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B #. o7 Fulg DNA 7} B4 BFE (collapsed) ##EE ol & spermine EEEA o
ol = REIAY BILEE-RES £548% (anomalous absorbance-temperature profile)9] trough i o] 2
= B BT cooperativity, enthalpy, ¥ i midpoint & R3] 2 FHES Tm FIRS 3%
S Hd #R 2 T 259 e AR R o iR aEol £l F%E Bt ethidium
bromide ol ¥3}e] o st el. Ethidium bromide &5 @A Zlell wehA 2 trough o] Zlo]7}
FolAA KRR golzlovt 2ok HHWe R Tm-& e —Esh #FFE ok & B
RS Atz sle] DNA @& vy &8 sty

ABSTRACT. An anomalous absorbance-temperature profile of calf thymus DNA, having a trough
preceding the initiation of the melting, occurs at the spermine concentration, where the DNA
collapses into a compact structure. The cooperativity, enthalpy, and the midpoint of the phase
transition to the trough region are more sensitive to ethidium bromide than those of the Tm region.
As the concentration of ethidium bromide added is increased, the peak size of the trough is de-

creased, while the Tm remains essentially constant.
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Aol =X polyamines o] el 3 W=
o g 7bA fmel A HmEFE & 4 ik ol
3 Bgeol ol A (LERSFEMY HiEe 43 A7
stz BmES] o BT intercalating agent
9] planar aromatic chromophore o] #F3t+ &
JoERRG EhpES] Bk ¥9b obvEl, DNA [
SYERRY ko] k23 intercalating agent 9}
DNA o}o] #HEfER #iE 2 o] =& DNA 9|
S UTORY HEERe] %3l spectroscopic probe
E2A fFe s HasA & 5 87 W EelHh
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form ©.29] collapse & FF#A 7]+ spermine
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#1545 (phase transition)ol] =} 3} transition enthal-
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LolA| FylE (calf thymus) DNA(Type 1)+
B Sigma chemical Company & Y-E EEASH
Ag zol R fAstger o B 0.008M
citrate buffer, pH7.0¢] 5o &%t DNA
9] PBEEE €y0=6600 M~ DNA phorphate & fif
H3to 2 M Ay o2 KB IhEslgvh, B
DNA & wiell olv] @és= Jrghels vt BliEs}
et

DNA %ol spermine & i 7 $-¢] = citrate
bufferof] #HfH %W S DNA FHgo] AR &
Bl MBS webd AAel A, =
DNA ##E 2 Aol Aot =& 5XEN R
-2 Pye Unicam SP 1800 %X EEE AA &
¥ Mgrol 0.008M citrate, pH7.09 EHHH
ol A BfTH AT

Ethidium-DNA f5&0l #St 45080 WE,
spermine-DNA fi &0 3l FH5%N, native 2
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ol A R3S

R Y ER

re] Wilson 3} Bloomfield #:-2-7 spermine™
spermidine ¥ 742 polyamine ol 43 DNA
ST BoTH B #E2e 94 (colla-
pse) & FHESE FUES B E datac] Man-
ning’s counter ion condensation theory® & J&f
A7) =24 DNA backbone 8] [&FiES 89~90
%7t vhFn=lwl DNA 9] B4 @d fEs
2] collapse 7} ol d-& &SI

#KEo) fiel %13 WyeelAS DNAZ} #t
#5% = spermine T (3X107*M) FHEF 260nm
ol 418 absorbance-temperature profile & DNA
2] melting o] #A7EE 7] Hiel THMLOZ WICEE
Aol HHRSHE trough & Zevhs Ao &
Z e 89 DNA backbone phosphate 8] & &
TE WOl 4T FHERN Kl REe B
TRy BEFREEel o) EgEEe] spermine ¥ -2
Bol-& (+4)ell k3t FwHsl el A
hydrophobic interaction el &]3}e] HEERHo 2
giEe] deld F A Aotk olHE BRS
BRSO KRSt ARslER 2 BAGTH 5
ficl @k 2 Aeletz AZAE, melting o]
goiv}r] AA THAELE troughE ZEE  sper-
mine-DNA complex 260 nmol| A& = BHIHY &
SR AR WEE LS o3 DNAS #
FFH GEEES REkd EZEE Fojztxz
= 22 APl A s ol B3 MAERS
S8kl 27kA] RS spermine ¥REEe] A8 &
SRR A HiEs FEsidd 2 BR
Fig. 104 B l=v}e} 72 anomalous melting
profiles 7} o]zt o] 2 &o]A spermine #
B @mgtel w2k Tmo] ok A 2 melting
profilec] ¢ 2% o 2 #HEhE ™ Tm o) 42 phase
transition cooperativity 7} #{b5 & Ao Binsk
o] melting o] 1AfE=7] Hiol W@EE LA &
BHE B o] #FEEE A7 = downward peak
(trough) &= spermine ¥EE 3 hne] ulebA 7 34
o2 2 =27 (hypochromicity)7} #imdS &
T Anh Y FEKECC fidl BiTY #E
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DNA ¢} =] o]2} 8 anomalous profile & 73]
AE& Fig. 2014 ¥ # ok $e & d7id &
178} viscometric titration A& e £ 3}e] native
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Fig.1. Effect of spermine on the absorbance-
temperature profiles of DNA.
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Fig.2. Anomalous absorbance-temperature profile
of DNA. The concentration of spermine added is
3X10-4M.
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(hypochromicity) 7} f k= = += trough = il
EE SEinel] wheb o ZOEREF nEl = hydro-
phobic interaction o] &+ DNA 3 Ciy HiE
& WMOTH BmE fhkl HRee Aoz #
¥ o DNA 9 %+ Bil: base pairs Af¢]o] in-
tercalate 5] ¥ Planar chromophore &= -z base
pairs Ato] 9] [fRE HmA ) oz4 DNA 9 &
fify Aol g o AA g F& MEE 7HA
91 10~12 closed circular DNA-duplex 2] %#
(unwinding) #h%-5 71A S0 gelx glv} 1318
o] 9} 7+-2 intercalating agents 2] DNA o] %g+
#Fc DNA 9 HihE e iz 74X
Al ¥+ (collapse A1 7] =) polyamines & #ZjE.oF
ERyel gl & 5 3louF spemineo] fKkgh
calf thymus DNA & B4 70 EfizlE = ethi-
dium bromide off o}s}e] gy FFE o
b g vk RN WRE-RE #Ee] 9
o RES RSt W BAFRY BHEE MG £
el JEREghE o] RNy WLl AR
#%. ethidium bromide o] 2]3d}e] <] g wro ]}
= B, webA APigeel A E 458 ano-
malous absorbance-temperature profile &] trough
Fekol %3l phase transition o] w3 ¥ ethidium
bromide & #-2 FWAsF Tl 2ol %3 data
§ Fig. 3°01A ¥ £oF, ngle F+ ethidium
bromide 9] ¥&FE7} g wetA trough & 2
o7k A webx L, o] HelA T EE trough
9% ez BHEel tough UM H3 phase
transition midpoint (T¢)7F AA FolAth, A5
ethidium bromide 2] EEE7] 2.8 X 105 Mo} o}
29 = trough7t AL WEIE £+ Uk
o] trough & Ao} o3} phase transition o] Jifk-&
Z vl st 40rslkr] 98t o] phase transi-
tion of] ¥}&l two-state transition 2w 2 {EiE3}F
3. L spermine JEEE (3X107¢ M)ol A ethidium
bromide &% el wWE trough peakel] o] =
+= phase transition 3} Tm region ] phase transi-
tion o] ¥}l transition enthalpy (4H)Z 2z}
Kdto] Table1o] 2t o] #elAl  ethidium
bromide &] v} @3t wie} 4H7F o %
73 $- 3] §ndtA]wk trough o 3 4H S 1
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Fig.3. Effect of EtBr on the anomalous absor-
bance-temperature profile of DNA in the presence
of 3.0X10™4M spermine.

mzse] o F& & 4 3lvt. Spermine FAET A
7]% o] trough 7} ethidium bromide & #ns}ed
Zozd goiAE AL il A& ethidium
brmide o 9] 3}4] spermine ©] DNA 215 &
H7l @ o] obde FEEC® Fiel BT
DNA 9| ethidium o 23 7889 EE data]
#51 empirical Hill plot 238 & 4 it}

Spermine R7EHF D FR7EBF (3X107* M) W74 §-
3£3] ethidium bromide & DNA 2}9] Fifeol #
3} Hill plot -2 biphasic 3} ethidium bromide
259 2 99| phase = ethidium bromide
ErES) e 49 phase Brh o & Hill coe-
ficient & 7FAth =3k = Hill plote] 293t
ethidium bromide = spermine ©] 7Z7E3}<] &-&
7%~ negative cooperative binding & 3&}#] gt
spermine ©] 7F7EE 7 $-oll = positive cooperative
binding & && & 4 A& #3k o}k sper-
mine®] FHEZ ZAS ethidiume] DNA $}9
affinity 7} 742 & &+ A ¢ wekA] sper-
mineo] EAT AL} EFANA H$e AT
ethidium bromide ¢] DNA $}9] #ié& EAo] &
A& o 4 ek e R KRl A B
* ethidium bromide €] anomalous absorbance-
temperature profileo] = X&= ZhEE ethidium
bromide of] 2} 3} spermine 8] #54% DNAZ ¥
9o gt fed sz & f9E A
olt}, & spermineo) EAY AL ket

7+o] DNA duplex lengthening @ unwinding 9]
$#HE 712] ¢ = intercalative binding (negative
cooperative binding ©]™ strong binding)e] #H
=3 9o ethidium @] dye-dye stacking ol <]
o] #ElbE = aggregated ethidium &} N
tracts 7} DNA helix #F&o] #FERN BEER
o] 95t FEEHS o] F+ etihdium bromide 9
positive cooperative binding (weak binding)°] JT
#Elvhe stk ol=d #%KS  ethidium
bromide-DNA MH{EMH =R, & ethidium bro-
mide & DNA 2}9] positive cooperative binding
J55%0] DNA ¢ spermine A &e] 937 kinky
helix 9] i< stz 24 spermine-DNA 3
A9 MoT BEEGEE ARENRAD A+
ethidium bromide = ZAPI7eisHEA Rk}
7ro] sperminee] &]3dle] A7]= DNA S ano-
malous absorbance-temperature profile 2] & A &
PpESE RS St et #Ed ethi-
dium bromide 7} phase transition midpoint ¢f] ¥
e e BoFE Fig. 4914 trough ¥4
phase transition midpoint(T¢)+£  ethidium bro-
mide ¥ kol wel A3 WA E BT
A=} WEHoZ Tm- Bmared 8ol &
& 2o Fth ethidium bromide EEE @hio] «
2} Tmo] ol of ol & Afyst Radntet

T —m
GO0 b R

[
B

E 30} X X X—
=

=

=

= L

e

=2 70'\

= —

= —

= T

=

2 60 a2

<

=

a

1 1 N
0 ' 2 3

Gone, of EtBr [Mx10°]

Fig. 4. Effect of ethidium bromide on phase transi-
tion midpoints.
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ot S HOTH RERES 2T sper-
mine-DNA complex o} ¢ ] 4] ethidium bromide
= intercalative binding < 3}#] &&<% ExR3
i B 4 glerw, wiebA] SleA £ ethidium
bromide 7} DNA ¢ RIHy BFEE-HE HHEe
FA L el ot w1 Eel g oo HEE
E 9 AAF FE datagtz & ¢ A& A
o]t} Tm 3= WY o 2 Tc 7} ethidium bro-
mide #EEEine] weba wolx] = EEE ethi-
dium bromide ¥ #@jne] wlE trough B¥A
phase transition & hydrophobic interaction of 2]
3} tertiary structure 34 AFHEEEE cooperativity
7h el B2 HgEe] Fo] Az AFo
2 trough shift 7} €ojv}r] = Foletz #HiE=l
t}(Fig. 5 =),

Fig. 5% trough peak o] o] 2= ### 2 Tm
g ol & relative cooperative length
(n)9] ethidium bromide #FH:-S 2o Fc},
ethidium bromide &R #ino] vz} trough 34
MRl H3 ne B wE S22 B
o R¥ysta Tm 4 HEB W & 29
R#=z AA3 #Eingde £ 9 vt Phase
transition midpoints (Tm @ Tc)}9] ethidium

3 —m -, phase transition to the
downward(trough) peak

—X-—, phase transition in the

L Tm region
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Fig.5. Effect of ethidium bromide on the relative
«<ooperative length(n).
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bromide & KEHES 2o T Fig. 49 3]
A5 9ol 4] Huls}l zlo] ethidium bromide 3
B 38imell =ke}A trough @A AHEH S midpoint
(Te)= WA Fpstz 29k HEMo2Z Tm
& A —ETE ¥+ Aok Tm 99 FEE
2} trough 3 A 8% transition enthalpy (4H)
o v} %= ethidium bromide 2] & ¥&& nojF=
Table1 o} gloJ A= ethidium bromide ¥ I8
fnell wkE trough 3 A HI%4% transition enthalpy
AL Tm 9% H#H transition enthalpy
WA Boh Y5 AA 49 o] A=w L transi-
tion enthalpy 2357} A2 K¥AL & 4 9o,
upeta] el o] E 2 H ZO] data & AR
2 34 spermine FFERF dolAlE BAW RX
E-RE ] ZE F 49 profiles &
trough 99 profile 3 Tm g% profile & #ERE
3 MM 3 WkThy BB o] JEESH trough
o profileo] FEH - 3RIH HEBB=
Tm 99 H& profiled] FEHE= 3KRILH #H
s u vl ethidium bromide o] ¥sled o £
& #ETE + o

Tm 4 profile ol = +v HEB A
T AR KEHH T )l F2 A& F strands
9| 5#, & secondary #§i#vt A in B4
RQomz Te 949G profiles] FESH = HEBE
o9 e 3kICHY #i# 5 52 hvdrophobic
interaction o] 9] &to] o] Fol x| & tertiary HEE7}
Foqdvty #ERE ¢ A& Aotk =d o
hydrophobic interaction o] &]3}e] o] Fojx &=
tertiary structure = spermine o] £]3}of DNA ¢

Table 1. Effect of Ethidium Bromide on the en-
thalpy of the phase transition of the Tm region
and on that of the phase transition to the trough
of the anomalous melting profile of the DNA.

Conc. of EtBr 4H (kcal/mol)
M) Though Tm region
0 —319.3 105. 3
8.9x1077 —175.5 135.1
1.9x10°8 —171.9 119.8
2.8%x10°8 —125.5 142.7
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