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Abstract
The emerging view considers enzymes to be highly flexible and dynamic biomolecules, in contrast
to the conventional view of enzymes as rigid structural scaffolds. The interplay of structure and
dynamics with the enzyme function has recently garnered much attention. The thesis titled
‘Biophysical Investigations of Adenylate Kinase (AK3L1) in the Crowded Milieu -
Correlating Activity, Conformation, Structure and Dynamics’ is focused on understanding the
correlation between activity, conformational flexibility, structure and dynamics of Escherichia coli
adenylate kinase (AK3L1, UniProt Id: Q9UIJ7) under cell-mimicking crowded environments. The
thesis entails a comprehensive investigation of the aspects that link enzyme catalysis to the
dynamics at sub-nanosecond timescale and hence modulation of the overall energy landscape of
the enzyme under different conditions, through fluorescence based spectroscopic studies.
Chapter 1 entitled ‘Introduction’ includes a brief introduction to the biophysical view of the
enzymes, emphasizing mainly on the conformational motions at different timescales affecting the
enzyme catalytic turnover. The energetic coupling of the enzyme dynamics with solvent has been
discussed from different perspectives. The implications of the complex cellular interior mimicking
macromolecular crowders on enzyme kinetics, conformational changes and dynamics have been
talked about. Later in this chapter, these aspects have been discussed with regards to the
multidomain enzyme, adenylate kinase (AK3L1).
Chapter 2 entitled ‘Materials and Methodologies’ describes chemical procurement, sample
preparation along with different spectroscopic techniques used during the investigation.
Specifically, UV-Vis spectroscopy, steady-state and time-resolved fluorescence, circular
dichroism were used to carry out the characterization.
Chapter 3 entitled ‘Expression, Purification, Mutations and Enzymatic Activity Assay of
AK3L1’ describes recombinant expression and purification of recombinant E. Coli adenylate
kinase (AK3L1). The expressed protein was subsequently characterized using spectroscopic
techniques, like UV-Visible spectroscopy, fluorescence measurements and CD scans for
secondary structure determination. The construction of (alanine to cysteine) three single point
mutants using site directed mutagenesis has been discussed. Activity assay and analysis of kinetic
parameters of AK3L1 as well as its mutants have also been described.
Chapter 4 entitled ‘Understanding enzyme behavior in a crowded scenario through

modulation in activity, conformation and dynamics’ addresses the different aspects by which
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the crowded environment can affect the overall landscape of the multidomain enzyme AK3L1,
through modulation in activity, structure and dynamics. Macromolecular crowders of different
sizes and morphology have been used to mimic cellular conditions, namely, Ficoll 70, Dextran 40,
Dextran 70 and PEG 8. The chapter focuses on the effect of crowders on the equilibrium properties
of the enzyme, activity enhancement, domain movement monitored through FRET and local
dynamics at sub-nanosecond timescale through solvation studies. Through this multipronged
approach, a distinct correlation between activity, structure and dynamics has been observed, where
crowders not only increased activity manifolds, but higher crowder concentration, mainly Ficoll
70, above 100 g/L, led to reduction in activity due to excess structural compaction and rigidity.
Chapter 5 entitled ‘Correlating Local and Global Dynamics of an Enzyme in the Crowded
Milieu’ describes an extensive study comparing the sub-nanosecond time-scale local dynamics
with the global structural fluctuations of AK3L1 using solvation dynamics and quenching studies
respectively, in the absence and presence of different concentrations of macromolecular crowders.
Activation energy profiles of local dynamics were determined through temperature-dependent
solvation studies at three different sites along the polypeptide backbone spanning different
domains, while the activation energy for global dynamics was monitored using tryptophan
guenching studies at different temperatures. In spite of the fact that solvation times increased as a
function of crowding, the activation energies associated with the local dynamics undergoes a
significant decrease as we increase the crowder concentrations. The crowded environment also
aids in enhancing coupling between the local and global dynamics of multidomain enzyme. The
study not only provides new insights into how crowding affects internal protein dynamics, but also
mirrors the role of local motions as mechanical precursors in controlling the global motions when
subjected to crowded conditions.

Chapter 6 entitled ‘“Towards the Energy Landscape of Adenylate Kinase in Crowded Milieu:
Activity, Conformation, Structure and Dynamics in Sequence’ describes the activity, structure
and dynamics of AK3L1 under crowded conditions as a function of urea induced chemical
denaturation. The enzyme exhibited an initial increase in activity as a function of urea, in contrast
to the expected decline in activity as a result of structural unfolding. The study presents interesting
aspects, wherein a sequential trend of events was observed, with activity getting affected the first
followed by structure, conformation and local dynamics. Higher urea concentration leads to

appreciable alteration in structure (through CD) and conformation (through FRET). Surprisingly,
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the increase in enzyme dynamics up to around 3-4 M urea shows that the enzyme gains structure
around the local mutated site (A132C) even when it undergoes a significant decrease in global
conformation. The results further prove that the observed protein dynamics are highly local in
nature and are not necessarily coupled to the global structure of enzyme.

Chapter 7 entitled ‘Conclusions and Future Perspectives’ encompasses the conclusions drawn
from the overall investigations carried out and the future scope of the research work. In brief, the
thesis presents an insightful experimental investigation of the modulation in activity, structure,
conformation and dynamics of the enzyme under the effect of macromolecular crowders. The
enhancement in enzyme activity, reduced activation energy barrier of local dynamics and overall
enzyme landscape alterations are the observed effects of cell-mimicking crowders. The interplay
of intrinsic factors of proteins along with the extrinsic solvent factors have also been highlighted.
The overall findings of this work provide a solid groundwork for a number of future directions,
such as similar investigations in mixed macromolecular crowders, in vivo (cell based) studies
probing conformational changes using FLIM and FRET approaches, single molecule studies using
FCS and smFRET and much more.
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IR

JURCT BT EDHIV TAHI &l HAR WRAATHD Tl & ¥4 T Telizdl & URURS =f¥piur
¥ faudia srafie afiar sik wifa=iia Sia-smopsif & = & ArFar g1 UogH havH & Wiy
TREAT 3R APt & IRER fobar 3 g1 8 § 9gd & SN fhal g1 widss iy |
IAfpIoTed SAfRCIRA TP TfsAgde fhas (AK3LL) - ggad nfafafdr, =,
T 3R fa=fierar e arelt iy e siars Tfeagae feas (AK3LL, UniProt
Id: QOUIJ7) & TIfafafey, TR & w=iiaTH, TR 3R Tfasftadr & g Yoy &) gHgH R
Hiad g1 9a-AHd Hig-HTS aral arararul & | AR T 37 ug sl &1 T e S M §
S UosH IARUT Bl JU-A8HS C3Apd IR MaRiiddl ¥ Sisd g 3R 39fiY WREY
STYTRT W R &1 & A1 ¥ fafts uRfufaal & TegH & 99 SHoil aike=d &1
HISYRIRM PR &

i 2 a1 1 F TSIl & SIqHifad R0l &1 Ue dfénd uiad Jmad g, s
T ¥ Y TS SERD HRIFTR B YHTId B dTal fafie Fog-fiarsii o Te-raes nfadi
IR IR <l ¢ | [aamaes & A1y Tz Tidd! & SHeitar g IR fafis efPaion 3 = & 18
21 TOSH HCIRT, T3S URad- 3R T TR A AR HI3ey Pi Adhd B aTd
Sfed Iger ERER & Ffgard & IR & a1 &1 718 g1 91 | 39 3 §, 37 Uggsi W
HedteiH ToTgH, Ufgmgae A (AK3LL) & Tay H =< &1 718 3|

Jrft 3R Frivnel e are srem 2 § S & SRE SUANT S ofF ara fafte
IR ITUD TH-1D| o ATY-T AT WIS, THAT TR H=A BT Ui e T g | o=y
U ¥, gd1-fa Wag e !, fRR-3fawT 3R THY-TH1YM Ufadiit, qaIeR gddig &1 SUdnT
T&I0T qUI R & foTg foeam T T

31 3 Xive wdhsual ot sifieafar, yfewvor, Ialada v temghfes nfafafy
R T YOS 3. Pldls USARAC [BT8 (AK3LL) Bt IH: Taoe Sifiaafad sik YfS &
qui Rl ¢ | S9ad Ui &1 916 H Wae R ddb-ildh] T SUANT B BI fa=iwar o, o
o gait-fafoiaa Wae R T, ufadifta A iR Mreafiies WRa Fufor & forg et w1 | w=e
R Iafadsm &1 3uanT #vd gu ([@ar= § ) & tea foig e & oo w
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<1 Bl 778 § | ARl TR SR AK3L1 o Tl HIIE S| ob fI=eiwuT & |-y $Hcb 7de Pl
Wt quf febar T B

wfafaf, e ik wifafiaar & Afsgaz & wraw § s W ufvexy & torswH
ISR &1 GHSAT M ara 3reamd 4 3 fafia ugqan &1 Aaifdd T & o gRT Hie-
YIS TTQT ATdTaRU iaias, TReT 3R TfaRfied # Alega=™ & HiegH ¥ Aec 18 A oz
AK3L1 & TH UREZT Bl THIFAT IR bl ¢ | fafid STHRI SR STH1R®! & Heh[HIIageR
HIISY DT SUANT AR Tl o1 Tohd B & o v mar g, 3ufq, fheia 70, SaeH
40, SHITH 70 3R UiSolt 81 T8 1Ay UoireH, Tfafafd i, oA siicia & g o1 1R
Hs & UHTT W Higd g1 T ATTT S A1TH T Ja-A-105 S cIsHGPd TR FRET 3R
R Mot & mery ¥ IR @t ot 81 50 sgemand =fdeior & e 9, wfafafy,
TR 3R TR & g U 3felT Tguay ol 141 5, Sigt 78 A 9 dad fafafy & &g
T 9ql fean 3, sfew I S TomidT, T U ¥ 100 U1 / TA 9 SR fhaid 70, tfafved
IRTATHD & BRI TGS J ST 318 § | T 3R HoRdl|

3 5 e s 9T araTaRur H U USsH & RN iR afye nfaxfiadar &t
THAT U HRAT TH D LT BT qUMH Bl § o SU-~AHRISH S THI-UAH W R
Tfr=ftear &t ga T AK3LL & af¥jd TRETES SAR-IGId & 1Y HHRT: Alea<H ST
3R IEA T BT IUANT TP B oIl & | AHHIGRITR Hr3ey & [afNa Figdl Bt
JURRT | R TiA=RAed & Iihaur Sl WHEd &I SHeT-3He SEF & $hal UidipRs
Je & Ty i 3reT-3renT Irsel R argEE-FR Aicdw= s & wrew § Ryifd fear
a1 T, Sefes af¥yes fa=fierar & fore afsraur Sort ot AR fafts arawmt wR fepits wmE
S BT YA b DI T3 AT | 3T T & Iavg (& HIS & Th ARG & =4 § Wied<H
79 ¥ gf 83 7, M Tiae! ¥ JS! Afehaur 3ol T Hedqul &Hl I oIl & Fifd 4
Wi ol Tigdraer & | HISHTS ara ITdrarul Aec IS 1A TSI H St I 3R af¥ye mfaefierd
& S QA DI FoM | TSI a1 |1 31egg 7 had g fder® UM &Rl ¢ b B
ffs sfiafie Wi Tfaiierdr &1 guifad &=t §, afcw e &t RUfT & 3= g R oy
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e &1 FRifd s # gife spigdl & © 0 & RIFH Tifad & YiieT o of gfafdfad s
gl

I 6 XMYF ‘TG § TG dswhy ATh Tfe-msae e 39 wiess R
Uftefadl, FHIHRM, TR U SRAMHTT 3 dierd gRar URd I+ [agdiaso &
i & U A Hs-yrs arelt uRfufaal § Ak3L1 &Y nfafafd, T=ar ok faxfiaar &1 aui=
I 81 TS GArT & IRUMHRGRY fafafyr & srféa frae & fausia, tomgw =
IR & U THRIE & ¥ § Tiafafel § URMNS gfg &1 Uex fovan| sremae faaay ugqsit
I IR BT &, o ge1sil 1 U Shiie Ugh ol 715 o, fored wifafafe uga guifad
g3, 39D d1G I, TRAAT 3R R TaRfiadr | 3= givan igd! I T (Fe! & A1ed
) SR TR (TSRS & H1Y ¥) H Ieera-1d URadH &1 3R d Sl § | SMeioie ¥4
T, THT 3-4 TH gRAT d Toed &I Tfaeiadr # gfa ¥ uar 9adr § fo tomgH wHg
IdRafdd I8¢ (A132C) & MTHUN IEET U Hdl g, a9 i o9 I8 3fye Ixe=n &
TG BT Y oRdl § | TRUTH ST AIfad B & b 43 T WIS Tierep! Uil § e
R § 3R S 751 o Totred ot AfYyes WRa1 9 I 71|

3y 7 e freed iR ufdss & uRtiea: & faru 71U wwy wiiw SR My 1l & widw &
e ¥ fera MY ey wnfie &1 e H, i fedieger Hreed & WHE § Uesd
DI AT, TEAT, WA 3R Tia=iadr # ASeRE &t U ATdgie FTarTHS STid U
T B | Tz fafafd & gfe, R nfa=iadr & aferant Soil SfaRiY & HH HRAT 3R
T UogH uRey uRads Id-Ted His & Q@ T UHI9 81 S fAdas HRS! & Iy
W & SHidRe HRD! B! IWRER fobar W Ut USRI ST 71 g1 59 $H & T F5py
YfIsT & P fa=msil & Tt Ueh 31T SR UaM &xd @, oid fob 3 B iaiaer srdsd
H Ta e, fadt @ snefa) sreqgi B ThUdSEuA 3R UhHaRSe ef¥dIul &1 ST
P U SIS YRG! Bl oI, THUITY 3R THUHIGRSC! BT ITINT HReb Tdhdl 317]
3T 3R 984 31w |
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linear-chain structures. Even in the dilute region, crowders
show a moderate change in the interdomain separation and
significant changes in the enzyme kinetics, implying the
presence of transient soft interactions (as shown by dotted
arrows) with AK3L1. At 200 g/L, that is the highest
concentration used in this study (Panels 1B, 2B and 3B), the
enzyme assumes a compact shape (FRET distances as shown in
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the respective panels) with the crowders representing a well-
packed system with distinct characteristics. Ficoll 70 (1B),
typically not a hard sphere portrays appreciable deformability
giving rise to high shape complementarity with the enzyme,
despite showing no polymer overlap, since its crossover
concentration is quite high (222 g/L). Unlike Ficoll 70, the
asymmetric dextran polymers, remain in entangled form (the
crossover concentration for Dextran 70 is 63 g/L and 81 g/L for
Dextran 40), with the cavity sizes being quite small. PEG forms
a polymeric cage-like structure at higher concentration, with the
mesh size being comparable to the dimensions of AK3L1.

Figure 5.1

(A) Crystal structure of AK3L1 (PDB ID: 1ZD8) in the
substrate-free state with different colors highlighting different
secondary structures (helices in red, beta sheets in yellow and
turns and loops in green). Blue spheres denote the three
mutation sites. (B) Crystal structure of AK3L1 highlighting the
three domains (yellow- LID domain, green — NMP domain, red-
CORE domain), with blue spheres denoting the three
tryptophan residues. The structures have been generated using
PyMOLWin Molecular Graphics system.
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Figure 5.2

Comparison of C(t) decays of CPM bound to AK3L1-A132C
(Panels A and B), AK3L1-A74C (Panels C and D) and AK3L1-
A209C (Panels E and F) at 278 K, shown here at different
concentrations of crowding agents, Ficoll 70 and PEG 8,
respectively.
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Figure 5.3

Arrhenius plots of In(1/1s) against /T for CPM-209 (A209C) at
different concentrations of crowding agents (Ficoll 70, Dextran
40, Dextran 70, PEG 8) as mentioned in the panels.
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Figure 5.4

Variation of the activation energy of CPM bound to different
sites of AK3L1 (A209C-panel A, A132C-panel B and A74C-
panel C), as a function of crowder concentration.
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Figure 5.5

Arrhenius plots of In kq (kq is the bimolecular quenching rate
constant) against (1/T) for AK3L1 in buffer (black) only and in
presence of 100 g/L (red) and 200 g/L (blue) of the crowding
agents (Ficoll 70, Dextran 40, Dextran 70, PEG 8).
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Figure 5.6

Crystal Structure of AK3L1 (PDB ID- 1ZD8) showing surface
area exposure of three mutated sites (A132C, A74C and
A209C) and some of their proximal residues marked and
labelled in blue font. Side panels show accessible surface area
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values (A2) of their proximal residues, as determined from
Naccess 2.1.1.

Figure 5.7

Histograms -- (A) Deviation of activation energy values (AE,)

obtained based on the expression AE, = EY — E/**132+209)

where EZ is the activation energy obtained from Trp quenching
and E]*+132+209 j5 the sum of the activation energies obtained
from the temperature dependent solvation dynamics of the
respective mutants, as a function of the crowders as mentioned.

(B) Plots of AE, as a function of the crowders with AE, =

Eg _ Ec(lsum of two mutants)’ where Ec(lsum of two mutants) is the

sum of the activation energies arising from any two of the three
mutants. The corresponding mutant pairs have been mentioned
in the figure panel. (C) -Difference in the activation energies of
the global dynamics (Eg) and that for a single mutant, in
presence of different crowders as mentioned in the figure panel.
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Figure 6.1

Michaelis-Menten curves for AKS3L1-catalyzed phospho-
transfer reaction using ADP as substrate. Concentration of
AK3L1 used was 0.1 uM and concentration of ADP was varied
from 0.025 - 2.0 mM in the reaction buffer. The assays were
performed in presence of 0 to 5M urea in buffer (panel A) and
upto 2 M urea in presence of 100 g/L Ficoll 70 (panel B). Initial
reaction rates were determined from the slope of the linear
portion of the fluorescence versus time plot.
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Figure 6.2

Effect of macromolecular crowders on the relative Vimax as a
function of urea obtained by normalizing the Vmax obtained with
their respective crowding conditions at 0 M urea. Red curves
denote Vmax oObtained in 50 g/L crowder at different urea
concentrations divided by Vmax obtained in 50 g/L crowder at 0
M urea. Blue curves denote Vmax obtained in 100 g/L crowder at
different urea concentrations divided by Vmax obtained in 100 g/L
crowder at 0 M urea.
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Figure 6.3

Effect of macromolecular crowders on the relative Km as a
function of urea obtained by normalizing the Km obtained, with
their respective crowding conditions at 0 M urea. Red curves
denote Km obtained in 50 g/L crowder at different urea
concentrations divided by Kn obtained in 50 g/L crowder at 0 M
urea. Blue curves denote Ky obtained in 100 g/L crowder at
different urea concentrations divided by K obtained in 100 g/L
crowder at 0 M urea.

159

Figure 6.4

Effect of crowders on relative Vimax normalized to 1, obtained by
dividing Vmax by the maximum value under respective crowding
conditions at different urea concentrations. The vertical dotted
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lines represent the corresponding urea concentration at which
enzyme has its maximum reaction velocity for a given crowder.

Figure 6.5

Variation of FRET efficiency as a function of urea (0 to 6 M, at
0.5 M intervals) in the presence of different crowder
concentrations as mentioned in the panels.
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Figure 6.6

Variation of relative FRET efficiency as a function of urea
concentration (0 to 6 M, at intervals of 0.5 M) in the presence of
different crowders as mentioned in the panels. Relative values
are obtained by dividing FRET efficiency values by the values
obtained at 0 M urea (native conditions) under respective
crowding conditions. Red curves denote FRET efficiency at
different urea concentrations in 50 g/L crowder divided by FRET
efficiency values obtained in 50 g/L crowder at 0 M urea, and
likewise for other curves.
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Figure 6.7

Relative change of solvation time (ts) with respect to (to)
obtained at 0 M urea under respective crowding conditions as
mentioned in the figure panels (A-D). Red curve in all the panels
denote solvation time at 50 g/L crowders at different urea
concentrations divided by the solvation time obtained at 0 M urea
in 50 g/L crowders. Comparison of C(t) decays of CPM bound
to AK3L1-A132C, at different urea concentrations in buffer (no
crowder) (Panel E).
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Figure 6.8

Relative Vmax obtained by normalizing Vmax values obtained
under crowded conditions (as mentioned in the figure panels)
with respect to the values obtained in the buffer only (absence
of crowders) and plotted as a function of denaturant
concentration. Buffer baseline at 1.0 is shown as dotted lines.
Green and black arrows denote the relative difference in Vimax
between buffer and crowded conditions at different urea
concentrations.
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Figure 6.9

Combined representation of the modulations in activity, structure
and conformation changes (FRET and CD) and dynamics
(solvation) of the enzyme. The changes observed under different
crowding conditions (as mentioned in different panels) were
normalized to 1 and plotted as a function of urea concentration
(0to 6 M).

178

Scheme 6.1

Impact of urea and crowded milieu on the conformational
landscape associated with enzyme catalysis. Enzyme motions at
different time-scales samples a variety of faster motions (ps-ns)
and slow conformational transitions, shown by green curved
arrows. Energy barrier required for transition are shown by red
arrows. Activation energy required for reaction in buffer
conditions (Ea1) is greater than that under denaturing conditions
(Ea2), which is much larger than in the presence of
macromolecular crowders under denaturing conditions (Ea3).
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On the contrary, the (ps-ns) transitions are most dynamic in
urea, and least dynamic under crowded conditions.

Sl Figure 4.1

SDS-PAGE Reducing gel showing bands of purified protein at
25.6 kDa.
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Sl Figure 4.2

Effect of Crowders on the relative reaction rates — Initial
reaction rates in presence of crowding agents were normalized
to the reaction rates obtained in buffer. This was observed at
low, high and intermediate substrate concentrations.
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Sl Figure 4.3

Effect of Crowding agents on the tryptophan fluorescence of
AK3L1 — Normalized emission spectral trends of tryptophan(s)
in AK3L1 as a function of different crowder concentration,
where Fo is the fluorescence intensity in the absence of
crowders
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Sl Figure 4.4

Effect of crowders on the secondary structure of AK3L1. The
concentration of AK3L1 was 4 uM
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Sl Figure 4.5

Effect of crowders on the secondary structure of AK3L1-
A132C, that is AK3L1 labelled with the CPM dye. The
concentration of AK3L1-A132C was 4 pM.
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Sl Figure 4.6

Simulated curve of FRET efficiency between donor (Trp) and
acceptor (CPM) as a function of donor-acceptor distance (rpa)

A).
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Sl Figure 4.7

Normalized time resolved emission spectra (TRES) of CPM in
AK3L1-A132C in buffer (Aex = 405 nm).
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Sl Figure 4.8

Normalized time resolved emission spectra (TRES) of CPM
bound to AK3L1-A132C as a function of emission wavelength,
at different concentrations of crowding agents, (Aex = 405 nm).
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Sl Figure 4.9

Comparison of C(t) decays of CPM bound to AK3L1-A132C in
the presence of different crowding agents (Ficoll 70, Dextran
40, Dextran 70, and PEG 8)
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Sl Figure 5.1

Time-resolved normalized fluorescence decay profiles of CPM
attached to Cys 132 measured by TCSPC following excitation
at 405 nm, showing effect of temperature on the blue (430 nm)
and red end (580 nm) of emission wavelengths.
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Sl Figure 5.2

Variation of 15 (in ps) of CPM-132 as a function of temperature
at different crowders concentrations varied from 0 to 300 g/L at
intervals of 50 g/L.
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Sl Figure 5.3

Variation of s (in ps) of CPM-74 as a function of temperature
at different crowders concentrations varied from 0 to 300 g/L at
intervals of 50 g/L.
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Sl Figure 5.4

Variation of s (in ps) of CPM-209 as a function of temperature
at different crowders concentrations varied from 0 to 300 g/L at
intervals of 50 g/L.
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Sl Figure 5.5

Temperature dependence of solation dynamics- Arrhenius plots
of In(1/ts) against 1/T for CPM-132 in AK3L1 for different
crowder concentrations.

207

Sl Figure 5.6

Temperature dependence of solvation dynamics- Arrhenius
plots of In(1/zs) against 1/T for CPM-74 in AK3L1 at different
concentrations of crowding agents (Ficoll 70, Dextran 40,
Dextran 70, PEG 8) (Panels A-D).
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Sl Figure 5.7

Emission spectra of AK3L1 at different acrylamide
concentrations (0 to 0.5 M) (hex = 295 nm, Aem = 305 - 500 nm)
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Sl Figure 5.8

Kp plots for acrylamide induced quenching of AK3L1 as a
function of temperature, at different concentrations of crowding
agents as mentioned in the panels.
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Sl Figure 5.9

Stern-VVolmer plot of AK3L1 as a function of quencher
concentration, at different temperatures.
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Sl Figure
5.10

Effect of temperature on the secondary structure of AK3L1
bound to CPM at Cys 132. The concentration of AK3L1-
A132C was 3 uM. Different panels show the change in
presence of macromolecular crowders at 100 and 200 g/L.
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Sl Figure
511

Effect of temperature on the secondary structure of AK3L1
bound to CPM at Cys 209. The concentration of AK3L1-
A209C was 3 uM. Different panels show the change in
presence of macromolecular crowders at 100 and 200 g/L.
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Sl Figure
5.12

Effect of temperature on the secondary structure of AK3L1
bound to CPM at Cys 74. The concentration of AK3L1-A74C
was 4 uM. Different panels show the change in presence of
macromolecular crowders at 100 and 200 g/L.
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SI Figure 6.1

Michaelis-Menten curves for AKS3L1-catalyzed phospho-
transfer reaction using ADP as substrate. Concentration of
AK3L1 used was 0.1 uM and concentration of ADP was varied
from 0.025 - 2.0 mM in the reaction buffer. The assays were
performed as a function of 0 to 5.0 M urea, in the presence of 50
and 100 g/L of different crowders as mentioned in the figure
panels. Initial reaction rates were determined from the slope of
the linear portion of the fluorescence versus time plot.
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Sl Figure 6.2

Effect of macromolecular crowders on maximal reaction
velocity (Vmax) as a function of urea concentration varied from 0
to 2.5 M.
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Sl Figure 6.3

Effect of macromolecular crowders on Michaelis-Menten
constant (Km) as a function of urea concentration varied from 0
to 2.5 M.
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Sl Figure 6.4

Effect of crowders on relative Km normalized to 1, obtained by
dividing Km by the minimum value under respective crowding
conditions as a function of different urea concentration. The
vertical dotted lines represent the corresponding urea
concentration at which enzyme has minimum Ky, at a particular
crowding condition.
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Sl Figure 6.5

Solvation times (ts) (ps) of CPM bound to AK3L1-A132C as a
function of urea concentration (0 to 6 M, at intervals of 1 M) in
the presence of different crowders concentrations as mentioned
in the figure panels.
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Sl Figure 6.6

(Panel A) Changes in the secondary structure for wild type
AKS3L1 obtained by urea-induced denaturation (0 to 6 M urea)
using circular dichroism (CD). (Panel B) Critical denaturation
concentration (cm), as determined by plotting molar residual
ellipticity at 222 nm as a function of urea concentration for
wild-type AK3L1.

223

Sl Figure 6.7

(Panels A and B) Changes in the secondary structure for wild
type AK3L1 obtained by urea-induced denaturation (0 to 6 M
urea) under mentioned crowding conditions. (Panels C and D)
Critical denaturation concentration (cm), as determined by
plotting molar residual ellipticity at 222 nm as a function of
urea concentration in crowding conditions as mentioned. Panel
E shows variation of Critical denaturation concentration (cm)
for wild type AK3L1 as a function of different crowders
concentrations (0 to 150 g/L).
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