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ABSTRACT

Protein misfolding and aggregation have implications in number of devastating diseases and in
production of large amounts of proteins in biotechnological industries. Hence, it is vital to
understand and control undesirable aggregation process to prevent amyloid-based disorders and
production of therapeutic proteins. The physico-chemical environment of protein exerts a strong
influence on various aspects of protein aggregation such as onset, aggregation rate, and the final
morphology of the aggregated state. Once it is established that how the physico-chemical
determinants for aggregation modulate the stability and aggregation propensity of protein, the
information can be used almost straightforwardly for getting insights into aggregation
mechanism and for devising strategies to control/modulate them according to the requirement.
With this aim, we tried to investigate the effect of changing protein environment or solution
conditions on the aggregation tendency of protein. The thesis entitled “Stability, aggregation
and refolding studies of Human Carbonic Anhydrase II” is concerned with the understanding
of stability and aggregation behaviour of model protein human carbonic anhydrase Il under
various stress conditions. In this thesis, we also discussed the effect of intrinsic properties of the
polypeptide chain on the stability of HCAII by introducing single point mutations in the amino

acid sequence.

The thesis is composed of seven chapters. Chapter 1 (Introduction) provides an overview of
different models proposed to explain the mechanism of protein aggregation, thermodynamic and
Kinetic aspects of aggregation phenomenon, and various intrinsic and extrinsic determinants that
lie behind protein self-assembly. This chapter also describes the structural and functional aspects
of model protein used in the present study- human carbonic anhydrase 1l. Chapter 2 (Materials

and Methodologies) give details of the chemicals acquisition, construction of mutants,

Vil



expression and purification of protein as well as analytical techniques used to study the stability
and aggregation of human carbonic anhydrase Il (HCAII) and its variants. Chapter 3
(Intermediate conformation between native f-sheet to non-native a-helix is a precursor of
trifluoroethanol-induced aggregation of Human carbonic anhydrase 11) deals with the study of
conformational transitions and aggregation propensity of human carbonic anhydrase 11 (HCAII)
in the presence of 2,22-trifluoroethanol (TFE). This chapter also discuss about the
conformational preference of intermediate state to form amyloid-like fibrils over disordered
aggregates. Chapter 4 (Salt mediated unusual switching in the aggregation kinetic profile of
Human carbonic anhydrase 11) deals with the study of heat induced aggregation of HCA Il in
the presence of salt ions. The chapter describes the effect of protein concentration, temperature
and salt concentration on the unusual biphasic kinetic profile of HCAII in the presence of salt.
The efficiency of different cations in accelerating the protein aggregation was evaluated and
analysed in terms of various possible models given in literature. The gross structural and
morphological features of HCA 11 aggregates were also explored in a time dependent manner.
Chapter 5 (Effect of disease linked single point mutations on the stability and aggregation of
Human carbonic anhydrase I1) describes the effect of H94Y and G145R mutations on the
structure and stability of HCA Il. A systematic investigation involving chemical and thermal
equilibrium unfolding studies, conformational studies using CD and NMR, and enzymatic assay
were performed and comparison was made with wild type HCAII to ascertain the role of amino
acids that are substituted in HCAII stability and aggregation. The structural stability of HCAII
variants was also studied in the presence of small molecule acetazolamide with the aim of
stabilizing the native state of mutant proteins. Chapter 6 (Competition between folding and

aggregation during osmolyte-aided refolding of Human carbonic anhydrase 11: Possible role
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of preferential exclusion and binding) presents the investigation of various osmolytes, including
glycerol, sorbitol, ethylene glycol, sucrose and trehalose, on the refolding yield of guanidine-
hydrochloride denatured human carbonic anhydrase Il. The occurrence of competing aggregation
pathway was assessed during refolding of denatured protein. Based on the results, the mode of
action of co-solvents belonging to two different classes of osmolytes viz., polyols and sugars was
explained. Chapter 7 (Summery and Future Perspectives) highlights the salient features of this
work. The findings of this work have projected light on the various intrinsic and extrinsic factors
that modulates the stability and aggregation of HCAII. These studies may help in better
understanding of self-assembly of proteins under various stress conditions often encountered by

the protein inside the cellular environment.
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WIS TAE®ITeS 3R ThAThor o faaeR SATREAT & gara 7 3R ST Siegifare
3T 3 TS AET H NN o ScdleeT IR THTT STl & | SATAIT, ASASS-3maTRd fawRT
T Aehel IR FAfRcHSIT NEF & 3cdTee T Jehel & AT TSI HHTT TishdT I
FASTE 3N AT e Ageaqul gl N & ifdes-Taie ardeRor qée
ThANFIOT & fAffiee Tgef3il Sid o e3fid, vahdleor X 3R FAfRd T & 3ifaA
TRIRERT TR Ueh HTeT THIT STelcll ¢ | Teh SR Jg TUTAA g1 STl & fob Teahalientor & forw
HifTeh-TraT Toten Tt WIEleT shi FERET 3T TehaTentoT hr Ygfcd I hal egafeud atd
g, ol STeTehRT &l ThAThIOT T H HAETSC o kel R GeTehdl & HJAR 306
fIRd aa / sgafedd et & AT WA IR X & TorT oersrer @Y 3uier fhar s
HhdT g1 3T 322 & TTY, §Ha UIIeT o aTcraxoT AT FATT i FFafagt sy aidet &
TehaTehIUT Y fce UR Seelel o THT ST STl shiet o7 AT fehalm| "EuRaT, Tendtentor 31X
AT FIaifae TAgSstel 1| & Jwifess reaga Mvs & grca RBgia [_/ffea aama
gRIEATIAT F AT NN AT Flaliaieh 31839 |1 3 FEARAT 3R TehaAIaoT caagR &
A A G &1 58 DA A, g1 Uil URls 31egsher 7 THaTer dige #YeAeT YE et
oh ST TTHTIMS3TS hl FEUTAT IR AIelITEI$S e oh 3R 0T o Fa7e o) &y =y
#I|

NFAT T 37T T §1 § 31T 1 (IRTA) NI ThAThIUT, THAThIUT TeaT & ITaier 3R
afaeiier g3t & a7 3R N F-faererasT F NS ser arer RAfdes sfaies 3 ad
TRl ST SITEAT FLa & ToT gEariad e ATsal FT 3/ddihed Yl FHAT g1 39 37eIT H

TOHATT YT H YA fhT ST aTel Higel W o AXeeAcHD 3N HriTcAsh Tgefit a1 off
JuId §- ATAT FIelfoleh TAGTSSH || AT 2 (AT 3R AASTATsl) AT Feffes tAg8s4 Il
(TTETITSIS) 3R 3TF YhRT T FEATAT 3R THAH0T & 31eq3+T & foIT G-t & 7TAIE0T,



Fg¢e o1 FaToT, fFeafard 3R 91 i YRGeIoT & HTY-ATY TARAVUTcHS Teheilehi ohl faaXoT
&aT 1 371ear 3 (AR ot forea & forw &t -2fie & Jra i Seifsue w2 AT Fieiieid
HeTersed Il & PAFUUAATT-IRT Uehllaor & Mg §) A Fefidleh ToAgsgiate i
(TIETIMSINS) & TSellcAs HhAUT 3N THAIoT Yafed & AT & AT & 2,2,2-
FtreiTesiTer (EUhS) T 3UTEATT 38 AT 7 AL AT & TSATcHS AT & aR A o
aﬁgé%,ﬁyczﬁczﬁsgﬁméqﬁﬁadmﬁq HHAIT TR FAT &l § | 3TEAT 4 (AT Praiffoteh

TATETSSH || T THATHIOT ITcrol NPT H AHh HCIEAAT 3THT TR T8 3=t v
3YTEIT # TEEIT || & AT IR HAG o A o T HTSd §| 31U AH7D T 3UTEATT H
TIHIUIE3NE & IATAY [Sh il FAIFT Nh1Sel I TETeT THIdT, dATGHTA 3R STH7H ThTard
& YHTT &1 0Tl T & | Aifecy # U 10 Affiest Hora ATse & Test 7 Il uahaanor &t arfa
& 3 Tafieer ol Y gatar o1 Fediens 3R fazawor famar arar ar| v gfadhy waeg i

ol TTATCHS 3R TS fFATAT3T 7 8 veh T W AR ales & qar e 1 2|
37T 5 (HATTd HTsifoteh TATETSSH |1 T FEARCAT 3R Tehafehior OX 9T § 53 Tehol Toig 7L I
JHTE) TaISs |1 T T 3R FERAT R v 4 4 § 3R S -145 3R & 3cARTdT & THTT FT 0TI
AT & TEraferen 3N Uaier Aol & HETTT A 3T Teh cqafed e, Hsh 3R TuaAsm &
3YINT el o oI ITSATcHS T, AR TasAc W Y& ham a1ar 3R tadusnssms
TEURET 3R TehaTetoT 3 Giaeenfia fhT aTe 1A TRls T ${fAehT &1 9T oeTa & foIT Siarelt
JhR TTATUTS3TS & ATY fohar 3r| 3caRadt Wi 1 ¢2ff ToT &l 8RR it & 38T T B
30] TACTATATSS T 3UREATY & TIHAUISINS FehR hl TeATcHS TR 1 & 3reaae
foham a1aT| 37141 6 (HATeTd Frsffieh TAESSH 11 T HEATASE- 3G YoT: AHA & SR 6
AR werfentor & e giafardr: srfRrArea afgsator 3R areasry i gariad s1faen) Refesar
Ares | Farete, Afderd, thds samserd, A 3R cgera afgd affiea sneAorgea &
STl T FET Ll & | I3TTeACoN-GISBIFeINTSS [ashel HIeTd el feleh TATGISSH || T T WéNeT &
Ropifeser & alrer afaeaeicns TaHAiator 9F T geaT & Aedidd fhar 7T a1l aRems &
3TYR W, T 37el3T-37cl9T a1t o T Tg-Aleded HI HRATS Fr [afdy, T arelena 3R T




FHSITET a7 AT| 3R 7 (FAL 3R Afasg gRUe) 58 e 1 A& faATAT3iT 9T Fehrer st

AT §| 36 1A & forsepnt oF fafdiest saler 3R e SR 9T gehrer &1 AT oemar § S
TEHIT3MS3NS 1 AT 3 Uardianor &l caafedd adr g1 37 AT § ook TATaoT
& 3eY TS T IR g dorg Hr FAfd & NEar 1 TaI-fauaasm fF dgaX T# sy &
Fieg fAS dehehr |
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