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risulta cvidcntr in Tali. 2 nvr sono riportati i casi;'aiino di polit>mielitc in 
Italia dal 194.0 al 1978. divisi in trv gruppi di anni: 

l )  Iwriiodo p r n  accinalv; 

2) Iwriodo ddla \-acrinaai<iiiv con \ari:ino inattivo tipo .(ialk; 

3) yrriodo drlla vaccinazioric con virus attriiuati> tipn Sabiii. 

I,'iiitrr~wv atiualv [3] allo studi,) di,i rasi di poliomirlitr ancora oswr- 
vati iiascr dal fatto chr, oltrr i casi di polionii~iitc in soggetti non sottolii~sti 
a vaccinaziuiw, altri sono rrlativi a soggitti vaccinati o chr fiono stati a 
contattii con individui vaccinati con virufi attenuati. 

I virus isolati da qut,sti casi: sono studiati prr  11. lnrn rarattmi- 

stichi antigcniche prvs<,ntaiir> talura carattrri intlrriurdi tra qurlli earattr- . . .  
ristici dri wnr>j srlvaglri c dei rcnni vnrrinali .  in altri casi caratteri simili 
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Gli altri iests i i i  viiro miri sinin tut t i  ~ovrappiinibili ]wr ia loro capa- 
cità di discrirninarv i cemi  vaccinali dai ceppi sclvagpi. Di tutti  qursti * .  A. .,.. 
niurkrrs i piìi rilir»ducil,ili cd af idaldi  soiii,: il ivst NCT 40 [5], i'd i tt'st* 
ariiig<mici di Mc Bridi.[O] C di Nakaiiii [i]. 

Rrvxiitcrnrntc. sono stati riportati in Irttrraiura studi sulla difliwrreia- 
ziom intraiipira dvi poliovirus p r r  ni~wxr di t rs is  di imrnunodiflusionc con 
simi spccitiri, sia contro i cqipi wlvaggi cliv cuntru i icppi vaceinali ottimiiti 
md ia r i t t ~  adsorl>irni*nto dvi sieri contro il ~ p p o  r t ~ d o g n  [%Il]. 1 prinii 
studi siill'iiso di un tvst di immunoiliniisi»ii<. Iwr caratt<,riz%arr sottogruppi 
di virus sonii do\-uri a Huhin 1x.r la tipiazazio~ii~ di alcuni sottngrupl~i di 
Arl>ur-irus. Gli strssi principi sono stati quindi applicati da Chuinacir\ [OJ 

I rus. p ~ r  la carait<~rizeazionc intratipica dvi polimi 
Tuttavia è n Van Wrzc~l [l21 chc i. dovuta la fin? mmsa a punto di una 

tmnica in cui la pr~paraziuni. dvgli autisieri è stata studiata cuii accurati.zza 
al fin? di o t t e n ~ w  rcagrnti altanwntt, specifici prr  la carait~rimazioiic dci 
plioviriis svlvaggi r dei piiliu\iriir; \-acciiiali. 



MATERIALI E METODI 

Cellule e virus 

Cellule Vero, linea di epitelio renale di scimmia, sono state coltivate 
in « Parker medium 199 m, addizionato del 5 % di siero di vitello fetale 
e subcoltivate a mezzo di passaggi settimanali. 

Per la riproduzione dei virus, colture subconfluenti in bottiglie rotanti 
di vetro (area utile 470 cma) venivano infettate ad una molteplicità di in- 
fezione di 0,l PFU/&llula. Dopo un'ora I'inoculo veniva rimosso e venivano 
aggiunti 10 m1 di terreno di coltura. 

Dopo 16 ore dall'infezione i supernatanti delle colture venivano raccolti 
e dopo 3 cicli di congelamento e scongelamento, centrifugati ad 8.500 rpm 
in Sorvall rotore HB4 per 20 miu a 4 "C per rimuovere i detriti cellulari. 

Antisieri tipospecijici 

Per la preparazione della sospensione virale da usarsi come antigene 
per I'immunizzazione degli animali il virus veniva concentrato per mezzo 
di centrifugazione in rotore Beckman SW 27 per 90 min a 4 OC. 0,l m1 del 
pelkt di virus casi ottenuto, venivano inoculati nei conigli con due iniezioni 
a distanza di una settimana l'una dail'altra. 

Antisieri inrratipo specijici 

La tecnica di preparazione degli antisieri intratipo specifici, preceden- 
temente descritta da Van Wezel [l21 prevede la rimozione dalla sospensione 
virale dell'antigene C per mezzo di cromatografia di DEAE A50 [13], e quindi 
la concentrazione del materiale virale per mezzo di ultracentnfugazione come 
indicato in precedenza. L'ulteriore punficazione dpgli antisieri veniva ef- 
fettuata per mezzo di adsorbimento degli antisieri sui ceppi virali eterologhi 
come descritto in Tab. 4. 

Ceppi di poliovirus usati per la preparazione e 
l'adaorbimento dei sieri 

POLIOVIRUS 

Tipo 

C, 

Wild 

Mahoney 
MEF, e 77728 

Saukett 

LSeZeb 

P712CH2ab 
Leon 12a,b 
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Coliwntruzionr virus 

l ' i ~  la <.<iii<:i:ntraai~~n~, della ~ o s p ~ ~ ~ s i o i i e  viralc da ufiarsi coni? antigi.iii. 
ni.1 t w I  di imtriuti~~<liR'iisi~~nf~ si i. fatto rirorso all ' i i l tracr~ntrifi~zione~ romr 
<Ivsi.ritt<, in 1iri~i:wli.iis;i. < q ~ p r v  alla prv<:ipitasioii<. della s o ~ ~ w t ~ ~ i o t i e  viralc 
<itt<~nutii. c l < i l ~  si~lmr~ziiinv &i dvtriti wl l i i l~r i .  p8.r m < ~ z o  di glirolc. pdiv-  
iilrriicii ( M W  6000) 8 'j;,. Ih1,ii l'aggiunta &.l glicoli. pr>lit,til<miro la sos~wri- 
sioiic vciiiva ronscrvata pvr 30 niin a 4 "C. quindi il precipitati, foriìiaiosi 
\wiiva rarrolti) p r r  C<-ntrifugazinrii a 3.000 rpin. Il p<~l lc~  rosi uttcnuto veniva 
risnsp<w, in un \-olurric 1000/2000 v d t r  minor<. di tainpimr Tria, p14 7.4 
0,01 M EDTA [14]. 1,r sospciisioni di virus oitrriutr sia p r  iriciio dell'ultra- 
ceiitrifugazionv che pr r  prc.cipitaaion< rnn glicol<. pulirtil<mir<i prrwmta\-ano 
in midia un  titoki virnlt. intorno a lO"TC~C/,,/ml. Lc titidaziorti vcnix~aiio 
vffiwuati. con la twriice dvlla <Ietrrniinazionv dvl ~ ~ i i i i l < ~  titiali. in piastriiiv 
per micrcitifolo. 

T ~ s t i  di  inimunodiffusion~ 

I tests di immunodiilùsion~ vrnivano effettuati in apposite piastriiw 
pi,r imniuriodiiTusion~ prpparatv con 2 n11 di agarosio 0.9 o$ in tamponv 
Vimm;il più sodi,, azidv 0,01 q;,. Su quvsti v~mivano  ricavati per mezzo di 

, . uuo stanipo p r r  immurioditlùsioii~~ i pozz<,tti pvr gli antisicri i, gli aniigwi.  
10  p1 di antigrnr indiluito r 10 di antisirro diluiti> a srconda della potrnza 
d<~ll'aritisiirn vrnivano usati pcr ogni test. I,<. piastrinv vrnivano consrrval<, 
a t r m p ~ r a t n r a  ani l i rntv  in capsule di Pvtri umidificate con rarta hibula r 

H,O diotillata. I,a l r t tura  vrniva rff<,ttiiata dopii 30-48 h. I n  alcuni eqwri- 
mvnti. ronsc.rvando 1v pinstrinc in timuustato ;i 37 "C. IU 11,ttiirn potmn 
tlss~lr~l ~iTvttuata a 21  h. 

1IISl:I.TAI'l E I)IS<:liSSIOIVI: 

Al finv di iiirtterv a punto un  tc.sto di inimunodiffusionr per la carat- 
ti.rizzazii>ni~ intratipica dei polioviriie ahl iamo iiiiziatn il nostro la\-oro con 
il saggiar<, i siwi usali correntcmcntc nr i  noslro iaiii~ratorio p r r  il trst  di 
nrutraliazazionc iii vitro dr i  poliovirus con rit.ri tipnsprcifici. L'nro di tali 
simi nrl  i rs t  di immunodiiTusion~ ha presentato due tipi di prri1)lrrni. I1 
primo I > r « l h n n  [l51 è dinwto alla prcscnza ni.i preparati di poliovirus di dn(, 
aniigrni distinti, I'antigimr D e I'antigimi. C chr i. la forma degradata dcl 
primo (Fig. 1). I,'us<i di antisicri contrnrnti  antirorpi contro i due antigimi, t 

bvncli<: non intwferisca con i tvsis di nrutralizaazionc in  vitro. d ~ t r r m i i i a  
ni.1 trst  di inimiinodiHiisiont~ la fnrninainnr di diir 11ai~d1. di immunoprrci- 

A. ,,, ,<l. ,SU,", ,sani,,, , l , l # , ,  17, ? : ,Lz l~ l  
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l>itatii che. ~ I I ~ S S I ~ I I O  t r n i a r  c<rrifii+ionr ~~t~Il'ii~t~~r~,r~~t~~zii~~it~ tlvi r i sd -  
tati  del tmt ,  rnmi: virnr inostrato nella Fig. 2. 

L'altro prnhli~rna è Irgato alla diffiroltii di ottrnt.rc nntisivri sprcifici 
p r  i diversi tipi di poliovirus, dato  che i sirri o t t rnut i  da <livt& aniniali 
innstrano attività crnciata con altri tipi di virus oltre chr  roii il tipo usato 
come aiitigriir. Qur6ta att ività romunr, chc talnni sieri mostrano anchr 
per poliovirus d i  tipo diverso (reazioni crociate tra p r l i n x h o  tipo 1 e t ipo 3) 
è costante se l'ailtisirro vi rnr  usato cnntro il cvppo rterologo a q u r h  usato 
prr I'irnmunizzazionr (n\vrro I'aiitisi<m rontro un crppo vaccinale t rs ta to  
contro il corrispcttivo polinvir~is se lvagin,  coine si vede nella Fig. 3 in cui 
I'antisirro contro il \ in is  vaccinale Sabin tipo 1 crossr?agisc~~ con il virus 
Sfahonry. un  virus tipo I selvaggio). 

La Imse di questr rrazioni crociate è ~Iovuta  pvr gran parte a determiiianti 
antigrnici comuni t ra  i divrrsi ceppi, nivntrv solo pochi siti risultano specifici 
1wr ciascun tipo di piiliovirus. 

Ai liiin quindi di inrttrrv a ~iiirito un test iprcifico p~ la tipiraw~ione 
iiitrirtipica (114 poliovirus uhhiaion fa t to  rirnrso iill'usi~ di sieri rrsi specifici 
prr rnt.7.si, ( l d n  riinoaiont, dvll'attivitii comiiiie ni rrppi vtcrolnghi +.d o t t i~ -  
niiti inoculando agli animali snspt:nsi«ni di poliovirus d a  cui I'nntigwr C 
cra s ta to  allniitanato p r r  m u z n  di crornata,grafia su DEBE A-50, per witarf:  
la forriinzionr di  una <Inppia banda di prrcipit;isinne. Qucsti sirri ottviiiiti 
d a  Van \\rczr,l 6: da noi saggiati p r r  la carattt~rizzazi~iiic: intratipica con virus 
vacrinali C srlvaggi non hanno inostrato alcuna affinità qiianiln sona stati scie 
giati con i c ~ p p i  < ~ t < d n g l i i ,  come è mostrato nella Fig. 4 in cui I'antisivrn 
cnntro il virus vaccinale Sahin tipo 1 rragiser con il virus risprttivo c non 
con il virus RIahonry. 

Dopo In earatt<~rizi.azione d d l a  sl~wificità &.i sieri contro i crypi vnc- 
riiiali r svlvaggi 'li rift~rirntwio, a lhiamo saggiato iIiirsti sieri pvr l'analisi 
intratipo slwcifica di  ceppi di puliovirus isolati (la casi di malattia pnlio- 
niielitica ni.1 nostro lahoratorio ncgli iiltiini anni. noiich6 di wppi  di p l i i i -  
virus isolati d a  soggetti sani. 

Pm la tipizsazione di qursti  virus si i: fatto riwirso ;id iinu achmia di 
Iwnro siiriils a rludlo consigliato dal  Crnter firr Diseasr Cnntrol, Atlanta 
(IJ.S.A.) p r r  In tipizz;izii>ri<: dei virus iiiflu~~ria;ili. In  qurstn srhrrna il virus 
da iipizzarr liostn di  frnntr ;egli aiitisirri pr,r la tipizzazionc, ha acraiito 
;ini.lic i T-irns di  rifvriincritn r<irrisp«ndi.iiti agli aritisieri osati, di modo chc 
la spi.i:ificitii <Ii,lla reazione t ra  ;iiitisirro t, virus campiunr. sia <:onfi.rmata 
tialla han<l;i <li irlrritificaziou~~ rlir qucsti due formano con rpicIIa <.h<: lo sirsso 
iiiiti~i~:~o,,,fornia con il rispetti\o virus di rontrnllo. 

I virus tipimati piir riii~zzo di t rs ts  di imrniino<liffiisi~>n~. (mi si'.ri intra- 
t i p  slwcilici *<)no clvn<wti tiv11;i Tal). S. w r  awanto  w n o  indirati i r i d t n t i  
4lclla < ~ a r ; i i t i ~ r i z a a z i < ~ ~ i ~ ~  rislwtto ai i;iraitrri vai.cinale wlv;iggi~,. 



Poliuviru8 isolati sul campo e testali per la tipiz- 
zazione intratipica con l'uso dell'immunodiiTusio- 

ne con sieri adsorbiti con il ceppo eterologo 

Come si è visto, prrtanto, con l'ufin di trv tipi di poliovirufi attenuati 
di Saliin, con l'uso di tre tipi di ceppi selvaggi (Tab. 4), nonché con I'esamr 
di alcuni ceppi virali isolati da soggetti sani i, da ammalati di poliomielite 
(Tah. 5), il test di immunodifisione. eseguito con antisipri specifici per i 
caratteri vaccinali e selvaggi dei polinvirus prrmetir la caratteriri.aziorir 
di qurfiti senza clii: si venga a drterminarr srivrappnsizionr di risultati con 
gli altri virus. 

Pertanto, daia la s<,nsil>ilità mosiraia r 1;i fi~mplicità di esrcu&ni dvi 
tests di immunndifiisionr, la ternica dtwxitta apparc prvstarsi per la tipiz- 
zazione dei virus polio tuttora isolati da casi di malattia, nonclii! per seguir<. 
l'evoluzione dii poliovirus nella popnlazioni., assai più d~llt .  tecniche cnn- 
vrnzionali [5-71 di tipizzazionr intratipica dt,i pnliovirus chi* richiednnn 
tn t t r  maggior tcmpn t, maggior impirgo di p~rsonale. 
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RASSEGNE 

Difference spectrophotometry as a probe for small 
changes in nucleic acid strutture 

bfAano REI.[,l (") ('), FILOMENA .Wi\ZZFiI  (<i) oiid GIUSEPPE Oh-ORI ( b )  (*) 

IUTROI)II(:I'ION 

Thr spcctrnscopic prutwrti<:s of nuch:ic acids in the iiltraviol~t rrgion 
are riiainly gu\rrnrd hy the elrctronic proprrties <,f the basrs, so that thr 
UV spectroscopy is in principle a powerful tonl for investigating a nurnlier 
nf I>rolilrms in which thc ~leetronic prriprrties of the bast,s are involwd. 

I n  recrnt yrars many efforts have hem made to ctiaractrrizc the ahsorp- 
tion proprrties nf nucleic aciils. This fact, hesides developing high srusitivity 
spwtrnphntnnitrrrs, has rrpanrled the tkld of al~plication of thr abnnrptii,n 
spectri>photi>inrtry. This paprr, aftrr a wcti~in ili~ott-d tu the principl<:s 
of UV ahsorption spectroscopy of nucleic acids, hrivfly reviews the work 
donc a t  the Istituto Superiore di Sanità using a vcry srniitivr differrntial 
U V  spretrnphotornitric t rcl inirp.  A niimhi:~ of exarnples will 11,. pr~.s<.ntrd, 
concerning quite diffrrmt kinds nf prol>lems, al1 characterizrd hy inodifica- 
tions in the electronic propi.rties i>€ the bases, such as the rficts iif CV 
irradiation and thr interactinns of nuclric acids with proteins and iona. 

The UV optical properties of hascs are r ~ l a t r d  to thrir rlrctronic waw 
functions and enrrgies. ' r h t ~ e  arr not meny mprrimrntal data on the chargr 
distr iht ion and 4,nvrgy levels in nuclric acid haira, si> that  rd't,rrn<:r is 
idten madt tn ralculation3 [l]. 

4 ,. 

\ l ~ l ~ r w i ~ i i o ~ ~ ~  kwd:  L V .  u l ~ ~ ~ v i ~ ~ l c i :  1)VA. ~ l ~ ~ o x y r i l ~ o t ~ ~ z c l ~ i ~ ~  wid :  1Ij\A, r i l ~ o r ~ w l e i c  
wid; rl lVA. rihnsornal RX\;  tRNA,  trai~rfvr LIN.\: \. adrnin~: T, thymine: Il. imiril: 
I;. gu;iniiir; i:. cytwine: KDTA. <~thylrnrdiariiirirt+~trr~ac<.tie tieid: 'Tria. trir ( hy i l ro ry l i i~~ t l i~ l )  
il",i,,0lllrtllilll". 
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ryn i r< :  a complete knowlt.dge of thi. ol<:ctronic trntisitiiins i>f  the nucl~ot ides  
and th& styuvnc<. along tlit> polym<.r. . in ~xp i , r i i r i~nml  approach is + = n  
Iiy t h r  stnrly of sprctral ohangrs follr~tiiny the ~lisrtiptiun of I ~ a w  pairiny 
in natiirnl and synthvtic I , o l y n i i c l r o t i d ~ ~  Whrri tlie doiililr strands a r r  
melttd lry hiyh t?rnprraturt.s, tlivir qwetra apprnach that  of th& rnono- 
nui l r i i t i<l~s .  I t  has Iiwn foi~nd that  t l i ~  thimnel dt~iiutiiration iprctriiin 
of D N A  is aifrctrd hy its Iiasr cnmposition, a d  that  denaturatiiin of syn- 
thrtic polynuclrotidrs mntaining only A '  ( A U )  r l a pairs shnws 
y distinctive spwira.  

5, s ~ m i e m ~ i r i e a l  twatrnvnt a,f i h r  I~ypo('hroriiisin ha4 h w n  iIwolop<~d 
rhy  Frlarnfeld and Hirshrnan[81; thry  ol~tainvd th r  following i.upr<wion 
i'or I)UA (E?. L ) :  

AZ ( h )  f .  A ) + i "  A , ,  ( l )  - 2 K ( 7 )  - 1 )  I',, . i:;,. - A&,,. (i.) . Aeo, (i) 



iu which Ac ( i . )  is thi. changi in thr alisorption coeficient ohserved ou 
meltiiig, f,. and f,,. arr the molr fraction- of thr  total number of nucleotide~ 
which arr in AT and GC hasr pairs, AZ,, (L) and Ae,, ( I . )  are thr contribu- 
tion to thr hypochromism arising from AT-AT and GC-GC base pair 
interactions, respectively; K ( i . )  accounts for thr  AT-GC interaction.i. For 
douhlt.-stranded DNA and RNA, thr valutis of K (1,) is near 0.5 for most 
wavelrngths, so that the third terni is negligiblc and t h ~  equation pap bv 
used to measure the hasc composition f,, and f,, of the polynucleotidr, 
provided that thr  « reference » sprctra AE,, (i.) and AE,, (h) arr known. 
Fig. 3 shows thr refrrrnce spectra which can be used for RNA, it has bcen 
obtained from thr thermal denaturation spectra of model polyribonucleotides 

Fig. 3. - Referenee spectra for denaturatioii of A C and G C peira, obtained from maliing 
of model palynueleatides [9] .  

This description is not necessarly restricted to. thermal denaturation 
processes, but i t  is also applicahle to thosr conformational changes involving 
base-stacking modifications in thr douhlr-stranded regions of the molecule. 

The spectral rangr of interest far conformation studies is that dominated 
by the x - x* and n -+ x* transitions (therefore the strong absorption band 
around 260 nm) since the aromatic systems arr delocalized and very sensitive 
to conformational changes; at short wavelrngths the ahsorption is duminated 
by the o + a* transitions and i t  is not likely to be used for this purpose 

Ann. I a l .  Supcr. SonitA (1881) 17, 141-254 



Iiccause thc typr orhitals a r i  localized on to C-C and C-N honds [3]. The 
UV alismption of nnclric acids can he changed not o d y  hy modifications 
in hase stacking, tiut also as a eonsrqurnce of localieed intcractions eapahle 
nf affccting the rlectronic distrihiition of individua1 hases; in principle i t  
is possihlr to distinguish among thrse rffixts by means of a detailed analysis 
of thr ohsirvrd spvctrurn moditications. Some examples will be given later 
in this riport, tihich concern dimer formaiion after UV irradiation and 
interaction of bases with protrins and mctal ions. 

hl l  the rxprriinints wr will ~Icscribe have hecn pi,rforrned hy mrans 
of a ditìerrntial sprctrophotirnit~tric tvchnique with the exprrim<mtal arrange- 
inrnt shown in Fig. 4. Both thr sample and rrfrrmce cuvettes bave been 
first fillrd with the same suhstance (for ixample, with solutions of DNA 
or HN.4); in this circumstancr the two transmittrd hrams wrre of the same 
intrnsity and tlicrrfore log I , I  = O ovrr al1 t h i  wavelrngth range. Then 

LIGHT 
SOURCE 

B E N  
SFUTTER 

S M L E  

1 i; 
\ 

MOMICHROMATOR OETE,CTORS OFFEFENTIAL 
AMPLIFIER 

REFEAEW 
I,'ip. I. Scheniuti<: rqnrcieiitation of mi alirorption qxrtrawapy r~~ieriirieni. 

a prrturbation has bcin induccd in t h i  sarnplr and the conorqumt changes 
in the ahstnhancr have lirrn rrcordrd. Thrn the <liffrrmce sprctrum has 
I,wn analyzrd in ordw to grt inforinatinn about thr  striicturi changes 
iiiduced hy the pf~rturhation. 

Hy iising a Cary miiil. l7 sprctrriphotomvtrr it is pi>ssihle, in principlr. 
to d r t ~ x t  absiirlianc~ <:lianges as small as 0.001. This mrans, far example, 
ihat it is possil)lc. to drtect thr f~irmation or thr disruption irf one-two base 
~tair* molreulr of 165 HNA. 

A further p i n t  is Io he mi,ntiont,d, rcgardin: thr prohlcm of scatterrd 
light. In adilition to ihr  ahsi~rlition proci.ssva, hiolo#ical samples, in some 
case%, scatter light and this fact rcsults in a rwluction of thc inteniity rraching 



T h i  photoclirtiiical rraction. indu<wl I,) I ' \  radiatinn <in tliv DN.4 
mnl~ciil~. in solution. rssmtially invoi\#. tlic p!rirriidini barvs. TIic main 

yhotoproductr found arf, thi. tlismine. ani1 cyti~ain,. diriiw< ( fT.  T t ,  k )  
ani1 thv cytnsinr hydratvs. 

Thi  changrr in tlic alworption spctruni  ah u functiim of thi, LI\' d i ~ w  
art. us~ful  for in\-rstigating thv kinvtics ani1 cri~ss-i;~~tirin nf thc photo- 
prodiict formation. Ti, rqiiirt h tw aonic resultb nn thv t,ff'i~cts of rclativrl) 
lo\\- dosvs of I'\' ra~liat i~in un T? pliagi, DNA, ril,taintd hy this al~prnach[ll-131. 

T, DNA has a higti thyminr contmt (3.5 ( l , , )  and has tbv cytosiiii rt+cixl 
hy the eorrrs~innding 5-hydnirymrtiiyl fnriii, which dws nnt civr risi, tu 
Irydratw unilvr irradiation. T? DNA 1i;is th~rrfi,rt. tliv advantagc that onl) 
tlir thymini photopro<lucis arc to li*. considircd. 

Vig. 5 s h n w  thr clifiwnci. spixtrurii olwrvrd wlua a saniplv of T: 
pliage DNA u-as irrailiaiid witli sr\i.rdl ineidtnt d~isvs of radiation at  

i. =.- 280 uni. Thir sp,<tri:iii giwi clirwtly thr altcorption cliangt,~ prnduri.d 

Fig. i. -. Al~sorlitioii ehaiisrl ol>srrwd i ~ i  T? I ) \  4 siinqdr. irrodintrd witli severd iriridwt 
dori- of I ' \  liglit iit 280 r m i .  



hy U V  irradiation. In the rangc 250-300 nm, a decreasr in the optical 
d ~ n s i t y  is obsrrved, with a minimum at  270 nm. This can be intrrprett.d 
as thc disapprarance of some thyminr rrsidues with the concoinitant formation 
of photoproducts (cxpwially thymine dimcrs), whose ahsorption is \-ery 
*mal1 a t  270 nm. 

The absnrption incr~,ase a t  h ) 300 nm inilicatrs the formation of a 
photoproduct with an alwmrption maximum at ). -1 325 nm, similarly to 
tbc photoprnduct <Irnuttd as TpTi (a  thymine adduct differimt than the 
cyclohutanr-typc. thymine ilimvr) foiind I>y .lohns and Coll. [l41 irrailiating 
thymine aqiieous oliition. I t  .sIiould he iricntionrd that al1 atwmpts to 
isolate this photoproduct in DNA hy thr iisiial methods (acids nr alkaline 
hydrnlysis) h a w  p rov~d  unwcct~ssful, sincr it is stable only in a niutral 
wlutinn. Instvad, thr sp~ctrophr>toint,tric analysis is non-drstructivr and 
allows a dirvct comparisnn betwwn the photocheinical ~ f f r c t s  on TpT and 
thosr on DNA. In fact, a i1i:tailrd study [13, 151 of ttic spwtral mo<lification 
produc~d in T2 l>N and TpT solutions I!y irradiation with increasin:: 
dows of mnnnahn~matic light a t  s r v ~ d  wawlengths, has allowrd to p i n t  
out tht. closc analogies in thr photochrrnical I~ehaviour and in the optical 
propwt i~s  of th* ~iliotnproduct fouud in DNA and of thr TpT' foiind in TpT 
soliitions. 

Intraphngic DN.3 strrictiirr 

Thcre arc wvwal linrs i i f  i + ì t m c ~  which indicatr that the doublt.- 
stranilrd DNA ~nolrcul<. in a pliage particle ia in a striictural state which 
ditT~rs finm that nf nativr DNA in snlution. Information about this state 
can IIP nl>tainrd through thi, s t u d ~  of thr absorbance ihangrs followiny 
the dissociation nf thr phagc. particlr into DNA and phagic proteins. This 
can IE accom[~iishPd 1>y Iirating a phage soliition to a proprr temperature 
and then Iiy rc~cnoling the samr at ronni ti.mpcrature. Treatinn in this way 
T2 phagt- particlw, has Ird ti, thv diffcm~iitial sprctrum rq~orted in Fig. h. 
which has Imm r~lateil  [lh,l71 ti, a diHTrrncr in the molar absorption 
corfficirnt of t h ~  DNA 11etw1~1 tlir isolated and thr intraphagic fnrm. Thp 
siniilarity Iletwern this spectrum and tht. sp<,ctral inodifications i , l>srrv~<l 
on Iowering the pH iif a DNA (in th* abstmcr of drnaturation) strongly 
snggrsts that th? intraphagic IINA is in a Inmtonatrd state. \ comparison 
with thr \-ariations ol>ser\-<d on Iorriring thv pH of tht. inili\idual nucliwtiilrfi 
indioatrd that cytnsinc is mnst lik<.ly tlie protonat.4 Iiasr in the intral~hagic 
DN,i [li]. 

R N . 1  siriicturr i n  rhr ribosnnw 

An<ithcr pnint W. Iiavv ronsidprtd is u hich kind of rnndiiications appvar 
in ~ h e  1tNA striictiirr ( smmla ry  tvr ti.rtiary) utii.n it inttaracts wirh t l i p  

rilosomal protcins and catiuns to form tli* ritxisome partick. Many authors 



Fig. h. - Speetrum chanee olisrrwd in l', phiqv af i r r  hratiny 7 0  "C for 1 5  rnin followrd 
by coaling o t  20 "C. 

have compared, usin; a nlimhvr of trchniqiirs, thr structurc of t h r  RNA 
molecules insidr th r  ribnsoni<, with that of th r  isolatr<l mol~ctilrs i o  solution. 
I t  is g~n i r a l l y  agriwl that tlir di>ulrli,-hdical contmt is siinilar in the two  

ca sm N ~ v ~ r t h r l < w  W, Iiavr I>ic.ii ai,lv to dt>tcct ~rua l l  1,ut sigiiificaut dif- 
ferencrs by a conrparatii-., analysis or  tlic diffiwncr spcctra iipori thermal 

dcnaturatiou. [la-221. Thtw  dmaturatiriu sprctrii, whicli givr infurmstion 
about t h r  amount of thc ordiwd and staeking-stalrilizrd structiirr, in thi. 
RNA moiety, ari. conipar~d in Fig. 7 for tliv siil~uiiiis and tlivir REA. 

I t  can br  s w n  that t h ~ .  sprctra far sul~units art. lower than thow for 
thrir  RNA and this iud ica t~s  that thv amount of' t l i ~  stacking intrraction 
is Ipss in t h r  intrariliosomal RNA than in tht. irrilatrd HNA nioli.culrs. 

They can al1 hr ohtainid as siilwrpnsition of tliv dimaturation sprctra 
for A-{; and G-C pairs in dr>ubli hilical prilyrilmnucl~otidrr (6 rrf<.rrncv 
spectra »), according io  Eq. 1 which cali Iir simplifiid, hy taking k ( L )  
= 0.5, as 

(Eq. 2) Ac (L) = f A ( )  f ,,,. . Ac ,:,. (>>) 

WI have used thf hrst fit procidurr in ordir tu grt th r  best pstimatt, id 
fractionr f,, and f,,: in our samplr. Tbis an3lyais gives o d y  approsimatrtl 
valurs, as th r  contrihution coming frnni tlir stacking in tlir structtirrd singli 



1%. i .  - lhmatt~ratiou -pwtra for u) 311s suh~mits o d  thcir I < \ k  1,) 31s $ t h n i t ~  ;ad 
ihrir  RK.\. Solid linr rqmisriit the rxprrimmtal iprctra; rirrles rorrrspond 
io tlie viilurr ihtniiird hy  f i t t i n ~  rlir irxprritiirntal spwtra  nith $8 .iip~rpo.;itioti 
i t f  the " rrfvrrnw rlii.ctra " for i l i~nat i i ra i i im of \ 1: .ind (:-C Iiasr ~ ~ a i r s .  

*tranrlerl rrgions is nr$~cii.il. tkaring this in niinil, our anelysis ind ica te  
that  tht. RNA inaide t h r  ~irl,iinits Iias a 1ow.r aniount of \-Il anrl C-C 
Iiasc pairs than ihr. iwlatrrl RN.\, t l ic  <lilftm,ncr k i n g  0.07 : 11.02 in f,,: 
mrl Il.06 : 0.02 in l;,,.. Thrsc rrsit lt .  siipgcit tha t  lxotrins niay play a 

ral? in <Irti,rniining swon<lary striicturt~ f,f RN;\ i n 4 ~  thv ribnsomr. 



Strucrure changes of E. coli RNA on ribosorn~ unfolding 

I t  is well know that magnesium ions play an important rolr in thr- 
rihosomi organiaation and that thr  removal of thr magnesium ions hound 
to the E. coli rihosomes caused a conformational change (unfolding) that 
affects their sedimentation coefficients and radii of gyration. The point-• 
we have stndied 123-251 is whether this process also involves changes in t h ~ ,  
secondary structurr of the intrarihosomal RNA. 

Fig. 8 shows the changes observed in th r  UV ahsorption spectra of 
E. coli ribosomal suhunits when rnagnesium ions arr completely removed 
hy chelation with EDTA. These aunfolding spectra n indicate that  only 
very slight ehanges occnr a t  260 nm whik a significant decrease in thc 
absorption can be obsrrved a t  higher wavelerigths; MgZ1 remova1 causrs 
in fact ahout 6 % decreas~ in AA (285)/A (285). 

wavelength /nm 
Fig. R .  - Unfddiq  spcctra for tha aubunits and their RlniAs. They represent thp rhsnjwr 

in thc absorption spectrs on Mgz+ remova1 hy EDTA addition. 

Since rRNA is the principal absorhing species in thc range 240-300 nrn 
and sinee the protein conformation is not significantly affected by Me2' 
removal, it is realistic tu assume that  the unfolding spectra are related to 
a rearrangement i n  the RNA ordered structure. 
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I n  principle, a numher of different contrihutions can he invoked, uamely: 
1) modifications in the douhle helical content, 2) changes in the single straud 
base-stacking or 3) alteration in the tertiary structure; the analysis of the 
ohserved spectral changes does not enahle us to distinguish among these 
possihilities. 

A quantitative interpretation of the ~unfo ld ing  spectran can he 
suggested if the first cause is the predominant one. I n  this case, a description 
should he possihle in terms of superposition of the reference spectra for 
denaturation of A-U and G C  base pairs in douhle helical polyrihonucleotides 
according t o  the procedure already mentioned for the denaturation spectra, 
hased on Eqs. 1 and 2. The results showed that the Rpectriim modifications 
upon rihosnme unfolding are consistmt with the modifications in the douhle 
helical content of the RNA, that is, with an increase of 0.06 : 0.01 in the 
fraction f,, hesidcs an average decrease of 0.02 3; 0.01 in the fraction f,,,. 

Iletol ions-ribonucleic acids interaction 

This examples deals with the investigation on Mg2' and MnzT interactions 
with rihonucleic acids. I t  is hnown that  divalent cations are of fundarnental 
irnportance in determining the active structure of nucleic acide which are 
involved in the protein synthesis. Mg2+ ions are especially require-d for 
the stahilization af  the rRNA and tRNA structure. 

The role of Mg2+ ions seems highly specific hut they sometimes can he 
suhstituted hy other ions without appreciable lack of biologica1 activity. 
Mn2+, for example, is known to he a good MgZi suhstitnent in some reactions 
involved in the protein sunthesis. 

Metal ions react with sites having high electronic density or nrgatively 
charged residues. At first, two types of sites are availahle for the interaction 
with nucleic acids: a) phosphate groups situated on the polynucleotide 
hackhone; b) donor atoms N or O of the hases. Studies of the interaetions 
hetween metal ions and DNA show that MgZS ions interact only with 
phosphate groups, while Mn2+ ions can interact also with the has~s[26]. 
We used the UV differential spectrophotometric technique in ordtr to 
clarify [27] the extent to which the stmctural role of Mn2+ is similar to that  
of MgZ+ in rRNA and tRNA. 

Fig. 9 showa the ihanges ohserved in the UV spectra upon addition 
of M$+ or Mn2+ to tRNAft, 50s suhunitg and their RNA. Analogous 

1 ' 1 

r~su l t s  (not shown hrre) have h ~ e n  ohtained for the 30s suhunits and their 
RNA. 

As i t  may he observed, Mg2+ or Mn2+ addition causes a decr~ase in the 
absorption spectra throughout most uf the spectral range rxamined; such 
a decrease is ahout the same as in the three cases reported, aud corresponds 



Fip. 9. - Changw in thi. absorptiori upon addition of Mp2- or Mn" to  50s s u b u n i t ~ .  
r R L 4  from 50s. snd  tRN.4":'. 

t o  a n r t  inereasl in t h i  stacking intrractions, duv to a rcfolding of thc 
moleculrs. I n  thc 280-300 nm rangp, only for t h r  Mn2' casr an appreciahl<, 
ahsorpiion incrcasc appears, with a maximum a t  294 nm. Analogous effrcts 
havc hern shown in DNA-Mn cnmplrx [26] wbich havr been ascrihed t o  
t h ~  eoordination of basrs x i t h  thv metal ions. Similar cunclusions can br 
draiin for RNA-Mii interactions, that  is, thp structural rolc of MnZ+ ions 
in RNA structurr may hc, as that of M$?, t h r  scrrcning of t h r  rlectrostatir 
reyuloion hrtwi,en phosyhates hut,  in addition, a binding with hascs i~ to 
bv considrrrd. 
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