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BACKGROUND
Broadly neutralizing monoclonal antibodies (bNAbs) target sites 
of vulnerability on the HIV envelope, such as the gp41 membrane 
proximal external region (MPER)[1]. MPER-directed bNAbs of the 
4E10-class, such as VRC42.01 and PGZL1, have been previously 
isolated from chronically subtype CRF_01 AE and subtype B infected 
donors, respectively [2,3]. Plasma from donor RV149.1027 was 
characterized prior via neutralization, fingerprinting, binding, and 
biolayer interferometry (BLI) and indicated that 4E10-like MPER 
directed antibodies were present. From this chronically infected 
subtype B donor we report the isolation of another 4E10-class 
bNAb, MHRP01. MHRP01 and members of its class represent a 
public clonotype that has the potential to be targeted through 
vaccination efforts.

RESULTS

METHODS
•	Monoclonal antibodies (mAbs) were isolated from donor 

RV149.1027 using two parallel methods: high-throughput B-cell 
culture followed by microneutralization assays, and fluorescently 
labeled MPER peptide to capture antigen-specific B-cells by cell 
sorting.

•	B-cell receptors were sequenced, and heavy and light chain 
sequences were cloned into expression vectors and expressed in 
Expi293F cells [2].

•	MAbs were then characterized for binding, epitope mapping, 
and neutralization. MAbs with potent cross-neutralization were 
further characterized by crystal structure determination.

CONCLUSIONS
•	mAbs targeting MPER have been isolated from 

multiple individuals infected with different HIV 
subtypes.

•	While the MHRP01_GW mutation appeared 
to increase the number of critical residues for 
neutralization, it did not improve overall neutralization 
compared to MHRP01. MHRP01_GW did appear to 
have more robust binding capabilities compared to 
parent MHRP01 (Fig. 3).

•	MHRP01 exhibits breadth and potency directed 
towards MPER (Fig. 3).

•	VRC42.01 (subtype CRF01_AE), PGZL1 (subtype B) 
and now MHRP.01 (subtype B) have identical gene 
usage, targeted epitope, angle of binding, and 
neutralization profiles (Table 1, Fig. 2, Fig. 3, Fig. 4). 

•	MHRP01 crystal structure indicates strong structural 
similarities between other MPER directed mAbs 4E10 
and VRC42 (Fig. 5). 

•	Suggests that individuals from different demographic 
areas could elicit B-cell clones targeting this epitope 
through vaccination efforts.

•	This public clonotype targeting the MPER epitope may 
be easier for mAb production compared to CD4 or 
V3 epitopes that require much more mutation.
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Fig 1. MPER directed antibodies detected in RV149.1027 plasma. (A) Predicted 
neutralization fingerprints of RV149.1027 plasma to VRC.01, b12, CD4, HJ16, PGT128, 
and 10E8-like antibodies. This analysis shows predictive potential when the score is >0.25 
indicating the plasma from this donor likely has 4E10-like MPER directed antibodies 
[4].  (B) BLI analysis via Octet of plasma antibodies from donor RV149.1027 and donor 
RV217.40512 at pre-infection (v.A) and chronic infection (v.19) showing binding to 
RV149.1027 (left) and RV217.40512 MPER (right) peptides. Plasma antibodies that 
bound to donors 1027 and 40512 MPER peptides were detected in donor 1027 plasma 
at response rates similar to donor 40512, a donor previously described to have potent 
neutralizing MPER directed mAbs. 

Fig 2. Heterologous neutralization of mAbs isolated from donor RV149.1072. (A) MHRP01 and 
MHRP02 isolated from donor RV149.1027 were tested for heterologous neutralization in a panel 
of 35 diverse pseudoviruses from different subtypes with the IC50 (µg/mL) values listed. MHRP01 
and MHRP02 neutralized 100% and 97% of the panel, indicating potential breadth and potency for 
both mAbs. (B) MHRP01 is both potent and broad against much larger heterologous neutralization 
panel of 208 pseudoviruses from different subtypes with the IC50 (µg/mL) values listed. MHRP01 
was able to neutralize 99.5% of the 208 pseudoviruses with an IC50 <50µg/mL. (C) Pie chart showing 
the variable heavy chain gene usage from the antibodies isolated from donor RV149.1072. The most 
frequent usage is IGHV1-69 shown in red, which is the same exact variable heavy chain gene usage 
as other MPER directed broadly neutralizing mAbs such as 4E10 and VRC42 [5].

Table 1. Heavy and light chain gene usage MHRP01, MHRP02, and other MPER directed mAbs. 
MHRP01 has identical heavy and light chain usage to 4E10 and VRC42, other MPER directed 
mAbs isolated from donors of different subtypes. The HCDR3 length and percent somatic 
hypermutation is also similar to other MPER directed mAbs. ⍺: variable heavy chain. β: % somatic 
hypermutation Γ: heavy chain CDR3 length. δ: gene usage for the variable light chain ε: light chain 
CDR3 length. 

Fig 4. Crystal structure of MHRP01 reveals residues important for binding. (A) MHRP01 Fab is 
shown in ribbon representation colored dark green (heavy chain) and light green (light chain) in 
complex with MPER peptide (residues 670-684) in two orientations. MPER peptide is shown in 
ribbon and stick representation in purple and contact residues shown in a zoomed in view of the 
MPER peptide with 2fo-fc electron density contoured at 1σ (gray). CDR residues are numbered 
using the Kabat format. (B) MHRP01 contact residues (1) CDR L1; (2) CDR H3; (3) CDR H1 and 
H2. (C) Model of MHRP01 Fab showing heavy and light chains bound to Env trimer gp120 (PDB: 
5FUU; EMD-3312). 
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Fig 5. Structural comparison of MHRP01 with other HIV-1 MPER targeting antibodies.  
(A) Structural superimposition of MHRP01 and 4E10 antibodies indicating overlap in binding to 
the MPER peptide with similar buried surface interface and CDR3 loops indicated.  
(B) Structural superimposition of MHRP01 and VRC42 antibodies with the same conditions 
as (A). (C) Total buried surface area (BSA)(A2) for the MPER residues contacting with heavy 
and light chain residues of MHRP01, 4E10, and VRC42 antibodies. (D) Antibody-MPER contact 
regions for antibodies MHRP01 (green), 4E10 (orange), and VRC42 (indigo) are shown in surface 
representation. MPER peptide is colored blue, and residue side chains are colored based on HIV-1 
sequence conservation.

Fig. 3. MHRP01 and MHRP02 have specificity for MPER. (A) Sequence alignment of broadly 
neutralizing MPER directed mAbs and MHRP01, MHRP01_GW, and MHRP01.H08. The red box 
indicates a possible bNAb signature that includes “GW” amino acids which was utilized in MHRP01_
GW. (B) BLI analysis via Octet of MPER mAbs against the MPER peptide from RV149.1027. Slightly 
more robust binding to MPER peptide is seen using the GW MHRP01 variant compared to the 
parent MHRP01. MHRP02, despite high neutralization potency and breadth, does not bind to 
the MPER peptide very well. (C) Fine epitope mapping was conducted using a panel of alanine 
scanning mutants along the MPER of BG168. The fold increase in IC50 (µg/mL) indicates decreased 
neutralization when residues are mutated to alanine. MHRP01_GW mutant appeared to expand 
the number of critical residues for neutralization. (D) MHRP01, MHRP01_GW mutant, and MHRP02 
show directed neutralization against HIV-1/HIV-2 MPER chimeras. MHRP01 and MHRP02 mAbs 
recognize and are directed towards MPER due to neutralization of specific chimera’s C1 and C1C, 
which come from clade B and C MPER respectfully, specifically at the 4E10, Z13+4E10, and extended 
Z13+4E10 epitopes. ε: Chimeras contain HIV-2 backbone scaffolding which display HIV-1 grafted 
epitopes such as clade B and C MPER, 2F5, and 4E10.

Subtype MHRP01 MHRP02 4E10. VRC42.01
SV-A-MLV-env n/a >58.9 15.4 >73

KER2018.11a A 3.02 0.755 11.7 4.13
Q168ENV.a2 A 1.56 0.167 6.28 24.3
Q23.ENV.17 A 3.32 0.621 3.80 14.0
Q769env.h5 A 2.82 0.850 8.09 0.023

RW020.02 A 4.06 0.850 10.7 7.87
SF162 B 0.451 0.124 2.22 NT

B6101.1 B 0.161 0.061 0.228 0.497
BaL.01 B 1.63 0.215 3.55 1.29

BG1168.1 B 1.15 0.119 1.84 3.99
CAAN.A2 B 5.68 2.14 8.54 15.2

JR-FL gp160 WT B 1.41 0.154 4.98 16.8
pSVIII JR-CSF gp160 WT B 2.29 0.193 5.19 4.01

PVO.04 B 3.42 6.69 24.3 25.4
THRO4156.18 B 0.934 13.3 1.67 2.21
TRJO4551.58 B 8.69 1.90 7.97 12.1

TRO.11 B 0.293 0.019 0.911 2.79
YU2.DG B 4.94 1.26 18.8 25.8

DU156.12 C 0.165 0.023 0.344 1.25
DU422.1 C 0.882 0.090 1.71 4.36

GS-015.ec12 C 0.242 0.021 0.638 NT
93MW965.26 C <0.014 16.7 0.114 NT

ZA012.29 C 3.84 0.792 4.14 3.19
ZM106F.PB9 C 4.31 2.14 11.8 >50

ZM55F.PB28a C 5.16 10.8 7.28 10.7
3337.2.06 CD 5.61 18.1 11.8 0.092

A03349M1.vrc4a D 3.79 >36.7 4.25 2.52
T247-23 D 2.10 0.105 1.51 2.15

93TH966.8 AE 0.489 0.050 0.505 0.097
CM235 AE 0.185 0.012 1.15 NT

CM244.OR.1 AE 1.88 0.368 2.06 NT
CNE59 AE <0.014 <0.009 0.067 0.182

R2184.04 AE 1.05 0.087 0.840 2.09
THO23 AE <0.013 <0.009 0.030 NT

CRF02_AG clone 235 AG 0.911 14.4 1.10 1.87
CRF02_AG clone 271 AG 0.867 0.152 5.78 7.89

MHRP01 MHRP02 4E10. VRC42.01
Median IC50 <50ug/ml 1.76 0.29 3.55 3.59

1.49 0.44 2.23 2.73

% VS Neutralized 100% 97% 100% 97%

# Viruses 35 35 35 29
Total VS Neutralized IC50 <50ug/ml 35 34 35 28

IC50 <10ug/ml 35 29 29 20
IC50 <1.0ug/ml 14 24 9 5
IC50 <0.1ug/ml 3 10 2 3

IC50 <0.01ug/ml 0 2 0 0
% VS Neutralized IC50 <50ug/ml 100 97 100 97

IC50 <10ug/ml 100 83 83 69
IC50 <1.0ug/ml 40 69 26 17
IC50 <0.1ug/ml 9 29 6 10

IC50 <0.01ug/ml 0 6 0 0

Geometric Mean (viruses neut. <50 ug/mL)

A MHRP01 10E8 4E10 VRC42.01 VRC42.N1
# of Viruses 208 208 208 208 208

Total vs. Neutralized 
IC50 <50ug/mL 207 203 205 200 200
IC50 <10ug/mL 177 203 182 143 187

IC50 <1.0ug/mL 56 159 64 30 90
IC50 <0.1ug/mL 7 37 6 3 15

IC50 <0.01ug/mL 1 5 0 0 0
% vs. Neutralized 

IC50 <50ug/mL 99.5 97.6 98.6 96 96
IC50 <10ug/mL 85 98 88 69 90

IC50 <1.0ug/mL 27 76 31 14 43
IC50 <0.1ug/mL 3 18 3 1 7

IC50 <0.01ug/mL 0 2 0 0 0

Median IC50 2.59 0.393 1.81 4.7 1.22
Geometric Mean 2.11 0.344 1.74 4.09 1.13

Median and Geometric Mean titers are calculated only for samples with IC50 <50ug/mL
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BG1168 MPER Alanine Scan Point Mutants with RV149 mAbs

MHRP01

MHRP01_GW
MHRP01.H08

MHRP02

Amino Acid Residues 

Virus VRC42.01 4E10 2F5 MHRP01 MHRP01 GW MHRP02
7312A Wild-type HIV-2 >20.0 >20.0 >20.0 5.135 7.303 4.253

7312A_C1 Clade B MPER <0.005 0.041 0.020 <0.005 <0.005 <0.005
7312A_C1C Clade C MPER <0.005 0.016 >20.0 <0.005 <0.005 <0.005
7312A_C3 2F5 Epitope >20.0 >20.0 0.036 5.368 6.903 0.922
7312A_C7 2F5 Minimal Epitope >20.0 >20.0 <0.005 6.980 11.949 4.909
7312A_C6 4E10 Minimal >20.0 0.367 >20.0 0.363 0.342 3.049
7312A_C4 4E10 Full Epitope 0.012 0.081 >20.0 0.010 0.006 <0.005

7312A_C4GW Z13+4E10 Epitope 0.022 0.170 >20.0 0.006 0.087 <0.005
7312A_C8 Extended Z13+4E10 0.014 0.118 >20.0 <0.005 0.016 <0.005

MuLV >20.0 >20.0 >20.0 >20.0 >20.0 10.111
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MHRP01.H08

4E10
VRC42.01

MHRP01_GW
MHRP01

MHRP02

C D

A

B

C

A B C

D

Donor Antibody % Breadth VH % SMH HCDR3 VK/L % SMH LCDR3
PG13 PGZL1 84 VH1-69 21 15 VK3-20 13 9

Unknown 4E10 98.6 VH1-69 13 18 VK3-20 7 9
CAP206 (C) CH12 6 VH1-69 12 15 VK3-20 5 11

RV217.40512 (AE) VRC42.1 96 VH1-69 11 15 VK3-20 6 9
RV149.1027 (B) MHRP01 99.5 VH1-69 19 16 VK3-20 16 9

RV149.1027 (B) MHRP02 97 VH4-34 14 17 VL3-19 14 11
CH0210 DH517 50 VH4-30-4 23 22 VL3-19 14 12

⍺ Γβ δ ε


