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Glycobiology Meets Immunology

Glycobiology of Env effects its immunogenicity.

1) Glycans shield immunogenic epitopes of Env.
Glycosylation in V2 can prevent binding of the MAb, 2909.

2) Glycans are required for binding the neutralizing antibody, 2G12
3) Glycans can dictate the conformation of the protein.

Since glycosylation effects protein immunogenicity,
glycobiology could provide novel approaches to
Improve immunogen design.




Our immediate Goal: Use glycobiology to understand key
characteristic differences between good immunogens and poor
Immunogens

This goal is possible because:

1. The glycosylation profiles of different Env. Immunogens

are different.
2. Glycosylation profiles can correlate to in vivo structure

of the protein.
3. High mannose glycans indicate protected (structurally
stable) sites on the protein.

Hypotheses: A better immunogen may have a more stable,
conserved 3D structure, evidenced by a more homogeneous
glycan population and/or high-mannose glycans.

A better immunogen may have more unoccupied
glycosylation sites.



Characteristics of the proteins we analyzed

JR-FL gp140 ACF CON-S gp140 ACFI
A wild-type strain A synthetic strain
(subtype B) Centralized Consensus Gene Sequence

2001 LANL Group M Sequence Database

Proteins have 81% sequence identity
Both proteins expressed in 293T cells
Both proteins isolated as oligomers.

Poor Immunogen Better Immunogen
Induced limited tier 1 Elicited tier 1 and select tier 2
Env. pseudovirus neutralization neutralizing antibodies for

multiple clades*

27 N-X-T/S sites 31 N-X-T/S sites
(potential glycosylation sites)

*Virol. 2006, 353, 268.



Sample preparation for glycopeptide analysis
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(1) Denature protein (1) Fractionate on HPLC Acquire MS data for
(2) Reduce/Alkylate (60 fractions) each fraction on:
(3) Tryptic digest (2) Concentrate (x100) (1) MALDI TOF-TOF

, (1) HPLC-MS/MS (FTICR-
MS)
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Mass spectrometry produces extensive data for analysis

EX: 60 Different glycopeptides ID’d in one spectrum.
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Example: Glycoforms Identified near the C-terminus of the gp120 V3 loop

Envelope Protein

JR-FL gp140ACFI

CON-S gp140ACFI

Hex = Mannose or Galactose

Glycopeptide

v

ESVEINCTRPNNTR

TIVQNESVEINCTRPNNTR

TIIVQNESVEINCTRPNNTR

Glycoforms

[Hex]11 [HexNAc)4
[Hex]12 [HexNAc]4
[Hex]13 [HexNAc]4
[Hex]14 [HexNAc]4
[Hex]16 [HexNAc]4
[Hex]17 [HexNAc]4
[Hex]18 [HexNAc]4

Hex]6 [HexNAc]7[Fuc]2
Hex]6 [HexNAc]8[Fuc]2
Hex]6[HexNAc]9[Fuc]2
Hex]6[HexNAc]10[Fuc]2
Hex]7[HexNAc]7[Fuc]2
Hex|7[HexNAc|8[Fuc]2
Hex|8 HexNAc]? Fuc]2
Hex]10[HexNAc]6[Fuc]2
Hex]10[HexNAc]8[Fuc]2
Hex]10[HexNAc]9[Fuc]2
Hex]11[HexNAc]8[Fuc]2
Hex]11[HexNAc]10[Fuc]2
[Hex]12[HexNAc]10[Fuc]2

[Hex]5[HexNAc]2
[Hex]6[HexNAc]2
[Hex]7[HexNAc]2
[Hex]9[HexNAc]2

[Hex]8 [HexNAc]4

[Hex]9 [HexNAc]4

[Hex]10 [HexNAc]4
[Hex]11 [HexNAc]4
[Hex]12 [HexNAc]4
Hex]13 [HexNAc]4
Hex]14 [HexNAc)4
Hex]16 [HexNAc]4
Hex]17 [HexNAc)4
Hex]18 [HexNAc]4

[Hex]8[HexNAc]6 [Fuc]1
[Hex]8[HexNAC]7 [Fuc]1
Hex]9[HexNAc]5 [Fuc]1
Hex]9[HexNAc]6 [Fuc]1
Hex]12[HexNAc]6 [Fuc]1
[Hex]12[HexNAc]7 [Fuc]1

HexNAc = N-Acetylglucosamine

[Hex]8[HexNAc]6[Fuc]1
[Hex]8[HexNAc]7[Fuc]1
[Hex]9[HexNAc]7[Fuc]1
[Hex]9[HexNAc]6[Fuc]1
[Hex]10[HexNAc]5[Fuc]1
[Hex]10[HexNAc]6[Fuc]1
[Hex]11[HexNAc]5[Fuc]1
[Hex]11[HexNAc]6[Fuc]1
[Hex]11[HexNAc]7[Fuc]1
[Hex]11[HexNAc]8[Fuc]1
[Hex]11[HexNAc]9[Fuc]1
[Hex]11[HexNAc]10[Fuc]1
[Hex]12[HexNAc]5[Fuc]1
[Hex]12[HexNAc]6[Fuc]1
[Hex]12[HexNAc]7[Fuc]1
[Hex]13[HexNAc]6[Fuc]1
[Hex]14[HexNAc]6[Fuc]1
[Hex]14[HexNAc]7[Fuc]1

[Hex]4[HexNAc]3
[Hex]5[HexNACc]3
[Hex]3[HexNAc]4[Fuc]1
[Hex]3[HexNAc]5[Fuc]1

[Hex]5 [HexNAc]7
[Hex]6 [HexNAc]7
[Hex]7 [HexNAc]7
[Hex]8 [HexNAc]7
[Hex]8 [HexNAc]8
[Hex]9 [HexNAc]7
[Hex]9 [HexNAc]8
[Hex]10 [HexNAc]8
[Hex]11 [HexNAc]8
[Hex]12 [HexNAc]8
[Hex]13 [HexNAc]8

Fuc = Fucose

Coverage Statistics

CON-S: 100% coverage
of 31 potential sites
~400 glycopeptide ions
analyzed.

JR-FL: 100% coverage
of 27 potential sites
~400 glycopeptide ions
analyzed.



CON-S
JR-FL

CON-S

CON-S

JR-FL

CON-8
JR-FL
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JR-FL

CON-S
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Variably Occupied and Unoccupied Glycosylation sites.

gp140ACFI
gp140ACF

gpl40ACFI
gpl40ACF

gp140ACFI
gp140ACF

gpl40ACFI
gp140ACF

gpl40ACFI
gpl40ACF

gpl40ACFI
gpl40ACF

gp140ACFI
gp140ACF

gpl40ACFI
gpl40ACF

gpl40ACFI
gpl40ACF

gpl40ACFI
gpl40ACF

Fully occupied sites: CON-S: 19/31

signal peptide 7?
MRVRGIQRNCQHLWRWGTLILGMLMICSAAENLWVTVYYG VPVWKEANTTLFCASDAKAYDTEVHNVWAT
M-PMGSLQPLATLYLLGMLVASVL—-——-AVEKLWVTVYYGVPVWKEATTT LFCASDAKAYDTEVHNVWAT

Vi 1?0

HACVPTDPNPQEIVLENVTENFNMWKNNMVEQMHEDIISLWDQSLKPCVKLTPLCVTLNCTNV{E!HNTT
HACVPTDPNPQEVVLENVTEHFNMWKNNMVEQMHEDIISLWDQSLKPCVKLTPLCVTLNCKDV—NAﬂEZﬁ

V2 210

|

NNTE-- - -EKGE IKNCSFNITTEIRDKKQKVYALFYRLDVVPIDD--NNNINSSNYRLINGNTSATTQACP
NDSEG-TMERGEIKNCSFNITTSIRDEVQKEYALFYKLDVVPI-~~-~ DNNNTSYRLISCDTSVITQACP
280

|
KVSFEPIPIHYCAPAGFAIL KCNDKKFNGTGPCKNVSTVQCTHGIKPVVSTQLLLNGSLAEEEIIIRSEN
KISFEPIPIHYCAPAGFAIL KCNDKTFNGKGPCKNVSTVQCTHGIRPVVSTQLLLNGSLAEEEVVIRSDN

V3 350

|
ITNNAKTIIVQ#EEEPEINCTRPNEEEFKSIRI——GPGQAFYATGDIIGDIRQAHCNISGTKWE::FQQV
FTNNAKTIIVQLKESVEINC TRPNNNTRKSIHI--GPGRAFYTTGEIIGDIRQAHCNISRAKWNDTLKQI

V4 uiig
AKKLREHFN- NKTIIFKPSS GGDLEITTHS FNCRGEFFYCNTSGLFNSTWIGN---GTKN-NNNTNDT[LT
VIKLREQFE-|[NKTIVFNHSS GGDPEIVMHS FNCGGEFFYC NSTQLFNSTWNNN- - - -TEGSNNTEGNTIT
V5 4%0
LPCRIKQI INMWQGVGQAMY APPIEGKITCKSNITGLLLT ROGGNNNTNE TE I FRPGGGDMRDNWRSELY
LPCRIKQTINMWQEVGKAMY APPTRGQTRC SSNITGLLLTRDGGINE-NGTEIFRPGGGDMRDNWRSELY
gp120<—|—> gp41 a0
KYKVVKIEPL GVAPTKAK-———f——— === == - o oo oo oo L--TVQARQLLSGIVQQQSN
KYKVVKIEPL GVAPTKAK- - ——f-—-- O LTVQARLLLSGIVQQQONN
630
LLRATEAQQH LLQLTVWGIK QLOARVLAVERYLKDQQL ~= === === === == === === ==~ ———— EIWD
LLRATEAQQR MLQLTVWGIKQLQARVLAVERYLGDQQLLG IWGCSGKLIC TTAVPHNASWSNKSILDRIWN
700

EEﬂWMEWEREI YIDIIYSLIEESQNQOQEKNEQELLALD KWASLWNWED ITNWLW---= —====—=====
NMTWMEWERE I TSEIYTLIEESQNQOERKNEQELLELD KWASLWNWED ITKWLW--—-- ——-——-—-——-——-

JR-FL: 20/27




Glycan Processing Depends on Protein Structure

First, a carbohydrate precursor may be
added at glycosylation sites (N-X-T/S)
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Addition of carbohydrate
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and substrate recognition. carbohydrate.



All “additions” take
place after protein
folding
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Glycosylation processing
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Differences in glycosylation processing for CON-S and JR-FL
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Sequence Position

The glycan population at the same site in different sequence variants varies.
CON-S has a higher proportion of unprocessed (high mannose) glycans.



Conclusions

Glycobiology:

Changing the sequence of Env effects the glycosylation
profile.

Not all potential glycosylation sites on Env are utilized:
CON-S and JR-FL had 12 and 7 sites respectively that were
unoccupied.

Potential Correlations to Immunogenicity:

CON-S’s open glycosylation site in V3 may explain its
enhanced ability to elicit neutralizing antibodies of greater
breadth to V3.

CON-S contained a higher proportion of high-mannose
glycans which suggests a more stable 3D structure.



Future work:

Ultimate Goal: Characterize glycosylation on Env virions
produced in relevant cell types (T cell or macrophage cell line) to
identify the most biologically relevant glycan profile — then
design strategies to mimic that profile in immunogenic
experimental vaccines.
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