Diving into the complexity of human haptoglobin-hemoglobin interactions.

Pavla Vankova’', Petr Man®, Petr Pompach ™, Stuart Pengelley’, Gary Kruppa®, Daniel Kavan®, Petr Novak’

1 - BioCeV - Institute of Biotechnology of the CAS, Vestec, Czech Republic 2 - BioCeV - Institute of Microbiology of the CAS, Vestec, Czech Republic 3 - Bruker Daltonik GmbH, Bremen, Germany 4 - Bruker s.r.0., Brno, Czech Republic

B RESULTS

B INTRODUCTION

H u ma n ha ptOgIObi n (H p) A Hp B Hp C fr. A - [85-93 (2-3)] 80 [85-96 (2-3)] 80 [85-101 (3-4)] 80 [140-146 (1-2)] B 80— [144-152 (2-3)] 80— [144-155 (2-3)] 80— [144-160 (3-4)] g0 [199-205 (1-2)]
NS : NS : NS : R T N R N . G N :
. o e 2T g— “ " 324 ./ﬁ__ﬁ/er/‘ —" © © ¢ = ——o——% 34 /f—%f -
* One of the most abundant plasma proteins e e e /
e Scavenging of haemoglobin (Hb) from damaged red blood cells 198102 e . . T T L L e s Wt
. . . . . . 460 kDa 98 kDa o [195-211 (2-3)] - [195-212 (2-3)] 80 [233-238 (1-2)] 0 [237-257 (2-4)] g0 [254-270 (2-3)] g0 [254-271 (2-3)] 80 [292-297 (1-2)] 80 [296-316 (2-4)]
* Two subunits - alpha (oligomerization) and beta (Hb binding) o
- - ‘L | 238 kDa| ) - -— 62kDa e 238 kDa / / / //er—« ST e e Lt Z/M
* Two mainallelicforms 1and 2 (seqeunce of alpha 2 has repetition!) - — — i & v B e | EE— i e = e
 Phenotypes 1-1, 2-1and 2-2 - different architecture, affinity to Hb and CD163 (HpHbR) o _ __......... T o T e Zé% I
o o o o o o o . X\ B 117 kDa log time [s] log time [s] log time [s] log time [s] log time [s] log time [s] log time [s]
e Disulfide bonds (intra-/interchain + intermolecular), N-glycosylation, proteolytic cleavage =\ I - - B0
Ly 71 kDa i “T o
— q — a 0 B SSkDa' w- 14kDa -— - -— - .. e 2] ///“ 21 2] ] o “f /& oot oot o ot
: 2 mor - - —— - a ] o S ol S ey ! N eab i Pl
31 kDa - T 6 kDa . 41 kDa 01 } IHHHi I IHHH; } IHHH".1 01 t IHHHi % IHHH; } IHHH".1 01 TIHHH; if IHTIH; %mlli ' } IHHH; % IH?IH:}3 '% II:TH"; 1 J 01—|—l—H—l—|-H-I—|—l—|—|—|—H—H—|—|—|—H—H—I—I2 “'l 493/6’/.4 0—1—|—l—|—H—|-I-I-I—|—l—|—H—|-I-I-I—|—|—|—|—|—H-H= f :, ; 3ﬁ/.4 0-1—|—|—H—l—H-I-I—|—l—|—H—|-I-I-|—|—|—|—|—|—H-H2 A H- o
2 1 Neuraminidase PNGase F Neuraminidase PNGase F
Figure 2: Electrophoretic validation of Hp proteoforms, deglycosylation results and SEC separation. A - non D C . Asn66  Asn189/3  Asn223
. . . . . . . - Hp2- -
! reducing gradient gel of Hpl-1, 2-1 and 2-2 isoforms in the native state, after desialylation and complete %50 i S
:- -%- EEm L deglycosylation. B - Same samples analyzed under reducing conditions which led to disruption of oligomers and S i Hp2:2+Hb - Hp2-2
i separation of alpha and beta subunits. Last three lanes are showing incomplete deglycosylation under native & Ho2-2siasHb - Ho22

conditions. C+D - SECseparation of Hp2-2 using BioZen SEC column.

Hp2-2png+Hb - Hp2-2
(a,B), (a,B), (013)2 (a,8) (a,B).(a.B), (a,B).(a.B).., (a,B), (a,B), (a,B)s (a,B), R— e ; - = = o = 200 = s
Figure 1: Architecture of haptoglobins and structure of Hp:Hb complex - Hp and beta chain (N-glycosylation sites highlighted), PO VAN Tro e e CA06 NAPOAL PELT SV R ETPR R
haemo .(PDB: 4WIG) (GOL RUMAN [imomamogiebulin gamine 1 heavy ool O5-Horro sapiens OX=3606 PE-T V2 0 77| ass Jaoseis T e e
CO3_HUMAN _|Complement C3 OS=Homo sapiens OX=9606 GN=C3 PE=1 SV=2 219 | 662 | 187.0 | 9306.6 Time (min) Asni07  Asn130/34  Asnl64
HBB_HUMAN |Hemoglobin subunit beta OS=Homo sapiens 0X=9606 GN=HBB PE=1 SV=2 152 99.3 16.0 9264.2 Hp1-1 |
B AIMS / QUESTIONS e R g st g o s e st T | s re] s Twns| 1able L List of top 20 proteins identified in the whole serum+spiked
T e e s [l 0 [ondl  Hb using HDX-MS digestion/LC-MS setup. Samples processed using
. . . . . mmunoglobulin heavy constant gamma =Homo sapiens OX= = =1SV= . . . “ i ” i i i £ Hp1-1sia+Hb - Hp1-1
» Setup the HDX-MS workflow and data processing on timsTOF Pro with PASEF and high-resolution Rt HUMAN [mminogiaain hepy sonsant samima 1 ociomo spes -aotB Gtonoa resioves | o1 08 | o [mart| | IDA-IIKe” protocol - quenching by urea, thiourea and TCEP with s
HDX-MS LC-MS methods on FT-ICR for complex mixture analysis. o e e e froif e Bonsl 3min incubation on ice and subsequent online digestion on
IGK_HUMAN __|Immunoglobulin kappa light chain 0S=Homo sapiens OX=9606 PE=1 SV=1 109 | 757] 234 [s362] pepsin+Nep-2 column. |ncomp|ete coverage of Hp is due to the 1 50
:_(ISEKI\(/ZI_OHl:lIEJ/II\AAIXN :_r|nmunog!obulin kappa cormstantOS=Homo sapiens 0OX=9606 GN=IGKC PE=1 SV=2 96 100.0 11.8 4895.3 tltlve Sequence (Search result ”bug”) and mlssed glycosylatlon
. . . . 5. . . . . . _ emopexin 0S=Homo sapiens O)$=96066N=HPX PE=1 SV=2 108 68.6 51.6 | 4734.8 repe
* Optimize quenching (guanidine, urea, urea/thiourea), SS bond reduction (TCEP incubation time), e e Lorb o Bt ites. The number of peptides usable for HDX is approx half with no Figure 4: HDX-MS of Hp:Hb interaction for forms 1-1 and 2-2. Selected uptake plots for
proteolysis - temperature and enzyme (pepsin, nepenthesin-1 and 2, rhizopuspepsin, TTHY_HUMAN_[Transthyretin O=Homo saplens OX=9606 GN=TIR PE=1 V=1 Bleal 18 LB hajordropin coverage. identical peptides from Hp1-1 (A) and Hp2-2 (B). Black - native Hp alone, blue - native Hp
aspergillopepsin, AnPEP, their serial coupling or co-immobilized resins) with Hb, magenta - desialo Hp with Hb, red - deglyco Hp with Hb. There is no apparent
difference between the two forms. Also the glycosylation seems to have negligible effect
 Investigate the role of glycosylation (removal of sialic acid and whole glyca ns) on Hp:Hb Interaction A “ B | oo L mew 7 e ;e except for the region located between the third and fourth N-glycosylation site (peptide
and on Hp structure 140-146 in Hp1-1 and 199-205 in Hp2-2). C - all data are again summarized in a form of

R “‘\\/ differential heatmap (plotted with MSTools) where free Hp was subtracted from Hp in
complex with Hb. D - Visualization of the last time point (2hrs) of HDX kinetics on the
complex between Hp1-1and HbA:HbB dimer.

» Describe the inter-phenotype differences on isolated proteins and using serum/plasma of healthy T a
donors of three major phenotypes - are there also differences related to individual donors? e — " e e e L

« Compare Hp:Hb binding for the ensemble of oligomers and separated/enriched oligomer
populations (virtually impossible to go to proteoform level)
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B CONCLUSIONS AND DIRECTIONS

Interaction between two Hp isoforms and haemoglobin was probed by HDX-MS (Hp2-1 remains to be done). The
results align well with the known crystal structure but here the interaction was studied in solution and without

O

. 1 9. 9t e _ D HbE additional two stabilizing proteins that were used in the X-ray experiment. Sialic acid on the N-glycans has likely no

solatec hurT\an Hpl-1, 2-1and 2-2 - native of de-sialylated/ g!ycosylated AN —— o s role in the interaction, but complete removal of glycan affects one particular region close to the Hp:Hb interaction
e SEC separation of Hp proteoforms (HPLC 4.6x300mm 1.8um BioZen-2) = S serpions- i , ’ , , , ' .
. PAGE - Tris-acetate (3-8%)/non-reducing and Bis-Tris (4-12%)/reducing S s o S e - interface. However, the deglycosylation was not complete (Fig. 2B) and thus the effects might be even stronger if full
. Serum of healthy donors - tuning digestion, separation, MS-resolution % % o glycan removal is achieved. This will be further addressed. There was also clear difference in Hb protection caused by
e HDX of Hp isoforms, different glycosylation states, serum. All +/- haemoglobin Figure 3: HDX analysis of haemoglobin alpha and beta after interaction with native and deglycosylated forms of Hp1-1 and Hp2-2. Aand B - selected le_.l Or. Hp2-2 that fl.tS V\{e” to th.e known (bUt S.O far unexp.la.lmed) dlf.ference i Hp:Hb affmlty' These Eff.eCtS WIII. be
e UPLC (Agilent 1290 + Luna Omega PoIarC18) digestion coi-pepsin/Nep-Z uptake plots showing differences induced by Hp:Hb interaction. Clustering to Hp1-1 (blue tones) and Hp2-2 (red tones) groups points to different studied in more detail with fractionated Hp ollgomers. Initial experiments were also done on Hp:Hb Interaction

. . . ’ _ strength of binding for Hp1-1 and Hp2-2. C and D - all data are summarized and displayed in a form of differential heat maps (plotted with MSTools) using full seru m/plasma showing potential of such studiesin complex matrices.
 tims TOF Pro with PASEF and 15T solariX XR (Bruker Daltonics) where free Hb (A-alpha or B-beta) state was subtracted from the state with Hp forms. No apparent effect of glycosylation states on the changes
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