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Nucleotide Sequence of the Influenza Virus A/USSR/90/77
Hemagglutinin Gene
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The complete nucleotide sequence of the hemagglutinin gene of influenza virus A/USSR/90/77 was
determined. Comparison of hemagglutinin amino acid sequences from Hi field strains revealed five
potential antigenic sites. Four of these sites correspond to those observed for H3 hemagglutinins, whereas
the fifth apparently derives from differences in the glycosylation patterns between subtypes.

Influenza A viruses direct the synthesis of two surface
glycoproteins, hemagglutinin (HA), the major antigen, and
neuraminidase. Variation in these antigens has regularly
caused major epidemics and has hampered efforts to create
useful vaccines. In attempts to understand this variation, a
number of amino acid and nucleic acid sequences of HAs
from field strain viruses and in vitro-generated variants have
been determined (11). Previous analysis has focused on the
HA of the H3 subtype for which the three-dimensional
structure has been solved (13). To examine the variation in
another human subtype, Hi, we determined the nucleotide
sequence of the HA gene of influenza virus A/USSR/90/77.
Comparison of this sequence with the only other existing
complete Hi HA sequences (2, 7) derived from HlNi
viruses isolated in 1933 and 1934 allowed us to identify
clusters of amino acid substitutions which suggest the loca-
tion of the important antigenic sites in the Hi HAs.
The amino acid sequence reported here bears less than

40% homology with the corresponding sequences of H3
strains (Table 1). Consequently, it seemed plausible that the
separate evolution of these strains might have created at
least some changes in the three-dimensional folding of the
protein which could aid in avoiding immune surveillance by
covering up some antigenic sites and exposing others. On the
contrary, our data indicate either that antigenic sites are in
the same locations in the Hi and H3 subtypes or, if not, that
the differences can more readily be explained by masking of
an antigenic site owing to changes in glycosylation rather
than changes in polypeptide folding.
We have previously reported the construction of a bank of

cDNA clones derived from the reverse transcription of the
viral RNA segments of the recombinant virus A/USSR/90/77
NBA2 (4). Identification of plasmids bearing HA gene se-
quences was made by colony hybridization (6) and Northern
blotting (1). A number of plasmids containing the complete
coding sequence of the A/USSR/90/77 HA gene and various
amounts of the untranslated regions were isolated. The
nucleotide sequence of the inserted DNA from one of these
plasmids, pD49, was determined by the method of Maxam
and Gilbert (8).
The coding sequence of the A/USSR/90/77 HA gene

contains 1,698 base pairs encoding 566 amino acids, corre-
sponding to 326 amino acids in the mature HAl protein, 222
amino acids in the mature HA2, and 17 amino acids in the
signal peptide. This sequence is shown in Fig. 1, along with
representative sequences ofHA genes (2, 5, 7, 9) from other
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human subtypes. The alignment of sequences in Fig. 1 is
complicated by the lack of homology between the HA genes
of different subtypes.
The low levels of amino acid homology noted in Table 1

suggest that there could be substantial differences in the
three-dimensional structures of HAs of different subtypes.
Antigenic selection would have favored any viable mutations
which could have changed the folding of these molecules so
as to cover up or change the location of antigenic sites. Such
changes could help explain the complete lack of antigenic
cross-reactivity between subtypes.
To test this hypothesis we have compared the amino acid

sequences of the early Hi strains with that of A/USSR/90177
HA to locate clusters of amino acid substitutions which
might indicate the location of antigenic sites. The substitu-
tions observed tend to cluster into five distinct regions as
detailed in Table 2. Four of these regions correspond exactly
in location with the antigenic sites predicted from sequenc-
ing the HA genes of field strains and laboratory variants of
the H3 subtype (11, 12). There is a fifth significant cluster,
labeled E in Table 2, which does not correspond to any
antigenic site previously identified in the H3 HAs. This
could indicate that a novel antigenic site has been exposed
by a difterence in the three-dimensional foldings of the Hi
and H3 molecules. We have noticed, however, that all H3
proteins analyzed thus far share a glycosylation site at
residue 81 which is uniformly absent in the Hi strains. It has
been shown that the position 81 site is glycosylated in H3
strains (10). It had been postulated earlier that this carbohy-
drate side chain would hinder antibody attachment to this
exposed region of the protein (12). Therefore, we think that
the many changes we see at site E are more importantly due
to this difference in glycosylation rather than to changes in
protein folding.

Like all proteins, HAs accumulate a "background" level

TABLE 1. Percent homology shared between the HA gene of
AIUSSR/90/77 and the HA genes of other influenza viruses'

Virus Amino acid Nucleic acid

AIUSSR/90/77 (H1) 100 100
A/PR/8/34 (H1) 91 92.2
A/WSN/33 (H1) 88.2 91.1
A/Jap/305/57 (H2) 66.4 63.7
A/Aichi/2/68 (H3) 37.1 47.7

aPercent homology has been calculated as the total number of
identical positions in sequences aligned at conserved cysteine
residues divided by the total number of comparable positions.
Insertions or deletions are calculated as positions of nonhomology.
These comparisons include the signal peptide.
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ATG A.AG OCA lA CT~ CTG GTC CTG TTA GCA GC GAT GCA 20 2-- --I1 ACA A A ATA GG TAC r A/SN(i
AT AAi GCA CI~A CTG OTC CTG TTA:T GA rA7C GATCA.----QAC-----IGACATA AA CCT A/RI 1

AA GC CG GTCT TA T GCC GCAGC GAT GCA.------------ GAO ACA ATA T AAT 0TACT kuSHH1
IATGI GCC ATC ATT TAT CTC ATl CTC CTG TTC ACA GCA GTG AGA CGG.----C-A----O-.-j--------~ CAG ATA ITGC ATTIGGAI TAO CAT A/JAP (H2)
LAI~AG ACC ATC All GCT TTG AGO TAO All TTC TGT CTG GCT CTC GGC rCAA_ GAC OTT CCA GGA AAT GAC - A GO CAOA ACG CTG CTG WA CAT A/AICH (H3)

IGCG AAC MTC TCA ACC GAO ACT GTT GAO IACA.A~TAIT GAG AAG AAT GTG OTG ACA CAC TOT GTT AAC CTO OTO GAA GAO AG CAC AA GAG MAA OTA TOT A/PR/8S Hi
GCG AAC AAT TCA ACC GAO ACT 0T GAO C_G T GAG AAG PAT GTG OGG ACA TA TOT OTT AAC CTG OTC GAA GACOAG CAC AAC GAUT G A/PR/ (H)
GCG AAO MOC TCA ACC GAO ACT OTT GAO ACAI OTA CTO GAA AAG AAO GTG ACA OTG ACA CAC TOT GTC MOC CTA OTT GAG GAO AOT CAC MOC GGA MAA CTA TGO AGA: A/USS (Hi)
000 PAT MAT TOO ACA GAG AAG GTC GAO ACA AAT CTA GAG OCOG AAC OTC ACT GTG ACT CAT GCC MAG GAO All OTT GAG AAG ACC CAT MOC GGA MAG TTA TGC MAAA A/JAP (H2)
LfO] GTG CCA MOC GGA ACA CTA fj,AAA A~jATC ACG OAT GAT CAG All GAA ACT AAT OCT ACT GAG CTA OTT CAG AGO TOO TCA ACGIGGAAATA M /IH(3

:;tTkAMA COA PTA G0 CCA CTA OAA TTG GGGJ AAA lTGT AAC ATC [ GGCA TCO OT lGG A AAT CCA GAA TOO . CTG CTTf CCA AGaTCA TOG TOO TA~ A/WSN (i
llTAMAA GGA ATA GOC CCA COTA CAA TTG COG AAA ITGTI AAC ATCO GG0CA TCO =TTG COA AAC COAl GAA TGO 4+ TCTTO A ATCA TOG TOO TAO A/PR/8 (Hi
CTA'AMA COA ATA GCC CCA IOTA CMA TTG COG AAA ITGOC MAC All GCOO GGA TCO TTA COA AAC CCAIGAA TGC OATOACGIZIT TCA TOG TOO TAO A/USSR (Hi)
OCTA MOC COA ATC OCT CCA Cli GAA CTA COO GAC ITGTI AGO All GOC COA TOG OTTT COA AAT COAl GAA TOT ACG OTT TAGT :GAA TOG TOO TAT A/JAF (H2)
M:.A COT OAT CGA -- ATCOL GAT COA PTA GAO LIQCJ ACA CTO ATA GAT GOT TAI GAO L~IJ OAT QAT U3TT T M,T 0AA~TGGOOTI A/AICHI(H3)
TAGAAAOAM TOGAAAGGGAICAO GGGAf'1AC CM 0 AGOTAGAATGGACCTTA AWN H

All fIA GAA ACA CCA AAC TOT GAG PAT COA TOT TAT CCA OGA GITTO ACGAO TAT GAG GAG COO ACO GAG CMA 10G AGO TCA OTG TOA TCA ITC GAA AGA A/PR/8 (H
All =OA GAA ACA CCA MAC TOO GAG APT COA TOT TAO COP OGA 10TC GAO TAT GAG GAA 11ACO GAG CMA 10G AGO TCA OTA TCA TCA TTC GAG AGA A/USSR (Hi
GTT GAM COO AGO-----AAA GOT `1lC AGT AAC TAT OAT OTG OCA -1 GOC TOOCC l ACO TOCA CTAOGTT C GCA T LIJ TIT A/AIOHI (H

TIC GAA PTA TI 000 MAG GAA AOT TCA COCCAACOCA - GA OTA ACA GATA TOO OGU'11diAA AGOCAA A 8 /S
~ GAA ATA IT~ OCMCAA GkA AQC_TCATGGOCCC-~ CAC AC G A ACOG -= TGCTOC ATI CO-QG AAAA AC CACAA MA 10G A/R/ HTC GAA ATA C COO MAGGAA ULAAJ TCA TOG CCC EM]CACMO CACO AAO CA7r TOOTO C IAT C OGGGAAAAOC AOT TACAA MA 10G A/UR HlGTA MAG All CTO COO MAA GAT AGA --- TCO ACA'CAG OAT ACA ACT- GGA COT TCA COG GCOO TGO GCOG GCO COGT MAT CCA TCA TIT1 AGG AAC ATG A/JAP H2ATC ACT-----GAG COT TTC ACT --- ACT GOG OTC ACT CAG AAT fj-- .GAAGO MAT GOT MAAAAlQOCOTCTAOCT 1 O G /IH

CTA RC-AGJA TOARA MOAAA 10.A2W TCC 'T'A'T GTG AAA GCO AA GAA F c1¶GGTIATCCIAC A/WSN (Hi
CTA TGGCO OT ACG GGAAG TOP TAO CCA CTG ATOTT TAT OTG AAC AAA L-AAA GAA OTC lOl OTA 010 TOGGCT OAT GAO 000 TOT A/PR/8 (Hi)
CTA TGG OTG ACG GAG AAA TCOOTG TAO CCA OTO AITOO TAT GTG AAC MAA MMAA GAA OTC lOl GTA CTA TGGOT CAT GAO 000 TOT A/USSR (Hi)
GTC TCO CTG ACA MAG GAA TCA GAT TAT COG GCC TOO TAO MOC MAT AGA AGO GG RGA GMA ATG 100 ATA AlT TOG00 CAO OAT COO AlT A/JAP (H2)
RAC TCO lTG ACC MAA TOP GGA AGO ACA A CCA OTG OTO AAC 0 G'ACT ATO CCA AC MAT GAO MAT TI GAO MAA C TAOC AAl GAO CR0 CCa AGO A/AICHI(H3

AOT' ORCG MAAT MAT GOT TA TOT TCA MAT TAT MOC A88 AGA ITC ACC [=~GAA FT1GCT AGCC AIWSN (Hi
'AAO ~~~~~CAATAT~ PATGW MAT GOT TAT GTC TO GTA GTLMTCA MAT TAT MOC AGG AGA TIT ACC C000 GAA IATA GOA AGA 000 A/PR8 (Hi)

MOAA A CMA AT TAT MAA GAA MAT GOT TAT GTC TOTGTA GIG TTCAATAT MOC AGG AGR 10C ACC COAl GAA ATA GOA OAR AGA 000 A/USSR Hi)~GAT GMCMA ITG TAO :AAT GTG COA AGO TAT 01TOOCGTA GCO ACA TCA ACA 10G RAGC MAA AGG TCA AGO lOCAl GGA IAT GOA RCA AGG COT A/JAP (H2
ACGMC CM GM~~~~~~~~~~~~~~~~~~~~~~~~CACO AGO CTGO T*,~CAA GOA TOA GGG AGA ACA TOT AGO AGG AGA AGO CAG CMA ACT ATA ATO COJf AATLAO00TOAAIHH3

MAA CMAT CA=A GGG TcuATG TAT TAO AC O4TA U.COO GGA CACA ATA ATA TTT 8GOAIA GG ACKA GACX T A/WSN Hi
MAOTA ~~~~~~CMGT GGG AOGG ACA TAO TOO ACO1 CA COG OGAG GAO ACA ATA ATA TI` GAG GCA AAOGA MAT CTA ATA GOA CCA TT A/PR!8 Hl

AAA G-A OAGAL CCAGAGGAA ACITAC TACTGG ACT RACG COZIAK AG TGG ACAGM A/USSRHMAA OTO AAT GACMA OGA COT AGA# GAA TIC TOT TOG AGO CTC TT AT ATTOAAAOAA TT GAOPATCTTCA lOA G AMAOTAAGACMOOA 0CC A GA RAG TAO TAC TOO ACT 010 ~ ~ CE TGGGAO ACA ATA AAT TIT GA GTOACMT OGGTAAMT CTA ATA GCOG OCRA A/SSATCOLU ACO COT CTG TOT AOT LLIJATA AGO ATC TAT TGAAATA G AGCO GA OTA 010 OTA AIM AGT AATfMCOGGOT GCR CTG A5AGA0GTT= CGC ACACTAACGGTAAG A:C A8 CAAACU~r-G A Q /S
GOT ICACROTG AIAGA 000 TITGG TOO 000 ATC ATC ACC TCA MAC GOA TOA ATO:___ GAO TOT &-ACGO AAG TOT CMA ACA COO GGA AIAAMC AGO A/PR! H
GOT ICGCA CTG TO AGAGGC TTIGGGTCA GGAATC ATC ACCTCAMAACGOA TCGATGiT GAA TOT AGCAGAOMACA CCC GGCAORAMT AT AUS
COA 10 MAA ATA TC AAA AGA COT ROT TOA 0CC ATC ATG AAA RCA GAA GGA ACA CTT GAG RAGATO AGO MAA 100 CMA ACT CCT 10G COA GOR AI MIT ACA A/JAP H2
TAT AA ATG COO ACT COO MAA AGO --- LALATG ACO TCA OAT GOA CCT R1ATT AG AlT7(TOT GRA RIO MI

fLf A AGO CCC MAT A/AICHI H3
CTO F0TT Gl2 ATACAC CCA1 ATAAA GAG ROA T 9 T A TT GATRGAACATO C A/WSN Hi
~ CTITC CAG MAT ATA CAC OCRA OTC RCA ATA COA GAG TOO CCA MAA TAO OTC RO O GCA10CA ACO GTT01ACA COR CIA AGG MAC AR COG ICC A/PR! Hi

ROT OTT ICCTITTCI CAG ARAT ATA CAO CCA OTC ACA ATA 000 ORG TOO OCRA MAA TAO OTC AOG ROT MA 10GROG ATG 01T RCA GGA CIA AGCOAC A OCRATC A/USS9 Hi)
RCA TTG OCT TIT CAC MAT 010 CAC CCA 010 ACA ATA OGGT GAG TOO COO MAA TAT GTA AAA TOG GAG RAG 10 OTC ITA GOR ACA OGA CIA ROG MIT OTT COO GAG A/JAP H2)GAO MAG OR=CA OA,TA MAC MAG ATOA TATLQ GOA 1& MAG CMA MOC ACC RAG 10G GCAR~ ATGO OjTA ZLGAG A/AICHI H3
AllC AA c G C GTL( A 0CCGGG TW ACT MYA A GAT TAAT CAT Al'i GAG IT GM ORGA A/WSN (I)ATTOM AA G CTAIT GGA KCCR00ATTIAOAGCCOOGGGGA TGACI GGAAAlOAA GAATCA RO G CAI CATICRTOR RAA CA ACA/PR!8 (Hi
All CCM TOO COT 010TIG OGOACARI COO &T I AlT GRAGGGGGA 00ACT GRA AT AA TGGA Al AIA CAT CAMGA RACAG A/USSR (Hi)
ATT GAATCAAGAOGGAT`TGTTIGGCCOA ATA GCTGGTITTTATA GAAOGRGARGATG0AAOGGA ATG1GTGATIGGT TTGGTAT AC CATICACAGOMAAGACGMOAGGA A/JAP (H2
AAA CRA ACT GGA[CA0 AAT0IiAAJ~Ml GAG AIRIC ROGGLA CMAAI 101 GAG MC A/AICHI (H3)
TCAOR A _T 0MMAA 7C AT ATT 000GGG T1ACARMC GI KTCTT GIR1ITA ATG WI' CMA A~CA GOT A/WSN (Hi
TCAGGC TATGCA OGCGGAT CMMAAAAGC ACACAATGCMM TTO AACACMGOAACRCAMCMG TGMAC TOTGTTATCGAGMAAATGAAC MICAA CA COT GG A/R8(i
TCTGCOCTAT GCTOGCG OAT CMAAAAAGCACA CMMAA CCATO AAIMCGCAIACARMCMAGOGTGMAC TCTGTOTCGAG AAART1AC0AAO OMTCIRGA GKI 41 AUSSR (Hi)
TCA 000 TAT GCA GCA GAO MAAAGAA TOO ACT CMA MAG GCATTIGAT OGARA ACCOMOMOA AAAIITOTC AM AORCAOC iflG CO I /JP(2
COTMAGAAICMC~~IAGM MAACO ATGOAAMTIAAATRAAMA01GATGAT~~TIO10GAO 10GACRIRIMIOCROMIGIRGAATAAA A/WAN (Hi)COTMACRAIGMCMAIAGM MAAOGAIGGAAMTIAMTMAMAOTTGATGAICOATIC10GAC IOGRCAIATMTOOAGAAIGIAGICAACTACA/CAA8GAAi2ACOTIAIG 10 CM AGAAO bOAM AM A A1A A C ATCOGAOGGCIT I GAGGIT A /US H
_GMCA0.AAJIGCJTA OACTA LOAA 00 AA G GAG ~~ GA IJ AAOT GAR AC MAGIR01GTlAOTA/ACHCAHT460 T MT OTO RiS MI010fIC,AT TAOCGAGAMOMIM00AAAOG A/WICH Hi

010 rAAATGA TTC AGA IATT1 G[AA1 ICAAA AGGAAT--A A A T A
GAO

GG
OTA

TMACOGGC TGAAT--T 'A T T T /S

010AACARMTTCM AROG DRTITAOGAATICAAGATGGAOA1CR OTTO MGT MIA RIAGT GATGRAT OTA MAT ATGO GCMI MO MIMI 000 MCA GAA RIG OGA MIT CTA H/NijCGIGTAAAAAMTTC ROGACTAA 10A OAT TIA CGGATGGAAR AATO OTA RAGT MlA AlAG GAO GAM OTA MAT ATGO GCM TMGMAATM MATATGAGAARTGTR GMTTCTA A/US HiAGG CAAR RAATTGTACTAGAG AGARCAACITGGAGA[ AAC OTTG MOC MTA TGGATG GAMAOTACAGGGTTCA GATORG010 AGAGAOMO TO CTMGAG CIA CTA MTT CTGA A/JAP H2010 A M'GA TCMOAT GAl 010 ROTA AT TOG ORAC A RAG MGJA GTOTIGAA RCA AGO AGO CT ROGO 001GM ATT A/AICHI H3'
CGAAATGAAAGA GA TT OAR100- ARIGOAR AATA ATGTACRAT00 GlTAT GAlA TATGCR [AAATiTOR GC AAAR A G GGAATI A/WSN (Hi1CTOT TIGAAATGA10 GTAO TCRCTG GTOT MTC OAR100 RIGOARROTG OTA MTGA CTTMAT GA lA T TATAAG CCC MTA AAGTATI AATGCAAAGAG AMG C GGAARC IRGIGA A/PR!8 (Hi

CTG GTII CMT 10A TAOG ACRC MTG TOT MTTCMA 100AO GTGAAGROTOT MT OGAG ACT GTAT AOA TATC CAMArTTAAGAAT ARTGC AAA MGA ITA MOG AACG GRA A/USSR (HiATGTTGARTITAT GA OG MCACTOATTGCAT GAA 100AA GCAAGMROTOTGO A AAMC AACGTCAIGAIIATGCCCMOCTGATGAGARCAACGITC TMAAGACTRAMIGGA MIGG A/JAP (H2
[ GJf AG AIR CA AG G GAO MO GOT AIR GAG TOR ATOAGA CAG f A AT OCAT OTA TCAA GAOLAJGOR IA MCGTTGAAC TIG A/WSNI Hl

MGT T GAGTTCAOTGACACAAITGGTOfAATGAAGC TATGCA ffAGRI1GGLATOT0ACTCAACTO?TTCCGC AOATAICAC1AOGAAIGOTCAOCAAG 00ARTO A/PR!8 Hi
MAT`17GATAOTCTGACAAACGAA TOT AATGAATG TGGA 0100 RIO TAO TTOATCTOTCG CAOAATTOR ATCIGOATCTOCAA0GTAACAGGO GA A/USSR Hl
OARTTGAI AMA TTACOGCACM AA10TGO AGOATO 0CTCOTTTATCMAGT GTG0RIAAAC GOTRCGAT OATTATGO COTAG A10011C GAAO RIOTC AAA CTA GOT 000 lAAT A/JAP( HeORG RIO M TA rA GARO AACIGCRTA MAA GAO TCALATCi TOGA TOU TI 000 CAIR CTO 100 GTA AGA GOT OTT OCATTA10 C010 000 I TTT A/AICHI( H

ROT GCAT -ATO AAATO MT TOT ORGG GTC1 TAGA CATG GTO A/ AC(Hi) T CCATT TGCTTGG8 C T GGA AWN H

ROT 10 TTO GGAAATOTOTGRATAO TOATG10 GOG 10 TAGA CAIR10ATTOT A/PR! (Hi)TAATGCGC G C T T TT7GGCTCCGGG C T8H
AAA I ATTGGRIGTOT TOTGM GA0C TOT 10G GGAGT100 CAGA AIR CTGGCTO A/UCS (Hi) C T GCATTACG T T T TCTCCGGGGC T /SRH

ICTICITOGIATGITOOITOOMCIOGGIICTO10ATGGGGTTTTOCRORCAAATCA A/JR (H2) T C GTTTCGTACG C T T T GTGGA A P H

RAG ATC AAAO GAAC AAGAI TGGATMCAlAROGA§jC AlGORIH/ICHHH3FIG1.Th nuloTdGeqecGoh A/USTRC9TT77GHigene.CAheTncleoTdeare Trraged inTGTrilTsTGCorrspndigGoGheTorec
tasAGTTionAl G ;TTAT- Credig rme Sld CinAbxs urondngsnge riltsiniat aiociAdferncsreatvtWteSterHisquncs

boxes atpsiin17enucantde28quindcae ofthepoAbleSinitial amin acid.ofThe maurlepotiein Thearagdark arrow essu rroudigposdingtion 354 indicate

the HA1/HA2 boundary. Dotted boxes enclose the proposed antigenic sites as described in the text. These sites were identified by a moving
average analysis as regions that displayed clustering of amino acid substitutions at levels significantly higher than background. The highest
'background signals" which we ignored in this analysis were changes at only single amino acid residues, positions 89 and 179. These
correspond to positions in the interior of the H3 protein.

of amino acid substitutions which may be neutral, since they antigenic sites in Fig. 1 and Table 1 encompass only 6.7% of
appear to be randomly placed and tend to be conservative in the protein but contain 26% of the amino acid differences, a
nature. Nevertheless, the clustering and the nonconserva- level about fivefold greater than in the remainder of the
tive nature of the amino acid substitutions which we ob- molecule. As mentioned earlier, four of the five regions used
served was significantly greater than this background level in the above calculation correspond to the location of sites
and appeared to accurately indicate the locations of antigen- predicted from sequencing the HA genes of field strains of
ic sites. For instance, in a comparison of the A/PR/8/34 and the H3 subtype as well as laboratory variants selected by
A/USSR/90/77 HAs, the regions designated as probable growth in the presence of antibodies directed against HA



278 NOTES

TABLE 2. Tabulations of positions of amino acid substitutions
that fall within proposed antigenic sitesa

Site and Amino acid substitutions for the following strains:
position A/WSN/33 A/PR18/34 A/USSR/90/77

Site A
125 Asn Asn Lys
127 Thr Asn Asn
128 Phe Thr Val
129 Asn Thr Thr
130 b Lys Arg
134 Val Ala Ala
135 Ser Ala Ser
139 Arg Ala Lys

Site B
153 Lys Glu Glu
155 Gly Glu Asn
156 Asp Lys Glu
184 Ser Asn Asn
185 Ser Ser Ile
186 Asp Lys Glu
187 Glu Asp Asp
189 Gln Gln Lys
190 Ser Asn Thr
191 Leu Ile Ile
193 Ser Gln Arg

Site C
43 Lys Arg Arg
273 His His Asp
276 Asn Asn Asp

Site D
160 Lys Lys Asn
162 Thr Lys Ser
163 Asn Asn Ser

Site E
68 Asp Asp Glu
69 Ser Pro Ser
71 Leu Leu Phe
72 Pro Pro Ser
73 Ala Val Lys
74 Arg Arg Lys
a Note that because of insertions and deletions our numbering

system is different from that of Wiley et al. (12). Otherwise, our sites
A through D correspond to theirs, except that we have included in
site A several substitutions which might extend new side chains into
the originally designated site A or affect it indirectly by altering the
protruding loop. These areas have been included in site A in more
recent reviews of the H3 HA (e.g., Fig. 1 of reference 11).

b , Position 130 of A/WSN/33 is a deletion in our sequence
alignment.

(11, 12). Our identification of antigenic sites also corre-
sponds with those located by analysis of antibody-selected
laboratory variants of A/PR/8/34 (Hi) (3) and confirms that
these sites identified in vitro are also important for circula-
tion in vivo.
Host immune responses mounted against influenza virus

HA should have strongly selected for any viable alterations
in folding which would have covered up some antigenic sites
or caused antigenic sites to move to new locations. Although
the evolutionary divergence of the Hi and H3 proteins is so
great that they share only about 40% of the overall amino
acid sequence, our data offer no evidence for any significant
alterations in folding. Instead, the only significant change in
the localization of antigenic sites appears to be due to the

absence of a shielding carbohydrate side chain in the Hi
proteins. This suggests a surprising degree of long-term
conservation of the detailed three-dimensional folding of the
HA protein.
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