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Tte int eraction of T-4 phape Da rticles ana ~ercuric ion 

ha s been s tudied by ultraviolet spectropt oto~etry . The c t ang es 

in t t e ultraviolet absorption spectrum up on t t e a dfition of 

Hp (II) are very si rr-iJ. a r to t J-: e c l"an.ce s ob eerved 1-:y Yarrane 

ano Da vi dson a nc1 o t Ye r s fo r fre e DNA. 



GEJ'1ERAL :SACKGECUirn 

Deoxyribonucleic Acid (DEA) is known to consist of tr-e 

nucleotides adenine, cytosine, [ Uanine, and thymine, linked 

to tte sugar deoxyriboee. These supars are in turn joined 

couble l, elix. The a:s ory,tion 8y,ectrum of DNA jn t:·e 1.Jltra-

violet he,s Tt ,e nucleotic"es 

a tely have ri~ilnr abeorrtion spectra, and it is clea r thc t 

t 1---: e DPA a'o8 or:r; tion jn tl· j_s re r·jon (21C'-320 rnf) is due to a 

contribution to ahsor-otion 1~,y t r e nucleoUc'!es j1, t]·e DFA ,~ ol_ecule. 

One ay:n:cros.ch to tl---:e 1,ro~)le!·r of tbe structure of DFA is 

t]· a t of study inc th:, rretP,1 ion cor~rJ.exes of tte nucleotides -­

synt]~etic p olynucleotides, and of D]\T.A itself. 

I t l f V ++ C ++ . ,. ++ " .L • t . n - ·e case o t ·:i3· , a , or 1•;,n , concuc L,(J ,:'e r1c 

titrations, tte absence of f,i :-·nificrn1t e-r,ectra.l 2l· ifts, end 

other ccnsic1 erE", tion2 inc1cB.te th1t u ~e2e j_cn2 c.re 1---: 01n1c to 

t he nerative proey,h~te proups ty electrosta tic fcrces. 

Tte behcvio r cf Hf++ is cualitatively 
1 

cifferent. Tt e 

3.dc"ition of Fr:-Cl
2 

or Pc(CJ.01~) 2 to 2. cil11te DFA solvtion is 

acco~panied ~Ya crastic decrease in the intrinsi c vi2cosity 

of tbe eolut~on, a et5ft in tte ultraviolet abso r ~tion , anf 

t1· e rele af' e of nrotons. 

one tyne cf co~plex v jtt a characteristic 

snectru~ forms u~ tc a 
-, ++ r c.tj o cf one t:r· to two h~u::ies. Wi tl" 



excess Hf++, a second birher co~plex forms, a ccorrpanied by t be 

~isap~ea r an ce of t ~e iso sbestic uoint in t te ultraviolet 

absorntion s re ctrurn ctara cteristic of the lower corrplex. 

Upon the ad~ition of chloride ion or other corrplexing 

agents for Hg++, tte suectru~ becowes that of uncomplexed 

DFA, m.nd tte DNA can be recovered. Davidson anc3 Ya:rtome were 

unable to propose a structure for tbe corr~lexes t ha t was con­

sistsnt with a l l their obs ervati ons , but it is clear tta t 
++ some sort of direct interaction of the Hf witt tte ha se 

moieties is involved. 



THE PROBLEM 

Phape particles a r e known to consist of a s~all packet 

of DHA eurrounded by a p rotein co o. t. It woll l d be interesting 

to ascertain in wb,.t ways tl~e Dl:A inside e. pt.2.pe particle 

be haves li lrn free DFA i n a solution, and in wl'at ,mvs its 

behavior differs. One clue to t t is would be to study t he 

bindinp ~f Hp++ to phape particles. 

Insi de a pl,afe particle, tte n ~:A rr olecul e s a re ti ch tly 

pa cked toc ether . It is conceiva~le t ha t in t his state t he 

t indi nf of Hg++ ~ould be different t han for wolecules in 

solution. Possi bly t he prote in coat would entirely ehield 

t l::e mrA from tJ~e Brr++. 

Another reason for ~tudying tbe Ff++_pha~e interacti on 

++ is t he posribility t tn.t Hr- c01.J ld ce usec a s a m,1A-specific 

sta in for electron ~icroscopy. Mercu r y is a heavy ~etal, and 

is fairl y opaque to a b eam of electrons. If rt++ does f or m 

a D1'!A co rr:pl ex in spite of U:e n rotein coat of t he pl1ape 

pa rticles, the inforrra tion may have definite application toward 

lookinr· at t re DJ:TA ins ice a, p1•ae·e wi tl~ tl~e electron r· icro sc ope. 

For these reasons , a nd ~ecause the pro~le~ is i n trins ica lly 

interei ti nF in itself, a study of the interaction of phare 

particles with mercuric ion was undertake n. Since a p r enar a tion 

of T-4 phafe (a certain s tra i n ) was available, and since T-4 

is also suita~le f or elec tron microscony , t his strain of ptare 

was se lected fo r stuey. 



RESULTS 

The !!Ost firect rr eans of studyinr this interaction is 

ultraviolet a~ sorption Epectroptoto~etry . Wten sufficiently 

dilute and purified, so that scatterinr due to a pc rerates is 

nef!l ifi ble, u ~e absorption of tl-e DFA is, observable. A crude 

c~lcul a tion of tte a b sorption in t~is re f ion due to tte 

protein coat itself a t ttese concentrations p re f icts tha t tte 

contribution to tte a b sorption fue to t~e protein is less 

ttan 1% of t te ah rorp tion c1t1 e to t 1- r0 DYA. 

The o~servation is t~at on tte ba sis of s~ectro~totorretfric 

data ti p .1 ), T-4 ptaf e particles a nd DNA beha ve exactly t he 

sarre as re f ~ras fcrma t1on cf cc~plexes with IT ercuric ion . Two 

corrplexes se err to be forr·ea . Tte s:,:--,ectn,,, of tte cor· :: lex forr-: ed 

at low P .++ 1 ..., • -1.. t. , p -:ias c-. 1 sos" es -ic point a t 262 Tris is in the 

Center Of t 1-e r'C·Y!D'8 ')C 1 5-0 (. r ; C::-obc.ervea hy Y0 TT" '.-·•ne ...,,.,(~ D:-o.vJ' 0 son ... _ c,_J_c _ c...v • L .... _,c:. . _> _ I "-' ._ •.~._ _ c "'· · ....... - C<., _ _ _ ,..,._ _ _ 

for t he isosbestic points of tte ~ercury co~plexes of calf 

At n-'- ' +' TT ++ re-. Ll OS O.L ng to 

phosptate of preater than 0.5, tte isosrestic point is seen 

to disapr ea r. This was ob served ~Y Yarrane and Davi<son for 

Experi~ents are currently unferway to ascertain t t e rever­

si1: ility of t1~1s re2ction . CJ- lorj_oe ar, d pJ1...1t,3_t]-·jone a re tnown 

to forrr stable co~rlexes wj_tt Pp ++, an~ ~ould t e expected to 

co~pe te wit~ t~e Dr~ for ++ Hf . Ttis procesf s~ould ~e a cccrr -

pnnied hy a return of ttc srectru~ to t~a t of un~ercur2te~ phape. 

If it s~ould turn out t ~a t tte He++ can indeed be re ~oved 

frorr th~ DJ'TA ar:c1 t l~e r:0 ercury-free pJ-ac e p;1 rticle8 recovered, 

t~e ouestion rernj_ns a s to wtether tte protein coat J-a c ~cen 



aamared by t~e p r ocess. This could be partially ascertained 

by 2, stuc7y of tl--e viability of 2u c r1 11 recl 2_j rr: ea 11 D1~a e·es , i.e., 

co~paring t heir ab ility to attack ba cter i a sue~ es E. coli.with 

t be attacki nf ah ility of p~aFes wti ct have neve r be en ~e rcurated. 

Consistant re sults froIT t~e rever s i b ility exreri ~ent with 

cJ~lori cl e ion are not yet availabl e, 2, l tl··oue-l- it i e 1-opeo ttat 

t hey will Le c orrplete ~Y ttc ena of tte year . 



EXPERIJl:EI'--TAL 

Concentrated solutions of T-4 ptage we re obtainec from 

Dr. J. Vino graa. The se were diluted to an ab sorbancy(at 

260 rnJA, 1 ·cm. pe.tl: ; of a 11out 10, and we're ex'r. a ustively ci a lyzed 

at 4° c. a gainst a solvent of e.1co F Nac104 , 0.005 E Mc (c104 )2 , 

0.001 E Cacodylic acid buffer, pH 7.0. Tte ~F ++ is necessary 

to stabilize the nrotein of the ptare particles. It stould 

++ not interfere with the Hp reaction. 

The resultinp cloudy solution was centrifup~c at 20,000 r pm 

in a Beckran ~odeJ L ultracentrifure in an SW 39 rotor for 

20 IT inutes to re~ove aFr re ra tes w~ich would ca use extensive 

scatterinp . The resultin r clear solution was sin~onec off and 

used as stock solution, to be a~luted 10:1 with tte a~ove solvent 

to ob tain solutions f or experi~erts. 

Euct of tte tiPe involved in t~e prc~ect to eate was in 

workinf out t he a~ove Drocecure for ob t ~i~inr s&tisfa ctory 

Spectr2. were triken on e.. Cr, ry Focel 14 reccroinr 2rectro-

c: ,r,ct,~r-nl·otc ··-ctric·-,77-u ~C"'Qu n· 1·nr_.·E = h.oco X 1 0 3 
L ••• - \.. ' • • 1;;: - · ' · ' ·- -- , ; ' C.,1 \ •• ,, ··t. 260 -.....,, 

-1 -1 liter-~ole P cw . 
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