THE INTERACTICN CF T-4 PFAGE PARTICLES
AND MERCURIC ICN

A report on a Ch 80 rroject of 36 units, carried out
hetween December 28, 1062 and June, 1¢GZ%, under tle
guldance of Dr, lorran Devidson, bv Thoras T, Bovp,



SULNTARY

The interaction of T-4 phage narticles and mercuric ion

~

haes been studied by ultraviolet spectrophotometry, The changes

~

in the ultraviolet abscrption spectrum upon the addition cof

He(II) are very siwmilar to tre changes oheserved hy Yarane

a5}

and Davideon and otlers for free DNA,



GENERAL BACKGKCUND

Deoxyribonueleic Acid (DNA) is known to consist of tre
nucleotides adenine, cytosline, guanine, and thymine, linked

to the sugar deoxyrirose, These gugars are in turn joined

to a phosrhate "backbeone" in long chains in 2 hydrosen-bonded

double relix, The atcorrtion spectrum of DNA in tre ultra-
violet has a maximum around 260 %P. The nucleoticdes gepar-
ately have eimllar abeorvtion srectra, ané it is clear that
the DNA a»rorntion in ttris resion (210-320 qp) is cdue to a

contribution to abesorvption ©y tre nucleotides in the DFA rol

One arrroach to the vrobler of the gtructure of DVA is

that of studyine tre metal ion corrlexes of the nucleodtides

svnthetic polvnucleotides, and of DNA itself,
In tre case of Ng++, ca Tt

titrationsg, the absence of eiprnificant srectrsl sbhifts, and

other cconeicderations indicate that thesge lone are tound to

the nepative nrosrhate grouns Yy electrostatic ferces,

-

; 1
Tke hehavior cf He ieg cualitatively c¢ifferent, The

sdcition of HeCl, or H{(0104)2 to & ¢ilute DVA eolution 1is

of the golution, a erift in tre ultraviclet abtsorntion, and

tte releace of nrotons,
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As Bett ic¢ added, one tyre of corplex with a characteriestic

L+t or
gnectrur forme ur to a ratio of one Iyg to twe racges, With

RO s

1, Yarene, Tetsvo and Davidescn, Yerran, J.A.C.S., £3,25¢99, (1
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excess Hett, a second hircher corplex forms, accorpenied by the

[

i

[}

arrearance of tre icoshestic veint in the vltraviolet

o

0
m

orvtion srectrum claracteristic of tke lower corplex,

Upon the additlon of chloride ion or other complexing
agents for Hg™", tke srectrum becomes that of uncomplexed
DNVA, #4nd the DNA can be recovered. Davidson and Yamane were
unable to propose & structure for tre comrlexeg tlhat was con-
sigtent with 211 their observetions, but it is clear that

- . s ey . 3
some sort of direct interaction of tre Hg with the hase

moieties is involved,



THE PROBLEM

Phage particles are known to consgist of 2 srall packet
of DNA gcurrounded by a protein coat, It would Tte interesting

to ascertain in what wavs tlhe DNA inside

o)

rhage particle
behaves 1like free DA in a solution, and in wrat ways its
behavior differs, One clue to this would be to study the
binding of Hett to vhage particles,

Inside a phage varticle, the DNA molecules are tightly
packed together, It is conceivable that in this state the

4

tinding of Bg++ would te different than for molecules in

C

solution, Poseibly tle protein ccat would entirely shield
++

the DNA from tlhe Hg

Another reason for studying tlre Fg**-phaqe interaction

is the possibllity that EotH

covld te uged as a DNVA-grecific

stain for electron microscopy. Mercury is & leavy metal, and

is fairly opaque to a heam of electrons, If Fe*t does form

& DNA comrlex in spite of the vrotein coat of the phage

particles, thre inforration may have definite application toward

looking at the DNA incide & pbage witl the electron ricroscope,.
For these feasons, and hecause the prokblem 1s intrineically

interestins in itself, & study of tre interaction of rhare

narticles with mercuric ion wae undertaken, £Since a vreraration

of T-4 vhage (a certain gtrain) was available, and since T-4

)

is also suita™le for electron microscory, this strein of phrage

was selected fer stufy,



RESULTS

The rost direct means of studying this interaction is
vltraviolet ahsorntion espectrorkotometry, Whren sufficiently
dilute and purified, so that scattering due to aggregates is

egligible, the absorption of the DFVA is observahle, A crude
ccleculation of tlhe absorrtion in tris region due to tlre
rrotein coat itcelf at these concentrations vrredictes that ttre
contribution to tle absorntion due to tre protein is lees
ttan 1% of tle abhsorption duve to tre DFA,

Tﬁe oheervation 1g trat on tte basie of grectrortotoretric
data Fig.1), T-4 vhage verticles and DNA behave exactly the
same as regarde formation cf corplexes with mercuric ion, Two
complexeg ceerm to be forred, Tre srectrur of the cornlex formed
2t low Fe*t hae 2 iscspestic roint at 262 ﬁr. Tkis ie in the

center of tte range 261,5-2G2

Eﬁ*pbserved bty Yarene and Davidgon
for tre isosbestic noints of tre repreury cornlexes of calf
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thvrus and various racterizl DNA's, At ratios of Hg to
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phogrtrate of preater than 0.5, tlre

o+
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e

o csaprear, This was obsgerved »y Yaracne and Daviccon for
free DVA,

Exreriments are currently uncerway to ascertain tke\rever—
sirility of this reaction, Clrloride and glutathione are known
te form stavle comrrlexeg with Hp++, and would he exnected to
corpete witk tre DNA for He™*, Triec vrocess erould Te accom-
panieé h»y a return of tre srectrum to thlat of unrercurated phage,

If it sbould turn out trat the Ec*t can indeed he reroved
from the DMA and ttre mercury-free plrace varticles recovered,

tlhe cuesgtion reraine ag to whether the preotein coat has heen



laraged by tre process, This could he prartially sscertained

by 2 etudy of tre viability of such "reclaimed" nplages, 1i.,e.,

corparing their ahrllity to attack bacteria such as E, coll,with

tre attacking ahility of phages which have never heen mercurated.
Coneistant resuvlte from the reveresihility exreriment with

crhloride icn are not yet available, altlouveh it 1e hoped that

they will he complete hry the ené of tre year,

’



EXPERINMENTAL

Concentrated sclutions of T-4 nrage were obtained from

Dr, J., Vinograd, These were diluted to an abesorbancy(at
60 mP,1’cm. path) of ahout 10, and were exraustively dialyzed

at 40 C, against a solvent of 6.1CO0 F NaClC,, 0.C0E F Mg(0104)2,
0.001 F Caoodylié acid buffer, pH 7.0 . The Ng++ is necessary
to stablilize the protein of the phage particles. It shlould
not interfere with thre Hp++ reaction.

The resulting cloudy solution was centrifugéd at 20,000 rpm

ﬂ

in 2 Beckman NModel L ultracentrafure in an SW

‘ 2C rotor for

2C minvtes to rerove arrcrecates wrich wouvld couse exteneive

m

gcattering, Tre resultine clear solution waes sirtoned off and

vused o

n

stock eolution, to he diluted 10:1 witlh tre a»ove colvent

to ohtain colutions for exverirents,
Mucl of tre tire involved in tre precjiect to ¢fate was in
workine out the a»ove rrocedure for obtairing esatisfactory
nliage solutione,
Spectra were taken on a Cory NModel 14 recordings srectro-
protoreter, Corrections for volume clanses and blank erances
dve to Hr** were rade whren arnlicarle in calculs inge gll evectra,
Prosrhate concentraticrne of DMA in phare varticles were
deter~ined srectrerroteretrically, arsuwim‘égc = £.60 x 103

liter-rmole P ¢ —1
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