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The complete nucleotide sequence of the Ni neuraminidase gene of influenza virus A/USSR/90/77 was

determined. Comparison of its predicted amino acid sequence with other NI and N2 neuraminidases
indicates that the Ni neuraminidases share most of the antigenic determinants mapped on the N2
neuraminidase but display at least one additional potentially antigenic region probably as a result of
intersubtypic differences in glycosylation.

Influenza A virus displays two virus-specified glycopro-
tein antigens. hemagglutinin (HA). the major antigen. and
neuraminidase (NA), a minor antigen. The capability of the
virus to strongly vary these antigens by at least two general
mechanisms allows the virus to continue to circulate in
human and animal populations despite the ability of the hosts
to mount immune responses against these viral antigens. In
an attempt to better understand this variation, we undertook
the determination of the nucleotide sequences of the genes
encoding the surface antigens of influenza virus A/USSR/90/
77.
We report here the nucleotide sequence of the A/USSR!

90/77 NA gene. The coding sequence is 1.413 nucleotides in
length, encoding 470 amino acids. This sequence was deter-
mined by the dideoxy chain termination method (8) from
four cDNA clones generated by specific priming and reverse
transcription of viral genomic RNA segments (3). All of
these clones contained the entire NA-coding sequence but
varied in the amount of the untranslated regions at the 5' and
3' ends that they contained. The sequence of the A/USSR/
90/77 NA gene is shown in Fig. 1 aligned with other
representative NI and N2 sequences (4-7).
The amino acid sequence of the A/USSR/90/77 NA. trans-

lated from the nucleic acid sequence. displays less than 50%
homology with representative sequences of the N2 subtype
(Table 1). Although there is some intersubtypic conservation
of structurally important amino acids, such as prolines and
cysteines, and functionally important amino acids. such as
those surrounding the proposed active site of the molecule.
the low levels of homology reported in Table 1 could reflect a
lack of similarity in the three-dimensional structures of the
Ni and N2 NA molecules. We have addressed this question
through comparison of the amino acid sequences of various
Ni and N2 molecules.
Our previous work with HI HA sequences. including that

of the A/USSR/90/77 virus (2). suggested that there was a
good correlation between clusters of amino acid substitu-
tions found by comparing the sequences of different HI HA
molecules and antigenic sites identified by other criteria. The
success of such correlations indicated that new antigenic
sites could be identified in this way and further confirmed
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that the gross three-dimensional organization of the Hi HA
molecule could be accurately deduced by comparison with
the X-ray crystallographic data for the H3 HA molecule. We
applied this same strategy in our analysis of the A/USSR/90/
77 NA molecule to confirm that it is substantially similar in
structure to the N2 NA molecule. In addition, we extended
this analysis to predict a novel potential antigenic site not
previously identified or characterized.
When amino acid differences in N2 field strains and in

vitro-selected variants are superimposed on the three-dimen-
sional structure of the neuraminidase molecule, they cluster
into seven regions that have the potential of being involved
in antibody interaction (1). as judged by their accessibility
and variability. The regions have been numbered I through
VII, and we have adopted this nomenclature in our sequence
comparisons. These families of determinants defined for N2
are listed in Table 2 along with their positions in our
sequence alignment in Fig. 1.
When the amino acid sequence of the A/USSR/90/77 NA is

compared with those of early Ni strains, clusters of amino
acid substitutions, diagnostic of antigenic determinants, ap-
pear. The locations of these clusters agree well with the
locations of the antigenic determinant families defined for
the N2 NA (1) (Table 2). For example, when the boundaries
of the determinant families I through VII defined for the N2
NA were projected onto the NI sequences. they contained
7.2% of the protein sequence but sustained 26% of the amino
acid substitutions, corresponding to a 4.7-fold-greater rate of
amino acid substitution than that observed for the rest of the
molecule.
The two exceptions to this agreement are family VII, a

single amino acid position at which we observed no changes
in our sequence comparison, and family VIII. a new family
we defined for the Ni NA (Table 2). No region of the Ni NA
sequences displayed a greater concentration of amino acid
substitutions than that which occurred in family VIII. More-
over, failure to observe such a cluster in N2 sequences can
be explained by a difference in glycosylation between the
subtypes, a phenomenon which we have previously ob-
served in the HA molecule. The area of family VIII is
primarily a surface 3 sheet, notated [sS4 in the N2 NA (9). In
the assembled N2 NA tetramer. this region on each mono-
mer is shielded by an oligosaccharide attached to position
216 (Fig. 1) of the neighboring monomer (1). The Ni NA
sequences we compared lack this glycosylation site and
expose this surface region to possible aintibody interaction.
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[MAAlT CiA AAW CAG AMA ATA ATA APO ATT GOG ltA Alt ¶7r. AIU GTA GMt GGOA ATA AET AGC CTA ATA TMlCA ATA GGA MAT ATA Alt ltA ATA lGG ATr AGOC AAi (Ni)
AM MAT CiA MAT CAG MAA ATA ATA AXC ATr GGA ltA NAt TO],FM~GTAGcGA rMATr ANc CTA ATA TlG CMA ATA GaG MAT ATA Alt 7tA mATA ATT AGC A/PR/ (Ni)
AlG MAT OCA MAT CAG AAA ATA ATkA.C ATT WGA EA Alt = AM GCA IA' GGiA ATA ATT AGr CI!A ATA TMl CMI ATA GOG MAT NMT Alt EtA ATA TM= AGC AAESR (Ni)
AM AAT OCA MAT CMA AAG AWA ATMACWA AlTr GOC ItT Cit ITT Cit AO AlT GMAACA CTA W TICt Cit AG ICAGI ATrGO AtC CI GCA PACTXPa ACi A TEG A/R1/5- (N2)
'~S~MTCiAM CM AAG ATA A A,'WAAlT tT CitIt CMt A3 A.-T GCA AWA ATA TMTCilI=i ATGICAGIAlTTo Alt CAG GmArXaTPa TA WCA TMl A/UDO (N2)

40 45 50 55 60 65 70
CAT..------l-AAlTCAMAlTTAAAOA]CMGAATPCAAACCAT XTGWA ATA IE APCCMCA CiATrACC AASN (Ni)
CAT.-------l 'IAATCAA1PCraGGAAGrTCMAAWACATPAPrGGOATA T AAC CM[A AIATr AC A/PR/8 (Ni)
ICAC-- .--.--tAAMTCM ACrGMA arCMAWCATWAGOWAATAM AW CM MjAATrAC A/USSR (Ni)ICAT TTT MAA CMA CAT GAG ITW GAC ITM OO AOC AAI CMA am AlG OCA iT GMA CCA ATA ATA ATA GMA AG AAI ATA WCA GAG ATA GIG TAT lG MAT AAI A/R1/5- (N2)
[CAT ITI AAG CMA TAT GAG lW GAC ITM OO AAI AAI CMA GTA AlG OOG MtT GMA OCA ATA ATA ATA GMA AIG AAC ATA WCA GAG ATA =I TAT TIlG Par AAC kAMJIC (N2)

75 80 85 90 95 100 105
TATMAA..GTr---TTai'G(rGGKgGClAc im xTAIGATr.ATA rAAK ocGG MATlTcAltTr AAM (Ni)
TATAAAAMT AGC ACITMGTPA .. ------AGGc AG GlAC CAAr MATA TTAAOCGOCMATTCtA tT A/PR/B (Ni)
TAT [54 MAT AGc Ac ITG GTA MAT CMA WA TAT GTl MAT ATr ALc AAc Par AI GCiT CiTGC GGA AAG GAc WA PAT ITA TJTA j Gax MAT tA wrT A/USR (Ni)~ATCACCAkGAG AAAGAGATT..--I--TC COCGAA GM iGMGATAC AMAAT TMlTCA AAG00 A/R1/5-(N2)~AIO ACATA GAG AAAGAGATA..------IWOCAATAGG A A G ATT AAi O A/UMORN (N2)

1n0 115 120 125 130 135 140
CiT MrT Cx. NitC COT iGGIMGI ATA LCI( AG AMA GA MAT GO ATA AGA ATTGT(I=AA2A GGA GAW CiTr T'IT = ATA AGA GAG xT TT' ATT TCA,M'TGTIT A (Ni
CTr ItTCO AlT OG'T GOG TOG GCT AT ACAI MAA GPC MT Am ATmAGWA ATr GOT It MAA GGA GA CiT TITr Cit ATA AAGAG OOC PTT ATr TCA MrT lT A/PR/B (Ni)
CTr TGT OCiT Alt COT IGOG TMUGLTI ATA TAC AO MAQ AAC AXC ATA WAG AlT GOT = MAA GGA GAT CiT lIMT GCt ATA AGMGA lCTTT ATA ltCA TGT ItT A/USSR (Ni)
CMA IT CMA ATr WCA GGA TITr GCA CCTlT'r ltCT AAG GA MAT 7tA Altco MTCLrlT GCT GOT GOG GAC AITr TMGMCiOG AGA GMA OCT TAT CiM ltA TMGAC- A/RI/5- (N2)
CMA A AAAlTi WAGA1TJlIrT1 CiOT TITT AG AMAT lTA All COG CIT ltT(L GOTIGOGJGAJ ATT MPCi AG GA IGMA CCTTAT GMIG [CAilJGAT A/UMORN (N2)

145 iSO 155 160 165 MI 170 175
CAG TTrt GMA1 AIGG A'PIT lTT CMt PArT CRIA GM tIOTA CiT MAT GP AAG CAT lTA G GOG AICll7 AAG GACAGh (ICC TAT AIG GO TA AlTG AN AAWSN (Ni)
CAC TiG GMA TC AG AC T'l TPr CitG ACC CMA GGT GMTA CitG MAT GAG AGO CAT ITrA MAT GGG AcT Gm' ANI GAG W AGCE(r TAT AGGOC TITA Alt ANC A/PR/B (Ni)
CAC T'iG GMA TUC AGA ANC ITl 'T Cit AO CMA GOC GCT CPA TTA MAT GAG AAG CAT rA MAT GOG AEC G=' AAG GAG WGA ANC OCT TAT AIG GOC TIrA AT ANC A/USSR (Ni)
OCT GOC AAG tTG TAT CMA TTT GCA Cit GMO CAG GOG ACC WA cPA GAG ApeAMA CAT lTA MAT GEc WA ATA CAT GAT WAG AlT CCT CAG OGA ACE CTA TTA Alt A/RI/5- (N2)
XCT GOC AAGLjTAT CM TIGJCiALMGOGCAGJGGG ANC WAC [CTjGC AAG MAAACAT iTrA MAT GAGWACAATA CATIGTAAA CTCAT OGRJAEC[crAlI AltG AAUDO (N2)

180 lBS5 190 195 200 205 210
ITt CiT TCitf GMA GCT[OG TC CiG TAC MAT ltCA AG lTT GMA TOG GTT GCT TOG lTCA GCA PAPT CA iTG CAT GAT GOA i GOW lM CIA WCA Alt GOA ATP AAWSN (Ni)
'It CiT GCt GOT GMA GLT OGE I=t CG TAG MhT ltCA WAG ITTr GATMtt GCT TMTMGACiA APr GCA ItGT CAT GAT~GOC AlT GOC TM CIA WCA AlTC GOA ATT A/PR/B (Ni)
ItT CiT AT GT GMA acT oGE lTT CiA TAG MAT lTA WGA lTT GMA TtG CiTTLIllA CiA Par CiA ItrT TAC GAT GEC AMt GOC Itt CIACWA AlT GOhATNT A/USSR (Ni)
MAT GAG TTG GGT CIT - CiA lTT CAT TTPA GOA AC MAA CMA GtG TGT GMA GMA TM TM AC ltCA PAGr MrT CAG GAT GOA MAA GCiA lG TM CAT =i IT Cit A/R1/5- (N2)
MAT GAG TitiJiT -LCMTrT CAT l'i GGA ANC AG CAAM MrGI ATA.jjiJ, J NElA JPAAGaP CA,G[TJGGA MAA GCA LGG.JJ CAT CiT ItT GTC A/AMflR(N2)

215 ___220 225 230 235 240 245
ITCT~ CiA GAGOA MCGIG W GTPA lTAAMA TAG C GOC ATA ATA PAPr GMA ACE ATA MAA PAPGr NIAG AAG ATATA lIG WGA WCCA GAG r GA A/ASN (Ni)
ltA GOT CiA GAT GGA GMCMAGIG GLPTATMATAA G C GO ATA ATA PAPr GMA ANO ATA MAA PAPr ITOG AG AAG AAATA TMt ANG WA CMA GAG Itr GMA A/PR/B (Ni)
lTCT GOT OCA GAT GATGGWA OCA CMGIG G(TICA CPkAAMA TAG AAG GM ATA ATA Par GMA AOC ATA MAA PAPr TOG AGG AAG CAATA lTrA WAG WA CMA GAG ITCT GMA A/USSR (Ni)
PAr GOG GAT WA'MGIAT O PAPr (I AGOC TIt AlT TAT GAG GOG NEO CIT CiT GAG PAr IAlTrIMGCPlA lTM tCT CMA MAT AlT CCitGAE C CAG GAG Itt GMA A/RI/5- (N2)
PAr TAT ,MATLMT crPaPI C~TIt AlTT JAGATL(JAGG CIT CPA GAC GrPaP =JGCA[jT ITr CMA MATIA'!jCJICNCEJGIA AA GAG ",J A/UDMM (N2)

70' ~255 260 265 270 275 280
MrT AE I GTCA MAT GOrTCIA IT 'T AOC ATA AMG AC GAT GEC CiA PAPr GAT GOG Cit G Tt TAC MAA ATT TIt AAG AltC GAG AA GMl AAIG CiT PAPr MAA A/ASN (Ni)
ITM 'GO ITr CPA MAT GOT lTCA I T T PAPT ATA AIG PAPr GAT GC OG PAPr GAT GOG Cit GOC ITM TAG MAA ATT TXt AAG Alt GMA ANG GOG AAG CiTr PAPr MAA A/PR,/B (Ni)
It T Ci lMP CPA AACIGOPITAItMr TIr ANC ATA AG ANC GAT OX CG PAPr GAT GOGCOG GC lTG TAG WA AlTC TIt MAA AlTC GAG AAG GOG AAG AlTT PaP MAA A/USR (Ni)
Itt CiT TMrAlt MAT GOG PAlCrIWACPA CPA AM PAPr GAT CiA PAPrG TMAGGACAGWA GOC GAT PAPC WGA ATA CIA TIt AlTT MAA GAG Ga MAA ATT GCi CAT A/R.I/5- (N2)
IMGCTr Alt MAT GGE APIT WACPA CPAAIGaPCTGAlIGGA PAPr GCI lt AA WAGCiT GAT PAPT MAAAIAJCIA lICI'TIGAGM -GIGMAA AlT CiTr CAT A/UllhI (N2)

285 290 295 300 305 310 315
ITA ATA GAG TMAT GCiA (LI MAT wtr C. TAC GAG G M1110 ITT TAG OCiT GAT AO GOX MAA Cit AItG ITM Cit 1TM WGA GAG MAT TOG CACGITMAA AN (Ni)
lTA ATA GAG TIT MhT CiA OCI MAT Itr CAGC TAT GAG GAMrIT l MITITAG MrI GAT AMi Gt MAA CiTG AIt IT Ci I WGA GAG MhT Itt CAT GOI Itt AAIC A/PR/ (NI)
lTA ATA GAG lTm GAT aCiA coc MAT It CAT TA GG GMA ITe 12 IT TAG OCiA GAG ACC OX WA Cit AIt I Ci IT WGA GAG MAT Itt CAT GOVTMAAtT A/USSR (Ni)
ATT NEO CiA lTM lTCA GGA PAPr GCI CAG CAT ATA GAG GAiG lMP 12 ItT TAG OLI CGA TAT CCI GCPGA WGA T Alt ICi WGA GAG AANIMAAGA G tC MAT A/RI/5- (N2)
NAP AGOC CcAiAnJ A CiA ACP wrI CAGE iJGTA W,GAiGGItT itt mTAT (rI h TAT (L wrGOTL iAGAi r Al.tIW.A GAG.AAG IttG MA MO.ATI A/UDIOR (N2)

320 325 - 330 335 340 345 I350
OGA CiA It Cit I=t lTT GAG CMA AAI CIA GAT TAT MAA ATA CiA - - TAGC Alt It PAGT GM GTr T'It GCP GAC AAC COGCPT AAMA GGikACA GMt AAWSN (Ni)
CiGCA lG Ci ItT lIt GAl CMA AAC Cit GAT TAT CMA ATA GGA - - TAG Alt w wrPamGal CTTlIt r GAG AAC (LIGrMoAA GAT GG AWA GEt A/PR/B (Ni)
CG IICTTGIG IT IT[MCMA AAC CiTG GAT TAT CAlG ATA CiA - - TAG Alt IT PaP GmGG CT lTT GCP GAG MAT CiG (oIGT MoAA GAT CiAQWGEc A/USR (Ni)

ANEGECICGIT ATA GAG ATA MAT AltG GMA - GAl TAT ANC AlT GAT 1I= AaP TAT Git TC lTCA GGG CIT CiT GEC GAG WCA (XC AGG AAC GAGC GAGCN IT ANC A/R1/5- 1N2)
IAJ.JCi)GtC CPA GAT ATA MAT Cit MAA -.GAl TAT NE AlATrGAT TOC PAP TAT C-TitCAJIJM CIT CiTGGC-GAI WCA.C WAG MAC-A WKAG AItTN A/UD0RN (N2)

355 ]I 360 365 370 375 380 m385
-NE_ ITM - OtCiA (G It (I GGCA Ci AA GA CPA AAG CiA lTr tCA TAT AAG TAT GEC MAT GCPT Gir ITM ATA GGA NEG PAP AMAPP A/WSN (Ni)
-AN-C - -r GOTCiA tTAT CiTr GAT OGAOCA MAC CiA CPAAMG CiA lI' ITA TAT NE TAT GCP MA OT(LICT TOG ATA GGA NE NEC AAAIPa CG A/PR/B (Ni)
- ()J- MrI - CiA GTA MTrCi GAT GGO QGACCiGGL2Ci TA AAG GO'G TIr ltrA TAG WAG TAT Gr MAT GOT=wGTlG ATA GGA NEGAcPAAAMAPar A/USSR (Ni)

MAT NEO MTOC NEOAGTAIC MAT GMA WGA GIGMT CGiA Cit MAA GEC TM GEC lTr GAG MAT IGGAIGAT GAT GTAIIt Alt GGA WGA WCA AlAAC MAA A/RI/5- (N2)MAT NEO T COG~ AA1JAAC MAT GAG MA MT CAG GGA Cit MA GE lG ar lTr GAG GAT[5-lAAT GAG Ci LQJAltGGA WGA EACGACLAQE GAG A/UDORN (N2)
390 At 395 400 3I 405 410 415 ]z 420

PaP CAT GGG lI ltGAA GAT (L MT CiA WArAIGAG PAr GAT AG lGIt ltTTM - AGAk GAT GIlI-I GCAi~OrPAATI AA6SN (Ni)
PAP ITUC WGA CAT GOG lTr GAG AltG AlTr TOG GAT (LI MAT GGAk Itt WAgAGAG PAT GAT PPAAGr lIt I Cit - NEG CMA GAT CIT Cit GCiAAT'AlTPa GAT ltG A/PR/B (Ni)
NEC 1TM WGA AAG CiA lIT GAG Alt AlTr TOG GAl (LI MAT GGA lTG WCAIGAT GEC GAT PAPr MTlt [cmt - CA A T i i1 PPGTlGIA/USSR (Ni)
GMA WtA G tCA GrOTA GMA PAPr lTT MAA GCt ATr GOT IGOTPIIGG JWA (LI MAT T10C MAA TCG CAG GCt MAT WAGA GCi ATA Gill GAGC'MC MAT MAT TOG A/RI/5-(N2)
GA- IAL6TATGMIACNETIt MAA GEt AlTr GOT GG Itt1, OCA(LI TLJAAA lTT CAG ATA MTNE Ct rATA[GO-j GAG 1AGc GAl MAT NEo A/UMORN(N2)
-- ~~~~425 430 435 447 40

TMamGO TAGN GOA PAPr TCiTr CMA CAT (LIGh CPkAAWA CPA GAG ffA Alt NE T(Im10 Tit GMLGM!1 TMi Alt AG A AAWSN (Ni)
lTCA COG TAT NEc Gal PArT I' GIT CMA CAT (LI CPAGWTAA oGa CPA GAG tT ATA NE GE l lIt lTG IGTr' GMA ITA MCAlt GGAk CGiAL JGMI MAA A/PR/B (Ni)
ITCA GOG lAC NEO GGA CGT lIt GTT CMA CAT (LIGW CTA WCA GGA lTM GAG MtT Alt NEG (LI 1C lIt TM IMTi GMAITA Alt WGA GGA CGA GEM ~~GAIA AAA, AUSR (Ni)
ItTrIGOTITAClTICTGATTlItC TCT CiTr - -GAGI- -IGEI MAA NE ITGO Alt MAT NEG lt tlr TAT i GAG lIt AlAGNEGGA NEG CiA CAG GAGI Pan A/RI/5- (N2)
7CIO A C O T ITTC7 Gir - -GAGJ-- =AAAMANE (IA AltAT ANGE -rTTA"'[1(1-'GAG-l-TA'AioJGO NAGGM CAGE.PMAqr A/UDORM (N2)

460 465 470 475 480 485 490
- Altc - Itt PaPAGTO AlT ICT lTr IMr GGT GMt MAT PAPr GAT PAPCPAGMGT IttMITMIOCiA GAG GOT GCP GAG lI CGE lIt NEO AlTr AAMN (Ni)

WCA - AMt - ItO PAr PAPT A~EAGoc AITr TT lIT It GE CitAT PAGr GAT PAPT CPA GAT IttWITMIOCiA GCGOT GCP GAG lTG CiA lTM NE AlTr A/PR/B (Ni)
WCA WCA Alt - IIGIAPr PAPr Gal AINEC NEC AlTr ItTlT MtT GE CiTG MAT PaP GAT PraPrCA [MTIt ITt ltGCi A GAG GAT GEl GAG lTm CiA MANE AlTr A/USR (Ni)
AGA - CPA lTUG ITOG ANEI CA MAC AGrI AlT Gil Git TIr Itr GEC PAPC ltA GOT APr TAT GGA WCA GEC ltA ltG (LI GAT GEG GElAAMC AltAT lTC - Alt A/RI/5- (N2)
WGA - CTA TOCi TOG~~IAt1A MAC[ZJ All GITr CitI'lt7TWGECPa lA GOT NEC TAT GG WCA GECltAlT0G (LI GAT Gal tG GAG Alt MAT Cit - Alt A/UDORN (N2)

GCAAGM AG AAWSN (Ni)
GAGC MG ITAGI A/PR/B (Ni)
GAG MAG ITAGI A/USSR (Ni)
CCI AMkTAAIM A/R1/5-(N2)
(LI ATRIAAI AAMDORN (N2)
FIG. 1. Nucleotide sequence of the A/USSR/90/77 NA gene. The nucleotides are arranged in triplets corresponding to the correct

translational reading frame and aligned on the basis of amino acid homology. Solid-line boxes surrounding single triplets indicate amino acid
differences relative to the other Nl sequences. Solid-line boxes enclosing a triplet in all five sequences indicate an amino acid homology at that
position in all five sequences. Dashed-line boxes identified by roman numerals enclose the proposed antigenic determinants as described in
the text. These sites were identified both by reference to X-ray crystallographic data for the N2 NA and a moving average analysis of
sequence homology among Ni NA amino acid sequences which identifies regions that display clustering of amino acid substitutions at levels
significantly higher than background. The highest signals that we ignored in this analysis were changes at single amino acid positions 221 and
231, which are separated by a large region of complete intersubtypic homology.
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TABLE 1. Percent homology shared among the NA gene of
AIUSSR/90/77 and the NA genes of other influenza viruses"

Amino NucleicVirus acid (%) acid (%)

A/USSR/90/77 (N1) 100 100
A/PR/8134 (N1) 89.0 87.5
AIWSN/33 (N1) 86.5 85.8
A/R1/5-/57 (N2) 43.8 39.8
A/UDORN/72 (N2) 47.6 41.6

a Percent homology has been calculated as the total number of
identical positions in the aligned sequences divided by the total
number of comparable positions. Positions that contain deletions are
omitted from the calculation.

TABLE 2. Positions of amino acid substitutions arranged into
families of potential determinants
Amino acid substitution for virus:

PositionFaiy
A/WSN/33 A/PR18134 AIUSSR/90/77 Family"

349 Thr Thr Lys I
352 Ser Ser Arg I

356 Gly Gly Asp II
359 Ser Tyr Asn 11
360 Ala Val Val 1I
364 Asn Asn Asp 11

385 Asp His Asn III

417 Ile Met Met IV
419 Asn Asp Asp IV
420 Arg Trp Trp IV

453 Glu Lys Arg V
455 Asp Lys Lys V

215 Asp Asn Asp VI

402 Glu Glu Asp VilI
403 Thr Thr Pro Vill
406 Arg Lys Asn VIll
408 Ser Ser Leu VIII
409 Met Val Val Vill
411 Arg Arg Lys VIII

a Families I through VI correspond exactly to those previously
defined for the N2 neuraminidase. Family VII contains only a single
position at which no changes were observed in the Ni field strains.
Family VIll is a novel family of determinants defined in the text for
the NI neuraminidase.

The amino acid substitutions we observed at this site strong-
ly suggest that such interaction has occurred during circula-
tion in vivo to select variants at this position.
Our comparison of Ni NA sequences yields two signifi-

cant conclusions. First, the finding that differences in glyco-
sylation may result in differences in the organization of
antigenic sites in NA molecules of different subtypes con-
firms previous observations made for the HA molecule,
indicating that this may be a general mechanism employed
by influenza A viruses. Second. the comparison of the
locations of the highly variable regions of the NI and N2 NA
molecules is a stringent test of whether the gross three-
dimensional structures of the molecules are similar, since
these areas are those most likely to display differences
between subtypes. The striking similarity in the locations of
these sites is a strong argument that the Ni and N2 NA
molecules share similar structures.
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