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sumary: With the aim to assign differences inactivitybs~murine 
interferon-al and -a4 to specific amino acids, we have constructed hybrid 
genes and analysed the antiviral pmperties of the comeqmdhg hybrid 
proteins. The hybrid genes were - by lIEam of hanclogcus 
reaanbination between the a1 and a4 genes in wherichia coli. Xybrids in 
which thew~partis derived frcmalshowthattmregionshave a 
major effect on the activity: amim acid lo-20 and 55-67. When caaparing 
hybridswithwteminala4 sequences,transitions inactivityarefoundin 
thesarmeregions.Interestingly,thecurvesforthetwosetsofhybridsare 
exactlyeachothersmirrorimage. 0 1989 Academic mess, Inc. 

one of the most striking properties of interferons (IENs) is the 

ability to protect cells again&viral infection (1). Besides this activity, 

ms were found to inhibit cellgmwth and tobs able to induce certain 

cells of the ilmme system (2) l To elicit these effects IPNs bind to a 

specific receptor on the target cells, whereupon the expression of several 
genes within these cells is affected (3,4). TOdate3distinctsutQpes of 

IFNh;nrebeendescribed,theyarecdlledIFNcl,IFN-pandIFN-7(2).In 

llkamals IPN-apmteinsare encodedbyagene familywith to20msmbe.m 

(5) l Expression of several of these genes has been found to occur 

simultaneously (6,7). Ekhcular cloning of the individual genes and analysis 
. 

oftheprcpertiesofthecormqmdmg proteins shcws that, despite the 

-WY, IFk+a proteins can differ considerably in their biological 

activity. Several groups have studied the relation between stmcture of the 

IFN-a proteins and their biological activity by usixq site-directed 
mutagenesis (8-14) and by the construction of hybrid IFN genes (l3,15-24). A 

very elegant approach is oonstruction of hybrid genesusinghamlogous 
~~~oninEscharichiaaoli.Thisresultsinl~esetsof)nll>ridgenes 

with cross-ov~ points throughout the coding region (13,20). As a mmeqwme 
~~n~hybridproteinswithneighbauringcross-overpointsdifferin 
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only a few 20&m acids. We haveusedthis approachonthemurine IPN-aland 

-a4genes(20andthispaper). Murine IPN-al and-a4 differintheirability 

toprotectmouse, hamster and rat cells against viral infection. The two 

proteins differ in 35 out of 167 amino acids (7). Here we describe the 

activities ofhybridproteinswith~teminal al mquencw (all-hybrids) and 

theiroarmtarparts,~theN-tenninioftbeprotainsaradarivedfmmal 

(arl-hybrids) . In both sets of hybrids transitions in activity cxn be 

assigned to tw distinct regions in the amino acid sequence. Theactivity 

curves for the al4-hybrids are the exact mirror image frun those of the a41- 

hybrids. 

. mlations. Plamidisolations andenzymincubationswerenmstly 
perfo~~dewribd by Maniatis et al. (25). The exact cross-over points 
of the hybrid genes were established by sequencing plawid musixq 
syntheticoligonucleotides,ccnplementarytotheIMsequenee as primer for 
mquemee Llm polymemse (United States Biochemical Corporation, Cleveland, 
Ohio). Reaction conditions were as given hy the manufacturer. 

mpductionofIFND~~.Monkeya38aells~grcrwnin~'s 
Mm4 sqiplmentedwith 5% fetal calf sermandantibiotics.Thecellswere 
seededin35mP&ridishesandgmwnto30% amfluence.Bxpressionplasmids 
containingthe(hybid)IFNgeneswe.retransfectedueingtheDEAE-Be9tran 
metbd as desbhed before (20 72haftertransfectionthemaliunwas 
replacedwithmed.iuacontaining ii- 'mine.Afteral6hincubationthis 
meairrmwasusedforpol~lamibegalal~~~isandIFNassay. 

Detemination of srmcific antiviral activities. IFN titres were 
Betanainedinacytapathiceffectreductiana44ay,usingv~i~~stamatitis 
vinzsasachallerrge.IFNtitresonwuse cellswerecalculatedacco~to 
thermireference standard GOO2-904-511. Titres on chinese hamster ovary 
(CIP))~ls~cdLculatedrelativetotheantiviralactivityof~IPH- 

al(20).Titresonrat cells aregiveninlakuratoryunits. proteins secreted 
by transfected OX cells were separated on a 12.5% polyacrylamide gel as . 
dewmhed before (20). The proteins were visualized by flwmqraphy. Total 
radioactivity ilnxporated in wcreted proteins was dete&md by 
p~ipi~ti~withtrichloroaceticacid.Thesevaluesand~itcraetricscans 
ofthefluorograph~usedtocdlculatetheamruntof~ineachsample. 

construction and exmession of hvbrid IFN qenes. Con&m&ion of the 

all-hybrid genes has been described before (20). For the a41-hybrids 

essentially the same method was used. Briefly: first the two coding seqwnws 
were imerted into the same plasmid (see Figure 1). The plasmid was 

pmpagatedinarecA~st.rainofE. coli. After verification of the con&m& 
by restriction enyme analysis, it was 1 inearizedwiththeensymeclaIand 

introducedintoarecA+E.~~strain.I(esultingooloni~s~analysedby 

colony hybridization usiq a plasmid fraqmnt located close to the Cla I 
site as a probe. Pldd m of co10nie~ that failed to hybridize was 

andlysedwithrestricti~enzymedigesti~.Indllcasestheseweref~to 
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Cla I digestion 

_ 
transformation 

P E 

n sV40 0 IFN-ul @ IFN-a4 q &glpbin - pBR 328 

murine-4genes.Far~~on Of 
squm=- war% ?z0vawd. only ralevant 

restriction enqm si+en are shmn. P, PwII; E, EooRI;C, claI;Ba, m; 
Bg, BglII. Amp, Anpicillin resistaace. 

contain genuine hybrid IFN genes. In total 48 al4 and 22 a41 hybrid genes 

here generated. Their cross-over points were established by nucleotide 

sequancib3.FigureldlsosbcrwsthattheaonstructioDoftbehyhridgeneswas 

suchthatafterreaMlbinaticmtheyareprecee&d by the sv40 origin of 

replication/early pramter. The rabbit /3-globin mquenws provide a 

polyadenylati~signal.Theplasmids~useddirectlyforepq?ressionofthe 

~d~in~0[#3cells.Basedontheposi~~ofthecrpss-avar 

point and the antiviral actitity mfmmredinpre.l~~ts,a 

subsetofhybridswasselectedforfurtberdetailedanalysis. 

Antiviralactivitiesof~turdLandhvbridIFNs.Thespecificantiviral 

activities of the natural ImKine IFHal atld -a4 proteins on Imuse L929, 

harmstar~andnonndlratki~(Mu()oallsarep~~inTable1.~ 

a4 has an 8-fold higher activity on mouse and rat cells than al. Howsver, al 

has 100 fold higher activity on Muster cells. 
mfigure 2 the antiviral activityofthehykidIFNs~mmse @A), 

hsmster (2B) and rat (2C) cells is sheen. When the all-hybrids are aligned, 
such~t~l~ofthecrl~increases(frcmlefttorigbtinthe 

dashed curve), it appears that the sntiviral activity Of theproteinson 

muse calls (Figure 2A) first increases fm lo8 U/ms t0 aVer log Um aad 

af- -m-w? rxtximately lo7 U/1139. With the a41-hybrids 
withinoreas~*~a4pcrtions (fromleftt33right, contirnwrusline), 

the oumeis amirmr hage.Theactivitydrops freml0' to105U/mgsnd 
j.naeam again to108u/lng. Theall-hybridwiththehighestactivityon 

Table 1. Antiviral activities of murine Imsolldiffemntcellls 

Im nwLlse rat 

al 150a 150 2 
a4 1000 2 15 

= ectivities ars given in n/ms x 10-s. 
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fim 2. specific antivim activity of (hFjhrid) IRss a measured on A: 
- x.829, B: hapnster (aD) and C: rat (W) dlS. The adiviti~ (v8 
plottedonalogarithicScale~the cross-ovarpoilltof tbdiffeu-ent 
hybriIl9. 
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m cells diffWS frail a4 Only in tb N-a 22 m aids, !J&e 

deuease in activity Slxwn in the curve for the all-hybrids OCCUL-SWWtl~in 
the sme area.The cause forthedifferenw inactivitybetween theproteins 
must cOnSe+Wtly be assigned to amim acids in this region which differ 

between al and a4: residues 5, 7, 10, 17, 19 and 20. In an earlier report we 
M thstthealora4 originof residue 10 is impoaant fortheantieral 

activityonmcu!3e cells, krt residues 5 and 7 are not (20). The transition in 
&ide CM thus be COIhfhed t0 WOO a&& 10 through 20. We have aled 

this EgiOn: bk.n A. In the curve for the all-hybrids a loo-fold dmp in 

activity cccurs betw@Xk amino acids 54 snd 68. In the a41-hybrids a 1000~fold 
increase in activity is foundbetween hyhridswi~~~~po~~st 

pcsition 44 ahd 68.CUtlbiniIKJthese~~ i&ntifies asecondz@on, 

drnuin B, with a major effect on the activity and which is located between 

aminoacids 54 and 68. 

when the activities of both sets of hybrids on hmster cells are 

considered (Figure 2B) it m that here bI&.nAhas theI118jorhflUeQce 

on activity. The larw al-like activity of 2 x lo5 U/bg increases loo-fold 

between residues 16 and 22 in the all-hybrids, it decreases from 107 to 105 
D/msinthea4l-hyhridsbetweeaaminoacidslaad2l.~,onilyresilRres17, 

19 and 20 in danainA canbe responsible for these transitions. If dansin B 
has any influenceontheantiviral activityonhamstercellsisnctcledr. 

where is only one al4-hykid (m at 68) of which the activity 

divergesfrcmthenei~hybrids. 
the CUE-W of the activities of the hybrid IFNs on rat cells (Figure 2C) 

looksvarymucllli.ke theone onmmse m1s:an incream and sut=qent 

~oriththeal4-hybridsandandemasemdhcressetiththerenrarse 

hybrids(activitiw<105U/hrg~belcrwths~~limit).Tlrus, danains 

AandBdlsoaffecttheantivirdLWtitityOf nurina Im-a on rat cells. 

DISCUSSICM 

!rlmresults obtaiwdwithhothsetsofhybridsareampatiblewiththe 

existenceofatleast~regions intheIFN-aproteinsthatlmveamajor 
effectontheantivirsl sctiVityoftb3eproteins.These~ons,whicb~ 
cdlled~AandBare~iaedbythecross-averpointsOf~ds 

~~chlargetransiti~inactivityarefarmd.uIbothdanainsouily4 

win0 acids differ between nuxineIFN-alsnd-a4asisshcwninFi~3. 

!l%esecan~beanalysedi.nmredetailusi3qsi~mtagenesis. 

Itisintarestingthatdiff~aanbinatiaarsofdaDainsAaadBresultin 

IF)ss'~~varydivargentaetivitiesonbothmeruseandrat~ls,thisis 
illustrated in!l!able 2.Hybrids inwhich da~¶inAis derived fromal and 
&mainB frana haveactivities cmmwse andonratceus thatareluuch 
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Ql KDSSAAWNATLLDSFCNDLHQQLNDLQGCLMQQVG 
(14 --L--T--------------------KA-V--KKK 105 

al VQEFPLTQEDALLAVRKYFHRITVYLREKKHSPCA 
a4 XX-P------s-----T----------K----L-- 140 

al WEVVRAEVWRALSSSANVLGRLRERK 
a4 ---I-----------T-L-A--s---H 167 

Fiaure 3. pglino acid sqaenm of murim IFN-uland-a4asdesebed 
previously (8). Differences hPm seqwnce.are SImnl as follars: UEpar 
line:ol~illuea,lc~lerlinealresiifues.~AMdB,whichaffectthe 
antiviral aotivity are indicated. 

higher than the activities of the natural al and a4 px&eins. Thus, 

mtagenesis of these areas can lead toIFNspecieswithmuch higher 

activitiarsonhamlogcus @house) andhetemlcgous (rat) cellsthantkmeof 

thepamntalproteins. mble2alsoshm3thatthereversecuubi.natiom3 of 
. danamsAandBleadst.ohyhrids~ith ext.mwlylawacitivities. 

Ingenerdlitistboughtthat~mediatetheireffectviabindingto 

specific receptors, althoqhamlewithinthe targetceucannotbs 

eweluaed.mm411~~~~~e~thebiologicdleffectsof~o~erefamdtobe 
. duectly ~rtional to their affinity to the receptor (26,27). A lcgical 

~1anationfor~results~dbethatdamainsAandBare~l~inthe 

bindingofIFH-(rtoits~r,eitberdirectlyorsuchthattheyinfiueaca 

the &emxhmistryoftheproteinsoas topositionthemceptorbindim~ 
site more (un)favorsbly. Inview of the considerable lxmolcgybeWeen Im-c 

protehs fraadifferentspecies it is amceivablethatthese findhqs also 

hold for IlW-a@s from other species. Results &txined byOtbarCpUp%With 

hybridsbetweenhuoanxm+asubspeciercshuuthattheori~0fthe~~ 

60 aminoacid8has a~jOrippact~thea&.itity~lnrmanaswellasm 

Im Afrom Bfmm nmlse rat 

al al al 150" 2 
al4 al a4 20000 150 
a41 a4 al 2 -2 
a4 a4 a4 1000 15 

a u/q x 10'5. 

27 



Vol. 164, No. 1, 1989 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

mouser cslls (13,17,18,23). Data obtained with site-directed mutagenesis also 

stress therelati~inportanceoftbeH-tennindlpartofthaprotein.For 

instance,mutations of amino acid residus 33 can ccqletelyabolish activity 

in hunan and lnurim Il!wa (11,14). That at least one (of the) receptor 

binding site(s) mst bs located in ths N-ten&al part of the protein is 

alsosuggestedbythefindiqthatatnmatedmurins IFN,containingonly 

the tHanhal 67 amino acids, has alcmlxxt distinct antiviral activity 

(20). sacrondary stmctmemdelsforIFN-ahavebesncalculatedbyseveral 

gmups. All models calculate an a-helical confomation for regions that 

a&&de largely with &mains A and B (24,28-30). The fact that danains A 

andBseemtoinflwlnceeachother(Table2)~tsthatthese~iaesao- 

operatetogetherinpresentingthenacessaryaminoacidstothereceptor. 
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