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Abstract 

The amino acid sequence of cyanogen bromide peptide CN2 from the heavy chain (HAl) of the 
haemagglutinin of the Hong Kong variant A/Memphis/l02/72 has been obtained by direct, auto
mated sequence analysis on the whole fragment and by manual dansyl-Edman degradation of 
tryptic, peptic and chymotryptic peptides. It was found to contain 92 amino acid residues, including 
a large, insoluble, tryptic core peptide (residues 62-87). It did not contain any half-cystine residues 
or carbohydrate. The determination of its structure was complicated by the presence of an Asn-Ile 
bond at positions 48-49 which was readily cleaved by both trypsin and chymotrypsin. 

Other keywords: comparative haemagglutinin sequences; glycosylation sites; sequence changes; 
antigenic variation. 

Introduction 

Antigenic change is a characteristic feature of influenza virus. Fresh outbreaks 
of influenza are usually associated with the appearance of variants that have haema
gglutinin and sometimes neuraminidase proteins serologically different from those 
present in pre-existing strains. Two kinds of antigenic variation have been observed 
in influenza virus: major changes, termed antigenic shift, and minor changes, termed 
antigenic drift. Major changes in the haemagglutinin have occurred at irregular 
intervals (1889, 1918, 1957, 1968 and 1977; see Dowdle 1976), with minor antigenic 
changes every 1 or 2 years. 

Peptide maps (Laver and Webster 1968,1972) and recent studies on the primary 
structure of the haemagglutinins from Asian (Waterfield et al. 1979) or Hong 
Kong variants (Laver et al. 1979, 1980; Ward and Dopheide 1979a) have shown that 
these antigenic changes are associated with corresponding major (shift) or minor 
(drift) changes in amino acid sequence of the haemagglutinin. 

To assist this characterization of the chemical changes associated with antigenic 
variation we are determining the amino acid sequence of the haemagglutinin from 
the Hong Kong variant A/Mem/l02/72. We have shown that contrary to earlier 
reports the molecular weight of the haemagglutinin heavy chain (HA 1) is only 46000-
47000 including approximately 24 % by weight of carbohydrate (MW 11 500), giving 
an apoprotein molecular weight of 34500-35500 (see Ward and Dopheide 1976; 
Dopheide and Ward 1978b). Amino acid analysis based on this molecular weight 
indicated HAl contains approximately 321-331 amino acid residues including four 
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methionines. Cyanogen bromide cleavage of HAl at these methionine residues 
yields five peptides: CNI, CN2, CN3, CN4 and CN5. The amino acid sequence 
of the three peptides, CN4-CN3-CN5, which comprise the C-terminal 68 residues 
of HAl have been described previously (Dopheide and Ward 1978a, 1978b) as have 
the sequences of the peptides comprising the N-terminal 153 residues of the haema
gglutinin light chain HA2 (Dopheide and Ward 1979; Ward and Dopheide 1979b). 
This paper describes the amino acid sequence of the 92-residue cyanogen bromide 
fragment CN2 which extends from residue 169 to 260 in HAl from A/Memphis/n. 

Materials and Methods 
The virus used was a recombinant containing the haemagglutinin (H3) of A/Memphis/102/n 

and the neuraminidase (N1) of A/Bel/42. The procedures employed in virus cultivation in ll-day 
chick embryos, virus purification following adsorption-elution from chick red blood cells, haema
gglutinin isolation by electrophoresis on cellulose acetate blocks, and the separation of HAl and 
HA2 by guanidine hydrochloride gradient centrifugation are described by Ward and Dopheide (1976). 

Reduction, S-carboxymethylation, and the isolation of cyanogen bromide peptides were as 
described previously (Dopheide and Ward 1978a). 

Tryptic and chymotryptic digestion of CN2 were carried out essentially as described by Ward 
and Dopheide (1979b), CN2 being first put into suspension by treatment with one-sixth final reaction 
volume of 3 % (v/v) triethylamine. Peptic digestion of CN2 (300 nmol) was carried out in 5 % 
formic acid at 37°C for 3 h using 100 pg pepsin. Thermolytic and Staphylococcus aureus protease 
digestion of tryptic peptide TlO was carried out essentially as described by Ward and Dopheide 
(1979b). Peptides were purified by gel filtration, high-voltage electrophoresis, or both (Ward and 
Dopheide 1979b). Peptides were assigned a prefix according to the digest from which they were 
obtained (T, tryptic; C, chymotryptic; Th, thermolytic; S.a., Staphylococcus aureus protease; P, 
peptic) and a number (e.g. TI, T2, T3) according to the order in which these peptides occur in the 
final sequence. Peptides resulting from partial cleavages sharing common regions of sequence were 
denoted la, 1b, 1c etc. 

Amino acid analysis, C-terminal amino acid analysis, and manual dansyl-Edman degradations 
were carried out as described previously (Ward and Dopheide 1979b). Automated sequencing 
of whole CN2 was done using a protein programme (Inglis et al. 1979) and that of the 25-residue 
chymotryptic peptide C7a was done using a peptide programme (Crewther and Inglis 1975). Deri
vatives of 3-phenyl-2-thiohydantoin (PTH) were identified by thin-layer chromatography (Inglis 
and Nicholls 1973), high-pressure liquid chromatography (Zimmerman et al. 1977) or amino acid 
analysis after back-hydrolysis with HI (Smithies et al. 1971). 

Results 

Tryptic Pep tides of CN2 

CN2 was digested with trypsin, the reaction mixture lyophilized and resuspended 
in 1·5 ml 0·01 M NH4HC03-1O% (v/v) isopropanol, and the insoluble material 
removed by centrifugation (50000 g for 30 min). The soluble tryptic peptides were 
first fractionated by gel filtration (Fig. I), the major peaks pooled as shown, and 
further separated by high-voltage paper electrophoresis at pH 6·5 and, when necess
ary, at pH 1·9. The major peptides present in the pooled fractions are shown in 
Fig. 1. 

The insoluble tryptic material was fractionated by gel filtration on a single column 
of Sephadex G50 fine (150 by 0·9 cm) in 50% formic acid. It contained one major 
peptide, TIO, as well as small amounts of partial-degradation products. 

The amino acid composition, electrophoretic mobilities, yields and positions in 
the final sequence ofthe 13 tryptic peptides which comprise CN2 are shown in Table 1 
and the amino acid sequences of these peptides in Table 2. TI was the only peptide 
with N-terminal proline and was presumably the N-terminal peptide of CN2 
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(Dopheide and Ward 1978b). The major complication was the occurrence of sub
stantial chymotryptic activity in the trypsin preparation used, which resulted in the 
production of several peptides lacking C-terminal basic residues, such as T2, T3, T6 
and T7. The amino acid sequences of all tryptic peptides except T3 and T10 were 
determined without difficulty. For peptide T3, dansyl-Edman degradation gave the 
tentative sequence shown in Table 2 and selective tritiation established that Tyr was 
the C-terminal residue. No acid or amide assignments were obtained for positions 
10, 11, 12 and 13. For the insoluble peptide no, dansyl-Edman degradation gave 
the sequence of the first 10 residues, while thermolytic digestion gave four peptides 
whose amino acid compositions and sequences are shown in Table 1 and Table 2 
respectively. Th1, Th2 and Th3 comprised the N-terminal 22 residues of no, and 
Th4 accounted for the C-terminal four residues. Dansyl-Edman degradation gave 
the first 12 residues of peptide Th3 and selective tritiation established that Leu was 
the C-terminal residue. The complete sequence of no was established after the 
analysis of peptides produced by peptic digestion of whole CN2. 

0·7 

0·6 

0·5 
E 
C 

0 
M 
N 0·4 ... 
co 
Q) 
(J 
C 0·3 co 

.l:l 

:s 
III 

.l:l « 0·2 

0·1 
Tl T5a T4 T7 

TlO T3 T5b T9 T8 
0 T6 

I------III------II---i 1-------11 II I I L. "d 

30 40 50 60 70 80 90 100 110 120 130 

Fraction number 

Fig. 1. Chromatography of tryptic digest of CN2 (0· 7 ,limo!) on two Sephadex G50 fine and two 
Sephadex G15 superfine columns (each 150 by 0·9 cm) connected in series. The columns were 
eluted with 0·01 M NH4 HCOr 10% (v/v) isopropanol at a flow rate of 4·4ml/h. Fractions 
(4'4 ml) were pooled as shown and the major peptides present in each fraction are indicated. 

Peptic Pep tides of CN2 

In view of the poor solubility of CN2 and the occurrence of several chymotryptic 
splits during tryptic digestion, CN2 was digested with pepsin in an attempt to obtain 
the overlaps required for the alignment of the final sequence. The peptic peptides 
were purified by gel filtration (Fig. 2) and paper electrophoresis at pH 6· 5 and 1·9. 
Their amino acid compositions are shown in Table 3 and amino acid sequences in 
Table 4. 
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The peptides recovered did not account for the complete sequence of CN2 but 
did allow some partial ordering of the tryptic peptides. Peptides PI, P2, P3 and P4 
permitted the tryptic peptides Tl, T2, T3 and T4, which make up the N-terminal 

Table 2. Amino acid sequences of tryptic peptides from eN2 and thermolytic peptides from TI0 

Residue determined as the dansyI derivative, ---'-; residue determined as the PTH, -----,r ; residue 
determined by amino acid analysis after back-hydrolysis with HI, -- ....... ; residue determined by selective 

tritiation, ....-

Peptide Amino acid sequence 

TI ~~~~~~ASR~ 

TZ ~.!IT 

TI ~~~~~~hq~~~&&~~~~~ 
~ 

T4 ~B!l.~~lli~ 

TSa ~ Th!: ~ ~ Th!: ~ 

TSb ~ Th!: ~~ ~ Th!: ~ Ar&, 

T6 ~ B!l. B!l. Th!: ~ ~ ~ ~ 

T7 ~ ~ ~ Ar&, R.E9. 1'.!:P.. 

T8 ~~ 

T9 ~~~~~ 

TIO ~~~.:!'ll!ER.1:hr..!k~~RE2. (Asx4 , Ser, Pro, GlY3' Ala, 

Val, IleZ' LeuZ)Arg 

no Thl ~~ 

TIO ThZ ~ .:!'ll !ER. 1:!2.t 

TIO Th3 .!k~~~~~~~~~~~ (AsxZ' Gly) Leu 

TIO Th4 ~~~~ 

Tll ili!ll~~ 

TIZ ~ 

of TlO. Definite acid/amide assignments were obtained for residue 3 in P8b and 
33 residues, to be aligned (see Fig. 4) and resolved the uncertainties in the acid/amide 
assignments of T3. Peptide PlOa provided the overlap between TlO and TlI, and in 
conjunction with peptides P7, P8a, P8b and P9 established the overall sequence 
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residue 3 in P9 and tentative evidence was obtained for residues 5 and 7. The drop 
in yield (observed qualitatively, dansyl procedure) after the fifth Edman cycle of 
peptide P9 suggested the cyclic imide rearrangement of an asparaginyl-glycine 
sequence at residues 5 and 6. If residue 5 is asparagine then, from the electrophoretic 
mobility of peptide P9, residue 7 must be aspartic acid. These assignments were 
verified, as mentioned below, by sequenator degradation of chymotryptic peptide 
C7a. The peptides which accounted for the other regions of CN2 were either not 
recovered or contained no new information (P5, P6a, P6b, PlOb and P11). 
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Fig. 2. Chromatography of peptic digest of CN2 (0' 3 ,umol) on fouf coupled Sephadex 
columns. Conditions were as described in the legend to Fig. 1. 

Chymotryptic Pep tides of CN2 

The soluble peptides obtained after chymotryptic digestion of CN2 were separated 
by gel filtration (Fig. 3) and paper electrophoresis at pH 6·5 and I· 9. The insoluble 
fraction remaining after chymotryptic digestion was fractionated by gel filtration on 
Sephadex G50 (150 by 0·9 cm) in 50% formic acid to yield two major peptides. 
One was a large partial-digestion product of CN2 which accounted for residues 
11-92 and the other was the 24-residue peptide C7a. The amino acid compositions 
of the 10 chymotryptic peptides are shown in Table 5 and their amino acid sequences 
in Table 6. Peptide C3 provided the overlap between T4 and T5a/b and, by amino 
acid composition, the overlap between T5a/b and T6. Peptide C5 provided the overlap 
between T8 and T9 while C6 provided the overlap between T9 and TIO. C7a and 
C7b confirmed the alignment of TI 0 and Til and automated sequenator analysis 
of C7a verified the acid/amide assignments for this region. C8 provided the final 
alignment of Til with the C-terminal homoserine, TI2. These peptides permitted 
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the N-terminal48 residues and the C-terminal 38 residues to be aligned with certainty 
(see Fig. 4) but did not provide the required overlaps into peptide T7. 

Table 4. Amino acid sequence of some peptides from eN2 

Residue determined as dansyl derivative, -----"- ; residue determined as PTH, -----,.- ; residue determined 
by amino acid analysis after back-hydrolysis with HI, - - -; residue determined by selective tritiation, 

Peptide Amino acid sequence 

PI ~ (Asn Asn Asp Asn) Phe 

P2 Asp Lys. ~ 

P3 Tn lk Trp Glx. ~ .!:!i§. .!:!i§. _~ ~ ~ Asp" ~ ~.§!l Th;: 
--7 --." 

~13!. 

P4 Tyr ~ ~ ~ ~ Bx Arg, 

P5 Val (Thr Val Ser Thr Lys Arg) 

P6a .Qlx~~~ 

P6b Gly (Leu, Ser, Ser, Arg) 

P7 ~~ 

P8a Ty;: (Trp, Thr, lIe, Val, Lys, Pro, Gly, Asx, lIe Leu) 

P8b ~Bx.ASRlk~ 

P9 ~lk~~~Q1x~~ 

PIOa lk AI'l ~ ArK Q1x ~ 

PlOb Q1x Tn~ 

Pll ~ .!:li 

Complete Sequence of CN2 

The final structure of CN2 was established by automated sequenator analysis 
(67 cycles) on 600 nmoles of CN2. Positive identifications of PTH derivatives by 
thin-layer chromatography or amino acid analysis after back-hydrolysis with HI 
were obtained for 63 of the 67 cycles, confirming the arrangement of peptides Tl-T4 
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and providing definite overlaps between peptides T5b, T6, T7 and T8. The complete 
sequence of CN2 and the peptides used to deduce the sequence are shown in Fig. 4. 

Discussion 

The primary structure of cyanogen bromide peptide CN2 described in this paper 
(Fig. 4) has been obtained by direct automated sequence analysis on the whole frag
ment and manual dansyl-Edman degradation of tryptic, peptic and chymotryptic 
peptides. All acid and amide assignments have been based on the direct identifi
cation of PTH derivatives and the final assignments in each peptide are in agreement 
with the expected net charges based on electrophoretic mobilities at pH 6· 5 (Offord 
1966). 

0·4 

0·3 

E 
c 

0 
M 
N ... 
os 
III 0·2 
(J 
C 
os 
of 
0 ., 

.Q 

« 

0·1 

o 

30 40 

C1 
C2a 
C2b C7b 

~~~f---i~:;-------

50 60 70 80 90 100 110 120 

Fraction number 

Fig. 3. Chromatography of chymotryptic digest of CN2 (1·0 IImol) on four coupled Sephadex 
columns. Conditions were as described in the legend to Fig. 1. 

The major obstacle to the completion of the final peptide alignments was the 
presence of a labile Asn-Ile bond at residues 48-49 which was readily cleaved by 
both trypsin and chymotrypsin. The cleavage of this bond by TPCK-treated trypsin 
was also found in the comparative peptide-mapping analysis of HAl from several 
other Hong Kong field strains (Laver et al. 1980) and variants selected with mono
clonal hybridoma antibodies (Laver et al. 1979) and presumably represents an intrinsic 
tryptic cleavage rather than that of contaminating chymotrypsin. The final overlap 
across this bond was obtained by automated sequence analysis of whole CN2 as 
shown in Fig. 4. Cyanogen bromide peptide CN2 was found to contain 92 amino 
acid residues including two histidine residues at positions 15 and 16 in CN2 and 
three tryptophan residues at positions 12, 54 and 66. It does not contain any half
cystine residues or carbohydrate. 
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Table 5. Amino acid compositions of chymotryptic peptides from CN2 

Values are expressed as residues per mole. Yields represent nanomoles of purified peptide recovered 
after chymotryptic digestion of 1·0 /Lmole of CN2. For other details see legend to Table 1 

Amino C1 C2a C2b C3 C4 C5 C6 C7a C7b C8 
acid 

Asp 4·9 (5) 1·1 (1) 1 ·1 (1) 1·1 (1) 3·7 (4) 
Thr 1· 8 (2) 1'7 (2) 2· 5 (3) 1·0 (1) 
Ser 1·8 (2) 1·7 (2) 3·0 (3) 1·0 (1) 3·0 (3) 1· 2 (1) 
Glu 2·9 (3) 3·0 (3) 2·8 (3) 
Pro 1·1 (1) 1· 2 (1) 1 ·0 (1) 1·0 (1) 1·0 (1) 1'7 (2) 1'0(1) 
Gly 1·4 (1) 1· 2 (1) 1·1 (1) 1·1 (1) 1·1 (1) 2· 8 (3) 1·1 (1) 
Ala 1 ·1 (I) 0·9 (1) 1·1 (1) 
Val 0·9 (1) 1· 2 (1) 2· 3 (3) O' 8 (1) 1· 6 (2) 
lie 0·9 (1) 2·0 (2) 1· 0 (1) 1· 6 (2) 3· 3 (4) O' 8 (1) 
Leu 1·1 (1) 1·1 (1) 1 ·1 (1) 1· 0 (1) 2'1(2) 
Tyr 0·9 (1) 0·9 (1) 0·9 (1) 0'9 (1) 1·0 (1) 1· 0 (1) 
Phe 1·0 (1) O' 5 (1) 0·8 (1) 
His 1·9 (2) 2·0 (2) 
Lys 1· 0 (1) 1 ·1 (1) 0'9 (1) 1·0 (1) 
Arg 1· 8 (2) 1·1 (1) 0·9 (1) 1· 2 (1) 1· 2 (1) 0'9 (1) 
Trp (1) O' 8 (1) (1) 
HseA 0·8 (1) 

M -0,43 0 0 +0·30 +0·42 +0·49 +0·38 +0'38 +0·76 
Yield 254 89 22 62 71 110 50 417 55 130 
S. P.B 1-10 11-27 13-27 28-48 49-54 55-58 59-65 66-90 84-90 91-92 

A Homoserine. B Sequence position. 

Table 6. Amino acid sequences of chymotryptic peptides from CN2 

Peptide C7a was analysed by automated sequence analysis. The sequences of the other peptides 
were determined manually. Identifications are as follows: ---"- dansyl derivatives; ----r PTH deriva-
tives; ---,.- amino acid analysis after HI hydrolysis of PTH derivatives; ....-- selective tritiation 

Peptide 

Cl 

C2a 

C2b 

C3 

C4 

C5 

C6 

C7a 

C7b 

C8 

Amino acid sequence 

~ (Asn Asn Asp Asn Phe Asp Lys Leu Tyr) 

~ (Trp Gly Val His His Pro Ser Thr Asp Gin Glu Gin Thr Ser Leu Tyr) 

Q.!x (Val His His .Pro Ser Thr Asp Gin Glu Gin Thr Ser Leu Tyr) 

~ Gin Ala Ser Gly Arg Val Thr Val Ser Thr (Lys Arg Ser Gin Gin Thr 
--7 --7 --7 --7 --, --7 --7 --7 --7 --7 --7 

~ Q.!x ~ ~ !:E.g" !EB.. 

~~~~ 

~~~lk~3.'!I5. 
~ 

lie lie Pro Asn) 

~~~~~~~~~~~~~~~~~ 
~~~ ~ (Pro Arg Gly Tyr Phe) 

fls ~ K!.s. ~ Q.!x 1l.!;. ~ ..--
~~ 
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The data presented in this paper and an earlier report (Dopheide and Ward 1978a) 
collectively describe the amino acid sequence of the four cyanogen bromide peptides 
which comprise the 160 residues at the C-terminal of A/Mem/72 HAl' The relative 

10 15 20 25 

~-~-~-~-~-~-~-~-~-!i:.;-:Q$-~-~-~~~-~_~-~~~-::~-~-~-~-Gl.n-~-~-~-~-
.. Tl .. ~ .. T3 
Of PI • * P2 ~.~ ____________________ ~P~3 ________________________________ __ 

Cl r.2a 

r?h 

30 35 40 45 so 
Leu-~-Val-Gln-Ala-Ser-~-Arg-Val-Thr-val-Ser-Thr-~-Arg-Ser-Gln-Gln-Thr-Ile-Ile-Pro-Asn-Ile-~-=----. --: - ~ -- --, --, =: - -- --;b-- --, --, ~ -,. --.... ~6~ ~;. --.,. =:- -..:.:.=-
____ ... P4 ,. TSa 

- ... C3 ._ 

-
55 60 65 70 75 

~-~~!-:~~-Trp-~ ~:. -~~!-~-::~-~:!-~-~:!-: :~-ser-: :;-Tyr-Trp-~~~- I Ie-Va 1-Lys-Pro-G ly-A~p- I Ie-Leu-

TZ • ~... T9 • ~ .. o-_________ ~T",l",,-O 

... P5b ~ 
oE, 

P7a 

.. P5a • P7h ~ 

C4 .. Of CS ... C6 .. .. C7a 

80 8S 90 
Val-Ile-Asn-Ser-Asn-Gly-Asp-Leu-Ile-Ala-Pro-Arg-Gly-Tyr-Phe-Lys-HSer 

T10 .. TIl , .I.!1-

4 P8 .. .. P9 • ~ 

cZb .. • C8 .. 

CZa 

Fig. 4. Amino acid sequence of HAl CN2 showing the alignment of peptides used to determine 
the complete sequence. Residues determined by automated sequenator analysis of whole CN2 and 
identified by thin-layer chromatography of PTH (--,.-) and by amino acid analysis after hydrolysis 
with HI (- -- - ...... ) are shown. 

sizes and positions of these cyanogen bromide peptides are shown in Fig. 5. CN2 
extends from residues 169 to 260 in the complete sequence HAl' Predictions of 
possible secondary structure using the algorithms of Chou and Fasman (1974) and 

• • COOH 
CN1 CN2 CN4 CN3 CN5 

(1-168) (169-260) (261 -268)(269-320)(321-328) 

Fig. 5. Schematic representation of cyanogen bromide peptides of A/Mem./ 
102/72 HAl' The data in this paper and Dopheide and Ward (1978a) describe 
the amino acid sequence of the C-terminal 160 residues (solid boxes). 

Fasman et al. (1976) show that this C-terminal 160-residue section of HAl may 
be very rich in /I-structure (residues 7-16, 23-30, 33-39,41-46, 54-58, 62-70, 74-78, 
105-111, 126-137 and 140-144) with two short sections of a-helix at the C-terminus 
(residues 145-150, 155-160). 
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Some comparisons can now be drawn between the amino acid sequence of this 
C-terminal 160-residue region in A/Mem/72 and that of the homologous region in 
the haemagglutinin from the Asian variant A/Jap/57 (Waterfield et al. 1978, 1979). 
As shown in Fig. 6, for the 120 residues for which comparisons can be made the 
sequences differ markedly (approx. 50 %) including the location of the glycosylated 
asparagine residues. The homologous Asn-Asn sequence shown at positions 2-3 in 
Fig. 6 is glycosylated in A/Jap/57 but not in A/Mem/72 owing to the absence of the 
required serine or threonine at position 5 (see Neuberger et al. 1972). Furthermore 
carbohydrate groups near the C-terminus of both haemagglutinins are attached to 
non-homologous asparagine residues and are of different types. The carbohydrate 
group present at Asn12l in A/Jap/57 is complex containing all four sugars-N-acetyl
glucosamine, galactose, mannose and fucose (Waterfield et al. 1979)-while that 
present at Asn117 in A/Mem/102/72 is simple containing two residues of N-acetyl
glucosamine and five residues of mannose (Dopheide and Ward 1978a). These 
comparisons indicate that the major differences in the type and distribution of oligo
saccharide side chains on different influenza haemagglutinins depend primarily on 
differences in amino acid sequence. Mutational events which affect the occurrence 
of Asn-X-Ser/Thr sequences (Neuberger et al. 1972) will subsequently affect both 
the type and location of attached carbohydrate. As has been mentioned previously 
(Ward and Dopheide 1979a; Waterfield et al. 1979), the distribution of half-cystine 
residues in the Asian and Hong Kong HAl is identical and highly conserved areas of 
sequence occur, particularly towards their C-terminal regions. 

The changes in amino acid sequence associated with antigenic drift in Hong Kong 
variants selected with monoclonal hybridoma antibodies (Laver et al. 1979) has 
implicated the direct or indirect involvement of the serine residue at position 37 in 
CN2, and some portion of peptide Ile49-Args6, in one of the antigenic regions of 
the Hong Kong haemagglutinin. Similar analysis of natural field strains (Laver et al. 
1980) showed that mutations had also occurred at Lys39' Arg4o, Ile49 and peptide 
GlYs7-Arg6l' including in some strains Leus8 and SerS9 (numbers refer to position 
in CN2, see Figs 4 and 6). Jackson et al. (l979a, 1979b) could detect neither antigenic 
nor significant immunogenic activity in peptide CN2 which carries these residues, 
implying that these residues are not directly involved in an antigenic region. Alternat
ively it may simply reflect a loss of conformational integrity of this fragment following 
its isolation from the rest of the haemagglutinin. As found with other proteins, the 
absence of disulfide bridges in fragment CN2 would be a significant factor in its 
failure to re-attain its native conformation (Atassi et al. 1976; Johnson et al. 1978; 
Jackson et al. 1979a, 1979b). 
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