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Abstract: Glycosylation is one of the most common types of post-translational modifica-
tions (PTMs) of proteins, which affects protein properties including conformation,
stability and solubility, and plays essential roles in functions including molecular recog-
nition, signaling and immune defense. Characterizing the higher-order structures and
dynamics of glycoprotein complexes at the intact level is essential for studying the
biological functions of glycoproteins. Particularly, accessing structural information such
as glycosylation pattern, proteoform distribution, protein interaction, and dynamic

conformational evolvement requires direct measurement of intact species. Native mass
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spectrometry (nMS) allows preservation of non-covalent inter-protein interactions and
direct analysis of topology, stoichiometry and dynamic assembly/disassembly at the
intact complex level, highly complementing the conventional biophysical techniques.
The combination of nMS with travelling-wave ion mobility spectrometry (TWIMS) provides
not only an additional orthogonal dimension of separation, but also geometric features of
the analytes through collisional cross-section (CCS) determination, thereby facilitating
the structural characterization. The macro- and micro-heterogeneity caused by glycosy-
lation, as well as binding with small molecules, induce structural changes of glycopro-
teins and their complexes on a scale smaller than those resulting from unfolding or mac-
romolecular association/dissociation. However, the benefits of nMS-IMS for character-
ization of small-scale structural changes or differences of glycoprotein complexes remain
to be further demonstrated, in aspects including proteoform-specific structural analysis,
distinguishing different binding states of glycoprotein complexes in complex with small
molecules, and solution-parameter-induced conformational or stability changes. In this
work, aiming at characterizing the stability and small-scale structural differences of gly-
coprotein complexes, two formats of avidin (tetrameric biotin-binding glycoprotein) that
were expressed from different species and exhibit differing carbohydrate contents and
proteoform patterns were used as model systems, and the benefits of implementing ion
mobility analysis in nMS for structural analysis of both intact complexes and subunits
released in the gas-phase were evaluated. It was demonstrated that IMS allows separa-
tion of subpopulations of proteoforms, which facilitates not only profiling of proteoform
distribution for intact glycoproteins by MS, but also investigation of correlation between
glycosylation and CCS. We also demonstrated the power of IMS in measuring the geo-
metric features of the protein complexes in complex with small molecules, and charac-
terizing the extent of conformational changes of glycoproteins under conditions including
gas-phase dissociation, supercharging. charge-reduction, and charge-manipulated disso-
ciation. These advantages enable the stability evaluation for glycoprotein complexes.
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£ 0.2 ms X B AR EHEEE O K &NEH+16 4 avidin 2 TR 746 IE 5 A ik E (e)

Fig. 1 Mass spectra of tetrameric avidin 1 and avidin 2 (a); drift time profiles of tetrameric avidin 1 and

avidin 2 ions in charge states +15-+17 (b); drift time profiles of distribution T and T

of tetrameric avidin 2 ions in charge states +15-+17 (c¢); CCS values calculated for

the tetrameric ions of avidin 1 and distribution | and ][ of avidin 2 (d);

mass spectra of subpopulations of +16 charged avidin 2 tetramer ions collected

within 0. 2 ms drift-time windows illustrated by the insets (e)
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Fig. 2 Mass spectra of monomeric avidin 1 and avidin 2 released from the corresponding tetramers (a),

cabculated CCS values of proteofroms A-C of avidin 1 (b) and proteofroms D-F of avidin 2 (c)
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M) B fR CCS & T avidin 1,78 T & 1d;
ELAE X iff 5 B K Y 85 T B2 E s avidin 2
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7 1 CCSAE 5 3 K F U 2 4 52l CCSH Y
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MR AR SRR, BT
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4G U R B AN W) T S o 0 B A DT 1) A [m] 2
FA TR0 200 DR A i A R AN 5 A 22 S R 1Y 25 A D
22 550 AT BE- S B0 BLAT M ) il 9 RE A Y
T 00 v IR i 25 P T e 42 5 F A 1 41 e i
ASTR] o DT ASE i 25 7 4 b 2 3RS [R) ) 26 4 B AR
BE 7B CCSHM 22 7. 1T avidin 2 fif 25 BL{K
CCS{HE ML T avidin 1 IR LW KRR
avidin 2 & G-H 85 1] S5 F g & F N LEA
) avidin 1.,
2.3 EMEEASSYEN

5 biotin(f) ¥ it 244. 3 WK A S
143 ¥ avidin PUERIKE 4 J3F biotin Z5FTE
HE A TR R K 977 u. BT biotin 5
avidin [ 32 F1 M 55 (Ky 2~ 10" mol/I)F7 454
T 2, 6 biotin A 45 & A IR
avidind E J B A 04 - 78 T I 3a, Biotin 1
4 A fltavidinPd AR B CCSIE I A 14 K H X T
avidin 1 il avidin 2 PUER4A, biotin 454 B )5 51
E ) CCS AR A K T4 F ot & 22 5 5 /Ny
avidin A[a) 8 H B 5p A Z 8] /Y CCS 22 5. 78 T
Kl 3b, fEJK# W P, biotin AR A T4 T 5
avidinZ5 5 B W F 73 F 10 5 avidin 2545, 45
G L AL TR A WS (B 25 4 N 1 28 s X, 5

400 3R avidin 1 5 biotin (Y& A4 ; % (4 378 avidin 2 5 biotin & A4 ; K 43K 78 K 5 biotin 454 19 adivin
3 Avidin 1.avidin 2 /4B {k 5 biotin 8 5 B k4 & biotin W B E A RILEE (a),
avidin 1§ B4k 5 biotin 45 & BT/5HY CCS & L %5 (b)

Fig.3 Mass spectra of tetrameric avidin 1 and avidin 2 in complex with biotin and unbound tetramers (a),

comparison of calculated CCS values of avidin tetramers before and after binding with biotin (b)
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TE L5 FERW] L A AR AR P BT 43 B H s avidin-bio-
tin 5P it NG AR F 25 1 X381 bio-
tin Jf AR i 3 5 88 T AN, CCS B I ok I 25 38
A5 GRS R A R E RS EAE S
YIFARM B . 454 biotin J5 . M b
JEA TR Y avidin 4 Y78 B8 2Z (A7 2 2R A
FREEM) CCS 25,
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mNBA X} avidiniF 47 3 i far &b B 5 , U SR AK 3
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F T oavidin 2, Ab FE 3 7 I 2 L R i
JIATART I8 N B 225 1 T 5 avidin 2 A5 O F7 2
B DY R AR B SRS T avidin 1 R 4E T 5% 7
B TR B 1R b S L 0 R AR R R
TS i B W) ) F A R R e AR B TR X R
HL A7 3 TIC » PR IHG AT 0  SAy R A 8 7 i R
WA= . X R & mNBA R B S 1Y
avidin 1 PUZR PR FR e 1k 0 35 98 55 . 76 R Jite i 5
PRR LI B B RN S5 R 2 R AR SRR S . T
[ AE 2 mNBA 435 19 avidin 2 U R4 £
FRot 8 BG0IE 1 2. 2 1P ST KRR avidin 2H &
Yy 3 (8] B R 7 R TN L E 4 avidin 1 A4
Wo X LE A 1 K g i 45 25 AR R avidin Y

B 4  Avidin 1.avidin 2 ZE R B E R RIGR B E 4B REE (a) ;avidin IREEE
REMEESZHER CCS EXT L (b);avidin 1,avidin 2 FEERF . EMRBEREGT
BT CID iR BB FUE B (c) ;avidin BEEEM R R REZETH CCS EXTLL (d)

Fig.4 Mass spectra of avidin 1 and avidin 2 acquired under charge-reduction, normal and

supercharging conditions (a); comparison of calculated CCS values of avidin tetramers

under normal and charge manipulation conditions (b); mass spectra of monomeric avidin 1 and avidin 2

released through CID under supercharging, normal and charge-reduction conditions (c) ;

comparison of calculated CCS values of avidin monomers under normal and charge manipulation conditions (d)
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F CCS 38 i B2 w] 43 5136 30 1970 f 4%, J5 #
5 R F mNBA 3 i fif 4 B 630 ku B A
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R B R AR P EM 8 b5 . 72 SR A 2 DL
NI A ) 50 P I o S5 A AR e A 4L
B A I A = T Dl I = (O

ERAAERE TN B TE S EERRE
PRI R G T 4R g0 i o SR AL i B
B Wit 15 BT A5 8 B A AN 2500 A Wi 22 K HE A g AR
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B fl avidin 2 ) & F B & A8 F k47 CCS 43
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RS A avidin LR CCS fH. X £,

SR 55 Bl A 2% AR R AR A Y SR S A S
CID 2% 1 Fr 153 1 5 1 X LA IX 23, fH 7T 7E CCS
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B 5 B Mgk A i CCS AT LB 52 0
WAl AL .
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PEEAEAYERR X ILMEEARAY
FRIAEF R EEAWS RS E HEAREY
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