu ld@dBt, or DIEA
if the acid is difficult to dissolve. When the fammino acid was coupled to the resin, the pratgcgroup was
removed in sequence by the same method. Theweasirthen dried overnight under vacuum. While therdsin
was obtained, the cleavage solution consistingififiaroacetic acid (TFA), triisopropylsilane (TLSand water
(9.5:0.25:0.25), was added and shaken faethiours. The cleavage solution is aliquoted ¢ald ether by
filtration, and solid substance was obtained, wastiddcold ether and maintained in the freezer drybe product
was purified by RP-HPLC and detected by ESI-MS.

RP-HPLC analysis and purification were performed amn Agilent Analytical Semi-prep 1200 HPLC system
equipped with a VWD detector. ESI mass spectra waeasured on an Esquire 3000 spectrometer fromearuk
UV-VIS spectra were recorded on a Shimadzu UV-24pBctrophotometer. Fluorescence determination was
performed on a Varian F23010 spectrophotometecogity experiments were carried on an Ubbelohdeowieter,
immersed in a thermostated water-bath.

2.2. Experimental M ethod

2.2.1. Synthesisand Characterization of YYAAY

Firstly, Wang Resin should be put in the synthailme and soaked within 10 ml DMF for 30 minutes.heil the
Fmoc protecting group of the resin was removeduspending it in 20% piperidine in DMF solution 80 minutes.
After removed the protecting group, the resin washed by DMF and methanol, respectively, for thiees.
Before the amino acids were added to mix for 4-8rbavith N, shaking, the resin should be activated by HBTu and
HOBt, or DIEA if the acid is difficult to dissolve.When the last amino acid was coupled to the retia
protecting group was removed in sequence by the saethod. The resin was then dried overnight umdenum.
While the dry resin was obtained, the cleavagetigoiconsisting of trifluoroacetic acid (TFA), tGigropylsilane
(TLS), and water ( 9.5 : 0.25 : 0.25 ), was added shaken for three hours. The cleavage solufialiguoted
into cold ether by filtration, and solid substanaswbtained, washed with cold ether and maintaiméde freezer
dryer. The product was purified by RP-HPLC and deig by ESI-MS.

2.2.2. Ultraviolet spectra

(1) YYAAY were titrated to DNA

The volume and concentration of DNA were fixedrtethultraviolet spectra scan after YYAAY were dited to
DNA per i, and the same volume and concentration of YYAA¥evused as the contrast.

(2) DNA were titrated to YYAAY

The volume and concentration of YYAAY were fixeddaries of 10mL comparison tubes, the differentn of
DNA were titrated to itsaccording to Rt= Gaay/ Cona= 0, 0.2, 0.4, 0.8, 1, 1.4,2. then added pH 7.4—H(CI
buffer to 10ml. UV-Vis absorption spectra were mglgal using the same volume and concentration of ilAhe
contrast.

2.2.3. Fluorescence spectra

The volume and concentration of YYAAY were fixedsaries of 10mL comparison tubes. the differentin@ of
DNA were titrated to it@ccording to Rt= gya/ Cyyaay = 0, 0.2, 0.4, 0.8, 1, 1.4, 2, then added pH 7id¢—HCI

buffer to 10ml. Fluorescence spectra were carrigtd tThe excitation wavelength and emission of tu@@es was
monitored at 275 and 304 nm.

2.2.4. Viscosity method
The volume and concentration of YYAAY were fixed Wbbelohde viscometer. Then the different of volume

YYAAY were titrated to DNA according to Rt=\@aay/ Cona= 0, 0.2, 0.4, 0.8, 1, 1.4, 2. Data were preseasfq
Ino)*? versus Rt([peptide]/[DNA]), where is the viscosity of DNA in the presence of peptided 77, is the
viscosity of DNA alone.
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RESULTSAND DISCUSSION

3.1. Synthesisand Char acterization of YAGFL
YYAAY was obtained as yellow power in 71% yield Bynoc solid-phase synthesis. The m/z 650.4 (Figndfrhes
the molecular ion peak [M+Hpf YYAAY.
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Fig. 1 The ESI-M S spectrum of YYAAY

3.2. Sudieson theinteraction of YYAAY with DNA by using Ultraviolet spectra
The ultraviolet absorption spectroscopy is a comiaaeh convenient method to determine the bindingoofplexes
with DNA.

(1) YYAAY were titrated to DNA

The bases of DNA are the target of drug molecuterattion with DNA, so the position and intensitly the
characteristic absorption peak at 260 nm of DNA nwnange after drug molecule interaction with DNA.
Hypochromicity and hyperchromicity are characteDMA spectrum*®. The hyperchromic effect was caused by
the coordination of DNAs bases with drug molectif@t changed the double helix structure of DNA. The
hypochromic effect was caused by the electrostaitiding or partly intercalation of drug moleculetiviDNA's
bases that twisted thmolecule configuration of DNA.

The ultraviolet absorption spectra of DNA is deseshwith increasing amounts of YYAAY in PH 7.4 FrisCl
buffer, but there is no shift at the peak intessitiFigure 2). It is well known that red shift ouélshift at the peak
intensities in UV-vis spectra occurred when smailenules interaction with DNA by inlaid mode. Thesults show
that the binding mode of YYAAY with DNA is not thelaid mode.
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Fig. 2 UV-Visabsorption spectra of different concentration of YYAAY interacted with DNA
Conay= 1.19x10Pmol- LY cyvaay) :1~7(0, 0.238, 0.476, 0.952, 1.19, 1.428, 2.38w1dl/L)
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Fig. 3 UV-Visabsorption spectra of different concentration of DNA interacted with Y YAAY
C(vvaay) = 1.19x10mol- L% ¢ onay:1~7(0, 0.238, 0.476, 0.952, 1.19, 1.428, 2.38xidl/L)

(2) DNA were titrated to YYAAY

The ultraviolet absorption spectra of drug moleatd@ present hypochromic effect when it inserth@ lbases of
DNA, but when it through electrostatic bind with BN bases, it's ultraviolet absorption spectra qaesent
hyperchromic effect*.From Figure 3,we can see YYAAY has two charactierisbsorption peak at 209 nm and
221 nm, and the intensity of the ultraviolet absiorpspectra decreased when increased the amolLBiS A, the
molecular structure of YYAAY is not absolute planso it can’t through the inlaid mode bind with DN may

partly intercalate in DNAs bases. For further istigations, the interaction of YYAAY with DNA wadsa studied
by using fluorescence spectra.
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Fig.4 Thefluorescenceintensity of different concentration of DNA interacted with YYAAY
Covvaay) = 1.19x10mol- L% ¢ pnay:1~7(0, 0.238, 0.476, 0.952, 1.19, 1.428, 2.38x14I/L)

3.3 Sudieson theinteraction of YYAAY with DNA by using Fluorescence spectra
YYAAY can emit fluorescence because of its aromagistems, but DNA can't emit fluorescence. So we stady

on the [in'][eraction of YYAAY with DNA by the fluoresnce quenching of YYAAY through titrating DNA to
YYAAY 1,

According to Fig. 4, the fluorescence intensityY&fAAY gets the strongest value at 304namd then quenches
occurred with increasing amounts of DNA. The ressghow that DNA has the ability to quench the fhszence
of YYAAY at pH7.4 Tris-HCI buffer, and DNA interastwith the aromatic systems of YYAAY. There are two
possible reasonfor the decrease of the fluorescence intensity Y8AAY ™% Firstly, complex which has no
fluorescence is produced when DNA and YYAAY areggaiund state. Secondly, excited molecules of DNA an
YYAAY collide with each other. There are two queimghprocess- static quenching and dynamic quenéting

If the quenching belongs to dynamic quenchingfoltows Stern-Volmer equation:FO/F =1+ KqTO[Q]

Where F and §are the fluorescence intensities before and #fteaddition of DNA, respectively. K represents the
guenching constant and [Q] is the concentratioDA. The values of §#F were plotted against [DNA] (Fig.5).

903



MalLiand LuKuietal J. Chem. Pharm. Res,, 2014, 6(12): 900-905

N {
o144

T T T T T T T T T 1
0.0 05 10 15 2.0 25

[DNA]10-4
Fig. 5 Thevaluesof Fo/ F at different concentration of DNA

The quenching constant K of the interaction betwBifA and YYAAY is 5.3x18" L-mol*, which is much bigger
than the biggest collision constant between smalleoular and biological macromolecules 2¥1Q-mol™.
Therefore, the quenching belongs to static quemghih can be expressed by Lineweaver-Burk equation:

(Fo-F)"=F," +K, 'F,*[DNA]™. The values of(§F)'were plotted against [DNAJFig. 5). we can
obtain the K of the interaction between DNA and YAMis 2.7x1G L-mol* calculated by Lineweaver-Burk
equation(Fig.6).
0018+
0016
0014

0.012

1

T 0010

(Fy

0.008

0.006

0.004

T T T T |
0 1 2 3 4 5
4
[ DNA] 10

Fig. 6 Lineweaver-Burk plot of theinteraction between YYAAY and DNA

3.4 Sudieson theinteraction of YYAAY with DNA by using Viscosity method

Spectroscopic data are necessary, but not suffitiesupport a binding mode. So as a means fohdurtlarifying

the binding of peptide with DNA, viscosity measusnts were carried out on DNA by varying the conaitun of

the added peptide. A classical intercalative maalgses a significant increase in viscosity of DNAison due to

increase in separation of base pairs at intercalagites and hence an increase in overall DNA fen@n the

contrary, when drug molecule partial (nonclassigat@rcalates in DNA, the viscosity of DNA solutialecreases,
which dues to the double helix structure of DNAvissted. Under the same conditions, there are pessounced
(positive or negative) or no change in DNA solutigscosity when they bind by electriciy/*®.

The values of77 /170)"”® were plotted against [peptide]/[DNA] (Fig.7). Thelative viscosities of DNA decrease

obviously (Fig.6). The result indicates that YYAA¥rtially intercalate in DNA.
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Fig. 7 Therelative viscosity of DNA in different concentrations of Y YAAY
Conm= 1..428x10mol- LY qyvaay) :1~7(0, 0.267, 0.714, 1.142, 1.428, 2.856, 5.72FPrid)/L)

CONCLUSION

YYAAY was obtained as yellow power in 71% yield Bynoc solid-phase synthesis and characterized byVESI
m/Z 650.4 [M+HT. Fluorescence spectroscopy, ultraviolet spectmsemd viscosity method are carried out in this
work to study the interaction of YYAAY with DNA. Téhresults showed that the YYAAY could interact widhA

by mainly partial intercalative mode. The K of iheeraction between DNA and YYAAY was 2.7x10 mol™.

Acknowledgements

We thank the National Natural Science FoundatioBluha (No. 21172054 and 21301050), the Innovatmeantists
and Technicians Troop construction projects of faéwou city (No. 10LJRC174) and the Foundation ofidadion
Department of Henan Province (No. 14A150017).

REFERENCES

[1] C Wang; W Song; LZ Jiang; M Di&ur Food Res Technd014, 239(2),333-338.
[2] Hurley L. H.; Boy F. L. d;Trends Pharm. Sg2008, 9,402.

[3] ZP Yu; BQ Liu; WZ ZhaoFood Sic.2010,31(11) , 308-311.

[4] JJ Wang; ZH HuFood Sci,2012,33( 3) , 286-291.

[5]1Y Liu; L Ma; YH Zhang ,Food Sic,2013,34(13),350-355.

[6] HL He; L Dan; CB MaAppl Biochem Biotechnci2013,169,738-749.
[71Y Chen; YZ Li; WB Chang; YX. CiJ. Anal. Sci.1994 (10), 67.

[8] FP Ren; LG Zhu; WL Cherd.Prog Mod Biomed 2007, 17( 12), 25-27.
[9] K Lu; YT Sun; L Ma,Organic Chemistry, vol2007 27 (5), 491.

[10] QS Li; RL Liu; JJ HuangChem J.Chinese 2000, 21(4),513-516.

[11] Widom J; Baldwin RL,J.Mol Biol.1980, 144,431-434.

[12] Bera R; Sahoo BK; Ghosh Si@t J. Biol Macromal 2008, 42(1) ,14-21.
[13] YN Ni; S Du,J.Analysis Laboratory 2006, 34 (5) ,659-662.

[14] Dewey. TGPlenum. New York 1991, 1-41

[15] GY Han ;Y PinActa Chimica Sinicg2001, 59(12):,925-930.

[16] L Zuo ,J.Chongging Technology and BusinesQ05, 22(5), 442.

905



