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The Neutralization Properties of a HIV-Specific Antibody Are
Markedly Altered by Glycosylation Events Outside the
Antigen-Binding Domain1
Luis R. Miranda,* Mark Duval,* Heather Doherty,* Michael S. Seaman,† Marshall R. Posner,*
and Lisa A. Cavacini2*
Neutralizing Abs constitute a pivotal mechanism of the adaptive immune response against HIV-1 infection. Yet, most of the Abs
that appear in the circulation during HIV infection are nonneutralizing. In this study, we report a dramatic change of the
neutralizing properties of a human Ab reactive with the nonneutralizing epitope termed cluster I on the HIV-1 transmembrane
protein gp41 when the Ab was produced in Chinese hamster ovary (CHO)-K1 cells. Our laboratory has previously reported that
the Ab F240, when produced in a hybridoma, is nonneutralizing as assessed by standard neutralization assays. The F240 IgG1 Ab
expressed in CHO cells acquired a strong neutralization activity against a broad range of HIV isolates without a change in
immunoreactivity. Sequencing of the F240 mRNAs produced in the parental hybridoma and CHO cells revealed identical sequences, suggesting that acquired neutralization resulted from cell-specific posttranslational modifications. We found that the Ab
produced by CHO cells is glycosylated to a greater extent than the parental Ab produced by the hybridoma. Moreover, treatment
with peptide N-glycosidase F abrogated F240 neutralization, in an isolate-specific manner, but not Ab b12 neutralization. Interestingly, the F240 isotype-switched variants IgG3 and IgG4, also expressed in CHO cells, exhibited identical immunoreactivity to
IgG1 isotypes but had clear differences in viral neutralization. These results suggest that structural features of the Ig molecule
other than the primary sequence of the variable regions play a more prominent role in HIV neutralization than anticipated. The
Journal of Immunology, 2007, 178: 7132–7138.

H

uman immunodeficiency virus type 1-specific neutralizing Abs, i.e., Abs that block virus entry into the host cell,
have an important role in controlling HIV spread in vivo
as suggested by the rapid and constant selection of neutralizing
Ab-escape variants during the course of infection (1, 2). This class
of Abs is directed against the viral envelope glycoprotein, a heterotrimer composed of the transmembrane gp41 subunit and the
heavily glycosylated CD4-binding subunit gp120 (3–5). HIV-1
possesses multiple mechanisms that allow escape from immune
surveillance. For example, evasion from Ab neutralization is facilitated by the fact that the accessible regions of the viral envelope
are highly variable while important neutralizing epitopes remain
concealed within the heterotrimeric complex (6 – 8). Similarly,
some epitopes that are deeply buried in the envelope may only be
transiently exposed during viral entry, limiting the time window
for effective Ab binding (9, 10). Furthermore, glycosylation on
gp120 blocks access to the conserved envelope core, and the
evolving asparagine-linked (N-linked) glycosylation pattern facilitates viral escape from the host’s Ab repertoire (2, 11).
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Only a limited number of highly and broadly HIV-neutralizing
human mAbs have been isolated and characterized. They include
the gp41 Abs 2F5 and 4E10 and the gp120 Abs 2G12 and b12
(12–17). Data derived from the crystal structure of envelope-Ab
complexes suggest that the neutralizing activity of these Abs (except for 2G12) is mediated by an unusually long CDR H3 loop that
penetrates deeply into the Ag cleft, which is obscured in the heterotrimeric envelope (12, 15, 18). Unfortunately, broad HIV neutralizing Abs occur only rarely in patients, while experimental vaccines have failed to induce a significant Ab response to autologous
primary isolates (19 –25) let alone nonautologous strains (26, 27).
The work of our laboratory and that of others (28 –30), has demonstrated that when the isotype (e.g., IgG to IgA) or subclass (e.g.,
IgG1 to IgG3) of an anti-HIV Ab is switched, the binding properties of the parental Ab are retained. Typically, in vitro Ab isotype
switching involves the insertion of the Ag binding variable regions
into a plasmid containing the Ab effector constant domain and
subsequently the plasmid is expressed in host cells such as the
Chinese hamster ovary (CHO)3 cell line, which is one of the first
mammalian cell lines successfully developed for use in the production of therapeutically valuable proteins. In our study we found
that a nonneutralizing but broadly reactive anti-gp41 Ab, F240 (26,
31), originally produced in a hybridoma, acquired the capacity to
neutralize HIV-1 upon expression in CHO cells. The F240 human
mAb was originally isolated in our laboratory. This Ab recognizes
the immunodominant epitope of gp41, which spans residues 592–
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604, and is commonly found among HIV-1 primary isolates (26,
31). Sequencing analysis of the variable regions of the Ab in the
parental hybridoma as well as in CHO cells showed identical primary sequences, suggesting that this change in function is likely
the result of distinct posttranslational modifications conferred by
production in different cell types. Indeed, our experiments revealed
different extents of glycosylation between the Abs expressed in
these two cell lines, and the specific sugar moieties added to F240
are critical for the change in neutralizing activity. Moreover, no
glycosylation sites are predicted within the variable domains of the
Ab and, thus, acquired neutralization seems to be dependent on the
Fc region. This proposal is further reinforced by the fact that isotype variants of F240 produced in CHO cells distinctly neutralize
virus isolates. The precise mechanisms by which Ab glycosylation
mediates neutralization of HIV-1 are under investigation.

Materials and Methods
Cell lines and reagents
CHO cells (CHO-K1) and 293T cells were obtained from the American
Type Culture Collection (ATCC number CCL-61). TZM-bl cells were obtained from the National Institutes of Health AIDS Research and Reference
Reagent Program (ARRRP). CHO-K1 cells were grown in RPMI 1640
medium (Mediatech) and 293T and TZM-bl cells were grown in DMEM
(Invitrogen Life Technologies). All media contained 10% FBS (HyClone),
10 g/ml gentamicin (Invitrogen Life Technologies), and 2 mM HEPES
(Mediatech). Luria-Bertani broth and agar and ampicillin were obtained
from Fisher Scientific. Puromycin was purchased from Acros Organics.
G418 was obtained from Mediatech. Restriction enzymes were obtained
through New England Biolabs. Other chemicals were obtained from
Sigma-Aldrich.

Oligonucleotide primers
Oligo(dT)20 was obtained through Invitrogen Life Technologies. The Ig
oligonucleotides used for PCR were synthesized by Operon. They include
the F240 -chain sense (5⬘-ATATATGCTAGCCGCCACCATGGTGTTG
CAGACCCAG-3⬘) and antisense (5⬘-ATATATTGCGGCCGCTCGTCTG
ATTTCCACCCT-3⬘ primers) and the H chain sense (5⬘-ATATATGCTA
GCCGCCACCATGGAGTTTGGGCTGAGC-3⬘) and antisense (5⬘-ATAT
ATGAAGCTTGCTGAGGAGACGGTGACC-3⬘) primers. To generate
RT-PCR products for sequencing analysis of the variable regions of the
F240 Ab expressed in the parental hybridoma and CHO cells, the primers
used were the  constant region (5⬘-ACACTCTCCCCTGTTGAA-3⬘) and
IgG1 constant region (5⬘-CAACTTTCTTGTCCACCTTGG-3⬘) antisense
primers. These primers were used in the RT-PCR together with the F240
 and H chain variable region primers, respectively.

cDNA synthesis
RNA was isolated from 107 to 108 cells by using the FastTrack mRNA
isolation kit (Invitrogen Life Technologies) according to the manufacturer’s instructions. cDNAs were synthesized using oligo(dT)20, Ig-specific
primers, and high fidelity Taq DNA polymerase (Invitrogen Life
Technologies).

Abs and viruses
The IgG1 F240 hybridoma was created from B cells isolated from an
HIV-1 seropositive individual (31). The broadly neutralizing mAb
IgG1b12 was obtained from the National Institutes of Health ARRRP. The
HIV-1 clade B primary isolates BaL (macrophage-tropic), JR-FL (R5tropic), SF162 (R5-tropic), 67970 (X4-tropic), and 89.6 (R5X4-tropic) and
the clade C isolate 301906 (R5-tropic) were obtained through the National
Institutes of Health ARRRP. The primary viruses were propagated in PHAstimulated PBMCs. Peripheral blood was collected from normal healthy
donors following informed consent and the study was approved by the Beth
Israel Deaconess Medical Center Institutional Review Board (Boston,
MA). HIV-1 envelope-pseudotyped viruses were generated by the transfection of 293T cells as previously described (32).
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pIRESneo3 and pIRESpuro3 were purchased from BD Biosciences-Clontech. Plasmids expressing the tier 2 HIV-1 clade B envelopes PVO.4,
QHO692.42, and RHPA4259.7, the clade C envelopes Du156.12 and
Du422.01, and the clade A envelopes Q23 and Q769 were obtained from
the National Institutes of Health ARRRP. Plasmids expressing the tier 1
clade B envelopes SF162.LS and BaL.26 were the generous gifts of D.
Montefiori (Duke University Medical Center, Durham, NC) and J. Mascola
(National Institutes of Health Vaccine Research Center, Bethesda, MD),
respectively. Tier 1 viruses are well-characterized neutralization-sensitive
strains of HIV-1, whereas tier 2 viruses are primary isolates that are not
overly sensitive or resistant to Ab-mediated neutralization.

Molecular cloning of Abs
In vitro generation of IgG F240 Abs was achieved by using a multistep
process. The variable regions of the L (VL) and H chains (VH) were isolated by RT-PCR-mediated amplification with specific oligonucleotide
primers to each polypeptide chain from RNA isolated from the F240 hybridoma. The primers contained unique restriction enzyme cut sites at the
ends of the VL (NheI-NotI) and VH (NheI-HindIII) cDNAs. To generate the
H and L chains, the VL and VH PCR products were appropriately digested
and cloned in-frame into the corresponding sites of the vectors pLC-huCk
and pHC-huC␥1/pHC-huC␥3/pHC-huC␥4, respectively. Full-length sequencing of the constructs was performed to exclude adventitious mutations that may have been introduced during the procedure. The F240 L and
H chain cassettes were subsequently cloned into internal ribosome entry
site (IRES)-based bicistronic expression vectors. To this end, the L chain
was digested with appropriate enzymes and cloned into the pIRESneo3 vector,
whereas the F240 H chain cassettes were cloned into the pIRESpuro3
vector.

Generation of recombinant Abs
Bicistronic plasmids carrying either the L or H chains were purified with
the Maxiprep kit (Qiagen) and the L chain vector was transfected into
CHO-K1 cells using Lipofectamine 2000 (Invitrogen Life Technologies).
After ⬃2 wk of selection in RPMI 1640 containing 800 g/ml G418,
colonies were isolated and L chain expression was monitored by Western
blotting of cell lysates. Cell clones expressing the F240 L chain were propagated and subsequently subjected to a second round of transfection with
the pIRESpuro3-F240 H chain plasmids to generate the mature Ig. After 2
wk of clonal selection in medium containing 10 g/ml puromycin and 800
g/ml G418, individual culture supernatants were screened for IgG production by subclass specific ELISA. To this end, ELISA plates were sensitized with goat anti-human IgG (Southern Biotechnology Associates) and
blocked with 1% BSA. Ab-containing medium was added to the wells and
bound Ab was detected using murine Abs to IgG subclasses (HP6001
(IgG1), HP6050 (IgG3), and HP6025 (IgG4)) followed by HRP-conjugated
goat anti-mouse IgG Ab and detection using an orthophenylenediamine
(OPD) substrate. The murine Abs were purified from hybridomas obtained
from the ATCC. Known standards of IgG subclasses (EMD BiosciencesCalbiochem) were used as controls.

Western blots
For Western blot analysis, CHO cells were washed with PBS and the pellet
was treated with 100 l lysis buffer (1% TX-100, 0.4% deoxycholic acid,
100 mM PMSF, and 1⫻ Halt protease inhibitor mixture (Pierce) in PBS).
The lysates were clarified by centrifugation and SDS loading buffer was
added to 100 g of the clarified supernatant. Proteins were subjected to
SDS-PAGE (8 –20%) and transferred (16 h) onto Immobilon membranes
(Millipore) that were incubated with the primary Ab followed by a HRPconjugated secondary Ab and revealed by using the SuperSignal West Pico
chemiluminescence system (Pierce).

Purification and quantitation of recombinant Abs
For Ab production, cell clones were grown in medium without selection
antibiotics for 4 –7 days and the supernatant was collected. Ab was purified
from the supernatant by protein G affinity chromatography. Purified Ab
was quantitated by ELISA using known concentrations of isotype control
proteins (EMD Biosciences-Calbiochem) to generate a standard curve. All
preparations were prepared under endotoxin-free conditions and purity was
assessed by SDS-PAGE.

Plasmids

Immunoreactivity of recombinant Abs

The vectors pLC-huCk ( L chain), pHC-huC␥1 (IgG1), pHC-huC␥3
(IgG3), and pHC-huC␥4 (IgG4) encoding the Ig constant regions were
obtained from Dr. G. McLean (University of Texas Health Sciences Center, Houston, TX) (33). The bicistronic mammalian expression vectors

ELISA plates were sensitized overnight with recombinant gp41 (VTI-310)
from Vybion at a concentration of 2 g/ml in PBS. Plates were blocked
with 1% blocker BSA (Pierce) for 2 h at room temperature before use.
Serial, 2-fold dilutions of Ab were added in triplicate to blocked plates and
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incubated for 30 min at room temperature. Unbound Ab was removed by
washing and bound Ab was detected using a HRP-conjugated goat antihuman -chain Ab (Southern Biotechnology Associates) which reacts
identically to the L chains shared by the recombinant Abs. After 30 min at
room temperature, the plates were washed and developed using OPD substrate for 15 min. OD was determined using an automated plate reader.

Neutralization assays
Neutralizing Ab responses against primary isolate and envelopepseudotyped HIV-1 viruses were measured using a luciferase-based assay
in TZM-bl cells as previously described (32). This assay measures the
reduction in luciferase reporter gene expression in TZM-bl cells following
a single round of virus infection. The IC50 was calculated as the concentration that caused a 50% reduction in relative luminescence units compared with the virus control wells after the subtraction of cell control relative luminescence units. Alternatively, for the isotype switch mutants the
reporter readout was based on ␤-galactosidase production, which was measured by ELISA (Pierce). A PBMC-based assay (26, 34) was also used to
confirm HIV-1 neutralization in a more biologically relevant model.
Briefly, serial 2-fold dilutions of a mAb were incubated with virus stock
diluted to 200 50% tissue culture infective dose TCID50 for 1 h at 37oC
before the addition of PHA-stimulated PBMC target cells (1 ⫻ 105 cells/
well). The plates were incubated for 4 h at 37oC with 5% CO2, after which
they were washed and the medium replaced with fresh growth medium.
Seven days after the infection was initiated, the supernatant was removed
and tested for p24 by ELISA using murine anti-p24 Ab to capture p24,
which is detected by sandwich ELISA using IgG purified from pooled HIV
sera followed by goat anti-human IgG biotin and HRP-conjugated streptavidin with OPD as the substrate. Concentrations of p24 were derived from
a standard curve using known concentrations of p24. IC50 was calculated
as the concentration of the Ab that reduced p24 levels by 50% from that
observed with a non-HIV IgG control Ab.

Lectin binding ELISA
ELISA using biotinylated lectins was used to determine the glycosylation
of Abs produced in hybridoma and CHO cells. ELISA plates were sensitized overnight with purified Ab at 2 g/ml in PBS. Plates were blocked as
described above and the biotin-labeled lectins Con A, Sambucus nigra
agglutinin (SNA), Aleuria aurantia lectin (AAL), and Ricinus communis
agglutinin I (RCAI) (Vector Laboratories) added at 1/10,000 to 1/20,000
dilution for 30 min at room temperature. After washing, HRP-conjugated
streptavidin was added for 30 min, the plates washed, and the OPD substrate added. The OD was determined at 490 nm. Biotinylated goat antihuman -chain or IgG Fc Abs were added to control wells to ensure that
the Abs of interest bound to the plate equivalently.

Peptide N-glycosidase F (PNGase F) treatment
This procedure was performed following the manufacturer’s directions.
Briefly, b12 or F240 IgG1 Abs at 340 g/ml were incubated overnight at
37°C under nondenaturing conditions with 5 U of PNGase F (New England
Biolabs) in a 200-l reaction. PNGase F-treated Abs were sensitized to
ELISA plates to determine the extent of deglycosylation and used in a
standard neutralization assay as indicated above.

Results
In vitro generation of recombinant F240
F240 is an IgG1 human mAb originally isolated in our laboratory.
It recognizes an extracellular conserved epitope (residues 592–
604) on gp41 within the epitope termed class I. F240 reacts with
primary isolates from all clades of HIV-1 (31) and, while nonneutralizing, enhances neutralization by other Abs (26).
The generation of IgG F240 isotypes in CHO-K1 cells was
achieved by using a multistep strategy. Essentially, the Ab variable
regions were isolated by RT-PCR from the original hybridoma and
subsequently cloned into plasmid DNA vectors that encode either
the constant region of the  L chain (pLC-huCk) or the constant
region of the IgG subclasses (pHC-huC␥1, 3, or 4). Although these
vectors are capable of driving Ig expression in mammalian cells
(33), to further facilitate the selection of cells stably expressing the
Ab of interest we subcloned the full-length F240 L and H chain
cassettes into IRES-based bicistronic expression vectors. The plasmids were then purified and the L chain vector was transfected into

FIGURE 1. Generation of F240 IgG Abs in CHO cells. A, Western blot
of lysates from CHO colonies resistant to G418. F240 L chain expression
was monitored by using a goat anti-human -chain Ab conjugated to HRP.
Lane 1, Cells stably transfected with vector alone; lanes 2– 4, three cell
clones stably transfected with the F240 L chain vector. All cell clones were
grown under identical conditions. B, SDS-PAGE of purified Abs. Lane 1,
m.w. marker; lane 2, IgG1 F240 purified from the hybridoma; lane 3, IgG1
F240; lane 4, IgG4 F240. Abs were produced, purified, and stored under
identical conditions. HC, H chain; LC, L chain.

CHO-K1 cells. After ⬃2 wk of selection in RPMI 1640 containing
G418, colonies were isolated and L chain expression was confirmed by Western blot analysis of lysed cells. Fig. 1A shows that
the  L chain of the F240 Ab is retained intracellularly in the CHO
cell clones. Although notably rare, intracellular retention of L
chains has been observed and could be the result of somatic hypermutations of L chain residues (our unpublished observations).
To generate mature immunoglobulins, cells expressing the F240
L chain were transfected with the pIRESpuro3-F240 ␥1, 3, and 4
plasmids. After two weeks of clonal selection in medium containing puromycin and G418, individual culture supernatants were
screened for IgG production by ELISA. Stable cell clones produced moderate levels of Ab (0.01– 0.05 g/ml; 106 cells; 24 h).
Finally, cells expressing the highest levels of F240 IgG isotypes
were propagated in culture triple flasks and the Ab was purified
from the culture medium using protein G (IgG) affinity chromatography, quantified, and subjected to SDS-PAGE analysis to verify the presence of the L and H chains and assess purity (Fig. 1B).
The results show that by using this method we have produced in
vitro the Abs F240-IgG1, F240-IgG3, and F240-IgG4. The class of
the purified Abs was verified by class-specific ELISA.
Immunoreactivity of isotype switched F240
F240 Abs produced in CHO cells were tested for immunoreactivity
with recombinant gp41 by ELISA to assess whether class switch
led to alterations of their binding properties. F240 bound to gp41
was detected using a goat anti--chain Ab for comparative purposes. As shown in Fig. 2, the reactivity of recombinant Abs generated in CHO cells, including IgG1, IgG3, and IgG4, paralleled
that observed for the parental F240 produced by hybridoma cells.
F240 constructs were also tested for reactivity with primary isolate
virions from clades B and C, some of which are considered either
neutralization resistant or sensitive (34), and identical results were
obtained (data not shown). Thus, CHO-derived F240 isotypes retained broad reactivity with gp41.
Neutralization of HIV by F240 generated in CHO cells
F240 isotype-switched Abs were tested for neutralization of HIV
using a TZM-bl based reporter assay. Primary isolate virus was
grown in PBMCs and an envelope-pseudotyped virus was isolated
from transfected 293T cells. In contrast to the parental F240 IgG1
Ab produced in hybridoma cells (F240-H), F240-IgG1 purified
from CHO cells neutralized a range of HIV isolates with an IC50
in the range of that observed with the broadly neutralizing anti-
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Table II. Neutralization of HIV-1 primary isolates by F240 IgG
antibodies generated in CHO cells
IC50a,b
Isolate

F240-IgG1

F240-IgG3

F240-IgG4

67970
SF162
BaL
89.6
JR-FL
93MW960

0.3
0.2
22.3
3.0
12.6
22.7

0.4
0.4
1.2
1.6
1.6
⬎40

9.7
2.6
⬎40
⬎40
⬎40
⬎40

Concentration of Ab (g/ml) required for 50% inhibition of virus.
IC50 values are the mean of triplicate wells and representative of at least three
independent experiments.
a
b

FIGURE 2. Immunoreactivity of F240 generated in CHO cells with
gp41. F240 IgG1 (f), IgG3 (Œ), and IgG4 (⽧) along with F240 from the
parental hybridoma (䡺) were added to ELISA plates sensitized with gp41.
The bound F240 Ab was detected using HRP-conjugated goat anti-human
L chain Ab and OD was determined at 490 nm after the addition of the
OPD substrate. Results are the mean of triplicate wells and are representative of at least three independent experiments.

CD4 binding site Ab, b12 (Table I). F240-IgG1 generated in CHO
cells neutralized the majority of clade B isolates, including those
designated tier 1 and tier 2 (35), similar to b12. Tier 1 viruses are
well-characterized neutralization-sensitive strains of HIV-1,
whereas tier 2 viruses are primary isolates that are not overly sensitive or resistant to Ab-mediated neutralization. Although tier 2
clade A isolates were resistant to neutralization by either F240IgG1 or b12, two tier 2 clade C isolates were neutralized by both
Abs. When the IgG3 and IgG4 variants of F240 were compared
with the F240-IgG1, despite similar immunoreactivity with HIV,
there were subclass-specific differences in neutralization (Table
II). The IgG1 and IgG3 subclasses were much more effective at
neutralizing the virus than the IgG4 subclass, and the IgG3 ap-

Table I. Neutralization of HIV primary isolates by F240-IgG1
IC50 (g/ml)a,b
TZM-bl Assay

Clade B, tier 1
SF162.LS
BaL.26
Clade B, tier 2
PVO.4
QH0692.42
RHPA4259
Clade A, tier 2
Q23
Q769
Clade C, tier 2
Du156.12
Du422.01

F240-Hc

F240-G1d

b12e

⬎25
⬎25

0.09
0.4

0.25
0.28

⬎25
⬎25
⬎25

⬎25
7.12
2.22

⬎25
4.44
1.03

⬎25
⬎25

⬎25
⬎25

⬎25
⬎25

⬎25
⬎25

7.67
5.89

3.84
2.76

IC50(g/ml)b,f
PBMC Assay

F240-H

F240-G1

b12

67960
SF162

⬎25
⬎25

0.15
4.6

0.4
0.3

Concentration of Ab (g/ml) required for 50% inhibition of virus.
IC50 values are the mean of triplicate wells and are representative of at least two
independent experiments.
c
F240 IgG1 parental hybridoma.
d
F240 IgG1 CHO-K1 cells.
e
b12 IgG1 CHO-K1 cells.
f
Concentration of antibody (g/ml) required for 50% inhibition of virus as measured by a reduction of p24 produced after 7 days.
a
b

peared to be most potent. In addition to neutralizing the primary
isolate virus when measured using TZM-bl indicator cells, F240
IgG1 expressed in CHO cells also neutralized the primary isolate
virus when tested using a PBMC-based assay (Table I). The neutralization of SF162 in the PBMC-based assay requires significantly more F240-G1 produced in CHO cells than that required for
neutralization in the TZM-bl assay. This difference likely reflects
differences in the source of the virus (PBMC vs pseudovirus), the
target cell, and the rounds of infection (multiple for PBMC and
single for TZM-bl).
Sequence comparison of F240 Abs generated in two different
cell types
To exclude any artifacts that may have been produced during integration of the F240 L and H chains plasmids into the genome of
CHO cells, we performed RT-PCR on mRNA isolated from the
F240 parental hybridoma as well as CHO-K1 cells expressing
the Ab, using specific primers derived from the signal sequence
of the L and H chains and primers from the corresponding constant regions. The sequencing analysis demonstrated that there
are no differences in the nucleotide sequences of the L and H
chain variable regions of the F240 Abs produced in both cell
types (data not shown).
Glycosylation of recombinant F240
Glycoproteins are differentially glycosylated depending upon cell
type and growth conditions, and differences in glycosylation are
known to affect Ab function (36 – 43) There is an N-linked glycosylation site at N297 of the CH2 domain of IgG with an ␣-linked
mannose core. There is heterogeneity in the terminal glycans resulting from differences in fucose, bisecting N-acetylglucosamine,
galactose, and sialic residues. The terminal glycans on the F240
Abs produced in CHO cells were compared with the parental hybridoma Ab by binding to lectins (lectin binding ELISA) specific
for defined glycans. As expected, there was no difference in the
binding of Con A, which reacts with ␣-linked mannose, to either
CHO-derived or hybridoma Ab (Fig. 3). However, there was
marked elevation in sialic acid, fucose, and N-acetylglucosamine
as evidenced by increased binding of the lectins SNA, AAL, and
RCAI to the Abs produced in CHO cells as compared with Ab
purified from the hybridoma. Therefore, there was an increase in
the glycans associated with the Ab generated in CHO cells, which
is neutralizing, as compared with the Ab purified from the parental
hybridoma, which fails to neutralize. By sequence analysis, a potential O-linked glycosylation site was found in the variable region
of the L chain; however, when tested by Western blotting there
was no difference in lectin binding to the L chain but there were
differences in binding to the H chain (data not shown).
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Table III. Neutralization of HIV-1 primary isolates by F240 IgG1
produced in CHO cells after PNGase F treatment
IC50a,b
Isolate

F240-IgG1

F240-IgG1
PNGase F

b12-IgG1

b12-IgG1
PNGase F

67970
93MW960
SF162
89.6
JR-FL

0.3
22
0.5
5.7
ND

3.6
34.2
1.1
⬎40
ND

ND
ND
0.001
8.1
0.2

ND
ND
0.003
11.1
0.3

Concentration of Ab (g/ml) required for 50% inhibition of virus.
IC50 values are the mean of triplicate wells and are representative of at least two
independent experiments.
a

FIGURE 3. Determination of recombinant F240 glycosylation by lectin
ELISA. Biotinylated lectins with defined specificity (ConA, ␣-linked mannose (filled bars); SNA, sialic acid (diagonal bars); AAL, fucose (open
bars); and RCAI, N-acetylglucosamine and galactose (horizontal bars))
were reacted with ELISA plates sensitized with F240 generated in CHO
cells or the hybridoma. Bound lectin was detected using HRP-conjugated
streptavidin and the OPD substrate and OD was determined at 490 nm.
Results are the mean of triplicate wells and representative of at least three
independent experiments.

To further test the role of glycosylation on F240 neutralization
activity, Abs purified from CHO cells were treated with N-glycosidase F (PNGase F), which removes all types of N-linked glycosylation. Overnight treatment of recombinant F240 with PNGase F
significantly reduced, but did not eliminate, the glycans associated
with the recombinant Ab as assessed by the lectin binding ELISA.
PNGase F treatment reduced AAL binding by 70%, RCAI by 36%,
SNA by 45%, and ConA by 15%. Similarly, PNGase F treatment
of the control anti-gp120 human mAb b12 IgG1 (also purified
from CHO cells) reduced AAL binding completely, RCAI by 69%,
SNA completely, and Con A by 68%. Moreover, PNGase F treatment did not affect the binding properties of the recombinant F240
Ab produced in CHO cells (Fig. 4), nor did it affect b12 binding to
recombinant gp120. More importantly, PNGase F treatment significantly abolished the neutralization activity of recombinant
F240 with isolate 89.6 ( p ⬍ 0.001). Further, more PNGase Ftreated recombinant F240 IgG1 Ab was required to neutralize the
67970 isolate ( p ⬍ 0.05). This effect appears to be isolate specific
inasmuch as PNGase F treatment had no effect on the SF162 and
93MW960 isolates, which may be a function of the neutralization
sensitivity/resistance of these isolates. Importantly, treatment did

FIGURE 4. Deglycosylation by PNGase F of the F240 Ab produced in
CHO cells does not alter binding to Ag. IgG1 untreated (䡺), and PNGase
F-treated (f) F240 Abs were added to ELISA plates sensitized with gp41.
Bound F240 Ab was detected using a HRP-conjugated goat anti-human L
chain Ab and OD was determined at 490 nm after the addition of the OPD
substrate. Results are the mean of triplicate wells and representative of at
least three independent experiments.

b

not affect the activity of the control b12 IgG1 Ab (Table III). These
data support the proposal that glycans are critical for the neutralization of HIV-1 isolates by CHO-produced recombinant F240.

Discussion
In recent years there has been a dramatic increase in the number of
mAbs either approved or under clinical development to treat a
range of diseases (reviewed by Laffly and Sodoyer in Ref. 44). The
majority of these Abs, as well as isotype-switched Abs, have been
produced by expressing transfected genes in CHO cells with the
retention of Ab immunoreactivity and/or function. In this report we
describe the acquired capacity of the human F240 mAb to the
immunodominant region of gp41 to neutralize infection in a traditional neutralization assay when it is generated as a recombinant
Ab and expressed in CHO cells. It is worth noting that although the
F240 Ab has been previously characterized as nonneutralizing, a
recent report has shown that this Ab (and other nonneutralizing
Abs) is capable of inhibiting viral replication by mechanisms distinct from those mediated on the virion surface by the Ab Agbinding regions (45).
Isotype-switched F240 (IgG1, IgG3 and IgG4) was purified
from CHO cells in a manner identical with that of an Ab purified
from the parental hybridoma and found to be equivalently immunoreactive with recombinant gp41 and primary isolate viruses.
However, in contrast to the Ab produced by the hybridoma, isotype-switched Abs purified from CHO cells neutralized HIV infection as measured in a TZM-bl assay, and also in PBMCs. In
some cases, F240 as an IgG3 was more potent than the IgG1 isotype (e.g., BaL and JR-FL), whereas there was no difference for the
other isolates. In all cases, F240 as an IgG4 molecule was less able
to neutralize infection. These isotypic differences are likely a function of the flexibility of the IgG subclasses. It is known that IgG3
molecules tend to be more flexible in binding than IgG1 molecules
because of the extended hinge region, whereas IgG4 molecules
tend to be relatively rigid in structure (46). We have shown previously that when the CD4bs Ab F105 is changed from an IgG1
Ab to IgG3, both forms of the Ab had equivalent binding to HIV
(28). However, F105 IgG3 is able to neutralize an isolate that the
IgG1 failed to neutralize. Thus, an increase in Ab flexibility resulted in altered Ab/Ag interactions such that an isolate resistant to
the IgG1 subclass was neutralized by the IgG3 subclass. Polyclonal serum IgG3 was found to have more neutralizing activity
than IgG1 or IgG2 (47). More flexible IgG3 Abs might be capable
of increased access to epitopes and efficacy than the more prevalent IgG1, and the ability of IgG3 Abs to form higher order complexes might also enhance functional effects (48 –50). Thus,
crosslinking of specific epitopes of HIV by flexible IgG3 Abs may
result in changes in the oligomer that reduce viral infection.
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Because there are no differences in the sequences of the F240
Abs produced by CHO cells and the parental hybridoma, the acquired neutralization activity of this Ab is likely the result of distinct posttranslational modifications conferred by these two cell
lines. Among the posttranslational modifications that Abs undergo
during their intracellular maturation process, tyrosine sulfation and
N-linked glycosylation are the best characterized. For HIV-1 Abs,
Ab tyrosine sulfation has been shown to be important for the ability of the Ab to neutralize the virus. Yet, this type of modification
has been shown to be relevant for Abs that recognize the CCR5binding region of gp120 only (51, 52) and, hence, it is unlikely to
play a significant role in the acquired neutralization of the gp41 Ab
F240 upon expression in CHO cells. Importantly, it is widely acknowledged that an Ab expressed in CHO cells is differentially
glycosylated as compared with an Ab produced in other mammalian cells (36, 37). There is an N-linked glycosylation site located
at the N297 of the CH2 domain. The core of this complex biantennary type of sugar is a heptasaccharide consisting of N-acetylglucosamine and mannose. The variation in glycosylation is due to
differences in terminal sialic acid, galactose, N-acetylglucosamine,
and fucosylation of the core. It was found that the F240 Ab produced in CHO cells had significantly more of these terminal glycans and core fucose when compared with the F240 Ab from the
hybridoma, despite similar levels of core mannose. Ab glycosylation stabilizes IgG molecules from degradation (53, 54) and affects IgG binding to Fc receptors, possibly by influencing the
structural conformation of the IgG molecule (55, 56).
It is also worth noting that the extent of neutralization observed
within the same subclass appears to be isolate specific. This observation is unlikely to be the result of subtle differences within the
sequence of the immunodominant domain of gp41 that F240 recognizes because this Ab reacts identically with virus isolates considered either neutralization sensitive or resistant. Rather, it is
widely believed in the field that divergent glycosylation patterns of
the viral envelope are responsible for the different sensitivities of
HIV isolates to broadly neutralizing Abs. This could account for
the dissimilar results with the isolates herein studied. Of particular
relevance are our observations involving PNGase F treatment of
CHO-derived Abs. In fact, in the present study Abs treated with
the glycosidase produced the largest neutralizing effect with the
HIV-1 isolate 89.6, whereas no significant differences in neutralization were observed with the isolates SF162 and 93MW960 (see
Results and Table III). We think that this effect is due to the intrinsic resistance of these viruses to neutralizing Abs. Although
SF162 is known to be extremely sensitive to Ab-mediated neutralization, the opposite is true for the 93MW960 isolate, which is
not neutralized by a number of neutralizing Abs. Therefore, a significant difference in the extent of neutralization of Abs treated
with PNGase F is not expected with the latter two isolates. Apart
from these observations, differences in glycosylation are also
known to profoundly affect Ab function with Ab-dependent cellular cytotoxicity activity, presumably due to differences in Ab
interaction with Fc receptors (38 – 43).
Finally, in the absence of structural data we speculate that the
F240 Ab produced in CHO cells may more effectively impact on
viral infection as a result of the interaction of its terminal glycans
with HIV after F240 binding to its epitope on gp41, hence interfering with the conformational changes and energy relationships
among the trimers or between the trimers and the receptors on the
cell surface. Indeed, from the point of view of the Ag/Ab interaction, it has been shown that sugar moieties that apparently lie apart
from the antibody’s binding site can severely influence the access
of the Ab to neutralizing epitopes (57). Thus, by analogy glycans
present on the Fc region of F240 can dramatically affect the vi-
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rus/Ab interaction. An alternative mechanism would involve alterations in the structure of the Fab domain by the oligosaccharides
present in the Fc region. However, the fact that the flexible hinge
region structurally isolates both Ab domains makes this hypothesis
less plausible. It has been shown by Kaneko et al. that the degree
of sialylation of the Fc domain of IgG regulates its interaction with
Fc␥Rs (58). Although it can be speculated that the higher content
of the terminal saccharide sialic acid in the F240 Ab derived from
CHO cells facilitates the engagement of immune complexes with
Fc receptors on neutrophils or NK cells resulting in virus inactivation, this is unlikely to occur in the 7-day PBMC-based assay or
in the TZM-bl assay. Studies are underway to determine the contribution of sialic acid in our observations and also to find out
whether F240 blocks binding, engagement with the chemokine
coreceptor, or fusion and whether glycosylation alters binding on/
off rates.

Acknowledgments
We are grateful for the generous contributions to this work of Ig expression
vectors from Dr. Gary McLean (University of Texas Health Sciences Center, Houston, TX). We are also grateful to Dr. Ralph Pannell (Beth Israel
Deaconess Medical Center, Boston, MA) for his assistance with UV
spectrometry.

Disclosures
The authors have no financial conflict of interest.

References
1. Richman, D. D., T. Wrin, S. J. Little, and C. J. Petropoulos. 2003. Rapid evolution of the neutralizing antibody response to HIV type 1 infection. Proc. Natl.
Acad. Sci. USA 100: 4144 – 4149.
2. Wei, X., J. M. Decker, S. Wang, H. Hui, J. C. Kappes, X. Wu,
J. F. Salazar-Gonzalez, M. G. Salazar, J. M. Kilby, M. S. Saag, et al. 2003.
Antibody neutralization and escape by HIV-1. Nature 422: 307–312.
3. Kowalski, M., J. Potz, L. Basiripour, T. Dorfman, W. C. Goh, E. Terwilliger,
A. Dayton, C. Rosen, W. Haseltine, and J. Sodroski. 1987. Functional regions of
the envelope glycoprotein of HIV type 1. Science 237: 1351–1355.
4. Kozarsky, K., M. Penman, L. Basiripour, W. Haseltine, J. Sodroski, and
M. Krieger. 1989. Glycosylation and processing of HIV-1 envelope protein.
J. Acquired Immune Defic. Syndr. 2: 163–169.
5. Pinter, A., W. J. Honnen, S. A. Tilley, C. Bona, H. Zaghouani, M. K. Gorny, and
S. Zolla-Pazner. 1989. Oligomeric structure of gp41, the transmembrane protein
of human immunodeficiency virus type 1. J. Virol. 63: 2674 –2679.
6. Kwong, P. D., R. Wyatt, J. Robinson, R. W. Sweet, J. Sodroski, and
W. A. Hendrickson. 1998. Structure of an HIV gp120 envelope glycoprotein in
complex with the CD4 receptor and a neutralizing human antibody. Nature 393:
648 – 659.
7. Wyatt, R., P. D. Kwong, E. Desjardins, R. W. Sweet, J. Robinson, W. A.
Hendrickson, and J. G. Sodroski. 1998. The antigenic structure of the HIV gp120
envelope glycoprotein. Nature 393: 705–711.
8. Wyatt, R., and J. Sodroski. 1998. The HIV-1 envelope glycoproteins: fusogens,
antigens, and immunogens. Science 280: 1884 –1888.
9. Sullivan, N., Y. Sun, Q. Sattentau, M. Thali, D. Wu, G. Denisova, J. Gershoni,
J. Robinson, J. Moore, and J. Sodroski. 1998. CD4-Induced conformational
changes in the human immunodeficiency virus type 1 gp120 glycoprotein: consequences for virus entry and neutralization. J. Virol. 72: 4694 – 4703.
10. Weissenhorn, W., A. Dessen, S. C. Harrison, J. J. Skehel, and D. C. Wiley. 1997.
Atomic structure of the ectodomain from HIV-1 gp41. Nature 387: 426 – 430.
11. Reitter, J. N., R. E. Means, and R. C. Desrosiers. 1998. A role for carbohydrates
in immune evasion in AIDS. Nat. Med. 4: 679 – 684.
12. Cardoso, R. M., M. B. Zwick, R. L. Stanfield, R. Kunert, J. M. Binley,
H. Katinger, D. R. Burton, and I. A. Wilson. 2005. Broadly neutralizing anti-HIV
antibody 4E10 recognizes a helical conformation of a highly conserved fusionassociated motif in gp41. Immunity 22: 163–173.
13. Ferrantelli, F., and R. M. Ruprecht. 2002. Neutralizing antibodies against HIV:
back in the major leagues. Curr. Opin. Immunol. 14: 495–502.
14. Kessler, J. A. II, P. M. McKenna, E. A. Emini, C. P. Chan, M. D. Patel,
S. K. Gupta, G. E. Mark III, C. F. Barbas III, D. R. Burton, and A. J. Conley.
1997. Recombinant human monoclonal antibody IgG1b12 neutralizes diverse
human immunodeficiency virus type 1 primary isolates. AIDS Res. Hum. Retroviruses 13: 575–582.
15. Ofek, G., M. Tang, A. Sambor, H. Katinger, J. R. Mascola, R. Wyatt, and
P. D. Kwong. 2004. Structure and mechanistic analysis of the anti-human immunodeficiency virus type 1 antibody 2F5 in complex with its gp41 epitope.
J. Virol. 78: 10724 –10737.
16. Scanlan, C. N., R. Pantophlet, M. R. Wormald, E. O. Saphire, D. Calarese,
R. Stanfield, I. A. Wilson, H. Katinger, R. A. Dwek, D. R. Burton, and

7138

17.

18.

19.

20.

21.

22.

23.
24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

GLYCANS ON HIV-1 ANTIBODY AFFECT NEUTRALIZATION ACTIVITY

P. M. Rudd. 2003. The carbohydrate epitope of the neutralizing anti-HIV-1 antibody 2G12. Adv. Exp. Med. Biol. 535: 205–218.
Stiegler, G., and H. Katinger. 2003. Therapeutic potential of neutralizing antibodies in the treatment of HIV-1 infection. J. Antimicrob. Chemother. 51:
757–759.
Zwick, M. B., P. W. Parren, E. O. Saphire, S. Church, M. Wang, J. K. Scott,
P. E. Dawson, I. A. Wilson, and D. R. Burton. 2003. Molecular features of the
broadly neutralizing immunoglobulin G1 b12 required for recognition of human
immunodeficiency virus type 1 gp120. J. Virol. 77: 5863–5876.
Amara, R. R., J. M. Smith, S. I. Staprans, D. C. Montefiori, F. Villinger,
J. D. Altman, S. P. O’Neil, N. L. Kozyr, Y. Xu, L. S. Wyatt, et al. 2002. Critical
role for Env as well as Gag-Pol in control of a simian-human immunodeficiency
virus 89.6P challenge by a DNA prime/recombinant modified vaccinia virus Ankara vaccine. J. Virol. 76: 6138 – 6146.
Amara, R. R., F. Villinger, J. D. Altman, S. L. Lydy, S. P. O’Neil, S. I. Staprans,
D. C. Montefiori, Y. Xu, J. G. Herndon, L. S. Wyatt, et al. 2001. Control of a
mucosal challenge and prevention of AIDS by a multiprotein DNA/MVA vaccine. Science 292: 69 –74.
Amara, R. R., F. Villinger, S. I. Staprans, J. D. Altman, D. C. Montefiori,
N. L. Kozyr, Y. Xu, L. S. Wyatt, P. L. Earl, J. G. Herndon, et al. 2002. Different
patterns of immune responses but similar control of a simian-human immunodeficiency virus 89.6P mucosal challenge by modified vaccinia virus Ankara
(MVA) and DNA/MVA vaccines. J. Virol. 76: 7625–7631.
Barouch, D. H., S. Santra, J. E. Schmitz, M. J. Kuroda, T. M. Fu, W. Wagner,
M. Bilska, A. Craiu, X. X. Zheng, G. R. Krivulka, et al. 2000. Control of viremia
and prevention of clinical AIDS in rhesus monkeys by cytokine-augmented DNA
vaccination. Science 290: 486 – 492.
Letvin, N. L. 1998. Progress in the development of an HIV-1 vaccine. Science
280: 1875–1880.
Montefiori, D. C., K. A. Reimann, M. S. Wyand, K. Manson, M. G. Lewis,
R. G. Collman, J. G. Sodroski, D. P. Bolognesi, and N. L. Letvin. 1998. Neutralizing antibodies in sera from macaques infected with chimeric simian-human
immunodeficiency virus containing the envelope glycoproteins of either a laboratory-adapted variant or a primary isolate of human immunodeficiency virus
type 1. J. Virol. 72: 3427–3431.
Shiver, J. W., T. M. Fu, L. Chen, D. R. Casimiro, M. E. Davies, R. K. Evans,
Z. Q. Zhang, A. J. Simon, W. L. Trigona, S. A. Dubey, et al. 2002. Replicationincompetent adenoviral vaccine vector elicits effective anti-immunodeficiencyvirus immunity. Nature 415: 331–335.
Cavacini, L. A., M. Duval, J. Robinson, and M. R. Posner. 2002. Interactions of
human antibodies, epitope exposure, antibody binding and neutralization of primary isolate HIV-1 virions. AIDS 16: 2409 –2417.
Moore, J. P., Y. Cao, J. Leu, L. Qin, B. Korber, and D. D. Ho. 1996. Inter- and
intraclade neutralization of human immunodeficiency virus type 1: genetic clades
do not correspond to neutralization serotypes but partially correspond to gp120
antigenic serotypes. J. Virol. 70: 427– 444.
Cavacini, L. A., C. L. Emes, J. Power, F. D. Desharnais, M. Duval, D. Montefiori,
and M. R. Posner. 1995. Influence of heavy chain constant regions on antigen
binding and HIV-1 neutralization by a human monoclonal antibody. J. Immunol.
155: 3638 –3644.
Huang, Y. T., A. Wright, X. Gao, L. Kulick, H. Yan, and M. E. Lamm. 2005.
Intraepithelial cell neutralization of HIV-1 replication by IgA. J. Immunol. 174:
4828 – 4835.
Wolbank, S., R. Kunert, G. Stiegler, and H. Katinger. 2003. Characterization of
human class-switched polymeric (immunoglobulin M [IgM]] and IgA) antihuman immunodeficiency virus type 1 antibodies 2F5 and 2G12. J. Virol. 77:
4095– 4103.
Cavacini, L. A., C. L. Emes, A. V. Wisnewski, J. Power, G. Lewis, D. Montefiori,
and M. R. Posner. 1998. Functional and molecular characterization of human
monoclonal antibody reactive with the immunodominant region of HIV type 1
glycoprotein 41. AIDS Res. Hum. Retroviruses 14: 1271–1280.
Li, M., F. Gao, J. R. Mascola, L. Stamatatos, V. R. Polonis, M. Koutsoukos,
G. Voss, P. Goepfert, P. Gilbert, K. M. Greene, et al. 2005. Human immunodeficiency virus type 1 env clones from acute and early subtype B infections for
standardized assessments of vaccine-elicited neutralizing antibodies. J. Virol. 79:
10108 –10125.
McLean, G. R., A. Nakouzi, A. Casadevall, and N. S. Green. 2000. Human and
murine immunoglobulin expression vector cassettes. Mol. Immunol. 37:
837– 845.
Cavacini, L., M. Duval, L. Song, R. Sangster, S. H. Xiang, J. Sodroski, and
M. Posner. 2003. Conformational changes in env oligomer induced by an antibody dependent on the V3 loop base. AIDS 17: 685– 689.
Mascola, J. R., P. D’Souza, P. Gilbert, B. H. Hahn, N. L. Haigwood, L. Morris,
C. J. Petropoulos, V. R. Polonis, M. Sarzotti, and D. C. Montefiori. 2005. Recommendations for the design and use of standard virus panels to assess neutralizing antibody responses elicited by candidate human immunodeficiency virus
type 1 vaccines. J. Virol. 79: 10103–10107.
Routier, F., M. Davies, K. Bergemann, and E. Hounsell. 1997. The glycosylation
pattern of a humanized IgG1 antibody (D1.3) expressed in CHO cells. Glycoconj.
J. 14: 201–207.

37. Sheeley, D., B. Merrill, and L. Taylor. 1997. Characterization of monoclonal
antibody glycosylation: comparison of expression systems and identification of
terminal ␣-linked galactose. Anal. Biochem. 247: 102–110.
38. Kanda, Y., N. Yamane-Ohnuki, N. Sakai, K. Yamano, R. Nakano, M. Inoue,
H. Misaka, S. Iida, M. Wakitani, Y. Konno, et al. 2006. Comparison of cell lines
for stable production of fucose-negative antibodies with enhanced ADCC. Biotechnol. Bioeng. 94: 680 – 688.
39. Natsume, A., M. Wakitani, N. Yamane-Ohnuki, E. Shoji-Hosaka, R. Niwa,
K. Uchida, M. Satoh, and K. Shitara. 2005. Fucose removal from complex-type
oligosaccharide enhances the antibody-dependent cellular cytotoxicity of singlegene-encoded antibody comprising a single-chain antibody linked the antibody
constant region. J. Immunol. Methods 306: 93–103.
40. Niwa, R., S. Hatanaka, E. Shoji-Hosaka, M. Sakurada, Y. Kobayashi, A. Uehara,
H. Yokoi, K. Nakamura, and K. Shitara. 2004. Enhancement of the antibodydependent cellular cytotoxicity of low-fucose IgG1 is independent of Fc␥RIIIa
functional polymorphism. Clin. Cancer Res. 10: 6248 – 6255.
41. Shields, R., J. Lai, R. Keck, L. O’Connell, K. Hong, Y. Meng, S. Weikert, and
L. Presta. 2002. Lack of fucose on human IgG1 N-linked oligosaccharide improves binding to human Fc␥RIII and antibody-dependent cellular toxicity.
J. Biol. Chem. 277: 26733–26740.
42. Shinkawa, T., K. Nakamura, N. Yamane, E. Shoji-Hosaka, Y. Kanda,
M. Sakurada, K. Uchida, H. Anazawa, M. Satoh, M. Yamasaki, et al. 2003. The
absence of fucose but not the presence of galactose or bisecting N-acetylglucosamine of human IgG1 complex-type oligosaccharides shows the critical role
of enhancing antibody-dependent cellular cytotoxicity. J. Biol. Chem. 278:
3466 –3473.
43. Umana, P., J. Jean-Mairet, R. Moudry, H. Amstutz, and J. Bailey. 1999. Engineered glycoforms of an anti-neuroblastoma IgG1 with optimized antibody-dependent cellular cytotoxic activity. Nat. Biotechnol. 17: 176 –180.
44. Laffly, E., and R. Sodoyer. 2005. Monoclonal and recombinant antibodies, 30
years after. Hum. Antibodies 14: 33–55.
45. Holl, V., M. Peressin, T. Decoville, S. Schmidt, S. Zolla-Pazner, A. M. Aubertin,
and C. Moog. 2006. Nonneutralizing antibodies are able to inhibit human immunodeficiency virus type 1 replication in macrophages and immature dendritic
cells. J. Virol. 80: 6177– 6181.
46. Roux, K., L. Strelets, O. Brekke, I. Sandlie, and T. Michaelsen. 1998. Comparisons of the ability of human IgG3 hinge mutants, IgM, IgE, and IgA2, to form
small immune complexes: a role for flexibility and geometry. J. Immunol. 161:
4083– 4090.
47. Scharf, O., H. Golding, L. R. King, N. Eller, D. Frazier, B. Golding, and
D. E. Scott. 2001. Immunoglobulin G3 from polyclonal human immunodeficiency virus (HIV) immune globulin is more potent than other subclasses in
neutralizing HIV type 1. J. Virol. 75: 6558 – 6565.
48. Cooper, L., L. Schimenti, D. Glass, and N. Greenspan. 1991. H chain C domains
influence the strength of binding of IgG for streptococcal group A carbohydrate.
J. Immunol. 146: 2659 –2663.
49. Cooper, L., A. Shikhman, D. Glass, D. Kangisser, M. Cunningham, and
N. Greenspan. 1993. Role of heavy chain constant domains in antibody-antigen
interaction: apparent specificity differences among streptococcal IgG antibodies
expressing identical variable domains. J. Immunol. 150: 2231–2242.
50. Roux, K., L. Strelets, and T. Michaelsen. 1997. Flexibility of human IgG subclasses. J. Immunol. 159: 3372–3382.
51. Choe, H., W. Li, P. L. Wright, N. Vasilieva, M. Venturi, C. C. Huang,
C. Grundner, T. Dorfman, M. B. Zwick, L. Wang, et al. 2003. Tyrosine sulfation
of human antibodies contributes to recognition of the CCR5 binding region of
HIV-1 gp120. Cell 114: 161–170.
52. Gao, J., H. Choe, D. Bota, P. L. Wright, C. Gerard, and N. P. Gerard. 2003.
Sulfation of tyrosine 174 in the human C3a receptor is essential for binding of
C3a anaphylatoxin. J. Biol. Chem. 278: 37902–37908.
53. Liu, H., G.-G. Bulseco, and J. Sun. 2006. Effect of posttranslational modifications
on the thermal stability of a recombinant monoclonal antibody. Immunol. Lett.
106: 144 –153.
54. Mimura, Y., S. Church, R. Ghirlando, P. Ashton, S. Dong, M. Goodall, J. Lund,
and R. Jefferis. 2000. The influence of glycosylation on the thermal stability and
effector function expression of human IgG1-Fc: properties of a series of truncated
glycoforms. Mol. Immunol. 37: 697–706.
55. Radaev, S., and P. Sun. 2001. Recognition of IgG by Fc␥ receptor: the role of Fc
glycosylation and the binding of peptide inhibitors. J. Biol. Chem. 276:
16478 –16483.
56. Siberil, S., C.-A. Dutertre, C. Boix, E. Bonnin, R. Menez, E. Stura, S. Jorieux,
W.-H. Fridman, and J.-L. Teillaud. 2006. Molecular aspects of human Fc␥R
interactions with IgG: functional and therapeutic consequences. Immunol. Lett.
106: 111–118.
57. Koch, M., M. Pancera, P. D. Kwong, P. Kolchinsky, C. Grundner, L. Wang,
W. A. Hendrickson, J. Sodroski, and R. Wyatt. 2003. Structure-based, targeted
deglycosylation of HIV-1 gp120 and effects on neutralization sensitivity and
antibody recognition. Virology 313: 387– 400.
58. Kaneko, Y., F. Nimmerjahn, and J. V. Ravetch. 2006. Anti-inflammatory activity
of immunoglobulin G resulting from Fc sialylation. Science 313: 670 – 673.

