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TABLE 3 Neutralizing titers against recombinant MVs possessing the H

protein of genotye D3 virus with amino acid substitutions

Neutralizing titer against recombinant

MV

Cell line Mutation B5(1) E81(I) E103(w)

1395a wt () 7,536 1,727 10,231
Q391R <471 <14 20,462
Q31IR 1,884 1,727 80

11-18 wt: (=) 3,764 27,631 20,462
Q391R <4 <3 20,462
Q311IR 1,884 27,631 20

 Neutralizing titers for 1 mg/ml of Ig.

100

300

FIG 2 Replication kinetics of two recombinant MVs possessing Q311R or
Q391R mulations. (A) Replication kinetics of two escape mutants in 11-18
cells. I1-18 cells were infected with the MVs at an MOT of 0.01. At various time
intervals, cells were harvested in the culture medium and their CIU values were
determined in Vero/hSLAM cells. (B) EGFP autofluorescence in MV-infected
monolayers of 11-18 cells. Panels show representative images obtained with a

fluorescence microscope at 6 days postinfection.
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TABLE 5 Amino acid differences in recombinant MVs

, . Amino acid difference in recombinant MV*:
Amino acid

position A D3 B12(N481Y) H8 HY H10  HI
174 T A T A A A A
176 T A T A A A A
211 G N G N N S N
235 E G E G G G G
243 K G K G G G G
252 Y H Y H H H H
276 1 I l K F F J
284 L F L F F F I
290 L. F 1. F F F F
302 G R G R R R R
334 Q R Q R R R R
390 I N N 1 1 N 1
416 D N N D N D D
446 S T T T N S N
481 Y N Y Y Y Y Y
492 G E E G G G E
575 Q K K K K K K
" These recombinant MVs were reported previously (31).

X]2

A A B3 D3 D4 D5 D8 DO H1

12
B A D3 (NI/J);%) H8 H9 H10 H1U
. FIG 3 Masking of epitope IT by the N416-linked sugar. (A) SDS-PAGE anal-
yses for the mobility of H proteins of different genotypes. MV-infected Vero/
hSLAM cells at 36 h postinfection were labeled with {*S}methionine-cysteine
and lysed in RIPA butfer. Polypeptides were then immunoprecipitated with a
polyclonal Ab against MV and resolved by SDS-PAGE. (B) SDS-PAGE analy-
C ses for the mobility of H proteins of previously reported recombinant MVs
(%) possessing a chimeric H gene between the 1323 (genotype D3) and Edmon-
ston (genotype A) strains or various point mutations. (C) Neutralizing assays
100 of E128 against EGFP-expressing MV strains possessing a chimeric H gene
between the 1C323 (genotype D3) and Edmonston (genotype A) strains or
various point mutations. The CIU of each virus was determined in 11-18 cells in
the presence or absence of E128, The CIU determined in the presence of E128
was compared with that in the absence of E128. The CIU in the absence of E128
was set to 100%. (D) SDS-PAGE analyses for the mobility of Endo-H-treated
H proteins of different genotypes. (E) A five-residue alanine substitution in the
H protein at residues 473 to 477 prevents binding of MAb E128. Immunopre-
0 — ] I cipitation of MV Hp,,, and CD46-binding defective MV Hy,,-(473-477A)
312 with MAbs CV1/CV4 and E128. The immunoprecipitated material was gel
A D3 nagiv)H8 H9 H10 H11 fractionated, followed by immunoblotting and detection of H,, with an anti-

Flag M2 antibody. 1gG ctrl; control 1gG.

Infectious titers after
E128(/l) treatment
(4]
o

DA B3 D3 D4 D5 D8 D9 Hi

iy WS

cv1 IgG cv1 1gG
E cva ol E128 cva o E128
H H-(473-477A)
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FIG 4 Neutralizing assays of EI85 and E39 against EGFP-expressing MV
strains with different H protein sequences. {A) The CIU of each virus was
determined in B95a cells in the presence or absence of E185. (B) The CIU of
each virus was determined in 1I-18 cells in the presence or absence of E39. The
CIU determined in the presence of the Abs was compared with that in the
absence of the Abs. The CIU in the absence of the Abs was set to 100%.
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TABLE 6 Neutralizing titers against recombinant MV possessing the
Edmonston H protein with various amino acid substitutions”

Neutralizing titer against recombinant MV

Mutation E185(iv) in B95a E39(v) inI1-18
(=) 494 1,750

G211S 494 875

12350 62 1,750

Y252H 494 1,750

1.284F 494 1,750

1.296F 494 1,750

G302R 494 <27

“ Neulralizing titers for 1 mg/ml of Ig. (=), parental virus.

X4

TYLVEKPNLSSKRSELSQLSMY
AA233-240: BH1-binding site AA244-250: NE

TYLVERKPNL =~ — = o e e QLSMY

FIG 5 Amino acid sequence of epitope iv. The amino acid residues at positions
231 to 252 dre shown. The residues known to constitute part of the epitope are
shown in blue characters (top). The amino acid residues represented in the
crystal structures are shown. Missing residues are indicated by dashes.
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TABLE 7 Competitive binding of anti-H protein MAbs against SLAM

Ab Antigenic site Competitive activity®
B5 ! ++

ERI / +

E128 1 ++

E103 vi -

¢ + 4, Complete inhibition; +, weak inhibition; —, no inhibition.

9

TABLE 3 Competitive binding of anti-H protein MAbs against SLAM

MAb Antigenic site Competitive activity”
2F4 vii + -+

B35 ! ++

18128 n ++

E103 vi -

“The detailed procedure has been previously reported (12).
4+, complete inhibition; =, no inhibition.
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FIG 6 MV H and F protein coimmunoprecipitation. MAb E103 shows re-
duced immunoprecipitation efficiency for H/F hetero-oligomers. (A) Vero
cells transiently transfected with expression plasmids encoding MV Hy,, and
Fi a0 01 B, only as a control, were immunoprecipitated with specific MAbs
directed against the MV H protein ectodomain (CV1/CV4, B5, E81, E103, or
E128 as indicated). Precipitated Hy,,, material was labeled with an anti-Flag
M2 antibody, and the coprecipitated Fy,,, was detected with an anti-HA 16b12
antibody. (B) For densitometric quantification, the ratio of Fy, , to Hy,, signals
was determined for each MADb, followed by normalization to the coimmuno-
precipitation ratio obtained with the CV1/CV4 reference MAb mixture. Data
represent the means * standard errors of the means (SEM) of results from
three experiments. The asterisk indicates that, in F densitometry, a f test re-
turned P values of <0.05 for the difference in coimmunoprecipitation (ColP)
efficiency, with E103 relative to the CV1+CV4 reference.
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TABLE 4 Neutralizing titers against recombinant MVs possessing the
IC-H protein with various amino acid substitutions

Neutralizing titer”

Cell line  Mulation Infectivity B5 (1) EB1(I) EI03 (vi) 2F4 (vii)

B95a wild type (=) + 7,536 1,727 10,231 22,141
F483A + 3,768 1,727 10,231 <346
Y5438 + 1,884 1,727 2,558 692
D5058 - NA NA NA NA
R533A - NA NA NA NA

11-18 Wild type (=) + 3,764 27,631 20,462 11,070
I483A —~ NA NA NA NA
Y543A - NA NA NA NA
5058 + 1,884 13,815 20,462 <5
R533A + 1,884 27,631 20,462 173

“ Data represent neutralizing titers for 1 mg/ml of immunoglobulin. NA, not
applicable.

X|6

Ab (-) 2F4

B95a 1I-18 B95a  1I-18

WT

F483A

Y541A

FIG 2 Effects of specific substitutions on virus infectivity and MAb neutral-
ization. EGFP autofluorescence in MV-infected SLAM™ B95a cells and nec-
tind™ 11-18 cells is shown. B95a and 11-18 cells were infected with rMVs con-
taining F483A, Y5438, $544A/Y5418, and R533A substitutions in the presence
or absence of MAb 2F4, The panels show representative images observed using
a fluorescence microscope.
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A Dimer-of-dimer MV-H model

Top view
" globular head 7 SLAM
- - - id 2 ——
flexible linker | fq— Side view
i )
{  stalk helical region Frontview /
[ S
" transmembrane region Bottom view
B Top view Bottom view
Glu235(iv)

GIn311 (vi)

GIn391(f)

GIn391(/
In391(/) flexible linker

Glu235(iv) GIn311(v) of stalks

Side view GIn391(/) Front view

Giu235(iv)

GIn311(vi)

416 sugar

flexible linker
flexible linker
of stalk

416 sugar

. of stalk
AALT3-4T7(1)

FIG 1 Locations of epitopes on the H protein dimeric structure. (A) Diagrams
of a dimer of H protein dimers, The four H protein molecules are shown in
gray, light gray, purple, and light purple. SLAM is shown in cyan. (B) Locations
of epitopes I, iv, and vi. SLAM and predicted N-linked sugars are shown in
translucent cyan and magenta, respectively, The amino acid residues demon-
strated or suggested to constitute a portion of an epitope are shown in colors:
residues on B-sheets 1, 2, 3, 4, 5, and 6 (18) are shown in blue, green, light
green, yellow, orange, and red, respectively. (C) Location of epitope II. H
protein dimers without (left) and with (right) the N-linked sugar at position
416 are shown. The figures were produced using PyMOL (Schrédinger;
http://www.pymol.org).
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A Top view Front view
Glu235(iv)

GIN311(vi) T GIN311(vi)

Glu235(jv) Glu235(jv)

Bottom view

Glu235(jv) GIn311(vi) Top view

flexible linker

of stalk region

flexible
Front view linker
Bottom view
Gin311(vi) Glu235(iv)
B Top view Front view

Glu235(iv)

GInN311(vi)
Glu235(iv)  Glu235(iv)

Gin311(vi)

Top view

flexible

Front view linker

FIG 7 Locations of epitopes ivand vi on the H protein tetrameric structure. The four H protein molecules are shown in gray, light gray, purple, and light purple.
SLAM is shown in translucent cyan. The amino acid residues demonstrated or suggested to constitute a portion of an epitope are shown in colors: residues on
B-sheets 1, 2, 3, 4, 5, and 6 (18) are shown in blue, green, light green, yellow, orange, and red, respectively. (A) A tetrameric structure in form I (18). (B) A
tetrameric structure in form II (18).



Gly491
AA380-400 (HNE)())

Ser189
Asn187

Arg377  AA4T3-4TT(IN)

FIG 8 A major epitope region covering a large area containing epitopes I and
I1. A side view of a dimer is shown. SLAM and predicted sugars are shown in
translucent cyan and magenta, respectively. The amino acid residues demon-
strated or suggested to constitute a portion of an epitope are shown in colors:
residues on B-sheet 1, 2, 3,4, 5,and 6 (18) are shown in blue, green, light green,

yellow, orange, and red, respectively.
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A =3 | globular head domain
" flexible linker

stalk helical region
| transmembrane region

FIG 1 Location of epitope vii on the H protein tetrameric structure. (A)
Diagram of an H protein tetramer (a dimer of H protein dimers). The four H
protein molecules are shown in dark gray, light gray, dark purple, and light
purple. (B) Location of SLAM-interacting residues, which constitute epitope
vii on the tetrameric H protein structure in complex with SLAM (19). SLAM is
shown in translucent cyan. SLAM interacting with the gray H protein is deleted
in the structure shown at the bottom. A detailed view in a ribbon and stick
diagram is shown in the box. SLAM is shown in cyan, and H protein is shown
in orange or yellow. (C) Location of nectind-interacting residues, which con-
stitute epitope vii. The tetrameric structure was reconstructed using data by
Hashiguchi et al. (19) and Zhang et al. (18). Nectind is shown in translucent
magenta, Necting interacting with the gray H protein is deleted in the structure
shown at the bottom. A detailed view in a ribbon and stick diagram is shown in
the box. Nectind is shown in magenta, and H protein is shown in orange or
yellow. (B and C) The figures were produced using PyMOL (Schrédinger;
http://www.pymol.org). The amino acid residues demonstrated or suggested
to constitute portions of epitopes are shown in colors as follows: residues on
beta-sheets 1, 2, 3, 4, 5, and 6 (19) are shown in blue, dark green, light green,
yellow, orange, and red, respectively.
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TABLE 4 Relation between epitopes and Abs"”

Epitope name

Present study Previous papers

Region or amino acids which

Ab which recognizes the epitope

constitute an epitope Present study Previous papers
126-135 MADb48
185-195 1-44
iv 233-240 E185 BHI1
NE 244-250 BH47, BH59, BH129
" 302 E39
vi 309-318 E103 1-29, BH38
] HNE 380-400 E81, BS BH6, BH21, BH216
377 BHI71
378 BH168
1 473477 E128
491 16-CD-11
505-506 80-11-B2
552 1-41
587-596 MADb18

“ Relation between epitopes and Abs in the present and previous studies (10, 41, 42, 47, 51, 53).
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