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Abstract
The thesis entitled ‘Domain Movements of Human Serum Albumin: A Multi-domain
Protein in Crowded Environment’ focuses on the understanding of the effect of
macromolecular crowding on the domain motion of Human Serum Albumin (HSA). In
prokaryotic and even more in eukaryotic cells the predominant fraction of the whole
proteome belongs to the class of multi-domain proteins. The domain stabilities and the
strength of inter-domain interactions in a multi-domain protein have an enormous influence
on the functioning of a multi-domain protein. In this thesis we have monitored FRET based
domain movement of different domain of HSA and also monitored domain specific solvation
dynamics in presence of macromolecular crowder. In chapter 3 we have probed the influence
of Dextran based crowding agents (Dextran 6, Dextran 40, and Dextran 70) on the relative
movements of domains I and I of a multidomain protein, HSA using FRET, with Trp-214 in
domain II acting as the donor and acrylodan (Ac) covalently attached to Cys-34 of domain I
as the acceptor. Amongst the higher molecular weight crowders, while both Dextran 70 and
Dextran 40 induced a significant decrease in the distance between the aforesaid domains,
however for the latter macromolecular crowder (Dextran 40), beyond 50 g/L, no change in
domain separation was observed even up to concentrations of 175 g/L. On the other hand
Dextran 6 provides an asymmetric excluded volume which resulted in forced elongation of
HSA along the Trp—Ac FRET axis. Based on our thermodynamic analysis we have
hypothesized that for higher molecular weight crowder apart from entropic depletion forces
there exist some appreciable soft interaction whereas for low molecular weight crowder
excluded volume is the key factor. In chapter 4 we have provided a detailed mapping of

variations in the interdomain distances (as a function of pH) in the presence of five
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macromolecular crowding agents, differing based on their constituent monomers and average
molecular weight(s). The influence of Dextran 6 was found to be predominantly via excluded
volume, while PEGS, having a similar molecular weight, exhibited a distinct crossover from
enthalpy-dominated interactions to entropy-based potentials. pH dependence of the PEGS-
induced interdomain distance changes confirm the presence of a hydrophilic surface for the
domain I-IIT side of HSA, while that for domains I and II is more hydrophobic. For the
larger molecular weight crowders, the majority of the FRET distance modulation was seen to
be taking place within 50 g/L crowder concentration implying significant soft interactions
with HSA. Residue-level fluorescence quenching studies for the three domains coupled to the
FRET results provide us further insights into the manner in which the serum protein responds
to and adapts itself to varying pressure(s) of the crowded medium. In chapter 5 we have
studied the solvation dynamics in aqueous solutions of covalently modified Human Serum
Albumin (BADAN-HSA) in presence of increasing concentrations of macromolecular
crowder of various molecular weights and shapes. The reorientation dynamics of water
provides direct information on what happened to HSA when subjected to in-vivo
concentration of macromolecular crowding agent irrespective of shape and size. We have
also tried to correlate this slow solvation dynamics with our earlier FRET based domain
movement. Our result suggests that there exist different polymer regimes in crowded
solution. As evident from our result we have also observed distinct crossover from semi
dilute to highly concentrated regime of crowded solution. Slow hydration dynamics of
protein in presence of maximum concentration of PEG based crowder is also indicative
towards glassy transition of albumin protein. In living cell the bio molecules perform their

respective functions in presence of not only one type of macromolecules rather in presence of



various macromolecules with different shape and size. To mimic the intercellular
environment in a better way we have used mixed macromolecular crowding and probed
FRET based domain movement of HSA. In chapter 6 we have reported that the mixed
crowding exerts a greater stabilizing effect than the sum of the two individual crowding
agents. Detail thermodynamic study shows us the effect of macromolecular crowding is not
only governed by ‘excluded volume effect’ but also on soft hydrophilic/ hydrophobic
interaction. The question we have tried to address is what physical picture can be drawn upon
mixing two inert macromolecules. Do they behave as an ideal solution; where by both
individual effects of the entities exist or do they get merged and a new behavior arises on

mixing.
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RIS

ST Yoy 3p ggHH URH 0 T Accl-SiA Ui 87 ®iss TarRHe ggr- IRY Tfes
(TIUHY) Bt S Tfd R BB s F THE Bt I W digd 1 Nolkafes iR ofis
HIRACH HIRBISH T UIEH $T GBI O/ 9g-S1H- UIEH & I & DT 3Tl | Tg-SIa- UieH o
S RRATRIR SER-SH XM &1 dldhd Uh Fg-SH- UIeH & STHSIS IR HRY THTE TSl § 39
e & g7 TaUH & fafie S & UWSRE Suid SHF SMEled $ AR @B 7 iR
macromolecular crowder ®T JUTTT H S fIRTE Hieex S & AR oft 1 81 Do 3 |
B SaagH Sl e < I TS HICH 6, SFICH 40 R SRICH 70) F THTGAIEHT S 1 8,
TH Sgmamt e & A | 3R fgcfi, TISRTT FRET &1 SXHTd &xd g, ¢U -214 a4 ||
0 i & 91y ardr 3R TEidie (Tl & w U # Wierd & U # S8 | & Hersuy -34  firdes edt
T ST g3 &1 I 3MUIfds YR Mg & a9, Tafr SRICH 70 3R ST 40 THIH IWRIad SHA &
19 #1 g8 # TP Heaqul HH B IR b, FIeleh a1a & HhIHIaIR $HI3e? (SRCH 40) P g,
50 UM / U § WX, S84 ¥ a5 § Bis gRacd -To! @aT 717 o7 TgIHS o 175 St / T B! ATEdT ddb
ORI 3R Dextran 6 & 09U Sfeshd AT UaM ST ¢ o URUTIRGRY SaRUl-Td ThaRse!
0 & TR TIUHT & ASEd! 967 31 715 | AR YIS fazaw0r & YR R g9 I8 0TAF amar § &
I 3MUIfAF UR HleR & T WG 1l gdldh 0dal $3 IRIEHT -RA SIaed HINg § Said H
AU HR HeR I 1ER fhT T AR & o Hedq0l SRS ¢| 0991 4 H 89 UH AdHgeR s
aTel Toldipp! U H SasIad ¥ (e & Ue §ARIE & wU H) H fAfdydrsiios te fawga Aftm
U &1 8, o f 3% gew AR 3R 3i9d TUIdds HR (TH) & 3TUR R fF €1 STISH 6 &1 UHE
T ¥U ¥ 9feshd A6 & =0 § U1 71 o, S digen 8, T THM SHUfde YR dTd, TIAT-geea
I AR F QEIH-3MeTRA & I U 0T HigsfiaR &1 UeRH | PEGs IRa savem= gt
URacH $1 diea AHRar Taeau & S8 111 Ua & T T grsgiitbicis Tdes &1 Jufufa &1 gy !
2, Sl SF 1 3R 11 & e 0 i eRgiwifs 31 98 emuifds avH & fom ofts ara dmies g, he
T8 & 0 fReTRr ATegQ= &1 50 Sif / TA hiar THIIT & IR T ST ET T S TauY & A1y Hedqu
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A FqEd BT Adad U1 ISLER Ufadifid, ThssRse! uRumm & Jry diF S & U gam &
0 FINIH g9 URA UK 31 9416 & & ad I SR DEES UaH dal ¢ forgd s arat Aoy
OT-0TT ga1d (T9) ¥ G& &1 09 eIl 81 0 5 § 81 B3 A0Ifde YR R Spfaaims
macromolecular crowder @1 dgdl IEAl &1 IURITA & covalently TRNIG TMd WRA Aloumin
(BADAN-HSA) & STeilg T solvation TTAiiedr &1 0 @ far g1 ot &t SlaRT fasiierdr &t
TIferefierd, SR 3R 3HR P STasiE macromolecular 1S & Toie Bt -3t T & 0 e gt 8,
9 TIUHT & fAIU T g3 TR AT SFSRI YeH Rl g | 89 0T Ugd FRET 3eTRd S8 SMaier
& 1Y 39 il AeieRH ST &1 Jeusiiid $31 &1 | yar fbar g1 gaR uRkumd § uar Ied 3
o sfig WX T AT Sgae U Hive 81 o 5 g9R uRkume @ @y 7, g9 gifehd gied
ft 0¢f gaa ¥ offs R gHYE & 0Ife Hiad IR & a1 g1 digel sned Hex Pt 0 f¥iman
THTIA! &1 JurUf B TS 3 it i & gIeSR SERfied Tegfid W &1 Jomaiy IHH0 & 3R
HEbd il | Siifdd PRI H S 0T] 7 el Teb YR b 0 USNE6T IURTT H I FEid Hrf bl
FRd ¢ dfew AT SMHR SR MHR & I1Y fafta o ueiom! Iufufa H| SeRAyeR Tafarur &I 9gaR
Wb J Fhd P & AT g8 AT macromolecular g &1 3xHTE fbaT § 3R HSA & FRET
YT S SMEIeH 1 ol St ¢ | 0T 6 § g8 gfod fban ¢ fos ffda offe emafdaTa s SH
I TSSIEp! R & GHEd T 046 fRR gH1a STt 81 faxaid ynigSiie 0 @rF ¥ udr 9adr §
f&% macromolecular 1€ &1 0WR Had afgHd TE1 yuTE gR1 FHabd TR afcd RA grEeifthies /
BTSSP SR R i 81 81 8 R U8l &1 THIUM B3 B B B 8, 98 ¢ o Wfas oueio
& fhiyor W IR o e o It 81 1 9 U 3Mmax IHU & FU H agR B g; SSIRHI0
RT3 G YHTE HISlE © 31 3 faaa 81 91 € SR U =701 yagR e R 331 71
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