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Supplementary Figure 1 — Mass spectrometry analysis of IgG heavy chains from different MSL-109
variants expressed in 293 and CHO cells. The sequence between heavy chain residues 52 and 55 of
each variant is shown in parenthesis with mutation shown in italics and potential glycosylation sites
in red. The light chains of all IgG variants had a mass of 23,981 + 1 Da (calculated reduced mass =
23,980), omitted for clarity.
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Supplementary Figure 2 — Dendogram of CMV strains based on gH glycoprotein sequences. The six
strains used in neutralization assays are indicated with diamonds. The asterisk indicates three
additional strains, Watkins, Powers and HS5GLYH, that have gH sequences identical to AD169,
Phoebe, Brown and Schmoe. The overall minimum amino acid identity, between strains 37-36 and
VR6952, is 96.1%. The strain used in neutralization assays with gH most distantly related to VR1814
is Cano, with 96.8% identity.
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Supplementary Figure 3 — Non-specific baculovirus (BV) particle ELISA of MSL-109 mutant clones
with baculovirus particle antigen. The BV ELISA score is the absorbance with the test IgG divided
by the absorbance of blank wells (no I1gG).
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CDR H1 | | CDR H2

26 27 28 29 30 31 31a31b 32 33 34 35 50 51 52 52a 52b 52c 53 54 55 56 57 58 59 60 Restricted codons
GGA TAC ACC TTC ACC GGC TAC TAT ATGCAC  CGGATCAACCCT BAC AGT GGT GGC ACA AAC 2
GGA TAC ACC TTC ACT AGC TAT GCT ATGCAT  TGGATC AAC GCT GGC AAT GGT AAC ACA AAA 4
GGA TAC ACC TTC ACC AGT TAT GAT ATCAAC  TGGATGAACCCT AAC AGT GGT AAC ACA GGC 3
GGT TAC ACC TTT ACC AGC TAT GGT ATCAGC  TGGATCAGC GCT TAC AAT GGT AAC ACA AAC 3
GGA TAC ACC TTC ACC AGC TAC TAT ATGCAC ATAATC AACCCT AGT GGT GGT AGC ACAAGC 2
GGA GGC ACC TTC AGC AGC TAT GCT ATCAGC  GGGATCATCCCT ATC TTT GGT ACA GCA AAC 1
GGG TTC TCA CTC AGC ACT AGT GGA GTG GGT GTGGGC ~ CTC ATT TAT TGG AAT GAT GAT AAG CGC 1
GGG TTC TCACTC AGC AAT GCT AGA ATG GGT GTG AGC CACATT TTT TCG AAT GAC GAAAAA TCC 2
GGG TTC TCT CTC AGC ACT AGC GGC ATG TCT GTTTCT ~ CTC ATT GAT TGG GAT GAT GAT AAA TAC 2
GGA TTC ACC TTT AGT AGC TAT TGG ATGAGC AACATAAAGCAA GAT GGA AGT GAG AAA TAC 2
GGA TTC ACC TTT GAT GAT TAT GCC ATGCAC GGT ATT AGT TGG AAT AGT GGT AGC ATA GGC 2
GGA TTC ACC TTC AGT GAC TAC TAC ATGAGC TAC ATT AGT AGT AGT GGT AGT ACC ATATAC 6
GGA TTC ACT TTC AGT AAC GCC TGG ATGAGC CGT ATT AAA AGC AAAACT GAT GGT GGGACAACAGAC 4
GGA TTC ACC TTC AGT AGC TAT AGC ATGAAC TCC ATT AGT AGT AGT AGT AGT TAC ATA TAC 5
GGA TTC ACC TTT AGC AGC TAT GCC ATGAGC GCTATT AGT GGT AGT GGT GGT AGC ACATAC 1
GGA TTC ACC TTC AGT AGC TAT GCT ATGCAC GTT ATA TCA TAT GAT GGA AGT AAT AAA TAC 3 99 (16%)
GGA TTC ACC TTC AGT AGC TAT GGC ATGCAC GTT ATA TGG TAT GAT GGA AGT AAT AAA TAC 3
GGA TTC ACC TTC AGT AGC TAT AGC ATGAAC TAC ATT AGT AGT AGT AGT AGT ACC ATATAC 8
GGA TTC ACC TTT GGT GAT TAT GCT ATGAGC TTC ATT AGA AGC AARA GCT TAT GGT GGGACAACA GAA 1
GGG TTC ACC GTC AGT AGC AAC TAC ATGAGC GTTATT TAT AGC GGT GGT AGC ACATAC 3
GGA TTC ACC TTC AGT AGC TAT GCT ATGCAC GCTATT AGT AGT AAT GGG GGT AGC ACA TAT 3
GGG TTC ACC TTC AGT GGC TCT GCT ATGCAC  CGTATT AGAAGC AAAGCT AAC AGT TAC GCG ACA GCA 4
GGA TTC ACC TTC AGT AGC TAC TGG ATGCAC CGTATT AAT AGT GAT GGG AGT AGC ACAAGC 5
GGT GGC TCCATCAGC AGTAGTAACTGG ~ TGGAGT  GAAATC TAT CAT AGT GGG AGC ACC AAC 5
GGT GGC TCC ATC AGC AGT GGT GGT TAC TAC TGGAGC ~ TAC ATC TAT TAC AGT GGG AGC ACC TAC a
GGT GGG TCC TTC AGT GGT TAC TAC TGGAGC  GAAATCENNM] CAT AGT GGA AGC ACC AAC 2
GGT GGC TCC ATC AGC AGT AGT AGT TAC TAC TGGGGC ~ AGT ATC TAT TAT AGT GGG AGC ACC TAC 5
GGT GGC TCC ATC AGT AGT TAC TAC TGGAGC ~ TATATC TAT TAC AGT GGG AGC ACC AAC 4
GGT GGC TCC GTC AGC AGT GGT AGT TAC TAC TGGAGC ~ TAT ATC TAT TAC AGT GGG AGC ACC AAC 4
GGA TAC AGC TTT ACC AGC TAC TGG ATCGGC ~ ATCATC TATCCT GGT GAC TCT GAT ACC AGA 1
GGG GAC AGT GTC TCT AGC AAC AGT GCT GCT TGGAAC ~ AGGACATACTACAGG  TCC AAG TGG TAT AAT GAT 4
| CDR L1 CDR L2 | CDR L3

24 25 26 27 28 29 30 30a 30b 30c 30d 30e 30f 31 32 33 34 50 51 52 53 54 55 56 89 90 91 92 93 94 95 95a 95b
CGG GCC AGT CAGAGT ATT AGT AGCTGGTIGGCC  GATGCC TCC AGTTTGGAAAGT  CAACAG TAT AATAGT TAT TCT
CGG GCA AGT CAG GGC ATT AGA AATGATTTAGGC ~ GCTGCATCCAGT TTACAAAGT  CTACAAGAT TAC AAT TAC CCT
CGG GCC AGT CAG GGC ATT AGC AGTTATTTAGCC ~ GCTGCATCCACT TTGCAAAGT  CAACAGCTTAAT AGT TAC CCT
CGG GCG AGT CAG GGT ATT AGC AGCTGGTTAGCC ~ GCTGCATCCAGT TTGCAAAGT  CAACAG GCTAAC AGT TTC CCT
CGG GCG AGT CAG GGC ATT AGC AATTATTTAGCC ~ GCTGCATCCAGT TTGCAAAGT  CAACAG TATAAT AGT TAC CCT
CGG GCG AGT CAG GGC ATT AGC AATTATTTAGCC ~ GCTGCATCCACTTTGCAATCA  CAAAAG TATAAC AGT GCC CCT
CAG GCG AGT CAG GAC ATT AGC AACTATTTAAAT  GATGCATCCAATTTGGAAACA  CAACAG TATGAT AAT CTC CCT
CGG GCAAGT CAGAGC ATT AGC AGCTATTTAAAT  GCT GCATCCAGT TTGCAAAGT  CAACAG AGTTAC AGT ACC CCT
AGG TCT AGT CAAAGC CTC GTACACAGT ~ GAT GGAAACACCTAC TTGAGT ~ AAGATT TCTAACCGGTTCTCT — ATGCAAGCT ACACAATTT CCT
AGG TCT AGT CAG AGC CTC CTGCATAGT ~ AAT GGATACAAC TATTTGGAT  TTGGGT TCT AATCGGGCCTCC — ATGCAAGCT CTACAAACT CCT
AGG TCT AGT CAAAGC CTC GTATACAGT ~ GAT GGAAACACC TAC TTGAAT  AAGGTT TCTAACCGGGACTCT — ATGCAAGGT ACA CAC TGG CCT
AAG TCT AGT CAG AGC CTC CTG CAT AGT GAT GGAAAG ACC TAT TTG TAT GAAGTT TCC AAC CGG TTC TCT ATG CAAAGTATACAGCTTCCT
AGG GCC AGT CAG AGT GTT AGC AGCTACTTAGCC ~ GAT GCATCCAACAGGGCCACT  CAGCAG CGTAGC AAC TGGCCT
AGG GCC AGT CAG AGT GTT AGC AGCAACTTAGCC  GGT GCATCCACCAGGGCCACT — CAGCAG TAT AAT AAC TGGCCT
AGG GCC AGT CAG AGT GTT AGC AGC AGCTACTTAGCC  GGT GCATCCAGCAGGGCCACT — CAGCAG TAT GGT AGC TCACCT
AAG TCC AGC CAG AGT GTT TTA TAC AGC TCC AAC AAT AAGAAC TAC TTAGCT ~ TGGGCATCTACCCGGGAATCC — CAG CAA TAT TAT AGT ACT CCT 94 (11%)

ACT GGG AGC AGC TCC AAC ATC GGG GCAGGT
TCT GGA AGC AGC TCC AAC ATC GGA AGT
TCT GGA AGC AGC TCC AAC ATC GGA AGT
TCT GGA AGC AGC TCC AAC ATT GGG AAT
ACT GGA ACC AGC AGT GAC GTT GGT GGT TAT
ACT GGA ACC AGC AGT GAT GTT GGT GGT TAT
ACT GGA ACC AGC AGT GAC GTT GGT GGT TAT
ACT GGA ACC AGC AGT GAT GTT GGG AGT TAT

TCT GGA GAT AAA TTG GGG GAT
GGG GGA AACAAC ATT GGAAGT
TCT GGA GAT GCA TTGCCARAAA
CAAGGA GACAGC CTC AGAAGC
GGG GGA AACAAC ATT GGAAGT
TCT GGA GAT GCA TTG CCARAG

ACC CGC AGC AGT GGC AGC ATT GCC AGC

Codon cannot mutate to encode Asn
Codon cannot mutate to encode Ser

TAT GAT GTACAC
AAT ACT GTAAAC
AAT TAT GTA TAC
AAT TAT GTATCC
AAC TAT GTC TCC
AAC TAT GTC TCC
AAC TAT GTC TCC
AACCTT GTC TCC
AAA TAT GCT TGC
AAAAAT GTGCAC
AAA TAT GCT TAT
TAT TAT GCA AGC
AAAAGT GTGCAC
CAA TAT GCT TAT
AAC TAT GTG CAG

Codon cannot mutate to encode either Ser or Thr
Codon cannot mutate to encode either Ser or Asn
-Potent\al glycosylation site in germline

GGT AAC AGC AAT CGG CCC TCA
AGT AAT AAT CAG CGG CCC TCA
AGG AAT AAT CAGCGG CCC TCA
GACAAT AAT AAG CGACCC TCA
GAG GTC AGT AAG CGG CCC TCA
GAT GTC AGT AAG CGG CCC TCA
GAG GTC AGT AAT CGG CCC TCA
GAG GGC AGT AAG CGG CCC TCA
CAAGAT AGC AAG CGG CCC TCA
AGG GAT AGC AAC CGG CCC TCT
GAG GAC AGC AAACGA CCC TCC
GGT AAAAAC AAC CGGCCC TCA
TAT GAT AGC GAC CGG CCC TCA
AAAGAC AGT GAGAGG CCC TCA
GAGGAT AAC CAAAGA CCC TCT

CAG TCC TAT GAC AGC AGC CTG AGT GGT
GCA GCA TGG GAT GAC AGC CTG AAT GGT
GCA GCA TGG GAT GAC AGC CTG AGT GGT
GGA ACA TGG GAT AGC AGC CTG AGT GCT
AGC TCA TAT GCA GGC AGC AAC AAT TTC
TGC TCA TAT GCA GGC AGC TAC ACT TTC
AGC TCA TAT ACAAGC AGC AGC ACT CTC
TGC TCA TAT GCA GGT AGT AGC ACT TTA
CAG GCG TGG GAC AGC AGC ACT GCA
CAG GTG TGG GAC AGC AGC ACT GCA
TAC TCAACA GAC AGC AGT GGT AAT CAT
AAC TCC CGG GAC AGC AGT GGT AAC CAT
CAG GTG TGG GAC AGT AGT AGT GAT CAT
CAA TCA GCAGAC AGC AGT GGT ACT TAT
CAG TCT TAT GAT AGC AGC AAT
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Supplementary Figure 4 — CDR codons in human heavy and light variable region germlines that

cannot mutate to Ser, Thr or Asn codons without introducing potential N-linked glycosylation sites in

the germline sequence context. Only positions that can access Ser, Thr or Asn codons with 1 base-

pair mutations are indicated. The *01 alleles of each of the top 95% most used human germlines

(usage data obtained from the IMGT database at http://www.imgt.org/) are shown. The Chothia

numbering system is used to allow structurally correct alignment of germlines. The germline CDR

boundaries shown are a combination of Kabat and Chothia definitions except for CDR H2 where only

the region more likely to be in contact with antigen is shown, with codons 59 and 60 shown in grey

only to put codons in position 58 in context. CDR L3 junctional diversity was not considered when

defining restricted codons.

The number and percentage of restricted codons is shown for each

germline, counting codons restricted in two different ways (e.g. neither Ser nor Asn allowed) as one.
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