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ABSTRACT
The thesis entitled “Bone Morphogenic Protein 2 (BMP2): From Cloning to Purification,
Characterization, Stability and Interaction studies with its Receptor” presents cost-effective
purification of protein and also explains the pH and temperature stability of protein along with

interaction study.

Chapter 1 (Introduction) provides brief information about the TGF-beta family of proteins.
Detailed information about BMP2, such as its structure and functions, is covered in this chapter.
The synthesis and cell processing of BMPs are also discussed along with the therapeutic role of
BMP2. The initiation of BMP signaling upon binding with its receptors is highlighted in this
chapter. The challenges of producing proteins from E.coli and inclusion bodies solubilization
methods are explained. The role of various molecules in refolding of sulfide-rich proteins is
accentuated with examples. The effects of chemical and molecular chaperones upon the folding of
human proteins in E.coli are described in this chapter. The chapter also explains the
thermodynamic aspect of protein stability. Finally, the chapter discusses the origin of the problem

in the context of this thesis and outlines the present research.

Chapter 2 (Materials and methods) provides information about all the chemicals, enzymes,
bacterial strains, plasmids, and cell cultures used in the experiments. The chapter describes in detail
all the methods used to perform experiments, such as cloning, protein expression, and purification
protocols. Furthermore, an overview of the experimental techniques used in the study is provided.
Molecular biology techniques such as polymerase chain reaction and spectroscopic techniques like

UV-visible spectroscopy, fluorescence spectroscopy, and circular dichroism spectroscopy are



described. Separation techniques such as affinity chromatography and ion-exchange
chromatography are also briefly discussed. Electrophoresis techniques, including agarose gel

electrophoresis, SDS-PAGE, and Native Page, are outlined in the context of their use in this study.

Chapter 3 (Cloning and Expression of BMP2) In this chapter, we examined the complete protein
sequence of BMP2, focusing initially on primer design. We performed polymerase chain reactions
at different temperatures and primer ratios to amplify the mature region of the BMP2 protein. Next,
we focused on the cleavage of the expression vector and mature region of the PCR product (BMP2)
and their ligation to form a clone. We confirmed proper cloning by double digestion of clones on
agarose gel and by colony PCR. Finally, the BMP2 clone was confirmed by Sanger sequencing.
Successful expression of proteins was achieved in E. coli BL21 DE3, and for better yield and
solubility of proteins, expression was also checked in Rosetta pLysS and Rosetta BL21 DE3.

Temperature and inducer concentration were optimized for BMP2 expression.

Chapter 4 (Purification, Refolding, and Characterization of BMP2 and Alk3) In this chapter,
we focused on the isolation of monomers from inclusion bodies (IBs) and the purification of
BMP2. We also discussed the purification of the Thioredoxin-tagged Alk3 receptor, which was
expressed in E.coli BL21 DE3, purified by Ni-NTA chromatography, denatured, refolded, and
cleaved by thrombin to remove the thioredoxin tag. The purified Alk3 was further purified by

anion exchange column to remove oligomers and obtain pure Alk3.

For BMP2 IBs, we used two methods: urea solubilization and acid solubilization. Urea-solubilized
proteins (BMP2) were purified by SP Sepharose chromatography to obtain a pure monomer.
However, urea-solubilized proteins were more prone to aggregation upon removal of urea,

resulting in protein loss. Acid or urea-solubilized monomer was further refolded using various



compounds to form a disulfide-linked BMP2 dimer, which was confirmed by non-reducing SDS-
PAGE. We separated the monomer and dimer by heparin chromatography. The protein's structure

was confirmed by circular dichroism (CD).

Also, we have cultured C2CI12 cells and incubated them with BMP2 to assess the protein's
functional activity by measuring the alkaline phosphatase activity of BMP2. The cloned BMP2's
functional activity was further confirmed through a binding assay with purified Alk3 receptor

using Native PAGE.

Chapter 5- (Role of molecular and chemical chaperones in assisting refolding of BMP2 in
E.coli): In this chapter, the focus was on studying the role of molecular and chemical chaperones
in the soluble expression of BMP2. Chaperones are well-known for their role in assisting protein
folding, and BMP2, when expressed in bacteria, tends to form inclusion bodies due to its complex
disulfide-rich structure. To increase the expression of BMP2 in the soluble fraction, we carried out
several experiments, including co-expression of molecular chaperones (GroES-GroEL, TF, and
DnaK-DnaJ-GrpE) with BMP2 at both 18°C and 37°C, expression of BMP2 in the presence of
chemical chaperones (Trehalose and Arginine) at both temperatures, and co-expression of

molecular chaperones with BMP2 in the presence of chemical chaperones at both temperatures.

We observed that the Shuffle T cells were successful in expressing soluble, functionally active
BMP2 in the presence of molecular and chemical chaperones at low temperatures. The combined
effect of chemical and molecular chaperones favored a better yield of protein in the best-suited
chaperone system (GroESGroEL) at low temperatures. The soluble, functionally active protein

was confirmed by its binding with its receptor Alk3 through Native PAGE.



Our experiments showed that BMP2 expression from inclusion bodies to a soluble, active form is
possible with the help of molecular and chemical chaperones working synergistically in bacterial
cells capable of folding disulfide-rich proteins at low temperatures, which offers an easy and time-

saving method of protein production at low temperature.

Chapter 6 (Stability and Binding Study of BMP2): The thermal stability of BMP2 was studied
by recording the fluorescence spectra of the protein in the temperature range of 10 °C to 85 °C.
Tryptophan was excited at 295 nm, and the data obtained were analyzed. The melting temperature
(Tm) of the protein was found to be 325 K. In addition to this, Far-UV CD spectra of BMP2 were
recorded as a function of temperature, and the data were fitted to analyze the changes in the
secondary structure of the protein.The stability of BMP2 was also studied with respect to changes
in pH. CD, fluorescence, and absorbance spectroscopic measurements were carried out to observe
changes in the secondary and tertiary structure of the protein with pH. It was observed that BMP2
is stable at acidic pH, specifically at pH 3 and 4. However, above pH 5, the protein started to
aggregate. At pH 11 and above, no visible aggregates were seen, but the structure of the protein
was disrupted as observed from the redshift of spectra in fluorescence. Overall, the results suggest
that BMP2 is stable at acidic pH and can tolerate a wide range of temperatures up to 325 K. These
findings are important for the use of BMP2 in various applications, including biotechnology and

medical fields.

Several techniques were employed to understand the formation of the BMP2-Alk3 complex. The
first technique was Native-PAGE analysis, which enabled the determination of the binding
stoichiometry between BMP2 and Alk3. The stoichiometry ratio of one BMP2 to two Alk3(1:2)

was established by titrating increasing concentrations of BMP2 with Alk3 and vice versa.



The next technique used was rotational anisotropy decay, which involved labeling Alk3 with Alex
flour 488 dye and monitoring the anisotropy decay of the labeled protein. The rotational time

increased with the addition of BMP2, indicating the formation of a complex.

Steady-state fluorescence experiments were also carried out, where a fixed amount of Alk3 was
titrated with increasing concentrations of BMP2 at pH 4. The intrinsic fluorescence of the complex
was monitored, and a plot of fluorescence intensity versus increasing BMP2 concentration showed
a U-shaped curve. The global fitting of total fluorescence as a function of ligand concentration

yielded a Kd value of 59.8, indicating a strong association between BMP2 and Alk3.

Chapter 7 (Summary and future perspectives) This chapter presents the highlights of the study.
Our cloned protein BMP2 can be used as a therapeutic protein in fields like dentistry and
orthopedics. Molecular chaperones and chemical chaperones together can help produce soluble
proteins that form inclusion bodies in their absence, which are difficult to purify. Furthermore, the
pH and thermal stability of proteins can be enhanced by adding suitable additives. To use BMP2
as a therapeutic protein, further toxicity assays and studies on the delivery of proteins into the body
or at the site of injury using a suitable carrier can be conducted. These studies are crucial in

determining the safety and efficacy of BMP2 as a therapeutic protein in clinical settings.
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AR

" AT S UIe 2 (@TeddT): aef=1 8 g:=ie, faRmor, fRRdT 3iR $9& Ul arit
& Y A" WMYP arad R F UIEH & HH-ANT G BT RGBT fohdm 11 §
3R U DT pH 3R dTIHH fRUAT & 91y g UidH & a1y ufadsy sreg= far man g |

A 1 (@RT) H oiue-dier tRar &t UidHT & IR § Hafid SR UgH 31 7T 3
39 3 | SeAdh & AT 3R Bl 3f fagd STFeR! g1 siuAdh &1 Riar ok Ia
TR & SR H off 59 oreara O Tl 8, A1y g dieddl2 & Wegfed YHd & ar & Ht 39
3 § BMP RYPR & 1Y TS+ TR BMP AT BT URY Bl 5 | 3 &I F E.coli ¥
T IS B 3R Ao dlal HiegfaarsoR faftdt &1 FHifaal ot e ¢ | thifs®
pH R RBIET 3t ITfar & iy Jewgs-Ra UidH o Rwifeds & fafte aifie! o
YT DI ISTERON & TTY TAT T § | ST AR H A Ul B BIfceT R HiHdd 3R
ATrgeR JURI & THIG Bt == ot B 1 3fd B, 39 sreara H 59 iRy & T o g ot Safyy
R Tl B TS § SR TdHH ST T TuRRad fhar T gl

34T 2 (@Rl 3R faf) veaRiey & SuainT fru 7o gt xremafe, tomgH, SediRad
X, WIS, 3R I dedd & aR H STHHR] UaH 1 ¢ | 39 e H, Fai=, W
3ffieafaa, iR 2MeM Uieidbica ot gyt fafirat &1 favga faavur fear ma 81 39 sram,
ey H ey § SN g arcll faf¥er yanT=itel deb-iieh! &1 Ueb YRR UG fobar T g1
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SEHIseH WageUl Sl HIdager Sdlel deb-ie aftld &t TSl 398 Thfd
BIHCIITDT SR SHTI-TRT Sl hIHCIATH! It YURRH deb-ileh bl Hi J&Y =i 81 39 ey
H b IUTNT & o+ H SR O 3B IR Y, THeITH-UITs, 3R Afed 0% &1 sraifad
gl

ST 3 (BMP2 BT FAIT 3T ifiraafary) 59 siegma & 5o diumdh & R Wi fida
DI Sid B, L&A B TRHR fEH™T R & diad dxd | g0 fafid dam SR Igm
3UTdl W UiferRd = RuaRrg U arfes stgadh: UidH & uRieg § 7=k &7 &1 sgral
1 I& | 3rTa &, 891 e daex 3R URIISR Wisac (dedU) & #=0R &9 & faged
3R I o= &1 el 991 W & bigd a1l A SR oid R R & S
SIZORE & AT ¥ 3R Pa-1 URTSR T Ifed T &1 gfP &1 | SMRRPR, SeAh Fm
DI YR AHRAT gRT GB B 751 Ui BT 9hd NG 5. HIarg BL21 DE3 H gofT, 3R
TICH &t A SR =g & o, sif¥oafdd &1 Aviel Yiuarsuaed 3R Jsiel BL21 DE3
i +ft Siran a1 BMP2 Sifiafad & T aTaHM SR SegER Tued &I sfggird fohdr T

AT 4 (FTHUT2 3R Alk3 BT LY, MY JUG, 3R qui): 39 3reary H, g0 aiferd fopan
% g Siatol (STedT) T AMEY B SQE B 3R STeHUT B =My JAT B g0
I T YIRS I[-¢78 Alk3 REUPR &1 =Y &1, Sl E.coli BL21 DE3 H Sifcad gaiT o,
15-TAEIT IS gRT Y, Save, Riics, 3R Ui gRT YaReiR ¢ gen &




foTT TeT T | NI Alk3 DT SFFIIE DI g SR IUf Alk3 WK & o ol g+ TR
DI F 3R T I01 F Jef|

degdl, ot & forg, o @ fafial S @) g SiageRdaReRE R Thie
A GETSAEoRH | IRAT-HgaRdss - (@Tqdl2) o Tadt SBRIV HIHcHG! gRI
YT 7 T df1fdh Ueh ol FIHIER UTWd 81 Gb | gTetifoh, RAT-Aegargarsss Uiei=a gikar &l
8BS WR 3HiYeh Fue & gl A, Forad Ui &1 g1+ gict di | Thrs a1 gRar-gicgarsanss
HER B1 {3t DT BT TN b Rbics bar 11 o1 difs Th SRHehrzs-idide
dleqd2 W §1 I, R AH-ISgRiT TISIt-0s gRT gfP &t 713 Tl g07 AR 3R
SISIR B gUINRA HIHCIUTD! GRT QT [dhdT| Ui & TRTT Dl GHeR Slehizad (I
FRR I RERIT

SYb S7eTaT, A 2wt 12 I Pl TR fhaT IR I siwdd2 & Wiy f=ress Tfafafd
DI 3Mher & T WA & AT ¥ Idford fobar mar o1l & feu e diegdh o
fopaTere TTfafafd &1 SiR ff YR fosan T o1 U Qe A & 9, ford aifva Alks
RAPR & 1Y IS T U BT SUAIT b |

3T 5 - (Send)? & Tre A ArawgaR SR IHraf=e AuR) ST AEH): 59 e 1,
T ®0 4 AiAReR IR IMAMS dURI & IRGH BT AT B R & dbigd oT, Sl
dTeAdh P Aiegad thawe § sificdad R & T8 8 & | AURI 6T 3! dRg 9 WieH &I
It B H 30! YHHT & [T RIS 7, 3R 519 I da 1 H Sifiead gid €, <l sigaun
B TUES 3R AR feqemzs-Ra WemT & HRUT SaoH SIers a1 &I Ughd gl ¢
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dieqdh B Aiegad tharH | Sfiaafad &l e & e g6 & wanT o, iS58 BMp2 &
1Y HIARIER I (GroES-GroEL, TF, 3R DnaK-Dnal-GrpE) & Wg-3ffiaafad, Tiffte Tl
AT 3R 3MTSHTST) & Y BMP2 Hi 3T, 3R ATH TURI & Y AR AW &
Tg-sifieafad fira g

gH <1 b Tha < I A HidiageR SR YRS W) & iy 31 Jus, FAdH dIHH
IR diegad, fhariia suadh &1 sifierad fean difffe sk Aideger AWl & Tg-UHd =
GG Ao WR WIS &1 S Idre $i 3R Bt | Hiegad, fobar=iid iidH &1 Afca Uel &
HTEH I 39D RALR Alk3 & 1Y 9138 511 DI Y & T8 |

AT 6 (FTHU2 F} FRRAT MR IEfET srema): Stuat &t aroaH RRA &1 srerg=
10 °C q 85 °C dP UICH B ARG Wl IhTs Db (bl 77| TZPIHA B 295 A-HIER
TR IR foram T SR Ut St 1 faRayur fosam | Uit &1 Afed T SRR (Tm) 325 %
Y T U AT 39D SArd], SeHdl & gR-gd! Hel Wael B dIHH & HeRded Yhis
fosam 1T, 3R St i faetyur & fore ftbe fova wram difes Ui o fecitaes ARe # uRkadHl

P e fohar o g |

dieqdh, 3t RRA & R off pH & 1Y Sead gu sieagd foar | el waRdy, SR
TSRS WA U HIUHT BT STINT dRab pH & ITY UIeH B! fgeiad iR gdiad Sxa-
T gRadH &l 34 & fore fosan man| st ufvomy anfad war g fo deadt srerar pH R
fRR g, [ORIWaR pH 3 3R 4 WGP, pH 5 F HUR, U BT & A pH 11 3R SR
¥, ®I3 I TB1E T <@l T8, AfchT TWIRGY H Wl B ISR J UIEH b1 T
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famtid g1 13 ot | ol =0 9, uRkomd 59 g3ima Rd € fob seddh sl pH R RR 8 3R
325 K do fAfHs argarl &) ¥gd o Iobdl o | A ThfEwg, sreararen 3R fafee &= afgd
fafie v & SiuAth &1 IUdNT & ol Ag@yui g |

HTAU- Alk3 FHYT HEART B TS D FHI & [o7T B db-iIch] bl SUANT fob a1 7T | Ugel
Al Afed-Usl fazetyor off, forgd diuadh SR Alk3 & st SIS Wisfbaiad! &t (R
DI TR | TH dTAUR & TR d6d F9ed & ITY, ST BMP2 Bl Alk3 & 1Y T[SCC TR 3R
IAC HTHINT HIDb U g3, Bl T3 |

JUTNT T 7 SATAT Ahi1h e THHIC fSdh §, fSRH Alk3 @ Alex flour 488 ST
¥ Oad fpar a1 iR ded UidH & TR B! &1 AfHeiT favar T siuddh: & st

9 o T dedr T, R U SHiied &1 716+ gfd gel

R g wa H fow e, [SH T fRR 961 ALk P pH 4 R dieadh & dgd
Tge & 1Y T3 far Tl G &1 WrHifad FaRed Af-e] fdhdT 1T, SR deddh
T H g & 1Y TR SR @1 o U g3 R & hd fers < | aiffes aifsaest &
O H $d FIRGY B G AET & 1Y fthe a4 9 T hal o U gafT, fored dieqdh
3R Alk3 & S AoIgd GaY ! a1 et |

AT 7 (T 3R ufasy #t =f): g 1wy sreqg= & qeod foigaft &1 URgd &l 8 | TR
I UicH Seqdh IeT SR SiTdfufsed o &af 6 o fafciiald Ui & U 8 IunT
T ST TohdT ¢ | HIAageR dURIN 3R HIHST dRI-T 1Y § Wiegad UIeH 39 H- |
T Bl Tdhd 6, ol 3HD! STUUfT & THIRd BId §, S e B Bial g | Hb ST,
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T Bt T R YA R 1 3= R & L Iugad AIedh! Dl s J off g1 qhal
¢ | dTeqth &1 fRifdhcrdd W & U 8§ I9AT o o forg, fafrs fawmoy afiemr siR o1
D IRR F 1 9 & R R TH IUGF HRAR BT IYIN B FSalas] Bt eqd R 3R
AP TERTS T I BT Hgdqul g | T g Arrsfi & dieduh & ffbcas oA
B GR&M 3R gHTd B HafRor § mgaguf § |
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