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E #. $olx B® DNA 2 nucleotide &} spermine 0.016 242} €] &2 EA5E spermine
ol 2 DNA 9} ethidium #}9] & %at Hill R85 1.7¢1 KE spermine o) &S A =
B A2 2 Hill 871 0.38 ¢)9 k., Spermine o] % DNA &} viscometric titration data, 260
nm ¢ A 2] anomalous absorbance-temperature profile ¥ ¥hi&E—RE #£B3 2] o] data E 3%
Bz otd spermine & &l k3l FHES £ conformational transition 9] allosteric propagation o]
DNA ©] %5 Mgz BSTH collapsed] #oigl g BT 4 U,

ABSTRACT. At the spermine concentraction to cover the number of the binding site of
spermine 0.016 per nucleotide, the Hill coefficient of the ethidium binding to the calf thymus DNA
was 1.7, while the value was 0.38 in the absence of the spermine. On the basis of the data, together
with other present data on the viscometric titration of the DNA with spermine and anomalous
absorbance~temperature profile at 260nm and viscosity-temperature profile, it can be speculated
that allosteric propagation of the conformational transition induced by the binding of the spermine
may be involved in the monomeolecular collapse of the DNA to a condensed structure.

s

A2 pHAAN BHEE 2 spermine 3}
& polyamines & polyanion 2 2 fF# 3= DNA
8} BESA L oin vive £BH BT oA &
YA R stz Qe DNAY 2344 Fz
(conformation) 8k 2 o w & ke HH
of REG MBS v1A 4 AP, zH @ pE
E f %3] spermine %2] polyamines 7} {BRI&Y
phage DNA & phage RIFES 2712 BE

(collapse) A1 4= ggol FHAA Qs
Virus 3 DNA 9] o2)7}x] 5-Ffel %k pac-
kaging £ =t ohel HEE RE 4K N
DNAS] majority 7} compact form &2 ¥
ok, WEEH 1ol = histones 71 DNA ¢}
packaging o} EEE Q&S s oz oy
2 e},

22y} aqueous salt 3 DNA = 71 RAAs
worm-like coil i3 >} =2 short-range
A7 oy e,

bending & high linear



186 R - B - R

charge density ofl {&%} strands (]9 Rig 9 &
fgol vk2 entropy FUh o Foll o] 2L B
£ Ao R oY ¢ BEeE ¥th

werA] o] & polycation £3 DNA s}o] AE
fEMl BT WA/ RET HRREE 59 o
ov Z BHEY KT SO #iE ¥ gt o o
215 DNA 9] BtfFo] #3F mechanism o] IB7E
FH A PA % Fifolst, Biffel Wilson 3}
Broomfield ©£'%% Manning’s  polyelectrolyte
theory 215 3§ 3} DNA 2] counterion-induced
condensation 2 %3+ v 212t polyethylene
oxide ¢} 722 {4 polymer S {£3 DNA &
fin FHAC AL BE R o5& B o}y
gt X E ionE-g BF point charge 2 ¥} F =
Nenz FEYG I3} 4R ion effects 5=
ERA 2 gk 289 K WRdAE o E &
Y FRI ion FE] DNA S Bl ot
3] WER factor Foleln P4y ¥ g ohz}
DNA o] Beatgiel ol Ed ko W=+
DNA #4359 cooperative transition ©] FTES 7%
g 3 vk Yo}

F RREAA = oj2id #AE LI B
3te] DNA ¢ monomolecular condensation o]
spermine ol {£38}o] cooperative B 2 ot
S W EAle) spermineo] 3 o)#]F}
DNA o ¥#E4 ©}& ligand(ethidium) binding
o #3} binding cooperativity 4§tto] k3L
R3] spermine ol k% DNA #ik #§50)
ER3I=  allosteric  effects 2] transmission o)
spermine of] {3 DNA o] sg#inho] FHI L 2
o F322 3t

REFHZ: U HH

FaqEdrol ket A@|2171-4 HC12| DNA off
2 BA HB

ARgEl FolAl Keik DNA(Type D& ¥E
Sigma Chemical Company 2 ¥ F§A s} c},
= DNA 7%¥2 0.001 M EDTA & &fjsts ol
A AFEY(pH 7.0 Fo w-Eol FHeon
DNA 9| #RrE3= BRFB e00=6600 M lem™ &
183t FFA2Ele < (nucleotide phos-

phorus) 2 2 EH v}, FHEEN BRS 2F
B2 % (Union Carbide i) & AH£3}9 o0
DNA ¢ 2927 BHRE BHE 4 Y= R
—3 A5Gl B HRQCCO A <t 208%
B ol 2&E S974x #HHA S DNA
o #EE =v2nle) B HRT AT 28
REESH AT Bl R 24 R o i}
2H 2R BEE 2,4 VEZTZ9 2L
A&3e UEZEF e =A% (dinitroflu-
orobenzene procedure) o & s} o7

DNA i#:% B84 a2 oE] S (Ethidium) 2|
DNA 29| #4 1 BB

2H 2x)el 3 DNAHEHES ko] 3 =
AE 27 A5t 2 Edle] g A5 29
Exlo] FET ZF@XI10TM)o) #3td £ 4
dEF A& HFHEE RBRIAG. o8 FY
DNA o 9] o] #& ABS 0.06M 2l sh3a
(pH7.0) & # A %H&(20°C) ) A Pye Unicam SP
1800 Spectrophotometer (43N IEH) S A} L3t
o] o] ¥ & (ethidium) & DNA 2 5 520 nm o
A B WTE (spectrophotometeric titration)
€ 3 FE HkS Ae3gd.

NHEE A%

Bl |G vhel o] Mtk MES &9
o}, spermined] k3 ¥EIE WiERel = Mg
BIE EATel EiRE 35 (26°C)ol A preincuba-
tion & R-Z DNA Mol fnste] o 2 4
TR BE Bl o} 2 gstEEEe]  @ihko] &
T ERANAT HMEH 243 BT batho
Haake Constant Temperature Bath Circulator 2
unit & B7h1 2 bath 9] HIES FE HEE
At

" R

2H 2012 DNA &J2] Fy #4 5%

0.06M <14 43Ed ApH 7.0), 20°Cell 4
FgEpol kot BEF =299 DNA %}
9 F#k & RS Scatchard plot 3 Fig. 1
o 2 &=t 5 B #(V)e| 24 (intercept)
o 2NE AL FFULEHEY # BHaa
B)% 2 B 71 E71208 QoA =KAY

Journal of the Korean Chemical Society



Sperminee] fk# Ethidium2|]Calt Thymus DNA%}S] #4 Cooperativity ¥ 187

Lol
|
o 30l |
=< |

101 \\
0 + +

0 0005 001 Q0%
v

Fig. 1. Scatchard plot of spermine binding to calf
thymus DNA at 20°C in the phosphate buffer (pH 7. 0)
composed of 0,063 phosphate and 0.001M EDTA.
V: Moles of spermine bound per mole nucleotide;
C: Molar concentration of free spermine.
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Fig. 2. Absorption spectra resulting from the interac-
tion of ethidium bromide with calf thymus DNA at
20°C and pH 7.0 in the phosphate buffer in either
presence (3.33X10~*M) or absence of spermine.
Total constant concentration of ethidium bromide(7x
1076M ) was titrated with varying concentration of
DNA species. 1) native DNA, minus spermine; 2)
native DNA, plas spermine.
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~10753M BB FSiol #3 Hill plot (Fig. 4))
A RS 29 F§A pKa, & G0l Table 14

Table 1. Effect of spermine on the Hill plot of
ethidium binding with calf thymus DNA

A% Ak Calf thymus DNA & s 2rle] Spermine, plus or minus Minus Plus
HFEINA & Ae ATz 2=0.389 : :
Hill coefficient, = 0.38 1.7
N Apparent dissociati
constant, p]K.,,,la on 2.8 0.2

Fractional Change in Absorbance
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Fig. 3. Fractional change in absorbance (&) at 520
nm 5. [nucleotide]/[Eb], in the phosphate buffer,
without spermine {(O) and with spermine (X) at 20
°C.
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Fig. 4. Hill plot of ethidium binding with DNA at
20°C and pH 7.0 in the phosphate buffer composed

of 0.06M phosphate and 0.001M EDTA. O: Minus
spermine. X: Plus spermine.
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Fig. 5. Viscometric titration of the effects of spermine
concentration on native ((©)) and denatured (#) DNA
at 26°C. The concentation of the both conformation
species of DNA was 1. 73X 1074M nucleotide phosphorus.
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Fig. 6. Anomalous absorbance-temperature profiles of

DNA. The concentration of spermine and the DNA

was 310743 and 6. 1 X10"5M nucleotide phosphorus

resgectively. —--—: Minus spermine. —: Plus

spermine,

o}2}A] o] & &F anomalous absorbance-tempera-
ture @ viscosity—temperature profiles & sper-
mine FER BE #mol =l & monomolecularly
condensed structure &] LE(LE VYE U&= Ao
gz & ¢ UAS Aolv}, oleg 474 K@=
332 = two-state transition 2 RE3}Y ©] ano-
malous absorbance-temperature profile 2 4§
BIEE @] w8 Z5E{bHE condensed structure
o] FEtol ¥3 enthalpy #k 2 n(cooperative
length) & Ag gEs = FE =FJe
ethidium bromide(2.8x1078M) 9] E¥2 Table
2014 Heo Fr} o] FolAM heat-stabilized
condensed structure 2] JH -2 cooperative pro-
cess o] 8] EtBr o) febe] = cooperativity 7}
R
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Fig. 7. Relative viscosity profiles of the DNA under
the conditions corresponding to those of the anomalous
melting profiles of the DNA (Fig. 6), O : Minus sp-
ermine. X : Plus spermine,

Table 2. Data of the transition in the heat—stabiliza-
tion of the condensed DNA structure, based on the
anomalous absorbance-temperature profile of the DNA

Conc. of Cone. of | Te | 4H Ratio of
spermine (M)| EtBr(M)} | (°C) | (keal/mol) | n

3x1074 0 74 —-319.3 2.8
3X10-4 2.8%107%| 57 —125. 54 1.¢

Tc: Transition midpoint
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& FIE &R spermineo] kI FobA] Bk
DNA 8] compact form © 22 condensation <
cooperative process d Aozt AL 4 F AR
o] 9} HMHo 2 secondary structure 7t AP 5
= denatured DNA = spermine ol &8l o]
3 monomolecular collapsed form-& ¢} F7] B
= ¢35 DNA ¢t DNA 9] 4 ¥R cross-link
o] #§ intermolecular aggregate 3 P& &
4 e, B2k DNA S| sperminee] (K
monomolecular condensation 2 Hifipho 2 $#E
#9¢] spermine 3 DNA £}¢] 159 B $h
< webA ] HHEIER €1 spermine 5 F7F DNA
double helix & minor groove A& AT &
o] 7o)l HEH L ¢ 4 22}, Double helix #
#7) AgEe] erz spermine 3 o] s
HEERE & 4 9% denatured DNA = sper-
mine o] 3t o] Fojx]E DNA Y o] 2
monomolecular condensation form Xt} inter-
molecular aggregate & MY = KBy FHE
2 o8} e AAE s Ful

A Wocd A = spermine o] 3 DNA 9] mo-
nomolecular condensation @f2el] o] Ao ws#E
B0 2 gohilrl fft MER indicator
2 A ethidium 4] DNA ¢}+¢| binding #4442 R
#3197

Spermine R 18 nell w3 DNA viscosity ¥
/7} cooperative Ef2ol® DNA & & fizel
%45 spermine o] allosteric transmission #E
of fk3le} iMoo 2 wWolx S1E spermine-
free DNA #4679 ethidium £5-&0l #3- allosteric
HEZ Zethe X BR RS —BmMHez o
2] 3} allosteric transmission 0] ‘FE&S  drugs o
k3 2f8 DNA #is w8 Hid xR
t EEEZHE2 spermine o ¥ DNA £
monomolecular condensation RAfES allosteric
effect 8] transmission ¢] o3} cooperative
BEY Aolde #HT 98 + A& Aol

Ordered double helical &3S 7zt native
DNA & spermine ©] I minor groove ol Zi&f5
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&% 24 #Es o allosteric 439 transmi-
ssion ©) WIfEs o, weld monomolecular con-
densation o] cooperative @E o g2 ol 4 9
2.} ordered double helical #5&7F Ao
spermine ofl &3l FBHA T, A sper-
mine o {&3 ol {F ik BB {F%0] FOTHRE
%l denatured DNA = monomolecular condensa-
tion o] of 8] & Ao)apxi HESE 4 0L o),

A8 10% vigke] nucleotide phosphorus ©ho)
spermine ¥ AF FF3xz low, DNA
9] <k 90% ©o]A4o| spermine~free A€ 2 Fo}
RAE A= F&8 spermine o] A7} #EE
3t Al L] 288 DNA #gol %% 1|
A 4 sl os| monomolecular condensation 2 3
BAA £ AFE RAFE F W data = B
2 BES spermine ] Escherichia coli chromo-
some %9 intactness & HHEste) BEE3I T}
el & #HEX ¥ 9 oh 2} DNA 9 compact
packaged tertiary structure S RS E=EFE
flexibility =¥ bending ¢] polynucleotide back-
bone 9] rotation angles ¢ =2 pertubation 4|
el ERE e Y RES BRIAA #F
2% o @skE v}, Spermine o] DNA 2] narrow
groove ol 4554 T @ DNA  backbone 9
rotation angles o] Zevul Z2|§ pertubation
o] ot 4 A& Wk S BHRE ¢ fla &
o] spermine off &3} helix 3o kinks 7} A
) 1A o A7 ol DNA S superhelical
7L 914 5 g Aolr}k, Spermine d] #F
ZETF ethidium ] DNA ¢}9] affinity 7} /3=
Ak A% data & o] ¢} 2 BAfel F-FH

A P5oel 4 ethidium 2 spermine ©] FF&s}t
2] S 7 %ol DNA & negative cooperative
binding -& 3}#] 4t spermine o) HEZ 7%l
2. cooperativity 7} g & EME3IL . ethi-
dium = DNA 8} negative-cooperative neighbor
binding (excluded-site model)ol|?® {&3}<d inter-
calative binding & ¥ 2% DNA helix 8 an-
gular winding & d27e] &3 A A},

Spermine ¢ %3 DNA ¢] superhelical 5/
gL ethidium o) #3% o| 2] 8 angular winding
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A negative-cooperative-neighbor binding o} %
3te] HEHE) HRE 7 & Zo|s, spermine
o) {3 ethidium £] DNA 2+9] negative coo-
perative #Eo| gl AL o) g B F¥d
o,

53RN0 2 spermine -2 DNA 2] compact ¥
#9] collapse o) DNA AF<9] linear negative
charge & FRIA 7 0. 24 A28 REMN BE
ER-L HiBrA 71 v double helix®] narrow groove
o ZEHN BEH5S BRT o2 allosteric effeets
2] transmission o] k3] DNA 2§82 #ikdl
EES v]3 224 cooperative processel {3k
DNA 9] compact #5529 condensation S #E
ATz A7E ¢ 92 Aols,

Spermine o] $#3} DNA condensation o] double
helical structure &] F7EST BRkEd+ & W
data o] 484 B REET BR FEY
BASK) e B ARsct= 44"t DNA
9] EEETF7} double helical ##3%% sl
AiE¥EQ A %ol spermine o 43} compact #§
HE A o) F 4 52 2H closed HiEE #H
¥ 4 3lovd DNA 9 EERTI B8=E7 B
o} double helical structure 7} 3 4] open #%
i&7F o] o} A 7 fol = spermine o 3} com-
pact B UE0] o] Fof AA gz EH
H¥ B Afflo] BBMoE o) Fo A 5 9
€ WEES M B 5 dor, 23 o]
3 OBREAETO BN W& BBIT cooperative
3 do] dezH BRERT BHE W o
% BEMHLE o|Fo] A £ AT BHE A7
H F 4 g Roirt

A PRt BRNEMESS WER LB Kt
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