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Abstract
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hexacoordinate dlhebifre,rribatsh an,d dxhriopict coaxgi d
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f erri cAdsgeba h epbeonftsa ¢ oloir kde nfad &t ur e s, resembl ing
in Cyghb, poygamsdraeh goycamp | e x c ootrhdaitn aitsi olna tdeyrn a

in this study

The role of thagbDsul ade biomdi mng was al s
findings demonstrate that the dsaasubhi dé bbed
pochkegt for mirngéCdrci abp typically absent due t
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i ncl pdt eigntiadacot bes wesdhldwreadd eigmnd i.nt er act |
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To our knowledge, this is the fi#trestmi sataddy
cal paikegi ddgbfThe findingstsdppegtybptevhossr
possesses autoproteolytic activity. Addition
at Cys206, based on its high sequence conse.l
position enabl ed, dess ftunle efxiprrsdtsestigdmeer,ditnhaeh es

region of the protein.
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CDiCircular dichroism
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Cydglcyt ogl obin

DNADeoxyri bose nucleic acid

EPREl ectron paramagnetic resonance

GFPGreen fluorescent protein

H8 Z4Mut aAneddr ogl obi n pG&l coxohiimatdiodmanien f or cystein
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l1l1Background on Gl obins

Gl obins are among the most extensively s
sci eNerast hedeasrsgch rinterest in them continues
t haODO0 grleolbatned publications haheg baenbendex
the three big domains of I|ife namel y:etthe A
al, 2T0h0e6 )wi despread occurrence of globins in
t hat gl obins diverge from a common ancestor

al |l l iving things 1.é&t.ball2l0ilodn) .years ago (Bur

Gl obins are typically composed of 120 to
tertiary structultleelciomasli s$ égme mtfs ,6 dtahv& nt i
(Bol ogtn.edli1997). A defining feature of gl obi
group, which includesataadcdmendr avlilt Wi ao ar dirmdto
ring. This heme group i s -em®lBhaleidx wd arhd wi cah
providing the structural framework essenti al

versatiliet. & BlodDM)n.esi

Al | obi nsgecnaenc bbhet 9 i tf we dg 8 magpkagil noslaingdl o b i n
domai nsc hwimgehriondeVii mso gert a cad 2Di0n6g)l.e domain gl obir
of : vertebratiean@bbbbnes (Eng.hamyo@b@Mb N (Hb
neur odNglbhlowyt d Elyglbimet agz(omnt hHbi nt r a ,a npl aenxttsr a
gl oba.ngs. (symbi ogand HONngYHbis)ODiphyhHmg | ONs HIss ) F
and fi mgdlolby nshdrom al .gae a&snd ulvd aitreurdnilehh t (@a.f d ¢
(truHb) 2/wdltphhaa hegl(iPea&lt e fad 12d00i7megliclliomai n s
contraspeamtgl ¢gf | arger prot et @asmianrahleu d ovd! Imya j a|

typeslavehemogl obins (FHbw)th~460NADIi anda€&AD
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Cterminalcdemaymes invol veHui ey aemeldloX&8hd act i
Gl ooiompl ed semsdC@Hser(n@GSasl) regions that vary
function (from ~50 (tTohe §wail 2An0d0r) oagiicdbidpd nasc( it dhse)

| atest example of chimeric globins.

Overallll ,gl obins fal/ i nto ®&ne dfHbtsh raened eswv
gl obins (SDgbs) found itmeb&t/IB &WCEEd yabitdeedIgbysd
2/ 2 Hbrse 6 hatudidsuteiandclty,he only | ineage found i
bacteria, ar ch(ave an,o garnadchdeduk@ewa te®d.d hd i3I/ 3 he
3ov8Wbhel i x sandws$ cimad ® Fholef | ti®icasad ,p hlaabel | ed A th
abolve. g. FigumMdhedelheB) ces are folded into
stacked | i Wwet lar esnaami dnwincgh h eitgh e e s t( & tea teunit aazl
2005 )Wher easamntlhtee r2n/a2t iivse gl obin fold, found n
are structurally d{(s%aj ceanafl20fbtelye hanv® ¢Ilwobil

t wo helairsemal bathet samuct urHeosweferéoens €3 /p3r oftod idn s

bind heme and can perform similar fenhcpailons
2009) .

FIl avohemasbkeebhi shbewn to be increashaeagNy ti
ter mi nal globin domain of the globisaigonapl ed

cont rpaltlhemh y ,e .ag .p uRiaxtl v e nooxdyugleant esse ntBhoex Jéa chtaitv
transcriptional acFi x Ht(gwan ednama It2t0e0g9e)n DOiXx y gt i
bi ndsiwiiggt ches off the activity of FixL thus

inhibiting this tranetcr,alp2t0iO®Onal Baoctthi Vv d taovro h(ew

do not occur in vertebrates.
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EUKARYOTES

Animalia

o0gb, Ngb, Cygb, Gt ACQC

Fungi FHt
Mycetozoa (slime i 9
Dictyostelium FHb Microsporidia
Entamoebae NG Encephaiitozoon
22 Chi hy' Green algae) Chlamydomonas 2/2Ht
Ciliates 272Ht orophytes g )

Embryophytes (Land plants) SHb, NsHb, 2/2Ht
Apicomplexa .
Plasmodium NG Rhodophytes (Red algae) Cyanidioschyzon SDgt

Stramenophiles (d Green Non-sulfur Bacteria 2/2Hb, GCS, Pgb

b 2HE '
Trypanosomes /

Spirochaetes NG (2/2Hb)

Diplomonads * o AChlamydiaNerrucomicrobia NG (2/2Hb)

Llargia r it -

L
.. NG (2/2Hb)
.*” Planctomycetes . s Bacteroidetes/Chlorobi NG ( b

o'l 2/2Hb, SDgb, FHb Actinobacteria 2/2Hb, SDgb, FHb, Pgb
. 2/2Hb. FHb ~
B Agumcflos Deinococcus/Thermus 2/2Hb, FHb, GCS
SUQC‘ GCS 2
NG (Pgb) Cyanobacteria 2/2Hb, SDgb, GCS
Euryarchea
NG (2/2Hb, GCS, Pgb) Firmicutes 2/2Hb, SDgb, FHb, GCS
ARCHAEA Acidobacteria 2/2Hb
BACTERIA

Current Opanion in Structural Biology

i gur Addptledr emagesenprogeghebin

Phyl ogenonmnif c gptomitinlsshow t he diagt oistBhurttahe®n o
ngaodmbasfeed on e&vti.nalRroaddbogv ash d (ROIBIMygeu fs tertuct ur

F

( A

K i

(ster)eoowfi essper m whale myog!l oteitn,alPDB53¢0deThldl
shows all 8 el iIThes hlkamee Igdrioalvp as | arge sphe
di st al histidine ar e shown i n green. The
(protoporphyrin) and a centr al i ron at om.
protoporphyrin, the cenTthreasle ibrionnd icnagn sfiotrens 2a 1
and sixth coor datnaali2adnl 8s)i.t es ( Br acke
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12The Discovery of Gl obi ns: Focus on

Androgl obin

Thadvanbesi nformati c4 hawomd gWwauitoovses q ltiehgel i pnag
five dheacvaed edrhiev edni scoverywiotf himd wtbhgeh o Isjumpsr f a
expandi nihyba bMhdamsdc over ed over a century ago. T
vertebr atAag(bHoecd ewielad,cygb (Kawadl@dal, eTrahnt
200@N)obin E ( GkE)2d&I0K4)g,e |l gsltoabditne tX a(RGHIXE))b i( - u¥ h

(GbY) (e&to@almwadmNigb ( Buetm2®I0 6 )

Mb (from sperm whrdtsdgirrwas drdt ee bhy Aresady

anal ygahtg mbe s o I( Kteinabnt e ya | UG B1) ¢ kmipy ove@@etna r 2 w

et. ,al 1Mb6 @) a gtlyophbi ucladfro ypmrd tien nma rcya panrilenada fiel Il ys
biinmtgo oXx»xyygean manndéibKehdte ew,al). D518t 61s5 2a bacau t| on g
wi mbl ecul ar onfeilg7K eknDfame(a |)1TOh5e8 3 D structure of
of a monomeric subunit containing a single
bet ween helices E adbdg8Bhelitcaldopasdwihehcthaars
globin fold, as . Ll (llBesct e attea d210n6 hFai ngsg, e aMbl i s

| ocateldr coomos ome 22, spechandiaf ¢ttye ad 1xeéhe) 22 q
residues include the proxi mal histidine (His

of the heme, and t he ddti asbeiallg ahn ds(tk eeri dniad ¢ 9H3 S)E 7

Ngd @medomi nantly exmparetsiseuw!l arnl yt haet btrhad n
subthal ami ¢ nucl(eBusr naensdt atlr RT®OeONeaE maemyesr 6 cei n s
around |~0ln5g1 waiatlh7 MwDao f( 8u.r mke&MhEEdy) .al so compr i
Uhelices with an embedded heonvelUgiredip.al aismaarmgy

typigabbofitPeret.dal 2I0M4humans, Ngb gene is | oc:
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chromosome 14 at peotsiali2ddmMn 6924 h3 eEcdasnpas sikcsed
(named B12. 2, E11.0, and G7.0) an@78duyr egaxaon
2 spang344200exoniB06@anand 9dxXio8n0 4A s petmza |16 856
201l6n WT Ngb, thecdemki natoen, isound to the fo
of the heme plane, the distal histidine (His
positi(BAaec@®t.zal20T6)s contrasts Wighrehe.idnp & B
which the heme | rpemtotayrpdiicnaaltley geexohmebtirtys, d acKki

coordination undérn graagt frege@d dRAElmnzs

Adgb a multidomain and <circularly per mut

di scovered in 2012 and is predominantly expr
(Hoogewi pb2012) . | ts oeliandad!| Jgiosddwercy rwaid ar
which caused it to be overlooked in conven

dat albddlsegetvi p20HPDWever, advances in bioinfo
highroughput sequencing technologies in rec
identification ofAcdgeele nptr ati esicrosv,e rii necsl thdaivreg r
significantly expressed iaepitkeldipeahta |berbakilenp r o ¢
ependymotiyaergcauhimesci fically associated with
( Koaty. al 20 2d)ggbe Tdhewas first foundsand {1 @&ecgéted
@ subphylum (Cepmpladllocdh@amdedtua)e naf mar ianned pr i m
it was shown to be highly conséeHoedetwihp® ugh:
2012)The compPAldgghend umpans 216, 460 bp on chro
5,004 bp are codiftioagdewcpb2@alIhpBé exsoakbso ¢
CpG island spanning t RHedofoigredvti pd2OMi2sp nrde gitosn !
rich in cytosine and guanine resiAdagglenaend me

Four toHifritvwet r ons Ap ggbesreentarien | ocated in gl obi
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gene eaihgltet he introns are | ocatteedr minnatlh e eaqa

(Hoogewi ,pk2012) .

13The Domains of Androgl obin

Adgbs distinctive in severaletsak2@lds)t.a a
chimeric pré®Baanl(aarugnemt) h~2a centrally positi
( Reeedteral 2T0RRed )pwat eliescri bed as containanly f ol
termi nal croeg iaaImplddgilteetst ei ne oo Nn@@B er esi dues
known moti &sdgl dlintah alte mas nci rcul arly permuted
domain situated between t hteerHmiamal Ar eéagil 0 T eiss
contain sequeaciels fe®gi an,coda |l mdcl ear | ocaliz
membr ane ieadoet iacsul unf Hoeotgeerinti iadsd Fd Bgura&lh & . 3. 1)
gl obinidomaedi cted to -behscal esftraoatergh¢tat
3o athphacaypi diblkh nafl Hikke heme proteins that

moi é Rgeedderal 2024) .

N terminal Proximal-Distal-CD1 C terminal
1 1

f 1 His-Gln-Tyr l !

on o Y ) T Known Region
Region with no known motif Globin domain With Beta Sheets
Figux@h&e. overall dowadnogtobinecture of
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1. IFhPet &r mi nal domai n

Phyl ogenet i c anlailkyes ids/Ambajabnesmep $ci adlep ali4n h u man
reveal ed-t ehmt nahledrgbbgnoai o&7-la kea ldparnan n, show
similarity t-o( Hhouongaenw i. gasll p@dl2p ai ns are family
dependent cysteine proteases that areifrnvolyv
acti viastfitoenn triggered by <calciumetnfl 281 &)n.d
General ly, cal pains are made wup of two subu
subunit with bothEBubandtdomavnnghat peanhtarib
Céd™i ndiHmgen a ,al 2@aI8pain 7 is atypical i n the ¢

the -REnhand( O9osako.al 2010)

Humaal pcain 7 caoiper siesalofr egad ratt airryi ndgo mta
mi crotimbhelracti ndll dchadmairma s(pMirda dah daMINTlY st e
protease domain i Hditkke dmimaétldrenatrauisdt saf@C2n i n
calciuml @s aldo ,ag20DeFd )guF .eA)The MI T domain has b
to play a critical r ocldseaiton ,atl Blenl agitt i voad § onu g

t hat upon binding to MIT intldnalcat edfi .peoad ti é is

endosomal sorting conpplodaee. iigmdcgrue ar seedd fsoord iturna nte
(1rsT1), the MIT domain either dissociates f
core or i nduces a conformational(©Osa@am.g,e&l t ha

2010hi s s ugtgheet teN mi ma r e gmioghao/fe cetvbod avieylu v r e
speeidalmechani sms for interacting with the E:¢
facilitating wunique interactions that di st
cal pains in (ODswdto. &I)2R0Al0y ef es appahbpai ho7part.i
the ESCRWhsyHhtem, essenti al for key cellul ar

formati on, cytokinetic absdi sasli2dad,09atheér vir a
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c

at al ydfi ccxlwmpa®tanafal y¢ Acteturad diyB9)0i, 458 and

Ash78i mdi cated by tlire gudlehAdd triangl es

5

p

a

Thet &rmi nalli kal pao hefadgbhd® m@memodfogy wi t h
atalytic domai.noMév &umaintlcilkdep lkasnnd AMI TC2d o ma i

n cal paient . 7al2BnMae8@¢pe oulsy saadgewi js (2012) r ¢

al pai n Addogmbat ai o only one of the three canc
al pains(Cg3,tgwhicli mesever al hi stwelmhenes eamtd ats
ommonserved npotshiet icoantsal yti c triad of cystein
s the nucleophile, i nitiating catalysis by
epti del ebaowadg e (eMo. |, alodCeld2n)ut i di ne functions a

ctivating the thiol gr ocupe aovfa gcey s(¢Neoilaade@ GbBya hpur

Asparagi ne, acting as a stabilizer, hel ps tc

t

d

hrough hydrogen bonding and also contribute

uring the transition stanetofalepid)de bond
Il n calpain 7, al t hoMdigAs nt)h ei sc actoanl syetrivce dt,r it
emai ns i naccessible in the restinigll ¢t at e,

Nt eracti ofdrlewliathe dESpOROTt ei ns, r atihreg (tebaak d r

1, 2M0d1gbba c k s -l titkee @2xd MI T domains found i n ca

atalytic core more structurfadgtbhp aexdppsed. dTI

ctivation mechkhmeh asyn dainmde rcgaitnagl yftriccm cal pai n
onf or-dneapg e omche nt actTiweat aohi pat ihovA ¢ gpdaat | hpwaai yn 0 |
omai n, especially mechanisms involving the
et ai l in Chapter 3.
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A MITa MITb Cysteine protease C2-like

Calpain 7
3 7783 150 260} ‘ h 541 676 813 amino
€290 H458 N478 oacids
WT 1 013
C290S 1 ‘ 813
C2%08
AMIT e ———"T 813
MT | — | O
MITa —
MITb 78 w— 105

Fi gux dSdhematic represenQsaakitaorma(@201606al pain 7

(A) StructuNeeomi cal paegwdnMcodndamaimg ( MI Ta
a cal plkencysteine protease domain (€Cy%x290,
domai n -taetr mitnsusC Catalytic triad r.es((THhwees ar
Structure offi kdhestDi sde¢tar €€20f Human cal pain
Human cal pain 7 fuegul athgdasoa@malcatl ltii walm pr ot e
bi ol ogical processes such as promotiNng epi
pr ot e(@dmpkeli aad Davies, 2012)
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1.3.2 The Gl obin domain

ThAhdggbhl obi n domd&a8enh eddfindtegispen c al Ighboblime d oA d,
but s circularly per mutated. Circhié @aa uspeer onfu
rearrangement of ami no acidst esumdmat hategt be
i ntercheaeaenged 20008) . The gl obi nskhy mahen ¢ &l mqd
binding 1Q meti al26db2pewl jési bO@emoprbpmsgdt t

been acaqui-srhedf fbly rtgpxoogneevin.j &l 2012) . This regio

binding to cal modul ilresteHat reacts to calciun
There are sever al amino acids that are h
acids can be considered essenti al as they re

therefore are fundament al etta ,allRed 0f6y nc tOGfare no

examples of some var,bati bhevyorehesre amitnovi by
these residues includes the three amino acic
all gl obins; IpiexXiimdlneF§ Hiist)e,atpheéreyl al ani ne

regi on and & mogrlt ihteamoiH meectuil cei rag t h e edti.sal&210 0B7 .s
Ot her highly ¢ ordleudoeierde r(elsd wW)wmbemt c itrhee aBtl Ot hsd th

andr alpi ne (Pro) pahtentyheat @2 haietCdb4arsd t et amdbng

1997).

Some of taeieedgami 081(0Q01)PheLeu (F4), Pro
(CD4) , are conserved despite not eitntaed 8867 ) nc
This conservation is attributed to their rol

(CD1) , and Leu (F4) contribute through hydrc
Phe (CD4)sedr bdysthyghbiridigodgera . had mMddi\ipge ci fi cally, F

supported by theUMNeltiex mianrmd RhHge( ®D4)ani s st a
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hydrogen bondi f @ewilt®dhd /Rhue ((BGM)ayasl sao r ol e i n
| i glminMddiong her oWaneemaal MHIS) (E7) and Hist aF8)
and prhoexmemabli srde smpme etidwal g conserved primaril

rol es - enl dateenck feutn calil®dm 7() Ot a

Ast at edHamsowvieque i s typically conserved a
E7 posntmosts pentacoordinate &hAdighexxaicmnor th
conservedHi,prioXxi m@lnagiedcuea at the disHias E7
(Hoogewi jag 2012)GI ndotaabrlegecogni zed variant at
vertebrate and invertebrate ddldgiaysstiilnldi cwap
functional versé&obprl ekgmpHbttAs&adHdbasi aln sinvert e
found iwentbeipefluid of parasetial2@mm@a) oded
vertebrate Mb of Aredraredreagh b;iB%& 1 ted c (@R dbSo& Bha
hawvémeplngghe roi e oheHf simgdtoibdm Acsfc Htbhe t he di s
is paired up with Tyr at the B10 position to
st asbs$ | Rbeomend .0 xyhgiem causes AscHb toD&avala hi
200Wher eAasi am el ephant Mb, GIn interacts str
rates of heme autoxidation aMibd aoxOy gl ctoicd @t

(Romidearedr aal; 880t at.ck1983) .

One of ¢ dres enrewd ddrnu egli RhGDB.hi s mpdaiyduea vit
role in anchorage wintdhibn npda elgldnt® e @ \h@ | ;h @ Ine
Roesenteral 2ZHM 4yYyar i ants with mut at itamsme rns ntihtihs
and Hb Little Veniosetabhnbat yAlifwyattnaea lpZ000t5e)i n
Recent wot laibdemtm foilued tyr osi ne aAsdgtbhree plead idng
the typicaPHat -ctohnisde opvdessdiwtiguaene a 8 s e(sRseneedhetr,a |

2027%he al i ddigwbintth orfel ated pr ot ei n#dggblpoebciinf i ¢
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domaAdchg@D), wasalmated usibrrged @ROVEIhmealki xnet h
wit hithwitlhhegdt EZowesequdReedts.rmli 2@Zdh) g appr o:
redefined the semaleimcgus@)dihredy. e oirkee o@i ng a t
residue at the CDIlgbB(i Receedbefr,at BlOt2 haulmaan gener a
alternate helical al i gnmein.te .arpyeiiBdwhaesl CAcarsd
on he eQ nsiirgaeld HheeCi ceserinmiinddelieg Wr A Ho®d.g2 wi | s
et. al2012) .t Ho wse& @@t ihrel i x itheslICi ftteedni ha l S |
t han -ttehremiNi aAeC. sh @ leioatehset aQd esiingddeli | es tt heef rtehe hel
D-H aorehet e\ mdindhd s ho wk gium etBH R8 eclteral 2Thz4)

structural hmmd e fheed i xt stelgsee @ecehown I.B &ndur e
FigureBfloBd. 2he or i gsiengaulser necsepl e a teivi esleyd. The re
di splays a heme pocket archi-tentarei mgrpr obam

as Ngb than the ofii 8 Awvad Biegflwresnck. I.F2 .gur e

Addi t itohnealrleyw,i srradvadpgtheeme&asadnce of an int
di sul fide bo-nadndtie€nkii mal t hegMomdi og(Fidlgena b @ me
1.23),2 t hereby stabilizing the .CDThliosopwaasn dc osnuf
t hroaugdh t hi aditpriyaotiidoenner mi a g p b b e d s(oRyesebdeeera b s
2027hds sul f wdse albsrecht i n the or(iHoonmdwisgpsgguen
2012nly two cysteine residuesxp@ysd8d@nanpgoci
closely enough to form an intramolecul ar di

protein (FiR@aaderlal32.022.42C

Al t howmgdsitne and phenyl al ani ne share st
hydrophobi c teéhred paretsyeantceec noef at howeweipeopuse ti on
eukaircy opg r( Rteeeeddte.r,al 20@vWegver, It is found i n n

incl WMdhicmdhbacteri umOu edtlee g2 08Cage nonmchabdi tis e
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(Hoogetwi pg$2M0y0r7)i.n the CD1 position of prokar

affect heme binding, but(Raedarfaff@®0fl24dxygen b
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o1 Distal Proximal
C E F
— AVAVAVAVAVAY %V [—————=}
G H
N\ /NN NNNNNNS \
2 SLWRIMKKVQITH NEFKFAFRAMVLDLELLNSSLEEVS WLDVKY TSDXEYS? ‘ ;
1Q-CBD A B Phe’770

D E F
B fo—— R/ N/ \ TR SN E
G H
v/ A AVAVAVAVAVAVAVAVAY AVAN
1Q-CBD A 8
AVAY Ve A " ——
(4 .
== sis
C \
MGSSHHHHHHSSGLVPRGSHENFEPESCRFTEQSLLIMKATCONVIANFKDK !
SKLSAALKDLOTAHY PVPFHDKELTAQHFRVFHLS LWRLMKKVQITKPPP 1(
LELLNSSLEEVSLVEWLDVE MPTSDKEY SAEL \ )
YVRLLMKARIPDTKENISVADTLOKVWAVLEMNLEQYAVS 20(

MFKSKCKSLESYPCYQDEETK*

Figure 1.3.2.1 Androglobindsdliraktitsadamimeod edda to ne(Red2edea.l i gn me nt

(A) Original alignmehbit aft 2 @Bb2hted dAcheys-t Haor omdj ienvamél @t shdeo #h & e @ i ene st-theer N n a |
direction. (B) The reviste.da(addysinsehniCt trecdpieG me d abiy. eRebAdET 0@S- ar e i
termi nalanddiHDhetl i ees-t arei naltderNcti on. (C) Prottermi vsaalguirpsyaensee
l inker highlighted in bold italics, thrombin cleavageéldoi (®d)i Mdide
heme pocket struwbuhemdi spbaycongrtdhaeation and the CD1 afmidime aci d
or i AAidgghé¢ quence in A, (E) the revised sequence iniB), amdad grFedihatmad
gener at edTASSHR derevded asidn@DBwWisswer .
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AlphaFold2
C787 -C978 C894 - C970

Figur22CysBeine residues involved in disulfid
adapt eRleefdrearnal (2024) .

( Alhe four cysteine residues of t HAd phazhaoilrd ar
mo d.€ B)he dibsettawveceen pairs of cysteine residue:c
Al pha2FonmoddeliCOTZB88vn bl aC%k7 @nidBCBRBL)9 78 and
C8914C9 70 dnowleose femromgantiontramol eaultéhre dMiDs L
simul at iAdb mphaZ od tdreuc t s @ Clahfet esrt rlu.c4 ur al mo d e |
di stanceybeiweadd 8Cfoll owing adjust ment of t
cystseulnpghri d@Epmse. dibsettawecsmniecsyhsotwn t o WPeDBb-eluaw t
of f WVat udibowmidésr chg<t i >.N0OSgH. ,al 2T0hLi7s) i s ddmpar ed
two Cys residues of Ngb 4MPM (red).
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1. 3. 3t €Ehei Bal domai n

ThAedglst er mi nal region contains a significa
amino(&cpgdse 1t3.a3sb) has at | east three orde
roles; a nuclear | ocalization signal ( NLS) ,

signal and a coiled. @avb2012rgi Coi (éldogeiwl § sca
spacers and can be used as vesicle tethering
a scaffolding region. The NLS can mediate th
a mol ecatagnitagdrby the nucl ear aill@pov) . mabk
membr ane retention signal contributes to tI
retrieval of ER membrane proteins feobmal he

198Bhese features support the hypothe$is tha

protein interactions or di meriezatail@012as pre

17P a g e
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Figure 1. 3. .1 Showi ng-ttelheni chiddoolrldoawii apg eadn acltyi s
the protein di s o(rPdreDx® 8pprieddui ecst i foant hsryesgthebne d a we t
predicted t be or dtehrreads h ovehd d ree t phroesckei catbeods et a
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1.G1 obins and their |l igands

The heme group in globins comprises an or
a centralFiisrcchhreratacnyd Zkbel prott®gO8r phyrin stru
pyrrole rings connected by methine bridges,
at om @dnfttahreems si x coordinate bonds: four in
atoms of the pyrrole rings, and (®%ohuwalxz adng
Schir mer , Thle9s8e4 )a x i al pasi tihend idnd nefroxi endh |
coordination sites. In globins, the proxi mal
F8), while the distal site is available for

nitri Keoxeégsval  Pea&t.zall960)

The heme iron in globi(feraaod sq  cflbeerzb et waene
ferstyat)evi th the oxidation state, c@Ppabhe NO &
example of physiological |l i gands of the red.Lt
t o ftehreroircm of t hetiab20&Frei Thaes hefener@aplr par tan
of the redox activGéegrgavahd) thpg,yvipdle oai@&86kE
characterized by the pentacoordinate bonds
oxygen. The fifth coordination site is occup
on the( ptrevtt.za IN2TONlel )pr o x i makli ghhil syt icdoinnseer ved i n
can be found on the 8ltrh talmdinro dea xy odt ated ,i xt

site of the ferrous iron atom is accessible

i ke SCatr.zal20Cdbhtrastingly, in the absence o

n the Nh&myeabrodfd gagbr e hexacoordinated in both t
of t he (iFeoanc.eaatd,® 0R2eeetd ear?)0 2Bot h of the proxi mal
Ssites are oatomi el bhet hemi Nawzolge YrHemdgcre@fl a h

2002)Oxygen binding and other exogenous | igan
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the displacement (&St ett.hal 20 Bliyat erhtilsyt,i dmnmedat

coordination (sBuartmess.teaflr2@1ldbhi n Y

The widespread presence of globins acros:
|l ife has prompted questions about their func
rol eow®r Bbs 1 s oxygen -otvrearnklps r a r rewhoul dvieeadt [lhyen IN
detoxificaetonl 0@ r smpaewedevwvel op special evol

for Hbs thus allowing their carret.r,al2a®0 D)c.cu

Both Hbs and Mbs have etdoxzpmes$s i tgacoi Magn
sul pahndeperoxi dases. Hbs react £ awitthre nM® nidn nog
of NO to deoxyferrous Hb or t he «coWnvdeerrsi on
physiological conditions, vertebrates Hb <car
reducbeamf linmdg@ct ransport t hr emudhHbtshieBIF@D rtnhaatti o
help deliver NO to areas of hypoxia or rest.:

(see Fiduwreemsklnd. 2)009

Mbgan act as an oxygen storage protein i

enhances oxygen diffusion i nMbmaihn ofxymetni cro
facilitate oxygen ,disdgeacdiirfam aldirgo oy tomdd nt adig eha
oxi dasewi wochiondria. They can al so function a

aerobi c thc ontdlingeiacn o0 oynf exgflrotuesact i ng d6wirtnh fNeQ r i c
Mb and Trhiitsr gptree.vent s the production of poten
(RO8nder hypoxi ccac cagesimer astiga Miesacit th@ss | eadi n

to the v(aReaddrat i2ohl0) .

Asdescriabé dmmal man Ngb are expressed in |

peripher al me@eeundasr isystemssues such as aden
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testes, the pancreatic islets of Langerhans
(Han&e.l,al2008). Ngb can bind reversibly to o0:
(P50 & W'hit ccnormpsar abl e psbd® thdt teff rMif s ippor £s 1:¢
t hseu g pretshtidgb f shotitbdehboagh Mbmihywke Wge ®r age,
transport and intracelluytlirsdhyposhesi 9fi D X1
Ngb high autooxidatiohowataeern{ageé hcongaenemturn &ts
( Bruemtaral 210t05i1)s. al so suggesiNOdsthwaenn i ghbeginse uirno
even though the binding affinity of NO to fe
Hbs and Mbs due to the interndgll HdHasetkEZIn pr
200 ) dence suggests thaNgbheomwvses thet Nghl!l pf
as a stress -isredhuwsooirb laen dmoslterceusl se . |t appears
protein in response to hypoxic, ischemic, an

apoptotic paethwaly2s0 1(6A)s.cenzi

Cyghhares some features wit hCyNgshpissuicthi @aa ! Ih
expressed in the cytoplasm of <cells that are
matri x component §Hamkdelirakt2PDBd8) .oargeanal so exp
fibroblasts and related cell types in a br o
muscl e, gut, kidney, leutn ga | &2r0d 8t) h e Npda n anmuecds i (
the fahcwolgymkbgwever recent studies hawlOe show
availabiVvasyguliawhtrired&r i s centr al to nor mal b
regul ation of smooth muscle celtl at20&8papndFupl
experi mentsu glgavdaad am@Gyd mayr ot e othiedexi dati ve st
condi(tBieccrketr.s,@Iin2Qdgdht r ol | i ng iNO eh ocned d s tuansdiesr ¢

and i schem{( Reededi andnbkeri, 2018) .
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|t has betmtts@ggbkebe Adgdoemafionr oxd fln ®d es han (
del i(vikaooygewi pé2Rel2ent study. b2 Reb)arcgb t hat
couwlod entially participand khalNiOWseynswag wml i
due a high autwwasxiadabihaewppeoatned mportant rol e
of sper mat ogegdnad RAOdlgBoBnat ken may be | inked to
of male germ cell s, potentially (tBrraeakgdal i nt e
2018)Al t erAndd@rioa w ey aurcte drbexgul at ory function vi a
during sperm capacitatAdgctist ememaiemsomnscipea
Adgibsg | eaardinl y the globin domain persists i

proteol yt(iBa aaxctlkeslv2algle8 )

Redox regulation plays a vital role in sp
of sperm capacitation. During spermatogenesi
species (ROS), which, at cont roiltl stdisdergueing e
of mor phol ogi cal and met abol i c transfor mat
fertilizationetcam@dab?2)itwYWveéeAi then course of (
progressive increase in various ROS, includ

oxe d and peroxyeti tr@ilt2e0 1 8Br acwha | e moder at e
physi odioggnaxlakkxogssive accumul ati on Icaauctse to
sperm abuwlorimadat ¢elyy 1 mpaieti 2a@lF)er tOXxiidayt i(\VAe t K
when ROS genewmadiven whehlemsbdosdy 6 s natur al ant
mecharfiBsmreesskel 2018) . Il n sperm cell s, ROS are
the NADPH oxidase system | ocated -detpetnidenpl

oxi doreductase system watt.halm 0tli8e .mi t ochondr i

The i demhseperymodxi dase respossipkelr® xfoadre tame

nNitricumnixng ecapagiht @asieonai Br eetkenil 286 TABE gl obi
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domaiAdgdbdas been proposed as a pdotBamecikeeh| c an.
2018his is because thaAadgdbDama madrodli Inellsa b(eQLw
hexacoordi nfaedhoghabdbhia®h ekbdgédnss redox ac
cruci al rol e in (MDepHethwalt 2@LUES )dlr20 genskeaat es s |
which is regulated by both iditsmEt8ddDEdama and
De Heentaual 20IT%H)i s enzymatic modul ation <creat
peroxide gradient that functions as a redox
Henat. al 2015) Ad @hansi |medry, shown to int-eract

enriched protein -cokhkéeafBmegkea ROITG) od @xdiox i n s
protei nisnvwdlavte dairigmgararddnxftahcel Irietvaetressi bl e oxi da
t hi ol groups to(Broacnk ghil 200TBj dereancds on i nvol
of two electrons and two protons, playing a

(Sei. al2004) .

Ot her Adpibrsc ldufaleisng cel tul aa bbbgenesni s a
(Koaty. a2021). ildtenhad$i bdems a directatkawnscr
regul ator of motile ciliogenesiset.walai2nl)a.
Mor e Adeggabp pear s t o participate ient.rael®®dgsldnd c
nitrite reductase (NI R)atacDa.dzntlt ¢ uipsogrs ebgi nni dfiince
with cal mgdulsiumgmgeGa-Menme rad ecnatl criaugrul a¢ br w1 me c |
202B0rt heArdngbbre demonstr at e db ephoatveimotugriail o man,c o@ e
of brain cancer @&eil ievAd debxigproems sgilamli ncedllisama
reduced cel l proliferation and increased ap
regul ati on and t umoeutr. ,asl uoBoilr deds\ sl igyih & tWibpagt
transcriptional regul ati ogrepbydepgit(gChedt A sSme ¢

202B0r exampl e, I N paneccoedaitngc RNAA ST XNBEBEBSh be & n
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shown toAdkgappressi on by recruiting the hist
promoter, thereby promoting DNAnmeghMPimhet i on
gefl €hetn ,al 20Dp2i0gjenet i ¢ anal yses r eAdegagbt ethohgper
regi on, s Aggedxspriensgsitchmtmay be sil enced throuc
up potential therapeutic avenues, inrdluwding

2020) .
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Plasma, NO scavenging

NO
P-Fe' 4 P-Fe'-NO

o}

P-Fe'-0, —» P-Fe''+ NOy
NO

Fiugoe 1. 4. 1. Summary of haemoglobin reacti on

The reaction of NOiwi showeMhpBvepBEe@l $)clavidingi
Hb wi h NO yielding a peroxynitrite inter mec
nitrite. This reaction is very rapid and doe
relevance of thensodvedbgiinsg moesatc r el evant ou
bl ood cell ), such as flowingreel |hatwmesedo irn
oxygen carriers. The pdeglsiiwdrogi spstaemlievant
cause sntuntkireosususi ng sensitive metHhbodsave d
orted extremely | ow or -Hbhdreivowhabhei sohoO:e
any significant Sefafveecntgi carg was csruepgu lya ttioor
NO signalling for smooth muscle contract

e
t
t
a

>O Do
® =T
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1.5 Summary: Thesis objectives and st

L

Adgrbemai ns a rel awivél essewnel apt gt mion ,str u

functioumal | datta@zently, generating a stable fo

of t he,epglooki n, hdaosmagicnoavlel engi ng. Advances in

hel i cal alignment have now m@aReedteercad BlDi2mg nt

However, t he praontdei amutsoplraortgeentl it € ppe olped ¢ $
expr esksicommeriinchi andobt héeE..ao b eS)fi9s msnseedctalcel |
201.8 Consequently, t hbh s sd ualy p raad aApdigsbn &8 e gliodnsmti
individual structur al r esggiaso asksp e cTihfei-tcfeaol chuys aobnf

and gl obin domai ns

The over a&ltludgi mgeortnhenalN Adigibsi hootharacte
cal paike region and assess whether this doma
t hat may hinder the s ulceenegtsht Add cetxépiomaslsli yo,n to
aims to elucidate the potenttiearl misntarlu cdoumaailn
gl obi n Tdamaiwi .l | be investigated by mutating
the catalytic triad, which is essefvhi ak fo

previous studies hdawve mboghbedstoendhi hhatayt lpe s Bl

€

t

r

r

€

activity (Hoogewi p$202®12; n8raxf@geri ment al vV a

to support .Moreowgmpothlesi §ail ure to success:

even after r-teenfomian alleffrte gpeoenM inocuosn crl eospuelwvtest aon d

interpTleitatpoonj] ect r-cceptels einrise g thieg drii imean odffo mMa

oAdghb
Theverall aim ol wbr ki dgmavi ghi hhensi ght i
in yvipaoticularly i1ts interaction with physi
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—

—

o

=]

S

r

potential imi oBiiomgad lcearhi cfaulncdahamacteri zati c
uctural aspects of the globin domain, 1inc

t hose rimov elcwil mg idansdu Iwfhiedteh ebro ntdhse se conf or |

ncthiedhhrmavlfbees s properties wild.l be probed usi
d AIN.hough i1initial studies havAadgd sodriinbed
main ddtRead2024; aNi2®25) , no comprehensi ve
alysis has been uddndnathtseed ot ondageat daheind

mains to construct a fo-bedgthopabtander pazs

r

future st rAdagtbur al resolution of
The objectives of the work presented in t

Obj ecitTiovei dlenti fy the opti mal met hed for
cont aAidgb gk .n ,codnd to charact er iAzdegobd hle c oo
i n &nigm vitro

Obj ectfToven2estigate the interacAdg®hds bet v
andnomlsysi ol ogiCOalankdioCapiwdosvi de structur al
ObjectTovei ndvest e da@ax e ptfAbdegthDt yan@dghy disol ogi c &
' i gaNnGasd( | i pi disnf ¢ omptpimatnedabioaut functi o
ObjedfTovender ptarndmbhbwand di st al mut ant s
Obj e®&tTiovei nvestigate the prtoetremoilnyatli cd opmaoip
attempting its recombinant expression

Obj ectTioveunsder st andubtlbaorpehgislteast ke t he auto
natafr et-theer i n a4 nldloocnaatiinng t he key active si
Obj ecitfTovenvestigattehet édNemismalucamdegldbi n d

SAXS
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E.ciosi a perfect host for | arge scale rec
proteins such as globins because they usuall
foldingramspagt onal epr @ad 2.4 Bighw! i(MBa afcikressrt h o s
recombinapkprpgaosgdeamt 6s t he l eadi ng host or
application of protsoifth. efxphriepasritoinc ua Taeeer L 251t r
popul sfophosein expression. This is because i
in inexpensive media due to its short doubli
to the cEFtopdbhsmat s the | ocation that produ
directed to the periplasm and t omolses speorp ue xatr
expression E&Eystoemithmeed 7i rex prlers stihoins ssyysstteenm,
interest is cloned behind a promoter recogni
These T7 =expression hosts e.g. pET28a carr
pol ymerase gene and a Ti7 Ilcan dpmpern oird.ubeletde rbe/f a
1 thiogalactopyramom€edear( ¢PITG) 2®Rb4é4hrnoAfter
pol ymer ase,amsd etxrparnesscsreidpti on commences. pET:
strong inducible T7 promotor thus it was wuse

in this research thesis.

Ma mmal i an ex prarstshieo np rseyfsetrermesd system for
mammal i an Hp we teexrpnrse.s si ng recombinant proteir
considered the | east ef fici enat wacyMlaoeimad x parne

expression systems can be used to produce p
where the expression construct 'S i ntegrate
advances have significant Irytiemmrsotvireednbgahedn te xge

stable celll I i neme ettldee icrr i & xepri eas ssiedn flogvdlhe r
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protein for iresteenrdl fefct poeaess, simplicity,

in conjunction with adeqandtdue ,y i2dl0®d9g .of t he p

Mammakx@anession systems provide the phys

pr omo tter agonossitat i onal processing and activity
the expression of mammal i an proteinson Drfans
protein in the host cel l foll owed by celll I

variable based on transfection efficacy but

protein, nucl eic aci ds,y asntdab\ier aelx pp &rstsii @Ilne s
expression of |l arge quantities of proteins.
host cell genome of the gene for the express

transfer of ahendowieti lgnt W&NAr el evant DNA base
RNA polymerase |1, into the chr omosomal DNA
(CHO)). The integredtfa camgednntdhye sptotaeiscri eaexp
over many generations by the host <cell ( Gr ay
the time regtiabé¢ed,tprobdwhi ohecarerltabankent h:
transient transfection method is relatively
Howetvdér, eval uati on when using transient exp
weeks (Brondyk,tRIO®D9met Fitheér € 5o rtidne \primoosdte i AU i
expresmitomi s thesis as we onlguclkeqgasr aeept et i
anal yairg heprnmowiegu s studi es Alhqplvrdeslgowrs tsh @t
autoproteolysis in iBse¢8BF geetk éall2i0ndeBds) sc osnpoaw ¢
degradatr mammakiéadmrexprmneasysilmen advantageous for
potenti al physi ol fogllidcngglt it @li ees amfd b datsh ptrloe eo

Eukyaort i ¢ cel | s
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CHAPTEREXRressin
Androgl obi n dom
Escheri ahdaHgman
Embryoni c Kidne

((HEK293T) mammal |
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2. At toduaotriokmmr yoti c pndteuRaeyptessi ol

Amino acids ar e buinlddpanmegs ebnl to cilkhe geiwvl eaftyd tocee | n
protsgint hésinssament al to thPrdédtuemichns oaregsyphnt ft
compl ex but wmaeltsgbe@dpmedamollle summaprsaedi pat o

steps: transcription, translation and protei

Protein expr aasniscmwhpitedhrotnbewt t Bnsfer of ge

in the DNA into single stranRtldd cmesaengern hR

genetic information as the DNA. The message
protAhRinshpopul atrieoghupiorfetspt omeshati onal modi f i
to funct iTohne yc omariencltyl yoccur in the endopl asmi

Howevepr,okiant Wetses PTM arangessr alolnymoInd om tt reads t
eukaryotes exhibit a higher frequency of PTN
the addition of compl ex (Fnog uerceu | 2.€lt.sla)¢t A(0Ma3n) gg

The most pr edAdgnmaynpgly ePtTeVo liynt h @aweM eera,v atglheeg f un

which is unknown.

Pr ot ei ni nfvooll dviersg f ol di ng protein to its <co
amino acid is |Ilinked determhheestthlgesf iofabret
include secondary, tertiarA a@mangseo men i mees &

sequences causes a mutation which changes th

of function for the protein as each protein
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Glycosylation \

a2
3 \ Methylation

Phosphorylation

Acetylation

?
&
&
o
Figrég. 1. Overvidwaonfs|l aarooas$ mposdgi fications
protein transl ati on.
Il n eukaryottircanscélalt s onplostmodi fi cati ons pri mi
reticul um, with some continuing in the Golg
influence the structur e, stabil int yt,h eancda sfeun
androgl obi n, proteolytic cleavagdar rampearns on
modi ficati on. |l mage from Wang, Peterson, and
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Previous eAgpglmms iuknngdy@tesi Payxdaat)prmGt or i
bacul ovirus i n(fBercaecekdeail 2 B8 J stciedy swas unabl e
expresASdgghth obfin domain recombinant protein i
fractions whPen pexplloesicsemnt i anst, the insect ce
of tHenfgulhl protein, but with vHeorwe vieaw It éwee f
l ength protein al so showedt-dageemldexitt ¢ rriummicett g
fulldngth protein whs,abdGEk8).edTHIBS aipk eltiekod lyys i
i ntracel |l ul ar -cplreoat veaagsed sbrymiitnhbef i Ne@al g@amaiepor t ec
( Br aectk.eal 20 h8)addi ti on, the full l ength of t
expression systems so there have been probl e
E. .coWwhen expressed in multiple expression s
to the complexity of the globin domain struc

gl obin adds some extra complexity in the exp

As a result, in addEtiempites sil@ams s3 s treemp,!
mammal i ansheoscskHEE®*LXTEYy | were used for protein e
t rans.fThetsieomammal i an expression $ysasnesmatsonp
modi fications and possess superior protein
uts hg t hitshaeswedstoe e et elkd nAyd dabn d Adlgel o b i n
domai n. Thi s da pipgneoeascolnfpea & ke li @ | nti ear aadnttdinons b
vi,vowhi |l e al so pr opvatde mtgi aprogsstfgihetcdt it notdan atl h eno d

oAdghb
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2 Materialed sond M

2. Max eri al s

Al |l pri nseyrnst hweeh wreodf imys Genomplcas ntiudd ofp@r.
Gl obin domai nwasfy nd merso gleabibry EpochProXiemd&lci e
and di sliadgmuitdamea pr wd v eseidt ebydi rected mutagene
Qui kchmegbodHuman cytoglobin in pHTi2f8eaeSwas sYy
(USA) with codon optibne alaitTihoen nfeourr oggX prba ss i(of
pET28a was a kind donati on oRr oRtreoifn &Voaidsddrl |,
Ther moFi s hebr PrPagteRiudn eed Protein Ladder., 10
Kanamycin sul-Bédratt @niandLBlurmedi a UhedmwEr sheu

Scientific

2. ExPression of the Gl obin domai n

Neur oglEskihreriimchi a col i

Al | three globiBsolweireg eaxpsenstsieal liyn | dent
three genes which i Addduldoebd ns edgouneanicne,s Nogfb tahne
contained in the PpET28aE.ovcelclit2olr ,( DMR3r)e ctornapnestfe
(Omilby heat swbtckhmimtatwde d n3g0 otmh Binc eh efaotr s h o «
42 ACTheocsells were returned to ice for 2 mi

LBnedi aThey were then incubated at 37 AC with

The celpllad mawgar cpindtag ni ng 50 s@Qg /paiad kkanat
incubated -olverhni gatt 3(716AC. A col ony froem eac!t

18 h) in a sharkp)mamAICdwmb atBo mledadi rg0 a%i and Ghgg/ mL
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kanamycin sulphate). Ssuubpemwmasphiy, ahd tmbaotf
4 x 1.4L LB Blahamamgcannsomgphate and gr own
(18m at 37 AC. l nduction of protein expres:
densiAtY Oo-f@ 1 B. O . | PTGOva@ss5@@ ©M) i nduceAtdpgb cel |
gl obin domai n, NeelFramd cCyghat @eni@®d D a ©M) | iamidc
(ALA) (80 eOMysed to augments heme synthesis.
through the medi asf arhel hmimeutbd ntdo ngt da mi Itihe
prevents redox chemistry of the heme with o0:
damagectfoaltl owi ng the autoxidation. The fl as

and incubated in ap)mhatki 1A C nocwedrartiogh t(.18 0

The cells were then 406a0vest2@ myncehatACYK u
resuspended i n medimL afnal dam ntsd kee-ag @ide rtiof wad e
4000 g, 20 min, -840 A feofridesftcomracgeen.tat at i on o f
ferrowser Mb determined by measuring the abso
Extinction cweerflfiusi 2t m@d @d deitn qa IsX 008 )Ng b,

U snm= 1n6Ms'c Mm(Be c k eerts ganl ¥ @1 4 )Cy Gudsn= almiMc Mf or Mb

(Antonini an&GdBmamtoag,al 2 0li9%7slpect i vel y.

2. 2Puwrification ofAn&t odli abidnomaCwyt oog

Neur ogqgl obi nE secxhperreiscsheida icnol i

Frozen cells were thawed and resuspended
before being subjected to Iysis using an Ave
passes. The | ysates were clarifioed 409YW 00e mt, r |
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mi n, 2RA@Dl fodbri n)) Abmapnoteianggwdreenabl ing th

of supernatants through nickel affinity colu

Ngb and Cygb were purifieaddumetinagl a( GIEc Hela
column via the AKTA pur &€.cDuomatgodrhaep pywrsystc
ni ckel c o l-awarini bwaast epdr ewi t h buffer (20 mM NaPi
Fol |l owi nogf I|tohaed jcneglhle |pyrsoatteei ns wer e washed wit
20 mM i midazole, pH 7.4 buffer before el utin
500 mM imidazol e, pH 7.4 Dbufferl)umers & 510i nmd &
| mi dazol e was rem®dadWC ® yd ida layl syiss st W BiOmMy, buf
tetrabor aheheamiges)amprcahxaigaer gl . 5 h and fin

overnigBtcohdar dom) .

AdgdD was also purified usidngneda aGE(Healkth
column; thhpwecvedur &« omgpd emordeue t o the native i
domai Ahis added complexity aros@&@DAdtrom fhaal
concentr%itmtomm toie lpuri fication process to st
while ensuring that nealtheratée lof fuenm mwort ht
centrifugation preci [BiDtSad werd diufef eroe ntth emeptrheosde
Adg®dD were evaluated and compared based on t
produced. Additionally, their practicality

mentioned | imitations.

. The first method involved purAddisat ioamdeus

onto the nickel column via peristaltic pi
NaPi, 500 mM NacCl, and O mM imidazol e at

the AKTA system, where it is washed with
i diazole. Finally, the protein is eluted u
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NaCl, and 500 mM imidazole over 10 col umn
simil ar acso mMNdibt igdaBD 00Oy Pba MWCO di al ysi s tub
sodium tetraborate, pH 10, three changes;
overnight i9Dfr eoil pi r@atoeny . at wael dot empetl &
in the first purification methdderefomen:
purificakKiAMpswemhuAder col dPucronfdiictaitononi sw
AKTAy st em ensures quality co(nvtiraoll ianneda re nghr
el utcioaonplared t o ot her met hods.

A second esdat lbond yutai Ipeanmrsdatldd ctf @ utmipe ot @i
puri f iSO&t iwears. added to the | ysed bedlolre to
centriatugio®® 0 g, 30 min, 22 ACcC. Foll owi nq
water baths maintained at 30 AC to prever
|l ogi stical challenges due to the addition
theepnobnto the nickel ®Wo$SDWMn2wi mM NaoRidiw
mM Na ClI and 0 mM imidazol e, pH 7.4) via t
washed with the | oading buf% eSrDSf o210l anive dN abF
with 500 amd KR&CIMM i midazol e, pH 7.4 (in

(1%@r adi eenntd subsequently eluted i #® a sin
SDS 20 mM NaPi with 500 mM NaCl and 500 m
the peristaltic pump. The eluted sampl e i
to remove imidazole and SDS. The dialys
precidp iStDé&t ea n dh € rsootleuibnl @ hpromtceeint rl@ e dk usi r
Ami €onl tir5a Cent r iUnuigtasl Fi |l ter

A third method also used a peristaltic pu

similar reasons but utilises the same buf
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and forwhviachi%vagsDSL 20 mM NaPi with 500 mM
i midazole, pH 7.4. The rationale was to u
process which di spl aces t he weak inter a
mi ni mizing unwanted mpmotA&dad,dthietmaa Inigyp &a e t
been preconditionwdulic t mevohan deazloléye ctiit v
ensure | ess contaminants stick to the col
elution steps become more effective. EIl ut
bufferspdPd 20 mM NaPi with 500 mM NacCl and
10 ml via a peristaltic pump. The el uted
similar condi Thenkaey meéef h ed eipdcred bMée iwvhecedn N
l'ies in the timing -9DS imitixrtowviegiihroghi tdhaez oil mai

introduced to SDS during theijwasthiing gdd

i mmedi ately after |l ysis. Since twals®smi xtu
to delay its addition for as |l ong as poss
process, reducing ease of use and introdu

damaging the col umn.

The final met hod utilised urea to purify
above under nondenaturing conditions witdt
and | oading buffer Iis 8 M urea 20 mM NaPI
pH 7. Whe hing buffer is 8 M urea 20 mM NaftF
i midazol ef pHalié el andon buffer 1 s 8 M ure
NacCl and 500 mM imidazole pH 7.4. The el u
condition oawe (iimi dtaz odiemcan dS DWBr ewaa.s not u
el I mirreasttes cti onsmaki ng spermriskei odt uee possi

system.
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2. Zad4d cul ating the thedndtoghbbmal ec

The purified proteins retained their hi s
purification process. Consequentl vy, t he mol e
tags included. Their theoretiwmpmlloadadoénegpubbaei:

and -tHhigs sequence i ntohttpe: /E/xwels.ye xgearsiyde or ¢ /

choosingwaabkcabat Mon

2. Bif e directoefd Amudtraogd mebsiins Gl obi n

Singdierutt ati ons to the Androg!l obitdn reelcabeidn
mut agenesis. These included mUORtdamd$Q it @ t he
additigs@ wé®a@MHf or the heme iron proximal his
expresse@ERus iBilg2 1t he met hodsecmedphaBd2d2abopue

using t ha&dmgbhurhiofdi codt i on (tnheatth oidn c#liuid ecdh a0 S r 2

2. Hene reconstitution of the gl obin

Foll owing cell Iysis and purification, th
that ofprobheiapoTherefore, h efrhee mceoendceech ttrath e
apo form of the globin was measured at 280 r
tmM. The extinction coefficient was calcul at

(i nclHU-tkegy 1 nt o Exmpasnyo tshHaGwsmed(. pd 2003 ) . Basc¢

this concentration, t he amount of heme neede

The optical properties for aAdg®bcwateabbbonaic
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using the AgiViegretctCarpphoiF O mMeV¥Y er 9&00t amscahe
apo form of the WT globin (5 OM) was diluted
with heme. The heme solution was -Adrdep arhed Uy)
in 5 mM NaOH. Undi ssol ved hemin wasatr emo voed
hemin in this stock solution wasfikel 0 mi ne

mMic i n ¥DMS O ( Mitl 1a®%99) .

2. 2.7 Dettheer neixntiinngct i o Adg@Rf fi ci ent (

The concent Adg®D nwesf chaollcoul at edil tsiandi dpi
pressur e ' i qui (WUHERDG o meviewo g r aapnh y Agd il edmay 1260
spectrophotometer. aTlhheephawmaesnn Agskedntwagor bax
Stabl eBond C3, 4.6 mm x 250 mm, Twie& hs odl.veemrmt s
wereO(%tH)rifluoroacet(iBjcaediohi t THO)EL amdAATheni n
gradient usedRwadétndh@p@lear d rtohme gradi ent was
solvent B (for 10 minutes) and then increase
43 % (10 minut es) . mlThame 5 (A eadte @] 2Maesl )h e me
concenwaatcahcul ated from the integrated ar
integr al of heme peak DHiIi knlbevme comnrcear tr rad ti iom
to calculate the extinctiomrMdgwefdndimwnttantfsg o
the same sample thatTlwias meatahyd eids byi iHIPAIC.
pyridine hemoCBeomad®dMhseaagd in thi®wmreeper.

(equi ne) Mb.
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2. 5i&e exclusion chromatography

Size exclusion SE®ae mataggri eamhyout with Agi
UHPLC with a 1260 diode array detector. Prot
a control at 2 mg/ ml and t hey i nocclhurdoemaEBiav i n e
ferric cyariadae.brBhies tihe tsanzde pehso Wdei an pd alt o
calcul ate the AdogllbsowIr ant i webimg ltielr@fwalta e 1 M Nz«
(and hbgtht 3=0a IMd@MECThe col umAgubedt wAdvance Bi o

2.7 Om, 7.6. mMmm x 300 mm

2. 5D®PAGE analysis

The supernatant and pell et fromPARAGEht @r ot
check for expression of the Thhe reasmpwmlinas nge e
under reduci2xgoaadinmg t dge (0. 5% MSDESging a p Mi rég
br omophen®lun) Woug!| Y& .& owld-wed Oaph@anoh a 1:2 ( sz
reducing sahdti oaclblaC efdcrabD2 9d@it nr edvepeot diems
separ etlecctbbyophor esi sugilb@®o ad,cr g0 amign gtedtsh)s ol v
5% st ackiond ogvaln.g elhecigedpwase wbnvd t erdf waartt refegiev @ i
mi nutes on a bredoker sta0 ni pm) with Biosafe Co
rock2ongr pm). Foll owing staining, the gel was
excess stain beVoseabtemnbgeni wawaper for med |

Vil ber Lourmabri magi Posgstamera system.
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2. 2Welddt er n bl ot

ThroughoutWetshbhelsontstt sl ow al ® tt eacgtg eHtli Sf r agment
a 6 XTadlg smonocl onal comtjiulpkhBReTh Brosng HBUH eers)s st a
ot herTwiisse.process involves rinsing the gel b
then equilibrating the gel in chil l%dSDS ansf

and %2 O0et hanol ) for 15 minutes. Additi-onally

wetted%imetllD&Onol for 1 min tbeactimatd t hewam
its equilibration. PVDF membranes were equi l
mM Tri s, 192 %WMSODS ydomaneZ handl ). Proteins wert

PVDF membrane usinglatBiceRdd aMicroir dirngnd o man
(wet transfer) with eV efcarr ophomiesutse sa.t FEwminlsd
membr ane was bl ocked ovenrniwght swiitmmell pokvidre
and %0 wl v -220weikerdhsapp af f er d PBSg | Tilmee membr ane bl ot
t wi cPeBBSEonr 15 minutes to remove adllalg tmaoed omfa
anti body (His. HS8) conjugated with HRP from

phosphate buffered s@&liwes@EPpIaenne n tnecdu bvait teld

me mbr ane for one hour. The membrane was wash
suppl ement o w) t A rliDtOG nf oX at | east 5 min pe
chemil unsiingensacleentSuper Si gnal West Pico PLUS ¢
according to manufacturerés instructions. Vi
Fx Vilber Lourmat i maging system.

4 2P a g e



2. 2Mdmmal i an cel | protein expressio

Human Embryoni HEKIWAEYL) cewkekre €Cul tured anc
culture medium DMEM%saép @l e menti evda naietrsh0mi@gF Bng

gentamicin. TheyA@eire ankbuimiadi di% dC O8 7 mdPs p hoerr

transfection, cells were seepeeddwdmnthe a i hweslt
area. The cells were transfected wusing a cé
delivery (Koay et., 2021) wher e mowemriagdg mti nrge

OM chl offroagrusifneec.t i on  mi x %u ( & / =g npdliaSst nii @idg MONA 5 0
mM CaaOld 50 % (v/v) HBS buffer (50 mM HEPES,
NaHP® 12 mM, giwasomexed and incubated for fiwv
media to a X®@naVPIvapslmuime OINAD N A+ XSorlt ai ned t he
tagged AQtgthd, f ddgb ,Mb was transfected into HEF
contr ol pl asmi d c¢ondFap rna egid noann y e npptecy DdNean @8t . dlro |
pl asmi dsFi Bhher nmwalkK aTrsaon sufseecdt.ed cel | s,5we¥ e i n
CQf or 24 h beforcent hreendcihgno rwau i nepDMEM d wi t
witltcddtor cCed il rseeownetriem @ endc udbomar ef ux 44h8e.r | magi ng w.
done using EVOS M5000 instrument (Ther moFi sh

48mm excl/is5tatemonns)s |l acmr d 9ddreae

2.2.12 Spectroscopi c ananl yssiitsu of ce

Il n speatroscopy of HEK293T <cells with ove
a®LI S RSM 1000 CLARI TY s pierctte grpantoit ®gnies)reh e rova t
the optical spectrum for known concentratior

Vi-Ml Bpect r op hThteo noeptteirc al spectrum of tthlkeew san
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measured wusing the OLI'S RSM TOeO0gICLARhT¥gnsg
sphere has a variable pathlength, so the Mb

according to (theetlfavld2f0i0O5Met hod

After cell samples expressing proteins w
(secti gth ®MEM. Ime)dr emwaed, t he cell s weelel svas h.
were harvest-edads8f Bourenpbgtgent PBSpabkebdowing
them to be resuspended i n Tthiee owe lialo Wit thip@ucte I 1
suspesweimemsured on the OLI'S RSM 1000al IThe s
sampate 413 pnhno.t oTmud t PMTHiegh tHiMNed ISsud was adj us
value above 7 to maxi mi sei 7t0rO0a nmsnmi fs®rni AlBI5 Gt p o
sampl es sarPRBideas yrements were takehsfaoantthe
oxi dat i otnhes tsaddep sihreil bowehde bdye oxyferrous st at
subsequeaeataddi ti on of -bdoiutnhdi osntiattee, aafntdelmh hgee nQ C
CO gas throug@Quaenatciht agampel espectrophotometry

caviti eest. (alJl2WAf5i1) was used to analyse the sp
T
1000. The plotted data wats —fi—tted WhetbeAin

absorbance, a 2=c oonfsftsaertt (r aMnidstda nits, t he absor bai

(Jaebdbfal2005) .
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2. R8sul ts

2. Rekkombinant expression of Androgl

gl obIEmsg hiemi.chi a col i

ThE. erRpression system is often unsuitahb
proteins, such-l epAddpre 01 @0 nkDaukultlo the abse
the endoplasmic reticulum and Gol gi apparatu
(Dang, 2024) . ConsequAdy(bgyl, o biinndwveivo edaui asl 9 | cad neadi
expressed sepEr astpesliye nus iHogwetvhee |, despite thi
to expAcgyd otbhen d&o maviem ei mnsuccesshuU20(8)y acke
not possible to purify the globin domain as
such as the use of de(nBartaecrkiea g2lGng&)rtiss leixkpe r g
c hapgtleorb,i n dodmgwd n eoxX pseapgreedassessed aAldigdon ment
GD geReederal 20240 its behavi ouE. dewp mags ix@iIr

system was evaluated

Foll owing the transformation ofgepEa.28a VE€
coBLi21 (DE3) c,obmpevbemdubgltli ®n and sprdceittmaii i eidn
met lsed 2i. @nhel obi n wpeerrsmt ;ed ensss f u lal nyd epxuprrCefsgskeddi s
Kknowt etxgped sns monomer i ¢l iannktde mafircsrel o d kdeer ts. oanl
2014)Some preparations exXleichiattvprlZ madwh ¢rye as me
expression method vyiel ds Morniomeerriilcy Crmygayrbo ntearni ¢
from the di meric Cygb by runnihrogvetvhea gi unmiasf i e
executed in this study. Soluble frad®AiG&Ens fr
and theshowm!|Fi&d&rehehR2ysi s showed typical ban

for sol uib.Negbdpd o€ elwninilgo anal ysis of the gel wus
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the protein wals9 caoknffidrémeNdy bt oa nbde Cwhyibcchl essgee ct i
to the theoreticwlleém®l eanudl 2rl KWWeir hstp e a v &l ¢
(Expasy) .

The exprAasgébiolc offi oved mor & oc realplrermsgi mond
This is partly due to the circular permutat.i c
of the protein, plus this is a singdtédhedomai
| aborat at it e nexapdeetse t hi s protei n Bowdctklealve b
2018pl 1l owing induction of t A @ g@DE Tg2eBhat hv etchteo r
realigned sequence identifying an alternatiyv
( Reedteral 2OARGgHD prexpirewasdaamsermed ane A of F

2. 3.slh®2wWi ng t hat protein was dihtlked amet coxpre

the results following the purification met hc
can be observed that the cell Apg®hD epr esdiomwtealc
mol ecul ar weight, but not the cell I|ysate. T

i s insol LAdigebD pPoobuéie was detected following
using SDS as described in section 2.2.3 (1l ar
|l ane B producing a purer protein compared to
purification using method #2, darker band an

also the presence of 2 band in the empty PpET

The calMWwlPadigeh®d i ncl udi aggedhewhsocsRPNban § kDa
analoyfsitshet ygempgotéed to a MW of ~23 kbDa, cl «
Western Blosiagbat batpperso xda mat3e DpBbsguren223. 1.
Thi s irseswaltbcapt abfeenabgecsHEhasts based on i
charge or aggregatigbhn weatnwend s wanss e f wed and c:

MW i n gel el ectropAddietsiicn &@8Dldy avegpid iels I eldd oto ur
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to the protein, potentDehbhyuciangi ograé wiamga tmi
al so used ptro tggudni,tf hyi st hies s hlown (ime tFiogu.riev, 2 .s3%
The purified samplFeaptwrefai gdh owist f e8veM bands
ban® Xxabhd&hi s suggests that purification using

using SDS, as demonstrated in the same figur

Thuist, was established that method (ii) wa
purity vyield for the gl obinexmprmas sni.onl ho fs tmhee
AdgdbDQ7 29G,79H,82HC ad&d2¥4A HThe f othro weuwt arhtes same m

and high purity compamhed staaetsiMaFEWGTU ifoer 022 e i n,
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GD QtoH QtoG HtoY HtoC Ngb Cygb a a
280
180 200
130 %150
g
100 v — g
70 [ Y ‘
. e NN
55 S 0 10 20 30 40 50 60 70 80 80 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250
Pixel
.- I N )
35 -
180
~
25 - = o i\\\
& & —
40 . &
15 ; . . . I . _'_ T w ¥
o 01 02 03 04 05 08 oT o8 08 1
10 y = 170039108 * exp(-5.094076 * x) + 15421232
RZ=099

Fi gux.elSMDPAGEFr ecomberprdbygl oblidnatnygpWe aonft Adhgghl obi n, dNgna i aenrde Csyhgaow n

The glutamine (Q) and histidine (H) mutTadhret gedr a etvleehlddy@b tmedlll dannt & [

expressed-23k Dhared atrr ow) fwiltl b wg @& |G eal manl a2 =8¢k r(IBn)e | mage above al sc
expression of Ngb and Cygb, whi chrh ¢evr ® fppraahtieg ii re dw aasn dé unsterkdia@& @ ptocs ik

Ngb and Cygb r espedtnicdaldy -h glghjehdégobnti so d Il EVG h @dDla. 4r e ®pecti vely (Expa
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Normal PET __
GD 2, NGB

o &) = R
- - £ it 'J\d.
e el ~olihe
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A A Pellet Lysate Ladder B C
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= I8 EE- W
 peae E E .
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Fi gu3.elR2&combinant expression oE. Aonéditagl ohien
three purification methods described in sect

[
h

AODPAGE of expr e sAdigghno loif n wdadhmed il gghheo bi n d o mai
i fiefliwsthmehbod a(Bseddigblomb i2n 2d dmai n pur i f
ond met hod ( s@ cAtdigghno 2i. 2. @9 mainmt fpamdf metdh ov
ctidNmr2na2. LD i s a descriptive used specif
tein fr orhemetrircddd gibihoobvisn domdi mnexapB €25 § | e
k Da -thaigsged ( BWelsutdeerdn. bl ppuwoiffitded GiDgmi met hodte
Ther moBieskb&fMadilsagged pr oteAnsisnqlnadlaband was
approximately t h&kMw odads tphree wirocouseliyn nie2nt i one
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Adgb
Before Cell  Super GD 1% n
lysis lysate natant Pellet FralFra2 Fra3 SDS i

" .
100 éalm
70 ‘E 80
55 .
40 40

20 /\
35 . oy FEN
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- S— Pixel

180

*

15

I \\4\.\

0
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10
Rf

y=182.646722 * exp(-8.049118 * x) + 18.639857
R2 = 0.981

Fi gux3.81..2SDS PAGHAdaggbh b ysnsdomain purified with 8 M urea.

(Alfhe purity and expression | evel of the prot &b nSDpSurfiofri etdh ewistahmeu
protei n. sThhewissgreelrf spiuarcittiyon 1 or fra 1) awhcemg tthhee ptriorteeda nf ri asc tpiuan s
with | owBlJhe indldecul ar weight O0frabefBphaiffohnl pwirndgi ada(Gens As Ayt éar
V23 .)IFrlactli®nseepresent distinct fractions collectedoat AWEAIi puse pe
chromatogr.aphy system
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2.3.2 Heme reconstitution foll owing

The addi%i®MS odetler gent (or 8M Urea) dur |
protein stadbdreseaaoquesnotlluyt inmanki ng it possible t
protein. However, wasbanse¢dheerheaneofwatshilso st |
Ther eaffotreer, t he surfactant was removed by dia

be reconstituted with hemin to produce the h

The -vUW optical spectrum of the protein
purifi Adg®dDbnprooftein. The spectra demonstrat e
apo form, as indicated by the | ack of heme s
23. 2. 1The reason is currently unknowhof®weve
during thestpaogiei f he,atppramtheenitni al |y resulting fr
per mutati on of. tThhee rgel oibsi na dpoensaki nat 280 nm wh
Adg®D pratemati c .albsiinnog atchiedspri mary sheequence
approtxihmatreti cal exti apmpi oineicmedt i 28c@mn moifs t
Thegtincti omagsoeddd cticcongsenmaappbhbatdnhbace
the themoeht crad q Utieomesdat ur at eEd that ipormt2z.idh. 2. 1
this calculati on.

WE AT RHDQQ@OI Qdé ti 60Q0 60 Q¢ ¢

0 € OVuEad OEO@N) € N1 €,0 QQE [ 0£@EQ OQE 08 WDAWE ¢

QQa 6 Ve &R "D WE E WQE ON I CECCTTERW O L QO 0 Q

Equation 2. 3.2

Figures 2.3.2.2A and 2.3.2.3A display the
to reconstitute t lod efmerorihaepmramtde ifre.r r olues o pea ans

gradual shift at the 413 nmmdnde42% cnmnwayvelr
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respectivepryottei nt.heThagproe was a | inear i ncr e

wavel engitrhcsi.chféhesst he ri se i n absorbance i s a
bound form i . eAdgG@Dheh ehrocutnedoend) etl at i ng wi t h tt
amount of hemen vhavavm@tbheemhedtas shown in fi

2.3.2.3A when the protein becomes saturated

The plot of the differencied4 38 tmne eadirbdd hde2 1t v

nm in the ferric and ferrous prot eiinn rfe sgpuercet
23. 2. 2B andf f2e.r®s. 2c.13eBar er i nsight i nto heme L
concendfrahemen i n relTahe oxnoltiod tlhien @ oared ndash
insertion into globin (|l ow heme concentrati

respeclthievédileyne shoul d binnd tlo 1t lmder da wdp reonteeait ry
verified inFriboen ¢hperi ménthdy Ipe oden nl wdhed ctoh
foll @wirmd.i clatt i wams confirmed from the optical
1:1 heme: protevinder)eicolhhsea i ¢ anné¢ emt r(at i on o f t
recal culated from the amount iof hemle &t hqar &s
2.3.2.2B andh2r2fdr2B) this result was wused
reiqred to recpmatei mtiemrteaped hatdigdhBh e ff i ndi ng.
of thiadsmdudpxeesdeheme i s not in solution a
a heme spectrum that does not conformato t he
secondary bindingdsibtye | dlwinldéi fnygn ¢thoy rt ahcet .esruir f a c
After recansatilt it heme tthoe pprrootteeiinn rgaitviess a br i
i n Fi3.u2saedm2 lodhetro hexaco.dredhitraxtoor gli oaites ferr

br own.
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Figure 2.3.2. 3. Feraptladig@®me( 2r.e0c odM)t.i t ut i on

( A) Optical aibrs otrlped | Ppme sgreaSdo r @ft doietalki oinsi taet
spedqtBr)a.Pl ot ofbetthwvevedi whae 2 lham grdhdmBSt r ai ght | i
= | ow heme concentration. dash | ine = high h
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Fi gux.ePRHOt ogf apMlAdhghl obi nf dbméemeegc onst i tuti o
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2.3.3 Optical ecxhtarnactti eorni fctdogébfsb baamde n

Domai n.

Af ter reconstAdigwt t onhemet hiehaploplto cfadr mpe
t he prWE eamd amud amttlsgr heme pmwetrei TecOMileand
fer¢Pg. dedxeyr r otf)san@rReafxeyr COuU stEO) fforfesrric an
deoxyfMb rexbi iytpagpde att aec oor di n at ealwopmMiicgaur es p e
2.3.3.1A. The ferric Mb plot showed a Soret
and 630 nm. The ferrous Mb showed Soret band
nm. Finally, thboeundde oMby freas causEODr@tb gprecak att
nm and 580 nm which is i ndiViatkiewrggd o6 ) )Far si x
and deoxNygfber riomscontrast, i svi 8hH B e xsgmaartrada n a
presented iI1lBFErguceNgb3sBowed a Soret band &
at 530 nm and 560 nm-cwhoircdhi niast ei nsdpieccaiteisv ea so fs
2. 3.8BudB. al200h ferrous Ngb has Soret band
and 560 nm whi ch ihseaxca o c 4 A(nlarnedt e.na Is 2 0 @4dh)e f
deoxyfebooodC@8gb has Soret band at 417 nm a

which indicate a hekkdeaomnpdiaabpp el 2w 3s Bi.1)st a

The WTAGS®gbFriigcur e shod. 3. 56y et bwnthpeabkat
banids the visible region at 531 nm and 559
protein |ike Ngb shown in Fi(dHomogeXvi p5301B) ¢
However, a small 630 nm component subogksts t
featur es. Advgsbhaowlt,i cfaelr rcihcair @2 c$ ieimih lsoghiesesovtelda ti n
f erNgi,bc confapmr mimg k hgoor di man eg.delmettrhye reduce
WT f eAdgsbhsows -ahirfitghitn t he spectra with Soref

appear more cl earl ywiitrm tsdhta r53 QGpietaik dahgedt gD OO n n
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peaks ar e ahredkiacawwirwe meafti r on, d lhoeptsit ealtdieme s c
observed Thd d&Ndoy fGGbroaumdigsbhow a Sowséti fpeak olf e ft
deoxyferrous at adi2ghthnintt TheQebasdal @b 0529 ynm
resembling the speboth| Migchathgpesadbboér hedaic
bound spectra. This | sAdagshs mi eardeocet hbat glCaQ
Mb and Ngb. spPeetrmall , charkdgibs otbhyseirovaeld afn hex
proteins | ike Ngb but with some minor pentac

similar to that ndtSedectit.o,asl 2c0y0tdo)gl obin (Cyghb)

Figures 2.3.3.2 shoAvdghbwi tolpt pcaki maglecan
mut atQveenrsa.l | , the spectra of -C@Gestifaetres cqgqf ftelre
arleargehgi stent with those of the WV tphh ottlee n
only exception being t@éd0dnSpepebfamacteylddn d
wemodserved at 413 nm, i4f2e5r rninc,, afnedr r4o2u@sO, n na nfdo |
states, respectivel vy, alonghwi rhetxhesaecteconr €
al so described blenled &G ( MabRieRRBeE3ABMMANSt Trat es

marginally | ess pronounced Q band near the -~

The optical spectrAdgdD t(hhe€&EadPuseaelj)i derr ed:
andleoxyf@0 rsommssees hown i nT hRioglerne p2.ak. 3.03. t he
and deoxCyYOf ewasousdenti cal t of etrhrei cWTs. p elddd waivne
signi ffiroan tt IhwTAtdyg@Dcapekct rexamn badaeidt i onal br o
bet weddB736Bbmhangdesbandsheh®Qwi ng peaks at 630
~490 nm which abrendcsl osfe penttahceoo®@ di nate herm
2.3.3héAjerfTous all@ dpfeooweadeowsely resembl ed
WTAdgdbDTher efore, whil er etnhakienktsec ooudi saeef r uime

di sulfide bond results to a significant shif
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Fig2r2&sBowchhematoofg rAddm@&@D compared to Mb a
and 400 nm foll owing anal ysi s twiet mert hwealrss € sp
2. 2TWwEepapadlkes were obseAdegdDFRAguB8G2amneéor
correspondinfelwuodi bhet hemmned= tlhde. 802t hneirnst)o t he
pro{eintion timeThi 9pad6ternsid)s similar to t
i hhe Sagma . 3. 4A with the elution time for
t hfedgb but with an apoprotein peak at 22.64
compositions oThaerhef arweo, ptrivitseisnlbsaows t hat bot
protein component. Only one peak showing the
at 400AdgthD et ut i on ti me whiekbsds X inailnlegy) tihdaetn t
observe(ldeliunt iMbn t i mes = hbAEnmy4d BrIBE&AB S I s expec
as the hemeAdgdr e Mbb olatha tiorpoonr pThhyer i amr elaKk sunder
chromat ogr api0iOc cnpreeeEsponds t o t he rel ati v
Convent i ohneamel yquanti accdi if o oexitimoacocftd ebsh e heme
c ompoinretnd pyr i diompet, ned ad U roeimeainhtey pyr i ditnhee fr ac
pyridine hemocd¢IBraotmoag0iinga)d hays experi ment , h o
met hod empl oweadterai¢felt oomridaddtei/c acid (TFA) fo
protein, replacing the conventional pyridi:
enabling heme concentration /meatses ecmeEddrt dir e

exact heme clodngthBnwastdeheomi ned by

M O 6 R0 2 06

Equation 2. 3.3
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Where the heme peak area is calculated L
cal cul ated coAhdcgshatmpadtei ovimso ft htelme used t o cal c

t PAed gpbr ot ein (WT and mutants).

An optical spectrum of the sameAdg@mpl e us
was twakédnva sUMSGpectrophotomaenaert {fgdillenti €Car g
(heme) in the cuyyveitte. wacsw cmdrcwTitsaEler(masi oNn
(ywasséad calcul ate k he ndiQMihtiiscohb sveagsatesenttil tyo
determine the extinction coefficient derive

sampl e

Q

Equation 2.3.3
Q®Oo Nt @O WODQGREH Op T
Equation 2.3.3

To sumnmae iadreea tunderneath t heAdghbe amalak
compared to the Mb sample thdgbeTlkirsni Mdat a h
subsequently used to calculate the extincti:
from the same sampl e fAdrg bawhe rter Stohse t(fi4oladailsct a f
nm) iesmMi@m, ferrous ( aR5c nhamd itsh eludd@iDy(b4 2 1

nm) i5mMiB8mM( Table 2.3.3.1).

Fige2r &8s 3.5 and 2. 3. 3. 6AdyDmut lbceotnspharroenda ttoog
Mba nAld gWwTat 280 nm and 400 nm respectively fo
HPLOhere are no significant di fferences bet

mutants for the Themerpxaknadt c4802® marB®@ ¢4 a ms f O
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well as 7nthE@, daxhiadi tQd partial aspdliitgltntgh®ifd
guard col umn prifddittoi adntasl Irye p |ldaucee meontdf el on
mi nutes the apoproteins ardTheoadeéi ncisaobnob®
for the muUbtastwmBbaeelldl.nteretbéei dgbediiced versi
(usi ngo fTeOrmmg gbTh a s seixnmiilnacrt i owmi tchoee f WT dpidc&htte i n
mMic M) The chromat ogr ane dfuocre dt AeegnBié sounlp foifccel t o M
at 280 nmaardgd@®¥@nnmn Fi gurhe 4.e3nel3 .pk.aklsn ad un
spectra for isolated heme and was wused for p

the heme bound to the protein in a 1:1 stoic
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Table 2.3.3.1. Shows the calcul atedAdxygbi nctii
WT, mut ants afdthegtlaere glabbuhsated by averagi |
calcul ated after every independent <cycle oV«
nearest hundred (Nn=3).
Protei |Oxidat|Soret Q band|Q ba|Ref
and llnm (npeak, Al pha
state |cm) nm
Hu man Ferric|413 (1]531 559 This s
A d gD
Ferrou|425 (1/530 560
FerrClu|421 (1539 570
Di stal |Ferric|413 (1/531 559 This s
Ferrou|425 (8(530 560
Fer rCQu|421 (1][539 570
Distal|Ferric|{413 (1|531 559 This s
Ferrou|425 (1(530 560
Fer rClQu|421 (1][539 570
ProximFerric|413 (1/531 559 This s
H824C
Ferrou|425 (9/530 560
FerrClQu|421 (1/539 570
Proxi mFerric|413 (1/531 559 This s
H824Y
Ferrou|425 (1(530 560
Fer rCQu|421 (1][539 570
Di su-l f|Ferrou(425 (1|530 560 This s
r ed vAadey
with T
Equine|Ferric|408 (1/502 630 E. An
and
Brunor
Ferroul|435 (1 560 1971.
FerrColu|424 (2(540 579 Reecckdr
2024.
Hu man Ferric|414 (1|/530 560 Ni celti
Ferroul42s 528 55 8 2007.
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FigureHRLGB.8ndlysis of the heme WbDantdernotg Iwo btihn nf oflhleo wyil nogo i rne cdoonsati i nt
used as a control for compaAdgbn against unknown concentration ol
The analysis was repeated with four iIindepen@®tOn0m anfmP Jod s .b ot he saarmm:
AdgdD was determined using Agilent Chemstation s owatswarde der ck romd mpea
extinction coefficient from the opticMils sppeaedtrr@cdmibd tacmée@dPiLyCo mO0) h
chromatogram spectra of Adig@DTalpe ptrrod ee sn Wwerranso foffs etb fammrd cl ar i ty
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compari son.

Equine Mb (50 OM) andAdg¥Wnawnd ovasaamtal ytsiean v
reversed phase HPLC. The analysis was repea
under the heméophAaddglGDatut adalss ndnet e ritmi vaessst d a n d
determine the eespftihectoipdn. calbhedsfpiecdtagaes above w
clarity.
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i s
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2.3.4 DeterminingAdd@® ol i gomeric st

Asnent ieoanreld er , no | aboratory has Asgbcessf
GD prmrnieom to ,theaeintguditess bi ophysuwc@il.l pnowe
The optical properti.3ssueeaegti bteldati nt ISiexctpront
globin with a heme geometry consisti.ng of
Hexacoordinate proteredomi kanCygbmamo mdglh cawmu
conditions but cawortdermoldi memsr ®r uhdeg.hge.s pec
under-raeadmci ng conCiytgbbiomeesdeet edt kdéy resul tir
intramol ecul ar di( & e lc heatd ead RADdLgODf o rsmaat ihenx acoor
protweitrmi nam amol ecul ar wdi e Hraadee dpéerds i ty t o

di mer s aonrdd ehri gohleirgomer i ¢ compl exes

Figure 2.3.4.1 shows the size exclusion c
di fferent wavel enbgyt hbHHLoG | (oA inlge natn atl eycshinso!l o g
M phosphaté&€heéutheomatogram (220 nm) showed |
(BSDA) was first to be eluted at 5.89 mins,
( BSM) (6.59 min), mpog( b33 i mer MWl obi n
(8.27 min)mi ngytand (f8 .nm9 1y fEheirceicgam) adal o Mg
with the MW and | og MW of tTadl pr@bh®i.dl adonof
absorbance (220 nm) asFiguBed2Pi shows ¢eheticar
anal ysdgdbDof The fastest elution was at 5. 86 |
t he c¢hr omameoagkreatine.nt (| ®.n8 Gwvihmaien )c o mpeamr edrt shbheéed
peaks (highl i ghitgeudBewi)2t2Bt n rtehenboxn ti mes 6. 4
was found to be significantly higher, i ndi c .

sampl e.
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The |l og Mw of control samples vs retentic
This resulted in a str@i3ydhx + ih.e3d3 8. tThhitshewaeg
the I og molecular weight andtaolmagag®dbriuosi s¢ at
the following formul as:

® ‘O& 6 O0CRENQ QGFO0Z QA HQQQE 6

Equation 2. 3. 4

Where x = cogpteEolmxs i Fhgrteierequatiy=n of th

0.38x + 7.y¥&)ougiweesMt he

0 pmnU
Equation 2. 3. 4
Where MW = mol ecul ar weight at retention
£
Equation 2.3. 4
Where J = oldigomeitiecustbatwei ght @al celt aine

mol ecul ar wei ght oAdgébndm@a8r kOapr dtr@imn sieceé i or

The oligomeri c hst atea efnd d giaba ¢ h pnee o Faifbd eed
2. 2.4y hedlouet he maj Ardg®bD mplinemti oft hfer dmg MV
Equationfi2s3.the2 trend | ine as shown in Figl

appr oXiWoadtdeg®Di n UHPLSEC s almhplse gave a MW of 1
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and drmalsl ed Edeatuisen of.ca.l4L.uld at e tolHe tdlei grmameor

component which was a hexamer.

As SDS PAGE and Western blot rule out <co:
oligomerisationTwas nvesth@ratexplherlAdg®® of i C
ol igomerisation@analhys ed estael dte r bwiafisfgehr condi ti c
known to disruptprsataibromiitdg.esTlhiest wagmr oach \
determine whether the formation of the hex
interactions or ionic (salt bridge) interact
i nterfer e owidtswoluddidkiecl yni miama | i mpact on hydr ¢
|l ocated on t Ha gurreet i.MB .Aurdf pae.sent s t he r esi
retenti Acdg@®D mersdéfi ghbuffer (Figure 2.3.4.4A)

mat ching the retention ti niehirseapomadperde suenndtesr t

mo s t abundant species in the sampl e, consi s
primary peak, two small er peaks were detect
2.3.4.48B) , corresponding to rdatmeirn,c raeadp encotni

estimate the molecul ar wei ghts of shedegspe
mol ecul ar wei ght Whkw) papdicealtr oEEipopbit ®nhs3 me.
The retention times of tsealthbeéfpeaksmablhser
oni®¢6 trendlinacohi athe emabéecd!l ahi ovlei g&t pesvi d

Table 2.3.4.1

It can then be surmisedgflrodbmmaheag®dtr el t
predominantl!l y ,exprsitnsaraisl ya thkerxaumgef hley @ér apleo bt «
small er peaks corresponding to otThad2l.e2l 4 .go me

The resul t i ndi cat es t hat t he monomeric for
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Overlme lgcunrent data foll owi regl htahte isni z0e 1le xM |puh

buffed cawvndedalgth clonfdfiegri on, the protein is pri
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Fi gu3.edTR2 chr omatdagaptr az2m @ fnm, 280 nmUMRPL C400 n
chromatography.

(Afhe main retention miiwhea cvha sc o la cevs p xieseioh @sgt &5 6
el uted. Peiaiks at h& . B5&hest among all the peak
and the major cormfiBomensubsegqhentsampher peaks
of the main peak (box), having |l onger retent
were offset for clarity
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Tabl3e 42 Thoemprotaenidnscommpabyded using HPLC on a
column, with their molecular weights, the 1|o
peaks recorded.
Proteins Mol ecul arfLog Mw El uti on
(Da) (mi ns)
BSA D{ B8 132860.6 |[5.123 5.885
BSA MonoBnebN |66430. 3 4.822 6. 592
Mb  Di(nMebr) 35134 4 .64 7.325
Mb Mo n ( i) 17567 4 .24 8.272
Cytochkr ome 123814 4.39 8.592
Ferricyani dg281. 24 2.449 12. 805
Tabl3e 423h20 wst itohéed gbDel ut i on where each time po

anmdhe2 dath. Horovi de i
Equawil an eBAh 8 rdm8 i lhe dtoa

peak s Hfiogwn3eidn2 2
state of the protein
protein is a hexamer.

nf or mati c

Ad
(1

gebl ut i ¢ mi ns e

ow orsahd bhugher

Cal c ual vaetreddg ey osnteati ec

5. 85 60whiagh salt 5. 87
6. 88w salt) 3 .63
6. 94% w salt) 2. 23
7. 4lU60w salt) 1 .84
7. 4Bilgl) sal't 1. 46
9. 9BBgl) sal't 0.16
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Ferric cyanide

log Molecular Weight (Da)

2
1
0 T T
5.5 10.5 15.5 20.5
Time (minutes)
Fi gux.edT. 23 | og Mw of control samples vs reten

The equation of -@h28xt+avgB8 1omnet hs¢ydesbotro
cal culnadlee ctuhl eaarn dweo Igihggoomehec mes at st abl e st at
andr o@Dodi mggu &¥i.03n. 4.0 .Zhd. ywlBathei s the | og
wei ght fdebmiuvaetd onwap@l 8t e onto the graph vs
Theexamer st aAdegbDogedMWrndss) i s expecbéd to
| oMf\Ws f or ferri c-moyamedg ( Mbiyhe reD,)(,WHB &S RAo me r

( BSMW) andi MB&SrA-D) BSA d Tihte droeessu.l t i ndi cate tha
AdgdbD i s a hexamer.

78P a g e



Hexamer

u

o)
o
O

E15
_ 8
10 - 37 i
5 1 L £6 -
M _J =]
0 T - T = T £ g 5 |
0 5 10 15 20 25 = 4 -
Time (minutes) g 3
B 5T g
45 - Dimer g 2 4
4 D1 -
Monomer °
3.5 | 0 . .
5 31 0 5 10 15
q425 Time (minutes)
E 25 |
1.5 -
1 4
0.5
0 T T T T
7 8 9 10 11 12

Time (minutes)

Fi gux.edABdal yAdgdDofi n high salt buffer.

(A)heT chr omaAdoggot am@20f nmUHRBRKENn chf beilehteo gmaiprhy
retention timé8 wwhsshowonratelsdo&@Sargt efTBeed

subsequent minor peaks (box), having | onger
(C) The | og Mw of control samples vs retent.i
the straight -0i 88x was7aB8ofoy the codhtt ol S
cal cul mdleectunleaa n dwea Igihgoonfé hiec o$t atheu sti mege et hp e
Equas$2i.03n. 4 0 .Zhtehned@ahueh is the | og mMobmcul a
Equati onwad.l dt4.e2d onto the gr a&pyealvisgnt hweiitrh rt
trendf iNbM@dsg for ferric-Mgy ddpi BBeS,Aacg-tB&ARAr-MBSA

DThe result indicaAdckg@Dhats tahé¢ extaanelre f orm of
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2. Tharactéeerei sxpddgdbh oan mafmmal | an c el

The expr As g®hhqge nicen eukaryotic cell s has
chall enges toE.t hodlei dlaservedfiomts to express
| argely wunsuccessful, eithebseerewad pias goori ns e
yielding very |l ow express+d ohedféedmaest aeltspé
et. ,al210m8t)hi s expAhdgCbe mtaasl esxtpwdeys,sed wusing th
expression system HEK293T, which may repres

expression.

The expression of Bheéop&dhd &if hc hweosr ooghus enrev es
2Ahwit haofuttetrr &@a rheeb Adtgb nGF®#gged pl daumi d cDNA.e (
terminal GFP thaeg pmottédiirs prodweded da& green f|
typically indicatanduex@gmwmsd@FlPont agmgefde @triod re i
caddg®D domaimagé€ks of these green ifffiwarrescer

23. 5.1

The Iinageren 1ltypical to that seen in ot
tagged aBl gssBxwm. 2 nand 2. 3.5. 3 f.orFiNgbea2rd nMb
Figured@piBctbs 3capt uaneddeMimagesiodn Nigh HEK293T
using the transf &eay oat Tnheet &AL tguirveedn ibnyages s
expression | evels for all three cells with h
in others depending onThihe hetteasdgeneiony eif § i
transf edNtoagdnat elGIFEP. was al so expressed wusing
experi ment . The fluow®sthet shmeelasi hhaheobs
protein a¢ guBedaFleids iinndi cates thadghhe exp

GF® ag,geMb-tGERed NgthagGdéed pl asmid DNA are GFP
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is also supported by the absence of GFP sign
pl asAnigdl.i ghtly reduced expr eGFsPi,on ilkeVegl awda g i

decreased transfection efficiency of the pla

Unfortunatelyagtioa I &elk edifpfrfdibeylats f oma the We ¢
bl ot awmiatlhy st ke avdialgabmoeno@& X omals anti body (
(ThermoFisher) in the | aboratory. An alterna
budinmot wo r k irnengeudifguarttehl eyr, &k m@prtaemiom ansf ect

Nonet hel ess Ad g®Rp raepspseiaorns offeasi bl e though thi
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Figu3.e5.2The expr dagipegbb fi GFIPEK293T <cell s <ca
EVOS M5000 uisnwigt rtohgeenbr i ghtfi el d and GFP fil
usi ngpethed described in section 2.2.11.

(A)lom@posite of bright fieexl d4 7a5neamrnyg &@edm)fhleuor es
protein wild.l produce a green fluorescence il
t a@gB) Brightfield view.ex( &)7 5 emnens éfrdm) or escen
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Fi gu¥.eb.2Zhe expresdiagmgealRPOBIgMHcEGFPs captured
M5000 i nv TherongoeFi sbhye r Scientific system usin
Ssystem.

The conditions are identi cal(®)p @shdadse ode shariif
and green ¢€&kudv &seomeinscde2dm) B) Brightfield vie
fluoresc@exnc47y emwss anbdm)
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Fi gu3.e5.2The expMbe&ERQge®H®OBTHCcel |l s captured
M5000 invitrogen by thermoFisher Scientific
system

The conditions are identical(@)p adshase ode sbarii
and green &%kudiw & semennscBe d(m) B) Brightfield vie
fluoresc@exnc47yemws s anbmm)
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Figu3e5.24he expression of GFP in HEK293T ce
invitrogen by thermoFisher Scientifi.c systen

The conditions are identical(&)p @shdase ode sbarii
and green &%kudiw & semennscBe d(m) B) Brightfield vie
fluoresc@exnca47yemws s anbmm)
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2. 3.nevestigating the expressiog I éae

Foll owing the succestsdggedxpressepn tode ti
assess whether the oxidation namditlhuiggathieo @l $ 6
integrating sppoteaphatbwmetaforming oinnl i kel
vivMbe splktcarmed represent mekKasawre neeanssd mtfr & th
ferMbcnitially measured Wi sh SpAgclteppihgliamene t!
2.3.6.1Ax,amweee on the TOLIsS owBa&SMi thlr0e0t0e t he
spectrophotometry due to the variable pathl
sphédneoptical spectrum consistent with the
Agi |l ent Chiry S@PecuUV opdhlnd ofmed ceur @)yaldh e3. 6erlr ous
spectofum he s awne s | ssaanp u ier e d usi ng t hevi Agil er
Spectrophot omefAerandigwlhseRuednt3dl.yl ut il i sed t
of Mb retrospectivelyscirobledwigzZd@fegqimanhioda

anal ysi & gne@eh®dl ¢

The abswwaaekength Agmg@pP hprodt dihre expr essed
demonstrated by the OLI S. BSBIxhODBOtspecmini harn
as depicted | nBddelsienes agnei fftiggumadcde anal ysi s
t hQeghbamdiema t he vi siib6l0e0.rnehijo wenv eart, &i@tO sipse cctlreaa rf 1
t he haAdvgéhs Pe dcelolssel y resembl ed theAdgdhh c al S
wit heta pSeo’ck at 413 nm and twbpperpakeduott be Qf
in the harvested cell s with sodpseudm daist hsihoomwint
Fi gu3.eB.2 Al t houghresthefé wast&ae right, it dif
(425(FRmyure, 2wBtB. L8 optical shift occurrimn

nm. No chamaead ian ttthe Q@i si bl e region sswas o0b:¢

8P a g e



the i rpnofaemidh fehi s i s observed IFiygurhe® @5.pectr
This shift at 421 nnAdd@blt ¢go@o ucnad sopfle e thocaot mr.oebcst ee
absorbance data from the OLI'S RSM 1000 CLAR
AdgdbD, indicated . 3BMn den tarpaptBiod@niorfmfttenley s amp |
OverAdighD ex pir eisvsietdhi n celrli snaappgai  the ferr

state
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2.4 Discussion

2. 4.1 ExXpressing Andrbgxdhwériinamiddao ba a

Human Embryonic Kidney <cell s

E.cobithe most popular hostdbertoepompens
bei sy, gui cKk.c a#nldb ecvhee agp . f as't growth rate w
spanni4nOgmni 20t es usedlerc ooaiidt mio:m i n suspensi on
eukaryotic expression systems,Ecnoaldinndg et temdm
mani pyleatged t rdaured fi@az mp mehensi ve under standi ng
the availabil i-d v eolf o pneudnetr maulss wfed (I B mad tw gaull ar

2021) .

Ecoi $ hpeer f ect host for | arge scale recomt
proteins suchEassuglbabl psdbesabsehave any spe
of foldHmrmgnesr agaotnal epr @ad 2adavBaiwe r(,Brparckteei n e
i 1. celis isl ifmiktyeude he!l mggregation of ,protei
particularly if the protei n nbceiunsg oenx pbroedsi seesd :
or cytoplasmic aggregates pri mar i-gryo dcucntpso sceft
cellul ar (MBe teatlk @all i2Mmo8t)e.i n eK.p ricedl Fido=mnisnt r ai ned
by the size of. tCloens PAJAgbmislh gsnuibddi vipdedi ¢cneé od
individual domai ns prior to expression to
production. This strategy was adopted due to

thel emMgddpbr ot ein (E1908BKk &ekeail 2T0hle8 Jfeunlgld dvb

protein, however, was succ6&s§®dlull |y ylhmixepmas s e
reported to undergo truncation over ti me. T
intracellul ar prot eatsersmioma-la udeolcd eemaae ang @&( | Borya ct
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2018). The aut otperromienoaly sdosmaiinn tihse eNk ami ned i

t hesi s.

I n previous studies, the globin domain
(inclusiiom. bodma&liing exti émelagvemf inhdert modi
conditioats. 4 IB2Y41c8a)¢.egi es t o support purificat
the addition of reducing agents, detergents,
the resuspension buffer dMut angpdn a&dnperofvees merck
t o replace the <cysteine residues in the gl
intermol ecular disulfide bridge foHowdvem, an
despihteese modi fications, t he dIll @by unrgidfointaa tni o

(Br eectkeal 2018) .

Despite the realigned sequence of the g
sequence for the C helix for the prEotceoiln, t
initially rem@Raedite.rparlo2b0l ZZdmart i st r at egi es wer
purifiaAdg®bni nofthis stddhyey (eswattiten f2.02n 3)he f
t he most comparable to those of previous s
foll @wirnigaoinchhi s is evident from t#®AGEbgehce
anal Fisgiusr e( 2HBwdv €rA) .t he second, third, and
expressAogdhbo fprtonteei n as a dvasbsedivelndd2 ald. 2
and gure 2. BadnIF)f.erEmee between the first m
i ncl ussiuornf aacft dhenrt &t varnidng agent s, specifically
met hods, and ure&DiSnitshaahedonhkl tishegpeeaenast or
reverses agpgregait n ooAdiglDiTlheess e of SDS in thi
prodcesweivretrr oduced significant | aqi gthiecaleldha

at temper at3@r,esl ikkeelloyw fr om i nt Er aprtdtoenisn swi tThh
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i s why the purificatiopepfrocmed (mewaoer 2bamn
30 AC to prevenfTh&DS§r pateeiiapdtira ibtugtzeeld i t bon al
washing step i ncl u(dseedc tiino nt h2e. 2me3t habhdde leFoiggyu, r et
purest sample was obtained when the protein
M urTehamay be partially due to the ease of int
purifusiamgomhe AKTA pauyset erhraosmal ™) rpaepehdye g i t at
t he ATKAHeswsYté&mwas more | ikely that the SDS
binding and elution temperatures, or the use
AdgdD binding to Eotclpddt endegembusdgdbggesntds t
to bind other proteins. Whether this i®s a pr
vieo more |ikely bindAdngb bo &noteheni nphr tdombh

unknown.

The +raes@eudr i fi cation process yielded | ower
compared bhase¢d ematDISODiIdmi | ar number g@udr.dll.28sX s
Consequently, the active purification step i
for exprledsgéhDngr bikeioth hr oughouOvéehel Istudlye su
expr easnsdi opnu ro Hd gt E@oiln t hi sistpayt wadagse to re
of the globin domaReedemu)dbdds al ugnmgn8DS t o
the protein. Ot her common surfactant used f
previously txlskOCedane @teovaeter@8& SO npr ovi ded the b

( Reeederal 2024)

Yeast sySacecnisareongy.c(8esecevyeentiahaea syasdtear i s
P. paat er wssdeed ymod e | organi smnfeukar ploueal 0 & X
to its easeandf cawlatbiid athiye hnfatri opmad€t oncooddi yfl iucsa

Si amedbs,i sa gl obiantwibtahc t ®tinnad ga mpnd 6 ppenritii e s, i
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example of a globin that has beenPsupass$ ot uk
(Anwiese@d | 29i1m6i)| Ad g@Detxp r e sk.i qmotlinre e xAddges si on
GDprotein in eukafrFrygsotprasngrtceEBssthadpr essi on
fail emsser wed pastodrr iysserlydeldow expression | eve
bacul-omnf efmd ect celtl. sal B89 heotein was not
eitheectbkhéeed fraction oéoltbwi ngtRapeektsd mins 1
was suggested that t hempproopteeri np rwaBse aehtk ghaod dde dn
201&) similar explanation-l evasl pexpili @e®sdi ofnoro
bacul-owf esaft9adecbegebhtdati on of pr ot eapnpse adruse t
to i mit recombinant protein production in
secretion ar®ronbepewnttlegsesromMi sfolded prot
rapid degradation via -aseoecinat@ilmsdne ¢gr acdcdti ica
pat hway; however, some mi sdmd dadc pmwltetiensi m
potentially indwdi md 210t@ Ph)ausl abre esnt rsehsoswn( Ltihat
expression in eukaryotic s yFsotremsns tsauncche ,ha st hyee
of huWmawas enhancedSicereldeswae@ad204v3t oem e mpl
novel approach. This strategy t+anwd|dledrninal a
chains and optimizing the.haemag elWihesyaretmbalt if ¢ c

significantly improved the production of con

The expr edsighh prfottédien in HEK293T cell s, a
system compared t ol nyfeescbiPesd eacntd rchaalolust edi rmsgoo
protein expression compar ed gt SstP.eBamddbi n:
2. 3.5TRBi s jewipssealsii on shown Ibhi gchilgiug et s2. Br. i5g F
fluoreswenmnoaeridd s8g i ndicatamd esxprtessdegldn upt c

GFPaggedihge®BBR was engineered tterémdpafsi t h e
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gl obin sequence, meaning that the protein w
entire sequence was succksgssfiuel woekpwebbednt
bl ot analysis to confirm the presence of the
e.g. the Mw dfhetrleebyprgdatvainmg us Ad gdbD mpX pert ees uinda

in eukary®iviehadadlycsessful expresk.icomtiagdt heo

with the successful expression in human cel |
domai n
2.4.2 Biophysical characterisation

Puri fi Adg®Do nprooft &IDi5 wmdhaemndée &ai ons appeared
|l oss of heme, although the exact cause of
observation was Adeg®r erdr ensaompme 8.V alo2y0s1b8y) .B rDal
to the inabahdt paut Dtff gebsbper etshse, pirnoctleusni on bodi
sol eebdi liin 8 M wur ea, | eading to t heWhrielpeorweed
successfully puritthiee dnafhieenes s ddoulfrei npgr ottheei np,r o c
address this, heme wasSiimimlearhbodabédi nobopoh:i
into globin proteins haesarbleye ne xpprree@iysg bosnl( vt erei m
Sanetti 2l 2003) . Il n that case, overexpression
excess hemin was adséedino6t Megprot ei misol chi

HCI (pH P60 Sneyr campd okt hanol (tdoe rSeasntceatizsO @ JAN.ct i c

The opticaecoepsdteirtratcgtl f errous-boakdighdeoxy!
GD showed typical feat ur Wlse m f c aamphaerxeadc otoa dN g
2. 3B3. the Soret and Q bfacArd g® Dweerv @erayc hé somxig | daart |

Sectiofru2tdeldlndeexitcincti on cAdf®D cl . 0fmNMC
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T) and Ngb (129%tmp |720028 )sfi;unriltldaerd inAgdudplp o r t

GDhexacoor diHoaneet éneg tpurrees@3h@ enmfcaoamgbhenterric

indicheéeprotei msomaeynltdak g ecbpThAcberciompem= nt

di

al

sappear ilm tchechwtsamins. t he predoAdigdhdnt | y h

igns with previous predictions dI|Howpypeomitj s,

t he cl asAddabsc at henx acfoor di nat e -lpirdohtaerianc,twa rtihs tp

S i

du

ap

au

milar to that olkserav@0lipracgdgbvVinBRepHELt 09l

21)

The OLI'S RSM 1000 CLARINaYI| e -adt@md pdiad tingoima

alysis of globin producti-oal ansu@®hmManicd oam

. ,al 2T0hli6s) .part of the experiment aimed to ir

ates of tAegDier,prkpuedsad insighh WMhve its
the first Resudys of Adig@®Pa tkesniphraitmar i |y exp
xacoordinate fer mag fbarani,imed wg gne sotfin ntghietv log rs

t hough one must be cautious when comparing

ighly overeAptéodosgth dbbhbadéiemrit beQvisi bl e recg

errichNglh saingdn aal snlooipsieng |hawdetfsi niet s vo.emewbat
e ferrous spectra revealed heme destabiliz
e to partial r edu c trieodnu cdtuira m gb ye xepxrceessssi odni tat

pearedsstohet Alei2ei2BERg RrS.. The | ow stabild.i

toxidation rate of the feasoubBefpredoéomrnae

Vi yBeederal2024) .
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2. 4.3 Oligomedddd st ate of t he

Mo s t proteins ful fil t heir physiologi cal
mol ecul es or as stable molecular compl exes |
homor heltiegomer set(.SakatGhd)t.a Ol i gomeri c prote
| east t wo di stinct states:( Sacaestne taidc2048d .
Consequentl vy, a suitable technique i s necess

protein sample to determine the relative abu

Si zeexcl usi on chromatography (SEC) i's a hi
anal ysi s, enabling accurate size profiling
conditions, whi € $o lad tlioovwn f e p ahri agbhE Gnnaal y(sG hsa | d fe
AdgdD under nasalve botf é@egeaddhgDt ipongnar il y f
hexameric mul ti mer s, wi t h onl vy trace amoun
| nt er emsad i gg lher mul t i mer s wePrAe€GE(d e teexactegpd ifrort
t hat occasionally appeared in | ePPAGEMbDIENntng.
conducted under denaturing and reducing con.

expeenrcied during purification

AdgdbD can combine not only with itself, b
through the purification stepBhiusnitsluggeantas utr
removal of SDS promotes the for matrieatrsh enff | a
proteumf dce amino acids beifbi vydsoglhabhi ¢ me
dd ectrostatic @EPBitewnmrnte aRd /maappimoghobi CFipgautrceh |
2. 4 .03f. R)hgghD s umRfesawé ts from thisAdgerhiybi ssra
significant surface elleocctardagsteaditiyc og otheg rdtrioglh c

compared momotmgpiowwa hsMb sweh had arge | ocalised
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and negatively charged regions of the protei
such salt bridges are not sufficient alone t
interactions al so hpelsaey fae adiug reisf iscuagngte srtolae . g
aggregation, | i-bkaesl eyd tohrr oluygdr ocphhaorbgiec i nt er ac!H
protiemmilshgat t he AdgbhDwe udé mlbsmuofd t o otnhevri vpor ot
In i ts furmct ipamdlAddphad téeirmg,e riAtd gdbbB H a K eil ryt @ had
with thAedgbomtahears . However, as there is yet

concer nAd gdbotmaei snes , i PAd Ipthch2Frog ndd s B ngmod e | s, it

to predict biArdddboma iciccgGh&dopnéeéhkrel ess ot her peé

cannot be di scounted

Further qQquestions remain as to the role o
and furAdtgbahmot@iul i n typi cadlelpye nfduennctt inmoamsn eirn ba
regul ate the activity-fofeevdmoiraneas(.ValldGhetdho I
structural flexibility allows calmodulin to
with a wide range of target proteins. As a r
proteins or betweenepegmentchaoh,t seachams ol
oAdg(bvVi | leal. @d@019). This interaction contrib
its target proteins and modul at edg atl meidrul fi tnn ¢
rolAgdghm ghl i ghted its redgwlla0@Aay.i Thkeuerseac¢t
that the glAdlgibmt eroamatisn wift h cal modul in throu
Adgb nitrite redtucdlaxXEsetgqueiet ApcNHinee of t hi

could | ead to signif.icant structur al consequ

The presence oAddbBmalgflisdadb o dd pmibm enn as
observed in the hexacoordinate protein Cyghb.

(CysB2 and CysE9), whichofacntramoleetbkafodim
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(Lechetuvel 2010) . Mass spectrometregt.aaf@20/1sq)s
confirmed di mer formadiuonngncGwdbtunder dohn\y
di sul fi dike bdi siglesi de bond in Cyg-beli mpactbet &
altering the affinity ,ofin hteheinri ncoalsaexcilih watte |t
et.  al2010). A commyr kel < dngd rmawhiesnrne t he di sul
could ind&f fuiemictey tadtfe tghleu tdéi msirteadd y sd d ret, r # b Kktei ng
optical spectrum trend observed across the
st atledsg®d@Thi s i s exphaptedwedareer the position
bond is in an al nmbgsbtn itdheen tQDx all o oppo,s iani oinmptoor t
stabilisationLedt.t,dle2.0hldOod | povd kngt t(he r eassess
heli x sequence, Adglbagkediactnatni vies CGDhaltoop ¢
per mutation, making the disulfide additiona
( Reeedteral 2024) and explaining the heme | oss

altered optical properties when the disul fid

The similarities between these hexacoord
ki netAdcgshDof The pr esencewodll idkiesl uyl friedseu I btr iidng ehs
kinetics, consistent with observadti.ogaml20ilm)ot
This suggests t hwotuhtdhe odil yulpfliad/e aboosrhdd st ur a
influences the functidnghDFantd hé&rnetraoacpupalki
clarification ofAdd8d avleirgommpil oretdattdarofugh

Chapter 5.
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Figure 2.4.3.1. The digltabpblwasies m acfesel ectri c
(A) Equine Mb O0A aAkdigGDs ®A amdl (IBY AHumRarsi ti ve

are denoted in bl ue, negatively charAgdgd r eqgi
di splays significant | ocalised surface el ec
potentials of Mb. The visualisatiP®B of esver u:
The 3D ontbamd ssAgdgg®Bswere aligned to the 3D s
1WLA via magic fit analysed by Acompute el e
The computational mo d eBlollitnzgnmaenmp | noeyt ehdo dt, h ew hR cci
i oni c sThhiee Ifdinmg i mage Waasy.prepared using Po\
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Figure 2.4.3.2. The distgli dbopirlicadrre i @f shuydracgh o

(A) Equine Mb O0OA aAdgadD8 A aaridd e(1B)p dH wmam bi ¢ |
are denot &Adlgdbmowgsr eenhi gh density of hydropt
compared to Mb. Visualisation was Haowmev aurs,i ng
anal ysis was done using Acompute detect hydr

10| a g e



CHAPTER I3nvesti ga
t he proteolyti-c a
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3. 1. l ntroducti on

Protein function is depend@®mnbtennt&er sdatr
establ Ubbbkdcé@sheaamtds f ol d3Dcanboramasttiacbnl.e Thi s
stabddl by interactions such as hydrogen bonds
secondary structur al el ement s, WSlotmemaptreol tye i ch

consist of multiple polypeptide chains thus

o
-

t hi sHip,r od ehent ersot etramer protein that tra
to the body t(iPerwe aal dMdbBbbat gaeeer mi nal domain

not have a knawavd8Dbsbhbaddmuy estructure info

miFtiegdu.r e 3. 1Allp hsankood sdA td b Whi | e same oEtghoangt
conf i denmgear,t mafn atrhee psmaidliidd tt @dv wiotnAd dmemrctei oned
earlier i nthcdad phtadkne mboifdd gibapave distinct mech.
regul ates its interaction with the other do
arrangemen,t .t fTheaemomwd this chapter is to
underlying relationship between pr-béeemhnaleq!

regi Acdglof

This chapter examines the relationship be
functional p fteemamritniads roefgitome i McAdugbungtt bealw
properties. Mo s t of the mut atsiiotnes dinr etchtiesd en
whemiessehaeges in the base sequence of a DNA
of one amino &dgeand.orAmmtohtenrermutnati on used i
i s ithter oducti on ofnonoeon casdmuntg & thidar iuegthend o f
t hper ot ei n. Site directed mutagenesi s has pre
of cal pain domaiundsy ionfc ltuncei mpg ottheeol yt i ¢c- mechal

Mont adtv8nl 2004) by replacing cysteine at posi

10|22 a g e



N
" : “/
B NAA
% - c . .
X g8 Region with no
s ~ > k > :
\ . ~ nown motif 2
Globin % \ C  N-terminal
& a
1 ’ Model Confidence:
domain ¢ | X
Ra' ) M Very high (sLDDT > 90)
= .Y < B Confident (90 > pLDDT > 70)
» S W 0 ~
Y T N-terminal Low (70 > pLDDT > 50)
C

B Very low (pLDDT < 50)

e 'y Predicted site with highly ordered B-shect

C-terminal

0 200 400 000 DOO Tk 12x 14k 16k
Scored residue

Part of calpain domain in the N-terminal

N 1
0 5 10 15 2 kel el
Expocted positicn error (Angstréem)

Figur Al d.hlasFtlorludct ur e pr ediAdg bo((C loetn gan D @ lac-bod e AF7-Kdy 4 ) .

(A)Al phantoodledl : t he hcioglhsluieghste e mef bot h hiAgllgshamuc it wwa(lcBoEDé dieentaieoa 8 .n a n
Predicted Al ifgmadpkEaFolrsdH{dwE)t hat some of the predicted structur
areas are |light green, meaning that it has |littl edcdBindhIldiegqlctes i mar

t he cal pain domain

10| a g e



The-t &r mi nal Ad glmpisonr epforted t o obal hdik| 0goC
proteas€yd®ma ihmu m@s( whailcphaiinncbudedomai wo PC1l |
of the <cat(aHoyotgieewidosmai n2012) . Speci-fecmamilhgl 1t
is closely related to huAmamemali panierd h e( Heeacd:
crystal structur e fofhutmae reatealbytdi & hdad maihre C
domain shares three active site residiues acr
and Asn in HBACg8uaese(2B8theoowbnh2i0® OO ugh sequemee al i
cal pai n Addogabp p 8 a 0 §0 ntloy hoanvee o ft ytph rcead a@altp asien s i
(the Cys in PC1l), but it consaiamsasdve@nal.t H
t heir pPodsgdbbesnnonh correspond to positions in

(Hoogewi ,fb2012)

I n additiiomdg(leCytshaet 3@yhse ploess th eoenn tgtraagpm s e d
with CAPNZ7, t hCeyrsat haet eN hi0 n antfAhdegebg it 'n pot ent i al
al t erarcatiiveee s i t.ehmruocpl oesoepdh ialneds al t er aat egsewpboe
examined in sequence alignments. f@ffr Cmnskk v
residues in the NAtdgronoinnate hfeogupri yn¢ekreskesmadi o
3.3 of tMutsagbaesies )was used to investigate
changest enmi hal Nregi on and this r emri othe @lrytpioc
activity. Point mu traetpiltodmese nve ¢ le e w ipntit nr lotdbuec @ @l B
decr eaprotaaidloyt i ¢ aimf rameydelretmoddmtgi sre,ct i on
ter mi nal domai n wi twheoruet aclasuos iinngt riforcdaededsahntfdt se
aut opt amtcdalvy t-tyeomi h &3t uNkpgii ooghe.i nistht ameudbl et i
not mrnd Wiudnect i onalbuitn baelrsioat & awstad Brnvestigati |
di seadeanteecedhani sms. IiIFDysteixcampibhesmeimbr ane conc

regul ator (ICikkT&mMe pdelt et non of three nucl eot

10|1# a g e



phenyl al ani ne tahta spad dietnit o  © %o e nhidasriod ee u{cli n&@ 7
ATCYATWHi chedhfeedto!l di ngf anie(flpanzerteekpin2 0 T8) s
in tednto defective chloride tr anslporrtefiomr eep
identifying “aAmdmetdeYachgoefndloirst amlder st andi

pathophysiology of proteins and can provide

The T2MBIA bastsket eNnmi nal wast bleamadctaeridtii ke d
of t he (radtad @lgyi twing corresgo@®Adi ng Boi dve The
del eting a section of nucl eotides in this r
(cysteine or possi bl ehaorsethiopamalll yohhithbhiet aatf
activity. Consequentl vy, the mutasntt e afgwelhln v
profaeint can nzdl aornghhyefrpeapt ewi gyg down the id
site amino acids and potentially | eading to

fragment.ed protein

The final type of mutation used-teomsnady
region was nonsense mutationa Tlkdé i metdahpdosn tad
sequémnoe t hi s calsieke hteh emi atdthlei)s mmst dag fi odnowrss,
characterisatiaeamrronfi nmégipomtem|tyhe cNactivity.

mut ant proteins waearled (Nypppeatr eidn wandh othleer gl o

10| a g e



¢ ) OH

HsaADGB

HsaCAPM”~

H2N HaN
OH OH

Cys Asn

Fgur e2D3 .algacdanpt ed frem. A@O64dewisjhd®ear mgnaohfer dlgi ¢
humAdgbHABGBEB nduman Cal pain 7 (HsaCAPN7).

The diagram includehi-Atehei tathéyprot dagdddo§ D3
andsaCARAMT.s i st hbee ccaaul spea A d gNdtoemranwmpairlaoposed t o
partially str uaot thrualalny cad pmamalb/l § Hoogewi j s. ,
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3. 2. Mat met hbdsand

3.2.1 Material s

Al |l buffer materi al s-AwWelre cpurM Meas&d , f Pom
restriction digest mat erials which include
GeneRulwer eplpuisr chased at Ther moFi sher Scient
whiacdins iPshtuss Yeoingch del ity DNA pol Ve rasfef e 5,X Ph
dNTPs, DMS O, 10x T4 DNA Ligase buffer and
Ther moFi sher Scientidfirect Mdt enuit algehesi ¢ henacs
Hi ¢h del ity DNA pol ymer alge,stlrdX trieoanc teinary nbeu fafi
were purchased from Adéddbgbemte Tweacse usoybngt ghkepssic b K L
Sciences | nc, Mi ssour i Ca t ma mnueSkAp maarsds | iom c ovref

pc DNA3AdIgwa r i aitniconusd i-tnegr mihneaIN and N tewenr @eal +

produced by site directed mutagenesi s. Cyto
Bi osciences (USA). The neuroglobin gene in
University of Essex). Al pri merandedespgmnectk

using pwwwnelriXoi(nf or ma)t Rrcst. oirrg/ p ail the r mouFsiesdh eir
PageRBuPlreerst ai ned Protein LaddaMe,st 2Ounstehiieb80 Kk

Ther moBées bkefBitiagged protein standard as | ad

3.2.d2entidfi cabnesarved Cyesrtneiinnaels riengi

Androgl obi n

The a6mbAWo acAddgbe memawas aligned using mult
via Clustal O on Jalview (version 2. 1Th4e. 1),

N-t er mi nal region maegabkegkedwarse nghdml vi ew f

10|P age



mi si deaotiinfcioemp | et eats eaqymuye n-© &€s mihrea] N wlwecrioen s

S ubs e grueemmotvl eyd .

3. EnYyi neer Andr maNttaelrinm n al recombi nal

vectors

3.2.3.1 Removal of extraneous bases

Previous cloning of ke mtDMA rsmaghuadn cweist ho fi
domai-tner(mGalEndredcdombi nant expression vector
baseer med enexs raneoudeB Mistetrtt adldmBE28a. vabisr
extraneous DNA was i oanfohireut h e p pNetéeeriinoi unsan e xrcei gsi o r
pcDNA3 NI o pET28a vector vi a( Metslt rarcd iTBaenshdli )g
extra bases are | ocated between the thrombi
sequeseesul t Bigarke)ldanBerefore, the removal 0
without <causing a .f rBaontehs hd dits, t miuacsa sdesfsaniN aaad]| Ne
GD" )dtuhsee pET 2 8 aa veestagr awidt 7 pr o mdtserh efra rc hda xaj

coBlLi21 (DE3) pLysS cell s.

Extraneous DNA was removed via standard
primers as showhbilék Bhtt wasbrteMEe ealywr €ssi on v
t hmds used f orsi-dlet emsutt badgeegmuecbnitea me dTeH eetproinmser s
used to remove the-fextmeandededwddtd cognssedgq ot s

bench(Cl olmals e d platform for i oftheec hprR&Mer|s B

temper at uwas (dal cul wwd &ldc lsaitnOga | tclué aT or | The

Sci enUWH.f iThe amplification of the fragments f

N-t er mi nal was carrieddeuéti Tushdl reBn3&e 8 p o RC Rt |

10| a g e


https://www.benchling.com/
https://www.thermofisher.com/uk/en/home/brands/thermo-scientific/molecular-biology/molecular-biology-learning-center/molecular-biology-resource-library/thermo-scientific-web-tools/tm-calculator.html#instruction
https://www.thermofisher.com/uk/en/home/brands/thermo-scientific/molecular-biology/molecular-biology-learning-center/molecular-biology-resource-library/thermo-scientific-web-tools/tm-calculator.html#instruction

protocol vi#&i BBust gn DNAgol ymerase (Ther mof
DNA was cleaned up uWomar ¢cthE BPGCR & | BobeA wpl ek am
| i gati on t o remove contaminant s from the é
circatliaon of ItiemremirnaINAwasN done using T4 DNA

bufdeaording to manufThet mr &t ur est wecei oncuba

and further incubated in the fridge at 7 AC
The | i-gat midn &I domain DNA wé&relliBscéelyl sr

by heat shock method (42 AC, 90 s) , pl ated
from each plates were grown overnight in a s
(10 mL LB, 50 Og/ mL kanamydien wulapatnag).i fTllge
RP M, 23 AcC, 10 min). The @NKAe MET ek hansprmiedp r & p ¢
Tot al DNA volume of 30 mL for eac ht oc ocloonnfyi rwre

absence of the extraneous DNA.

3. 21 Btroducing mu-tatmonal i dbmat he N

After confirming the absence of the extre
make the fdridrmerdcealtetiinoa emunti anratls remgy intdmea nmien t ¢
del eted mutations were made u3.ipgluplet @f3oner
DNA for each frameshift were sent for analys
mut ation. Samples fr-dmamieederei e¢i mnt annt st o font
agarose gel to verifytilbobasab3badecgebf wabepdel
agarose in TAE buffer to make 1% agarose gel

(Gel 8ed)l: 1 before | oading on the gel

10| a g e



Primeemsmeas ed t o seinndgalge ¢ tr-th ier entutteadgenesi s at t
cysteines3s2ys83y206 gvO6Cas wel-daiars stuhbes thiatsuet
addition of a premat u(rea3slB& Pr ¢ omear ;= daatk spgonseidt i
us nogenchl i ng and synthesised by Eurofins Gen
from t hewercparrirmeerds out using the dsademeaict ieans
mut agenesi s handbo@k33)a.s AsihiOdwve atchnet @ Mpb ki e 3 .
were digedtoédd obwctuiggein | 37 AC for 1 hoeated ODN¢
from each of the mutagenesis amplification

cells by heat shock meLtBh omde d(i4a2 afgG,r 0 ast)e, ipnl

(50 ICkganmamycin sulphate) and incubated overn
were grown overnight in a shaking incubator
Og/ mL kanamycin sulphate). The cells nyere i s

The DNA were then puri(Qii ®@gemud@ende tianteE umionfiipnrs
Eur dmeg SangerSomeagmsioa n hglysiGinyg mustt otwiaacmds t he
centre of theipreat eCi40 659 quenmdcest op mutati on
standard sequencing primers by Eurofins. The
benchAdigeBbgg( pri meTamieed3. 2. 3.1) and premixed

in a 1:1 ratio é&efsergauesnecndcigng for Sang

11| a g e



Tabl 13 Forward
podp it aruynlca treedp rpersiemd rss t

represents 560
truncati on.

( F) and reverse (R) p

Primers

Sequences

N-terminal ~ Adgb extraneous
N-terminal ~ Adgb extraneous
Adgb- C132G- R

Adgb- C132G F

Adgb- C181G R

Adgb- C181G F

Adgb- C206G- R

Adgb- C206G- F

Adgb- C406G R

Adgb- C406G- F

Adgb- Nterm stop - R

Adgb- Nterm stop - F

Adgb Seq primer mixer
Adgb_Nterm_trunc_R1
Adgb_Nterm_trunc_R2
Adgb_Nterm_trunc_RS3
Adgb_Nterm_trunc_F1
Adgb_Nterm_trunc_F2
Adgb_Nterm_trunc_F3

-F
“R

[PHO] GGATCCATGGCATCCAAGCAGACTAAAAAGAAA(
[PHO]GCGCGGCACCAGGCCGCTGC
CATCAATTCGCTGCCAAGGAGATGCTCG
CGAGCATCTCCTTGGCAGCGAATTGATG
CTTTAACAGCCTTGCCCAGACTGTAAATGTG
CACATTTACAGTCTGGGCAAGGCTGTTAAAG
GATCTTCCGCCAACCTCCCATCCAGTAG
CTACTGGATGGGAGGTTGGCGGAAGATC
GGAAGTCTGTATCGCTGAGCTGCAATCAGACAGAGAC
GTGCAGTCTCTGTCTGATTGCAGCTCAGCGATACAGAC
GGAATACTGTACTTAAGAGCTCGGGCG
CGCCCGAGCTCTTAAGTACAGTATTCC
GCAAACATTGACATTCATGTG
[PHO]CTTGGATGCCATGGATCCGCG
[PHO]JGCCTGTTTTGTCCTTTTCCTTCGC
[PHO]JGGACAGTATTCCCCCGTTGAATATC
[PHO]JCCATGGGAACACATTTACAGTCTG
[PHO]GAATTCGAGCTTTGGCCCATGCTG
[PHO]GAGTCAAGTCTGACTACCTTGAAAGCC

11| a g e
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Tabl 8. @Gv.e2r.vi ew hofe eP GR erpo gfarammplic ioNjtye r mi n a |

various domai

Cycle step

Initial

denaturation
Denaturation
Annealing
Extension

Final

extension

Hold

11|12 a g e

ns

3-step protocol

Temperature

98°C

98°C

64°C

72°C

72°C

4°C

Cycles
Time (secs)
30s 1
8s
20s 30
240 s
480 s 1
Hold Hold

and



Tabl2e333Cycl i ng

nstructi on

Cycle step

Initial

denaturation
Denaturation
Annealing
Extension

Final

extension

Hold

11| a g e

.Manual

3-step protocol

Temperature

98°C

95°C

55°C

68°C

68°C

4°C

(Agil ent)

Time (secs)

30s

30s
60 s
480 s

480 s

Hold

par ametedisr ¢éore@Quimkichgamgesi $

Cycles

18

Hold



3. ExHPressti @emmiom a M nrder goigd no ba fn

Thgr ot ocol used i n -ttehremienxapl A drgebg soone sosfe ntt hi ea
identi ea&apr epsrsditocec loé @Gloobul as giesodtreniemepdr evi ous
(sec®i2ZZn Howeverwas onmd@ndpPcTe@ ei n expression, a
suppl ementation was not required f.orThleemeldy
were harvested by centrifugation (8000 g, 20
and transferred to a 50hambLvésatednbyubenwhief e
20 min, 4 AG)O0 aMm@ ffaro zsetnovassg e .e sTulrsep enedled i n 2
mM NacCl pH 7.4 buffer and then | ysed using a

psi, 3 passes

Purification was done via GE Healthcare n
for the purificdtsieen scefc BN g lefoid pudnmypegalise d r a t
with buffer (20 mM NaPi with 500 mM NacCl an.
the protein was washed with 20 mM Na+4 500

column volumes) before eluting with 20 mM Ne¢

buffer in a | i mearl ngirdaadziod net woavse rr ebmboG/@ d1 by d
mM sodium tetraborate, pH 10, 3 changes; a ¢
overnight in a cold room). Simi | atepmiocalk s +
gl obin domai n, however because this p+otein

aminol aevulinic,adiod | (oAveAl) b(y2wdals bGN)sog uwietdh t €

the cells at the point of protein expression

11|1# a g e



3. Ex®Hressi oMndf onNitoetrnnnsBEa kbt bBer nchi a

After confirming the presence of the dif/
via Sanger sequencing, theE.mBdladt ¢ DES) e cbme e
cells by heat shock nseanreopr ¢ 99i wmmsprapipdo @lé n
t het eNN mi nal apsr odiedsicfwsaelcead .AAn 8 npgE TY¥2)8 a awmkEg b or
weruessedh parakepati wves amhtpoesme.cRvodviedwi ng pr o
expression, the expressed protianmose divéemee apur
(nickel) affinity column via the AKTA pure

condsftoildmwi ng the method.as described in sec¢

3. AuGpa ot eol vtic andli kei N afertmh ema at a

Western bl ot

The analysis ugadttem | gyttu cytadahmi vaatltybroieng i tomne
examine the peptide fragmensadi om -@uwldpttartl d
pol yacryl amide gePA@E)ecamadpWesece sEASSEN @&l v si
was carried out following the protocol descr
stawned Biosafe Coomassie28t aipm)nf ogprarlalhH e( ge
SDPAGE gel was prepared anndg atnoa lfyusretdh eurs ivnagl i
exprebBlse omechni que used here has been descri
throughout tBX Hbgdyowas!| anhad wanthi codRUQHEIt £.d
( Ther mgFiusnhleers)s st ated ot her wi saen.t i Gheen 9 pd @ir fa
enabl es target praobmphekxopbetedenmi ktedej nin

as a result of ,auadabphotegl!l ¢ nHigtsaggbyktsder i hwyntah t

11| a g e



r e g.i Tohne fragmeete solzteaiGed AAn avkySadr. 1 (avail al

www. gel analyzer.com) by Istvan Lagar Jr. , Ph

11166 a g e



3. 3. Resul ts

3. 3.dlentwlhhiy@ymg esi ntlhel eophi l e respons:s

autoprot eolny ttiheer aNd h iavVi BargeuoeNhotng n me n t

The percentager hawe ImnBldnggby sft ei nes weregana
mul tiple sequWenceex aanlpil @gnmegntt.he Fag ug3a. nte.nlt IS
Sequence alignments were used to calcul ate
speci fic cyFRitgeur@e2 Iselsawlsuet he percentage cons
cysteines from the .muPteypyieuseguedices asaggs
candidate cysteine for t(hHHe ogcetini ypd 2HHd VeV eorn, t h
the avail3akigluiengesf f24 alignmemeyi avlhd cht wdyny
onl38 seqwemeeavail atelte a(lRddgbayemer e accur at ¢
compr e lemuiawha g nTnheenrtetfhoirse si t e wast meaxeamierme o f
and t emsutt algye naetsd sexamidrye its eff eAdghbhre tphe alt
charFt guB® 2X.hi bits sequence consethet isemueih c:
dat &i gu3lel1 3. Overall, the sbdeawl hagts 3@ oims t het pfi
most conserved cy dtoduirmed | ryecsyiesdt e ivaad bshegt eNshrea |
regdespite being the propadsmedtlhiely dt léd mgeewin] $ h
20LRRt i s conserved in 90.17% of the 2#H8 spec
addi tion, the 3 of the 33 sequence ealei gnme:
equi vCall3ez2nt hAthghb were di smissed as sequencing/
et. al 2H€lr2e , 24 sequences edned antotp oasliitgino nwi 1t 3n2

confidence that conservation of a cysteine a

| n co@ytsr8adls tyg,80 6 Cc y s tagien anog ceb shs egroviggdh r ed t o

Cysl32ar g htetye most conserved across all the

11|P a g e



as she&wnuilBin238B. ahbd Th.ed .esfuogrgeetshtatngt he cysteine
the catalytic tritahdogceoaatl leerp o0 o ¢ nTvhea lpaolgii gorenoeart t
t heses hsoiweeds| tt kathati ve amino aal e laar geleys epc
nucl esmmphislhebiwgnu BEn2B. ab RCIhp.osmnit8lonand Ser in
Al t hough the amino ndaigadya gatit T hhre seen s i Seers salr ;ew
rates of 0.85% and 2.49%, respect isvalny)f,i ctane
Nucl eophilic amino acids l i ke serine play
chymotrypsin, trypsin, ared nalt a yeasaeni ndhiasci ¢
posi ti Ardgobfi nssdpieec i es may al so function as nuc

Il n contrast, when anal yyis8g gHM&6Comuert v pt
alternative ami no Maoydsof wdrhe s®@rbesad netrh.ptoit v @
nucl eamhhiddwisn t he sequendte2Aalabgdd BB.HB.2 (Fhar 8.
its site with four aminio.acisdgserimel addnigt @
0.43% of Wher epeci ledsO0.lbsaist e abt g s0 tahneirn ot haacni d&
(74. 3mMk)I,uding three nucleophil es: Lys (8. 4
conservation patternsndesctiobddwalkeoveepareskea
as il lustr3atfl®2B Banb3dE CGI s A an.d2.D3n. 3condleusi on,
chaaoltearly in%®8 X aggdag@arte Cmore | ikely to ser\
sitGgd406 is |l ess |ikely todubee tpoaritt sofv etrhye |Ic
conservation compared to the othertthmrseal sy
possible that some species | ack autoproteoly

11| a g e



aal32 aal81 2a206

ANDROGLOBIN Homs sagiens
ANOPOGLODIN Nus e s
ANDROGLOBIN Nacac mudsits
ANOPOGLOGIN B2s tausuis
ANOMOGLODIN Faleo serenus
ANDROGLOBIN Abact jariaicareis
ANDPOGLOBIN Babveacymars muscebis
ANOPOGLORIN A rsalia bt
ANOPOGLOIIN Myatis ot
ANDPOGLOBIN Nekoasia micmsus

ANDROGLOBIN Hams ragsens
ANOROGLODIN Nus e s
ANOROGLOBIN Nacacs udatts

ANOPOGLOGIN Bos tasuis

AMOPOGLOBIN Actbass ensicareis
ANOROGLEGIN Balvercgmn mumcebis
ANOPOGLOGIN Pipimatia bt
ANIROGLOBIN Myctis mrora

ANDROGLORIN Neious s mafrsass

FEN
N
N
K
FEE
K
K
K
FEK

g
hAed gghl obi n domains of various ani mal s.

i s
i gn(nfernam 243 wasqpentesned using Clustal
v

I
e catal yttiea neintad aofomahen.NAI|l sequences

11|19 a g e
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A B
Conserved Residue Cys132

o 0.43% Conserved Residue Cys181
e 0.43% 0.85%
7.26% \‘ .
u cysteme (C) ‘
glycine (G) )
= arginme (R) u cysteine (C)
= germe (S) threonine (T)
u glutamic acid (E)
C D
. 0.84% Conserved Residue Cys406
Conserved Residue Cys206 2 49% 2.10%_ 2:10% [ 4 400
’ . 0.42% ]
2.52% = cysteine (C)
o,
2.94% u Iysine (K)
i | glycine (G)
= gerine ()
asparagine (N)
= cysteme (C) = glutamic acid (E)
threonine (T)

= gerine (S)
 agpartic acid (D)

u phenylalanine (F)

Fiug3.13.2 Pie charts showing the percentage of
cal paike pr ot eas+4 edoninaiahA dogebgt e N f

Where (A) Cysl132, (B) Cys.18Mul t(iCpl eCyssePuwe n aa
t he-lfewmlgt h HoAwglapctckeundi Ag ktehe rodlemaien domai n
with 2Adgsbetghueernces. d&gyemithecodosd®maeatoisesn t he
species corresponds to the percentages in de

12| a g e



3.2Desi g1 eog MAMddarlo oMud bainnt s f or Proteir

Pror to the experi meimttseNpmiersalntreedgii oan tva s
a pcDNA3.1+ vector into the pET28a vector, w
not paAdggeefnet.heTherefor e, PCR using phosphor:
this extraneous DNA pr esetner nmifnadfr grt3ehgi)lanh r(o mb
The removal of the extraneous DNA Vi guP€ER w
3321. Subsrpuenssi on and clwar actoed iys actairon edt w

removal of the extraneous DNA.

Phosphoryl ated primers were also used to
ifirame deletion mutations. There were nine
(three forwardiasnddt B8md ekamée met3at) ons wer e ma
combining the forward and reverse pr32@ers in
The agarose gel showed successful PCR-del et
frame deletion mutatiomasdsClwear, obiserivedt i a&
indicating that the amplification was succe
approxiimat @lrleodci acttieodn corresponding to the ex
fragments were observed. Theed e ¢ idtNit e eé¢ oratl r o
DNA (bp of 7642) us edc oimp atllaoitcsavt @ © Rt eoif o iwtrelald  t N
fragments. The del eted sections were then co
each of t hoen snianree nsetgpu B2 .BoMmMhese figures di
sequence of each mutant protein Fagoeco®.®2Bng t
@ppeAad) xIt also showed -f hameawlthhehdebet gbt

frameshift occurred dur i ndaptpheen dp.rxocAe2s.sl of de

12|P age



Singl mutbaswiewms ed hamhpe cysteines at the fo
in the method section to glycine (C132G, C18
of E395 to Tdistwmscaesngned to decrease the
removing the nucl eophiSlaincgeac tsieweauesict @ gamihmao
S ubstgotfutt ihaeynsftpeaisniet i on t o tghEep®bnéeoaa wéebbpb asd

3323,3324and appemi x A2.1

See appEng@xfeorA a more comprehensive det
annotati onesr mifnalher eNgi on sequences and the ¢

their respective cysteine sites.
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(23) Beowrl
(22) PluTI - Haell (112) BsrBI (509) Smil
(19) Nul(;:}lasl:ld (95) St (245) BrgZ1 (501) Acul - EcoS7MI Plol* (521)
(18) Kasl (82) Asel (221) BamH1 Fspl - FspAl (276) (494) Bputll Bsikl (533) Earl (599)
(0) Start {63) Bglll (129) Xbal (204) MspAll Tatl - BerGl (022) (400) Bbsl EcoRV (541) Emd (632)
2007 00T 6007

- == D D

T7 promater 6xHes  thrombin site
lac cperator

Xbal MspAll BamHI
AAHCCCCICMGAAATAAIHTGHYAACIT1AAGAAGGAGATATACCATGGGCAGCAGCCAYCATCATCATCATCACAGCAGCGGCCIGGTGCCGCGCGGATCCATGGCATCCAAGCA
TTAAGGGGAGATCTTTAITAAAACAAATTGAAATTCTTCCTCTATATGGTACCCGTCGTCGGTAGTAGTAGTAGTAGTGTCGTCGCCGGACCACGGCGCGCCTAGGTACC(STAGGTTCGT Mlacls s glelglglglg

B G N (S s A i SR i
H H H HHH S S G L VP R GJS MJA S K Q y
=3 [ s ] I - | S| |CIF|VIPIRICITH
lac operator thrombin site . M| o4 S M|t|le|lolo|Mm|c
MGSSNHNHHHSSGLVPRGISMASKQ-»
« L E G R § 1T I K NL K L F S I Y WwWe©ccecG 0D D DDCTCTR G P A AR 1 M R|G|s |M|a|ls|kK|Q|T|K
Fspl Tatl
BtgZ1 FspAl BsrGl

Red = Extraneous amino acid sequence

GACTAAAAAGAAAGAGGTGCATCGCATTAACAGTGCGCACGGGTCCGATAAGAGCAAAGACTTTTATCCATTCGGAAGTAATGTACAGTCAGGCTCTACCGAACAGAAGAAGGGTAAATT B S
' ; ; ; ; ; ; ; ' h ' Purple = His-tag and thrombin site

CTGATTTTTCTTTCTCCACGTAGCGTAATTGTCACGCGTGCCCAGGCTATTCTCGTTTCTGAAAATAGGTAAGCCTTCATTACATGTCAGTCCGAGATGGCTTGTCTTCTTCCCATTTAA
KK K BN MW R L RS A HIGE S 0 K8 KD BV PR F 26§ SN ¥ :Q: § 6§ T E QUK K & K =F

th thrombin site meranesaanens - . - - EOTEE 3

T KR WEHT R NS AT e TS T K SIE K N ETY TR R GTS NV EQ S TS ETRTKTN TGN -

Figur2eTBam®i nosaeqguances of thetéimshakkl28&gbpenof the N

The sequenecd?20i biprtmefrtinidnal Nr egi on @mint @.il a c i@d 35 tatahxeb-mHginsao d s & mir monb i n
acsdqguence (purpTéef entsreagirugesnéceectdlelde pbet ween t he t hr oAdbgshe quleeaaeag
is highlighted iihhe edNA nsddwencnessetusteadblfeor protein expression we
thrombin stieremiamal thegiNon had been del eted

12| age



R1+F1R1+4F2 R14F3 R24F1R2+F2R2+F3R3I+FIR34F2R3+F3 Neterminal

Primers combination Number of key cysteines | Predicted size (bp)
site cut out im protease
region

10000 7642

6000 Adgh_Nterm_trunc_R1 + 7138
Adgh_Nterm_trunc_F1

3000 Adgh_Nterm_trunc_R1 + 3 6961
Adgh_Nterm_trunc_F2

-8_ Adgh_Nterm_trunc_R1 3 6622
Adgh_Nterm_trunc_F3

1000 Adgh_Nterm_trunc_R2 1 7348
Adgh_Nterm_trunc_F1

Adgh_Nterm_trunc_R2 3 7171
500 Adgh_Nterm_trunc_F2

Adgh_Nterm_trunc_R2 3 6832
Adgh_Nterm_trunc_F3

Adgh_Nterm_trunc_R3 0 7594
Adgh_Nterm_trunc_F1

Adgh_Nterm_trunc_R3 2 7417
Ad gb_Nttrm_tm T

Adgh_Nterm_trunc_R3 + 2 7078
Ad gb_Ntcrm_rmnc_F}

Figu3322. 3Ampl i fied PCR products following deletion mutagenesi s.

(ABCR prowdwmédt i ned from combining 6 primers (iB) dbgfafrerseenutg .eddo mbaisn a
terminal | ane was used for the control (wild type)

12|# a g e



B0 TKKKEVHRINSAHGSDKSKDFYPFGSNV
QSGSTEQKKGKFPLWPEWSEADI
W KEKDKTG

Reverse primers

Key:

Forward primers IFNGGILS
| Cys132
Cys181
Cys206
Cys406
E395
C] QTSHMVVYATFTPLYLFEN

KIFSLEEMADSAEKLREYGLSHICSHPVLVTRS
RSCPLVAPPKPPPLPPWKLIRQKKETVITDEAQ
ELIVKKPERFLEISSPFLNYRMTPFTIPTEMHF
VRSLIKKGIPPGSDLPSVSETDETATHSQTDLS
QITKATSQOGNTASQVILGKGTDEQTDFGLGDAH
QSDGLNLEREIVSQTTATQEKSQEELPTTNNSV
SKEIWLDFEDFCVCFONIYIFHKPSSYCLNEFQK
SEFEKFSEERVSYYLFVDSLEPIELLVCFSALVR
WGEYGALTKDSPPIEPGLLTAETFSWKSLEKPGS
LVLEIHTYATEATVVRLPVGRHMLLENAYSPVG
HSTIHICSMVSFVIGDEHVVLP

Fi gu32e.38Bow the truncateldi glwuwRRkeaaBts&8rd el a wgdr

Theequseshowk| t
derivatives af

12|% a g e

Full NT

AMrerm_trunc_R1 +
Adgh_Nrerm_trunc_F1

ANterm_trunc_R.1 +
Adgb_Nrterm_trunc_F2

AMrerm_trunc_R1 +
Adgh_Nterm_trunc_F3

AMterm_trunc_R2 +

Adgb_Nrerm_trunc_F1

ANterm_munc_R2 +
Adgb_Nrerm_rtrunc_F2

ANterm_trunc_R2 +
Adgb_Nrerm_trunc_F3

AMterm_trunc R3 +
Adgb_Nterm_trunc_F1

ANMNterm_munc B3 +
Adgb_Nrerm_trunc_F2

AMrterm_trunc_R3 +
Adgh_Nterm_trunc_F3

ANterm_stop (E393%)

56 410 780
|
612
l_
553
I
340
|
632
]
623
]
510
|
764
|
705
|
592
|
395

fseoquencing.

he kKey t-thesiMdoebndb@gisi@2, ,CQyuDbd CyBhelOwWcmbteant
tertabkbiag3phd@&pt cmeds



Full NT

C132G

C181G

C206G

C406G

Fi gu324d DA sequencesuctews ngl tmmet ati on foll owing site directed

— (’iT('(’iTT:TG{_TAG(_iGAATTG — AGTCTG:TG(".AAGG('T — ATGGGAIGTTGGCGG ——TCTGATITGCAGCTCA
I | I

-— ('ZT("('ZTT:GGCAGCGAATTG -— AGT(’TTC%TG("AAGG(’ZT -— ATGGGP{TGTTGG(".GG -— TCTGAT:TG('ZAG("T(".A

1 I I I
— CTCCTTIIGCAGCGAATTG ——- AGTCTGGGCAAGGCT — ATGGGATGTTGGCGGE ——-TCTGATTGCAGCTCA
| I I |

1 1 1
1 1 1

459 bp ; 607 bp ; 680 bp ! 1280 bp
1 1

— (ZT('(’ZTT:TG{_TAGCGAATTG — AGT(iTG:TGCAAGG('T -— ATGGGA:GGTTGGCGG — T('ZTGA"J:TG(_'.AGCTCA

|
|
|
|
— (ZT('(ZTT:TG{_'.AGCGAATTG — AGTCTG:TG(‘HAGG('T -— ATGGGA:IGTTGGCGG ———T(_fTGATbGCAG('TCA
| I | I
| I | I
1 1 1 1
1

Thgoicrytst ei ne mutfaoty 082y 6 8Clya8 O | sne@&rCe hi ghl.ighted in red

126 a g e

mu t



3.3RecombBxmarets Aindmn ooNHtoelrimm n a | domai n

Thet &r mi nal domain applklha&wicadp rbees Ppiron eand y:
i Rl guB® 13 The theor ettieadani nMw 8a8fe giti hikkbDahlviassa 2
according to inputting thReeseqaracmuli nitpl ¢ hie
af S®O¥PAGE analysis, as saHdwmfi rwhRicdhu rwe r3. F.i J.
the thBoertbdorcahe papt i~dd , e xkDeminsmdmalySEbe due
cohalting expression beyond a certain prote
truncated form in the .Howemkeirnantt dxprnmeosrse o
cal pain active stietremi hok1| uewedaaa nagdh et odNfs etl He
(autoprotwhil gisi icepd nt utrme repud at awckdvod s mdid rt i mpe
the analysis. Alternatively, t hicse Icuwtuil dg awistc
endogE&nopmmwbdt eiwhs ch are then separated from t
gel el ectfrto@mowesti arn Alhleagte dma&l yanitd dromiyn ali n
Hi-tsatghe bl ot doanlsyi npgrloed kbBaen d hats +B @ s B8& wW@B.,i n
demonstrati ng ptrhoate Atthyiseadj tole ah ti koed nytt eai mish & |h e HIiNs
t aot e t Heaetr mihneaIN f r agme rmatgs wwiutl dowmtott e Mi si b
bl otThg erleisnudittcdadate st he adbserwepdl|l i hatedle D% hRA
cel ueredlogenousotpifeoragmesat-beomi hak dNomarn | ack

ta g

An al ternat i v eprpootsesoilbyEslcistkyr gtrnaethasts@ s may |
in the proteolytic attack of the red®d@EiIi nant
and Westerondddonielheadacafgd.recTt eso loyft | E. gotltilve t e rfirr
pr ot easephiembyil mettcry | s(B ME)Bvia g | aifdidneedld it adteetlhye c el
|l ysate duwrilmgyisaesl It o i nhibit exogenous prote

i nhibitor may | mpagmnotoeno ltyhtel cp dateat nntivinahlly aoubtgat c
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Adgb Sigel ael ectesphbsesviese obt &igwrdd 3. s how
showing that this wasbds&d&lpyr mtoeolt htei c asmez Yy in

t het eNN nAdnghbt a g me.nt at i on

To examine if the extra bands on the SDS
elution Eodprgetneiurss t hr & g he rpi dngalbhisc atl is@n p utr i
under denatuusdsinmgg c® nlhaive aBi IPLRMBe Th.e | ane sh
clearer bands overall, with a prominent sing
50 kDa observed for t-denptotendg apatddd ewerrsien
observed in Afpawkbbmenar Pl study ai med at fir
purifhenpgrot eo,lhyittsi oo rfoceegdmevsp tEantiSbmr!| ar r esu
to theteWlmihMalerdeo mab sie rawteedr Me@radoimes t Nuc-t  dur i
PAGE anal ysi s, as32€h®ewreci hi Eabbye Bra8gment s
~22 and ~19 kDa woft hll1heltlkBaarget 2acggeadianMHh isg h | i

suscepafidcdghboi fyagmepurf 6.l cawi ng

These data iIAdddgcat mi n &lat-dé it htgene nwi tclD. endog
copi otaenidhspot enAdgldr lay melnthesrrn & wmipweslayr,antce of s
fragmedereaeat ed magnnipiatya dbadi toiro nsad cprnadtaea oyl yt i ¢
cl eavamgoewever, this is wunlikely since any ptr

under such conditions.

12| a g e



Fi gu33eABal ysi-srofealuyoi c

(A)
esti
mai n

regi onHag90.i 64( kdad

-BOGENd WeB)YX er n

N-
Adgb  terminal
GO region
80 ¢
60
5 -
40 &1
-
20
15

bl A d gNatnearlnyi sniasl

acti vi tlyi noef

noaf t it ohne

S i

Z€es

of t he

b~0d KA ac kaa@aaorodvi)ng
arrow) .
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protein

L]
300
250
E‘?.‘ll’. r
§1SE
E1.'||'. \w\ll
S0
0 -"Ir\x - AN N
o 25 50 - 100 1 150 175 200 S 250 a0
Pixel
> 4B
e 0l
@ - T
Rf l .
WEATE 4290845 " axp (-5, 233443 " ) + 17 462690
R? = 0,999
dtdhdeg b toefr mi nal , cal pain
ofegi on. The marker | ane showed b
bands in the sampPAGEIl anabysilThewp

t oGgle An an3addysslissh o@pvimah®eme  r evtoif ¢ a-theeMnNi n a |



A Ladder  Fraction B

N terminal
o o=
N
—
. -
- -
25 R -
10
C o L] a o

.

I EEEERS

o

100 0 W0 A0 0 000 WO S0 G0 0 N0 100 160
Pixel

o 8

8 8 8 B
'/

¥ ® 176625465 * exp(-7.743719 * ) + 18422757
R2=0978

i guB*r 2SDPAGE anaAgghtseronfi nabnd-tedyri minn a | + gl
main under di fferent conditions

ol ving and st aWwkama ascelyd sonmrmdtddabmiextie ,1 5r e s p
-BOGE of the epmintiededbi on with PMSF, a
tiple bands were observed, similar to thi
oft etrhnei NNmeUr regednwpt h urea, showing m
at approximately 27 kDa (black ar-row).

nall region i s 9@®ALGEK Dd-t ¢ rhmeeidnNalr r 8 wg |. o i iCr
aying a similar migration pattern with

arrow) . (D) DensGelomMmedlry ze randd .81 . s @
nd at ~53 kbDa. Thggtkde i etail cal gMwaebobh
Da (red arrow).

RrI~Q~oWwWZ—~XT o
R TCTOY S >D® O
A0S gT—o0
’ >

®

m
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3.43Mut agenesi s id8hudfegs the Nucl eopl

responsi-telreniaintao p Noacd o lvy ttiyc

aut

mu t

t he

had

mu t

at

reg

k Da

The i mpact of these four cysteine sites (
oproteol ytiecteaaot inailt ydoonfai m heve Neli raéd stoe das
agenesi s. The purified C132G mutant prot
cording to protocol as described in previ
the bands detected-tdeurrminngalt hree ge xofr, g nseieoen
.4 . HAWwever, western blot shewsehtagmiménwt s d
proteolytic fragmeat miexgplressegdorbyprndteei
1B) .t iehewnsi ndEBglihes3d&amonstrated that

no effect on thet @rrmitreall yntegi arc.t i vhid yr eod
agenesi s experiment, as well as Cysl1l81 an
hly coresdrsvadcd,atsude cysteine residue at

t heseeromatoitvherpaditt i ons.

The -BBRGE analysis of the C406G reveal ed s
playing multiple bands similar -termhoal
ion and C132@.)rmutlatntal(sFoi gpurroed u3c.e3d. si mi | ar
i nwetsht eirann ab lyosti s (BE)i.guTflei 3. Bedul t aligns
clusion3,i Bs bgegcadadtoi ng that this site is | e:

to its | ow | evel of conservation.

Mul ti ple bands were-PAGEoaobhbgsvedofinCiBaecl

i gur C3widt.i4 mar gi nal hi gher purity. Il ni ti al

tern bl ot as ddepli ctHedve v enr , Fi gfutreer 3i.MBcr e a

centration from 1:5000 to 1: 2000 dilutio
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both | anes ofB tvis¢.3b@Bo€1913G3apgpears to follo
observed in C132G and C406G with fragments ¢
was no evidence that t-hesgmmutptobei mxpbasgsde
Contrastinglyeem2@béGomptaatiadhgt expressi nheas
a band at ~87 kDa. THheer mihneaolr erteigciaod n Mac coof r dtihnes
90. 4 kDa. However, therdcs wemet I8i dilsltotncft oradd
presumably corresponding to 3 fragments. The
kDa, which corresponds to where the pfroteol
terminal proteis.afdfthet aegpedhancemubéanmul ti pl e
that this mutation does |1 mpact, but does no
protein as the ot her -tbaagngdesd cf arargensepnansd s Qvoee roatl
consti swiethnh t he earl i er predictions based on |

which is Cysl181 and Cys206 are more I|ikely t

Figurde8Bows the gel analysis of the expre
i#hrame del eti ons (af 39hoavmd imurkifgwraeas o. 3
information about the proteolytic nature of
than one cysteine sites and the effect of r
obtained as @espihctedfbyywut heppe bands througl
However, supporting informati ond.abTohuet atphpee anrac
of multiple bantder mnmalcadmred tihtag v drei &nts may
to end&gemhatsei ns. Therefore, the denaturati
proteinsd4.Bhgws etPRGES R | anatleyrsmisn aolf atnhde IN s
foll owing purification with urea. A clear di

purified with urea tAgdhodsex puaplidiiesdd twhe hloan

13|22 age



(fi A..(2B6B.vd.(Burgea 3f.r3agment 6)) where the sar

pure following purification in the presence

Fragment 6 wastchasokust bobfcapesséesf Das | udi ng
Cy20.8Gher eofnorpehemi se that the expressed fragm
absence of alll predicted prowvwaeslyddgedocagshra o

be purifiNad daveftihniurieme conftt omi onsa xiedid ldtt rbem

observation that purification in theTlklirgsenc
process stil]l requires further optimisation,
process. However, fromhtopwet entraehttdat adéehat

urea can decreadgertmhealafandi tiy €0 twvmiNa taenitn . b i
Additionally, a band around 42 kDa,-l eogtdédspo
protein fragment (44.7 kbDa) following the E
observed in the '"ur4a3dHewep'er) ahbei bakRdgapee
intensity, as i43IBAsbanantdedti hi ghgurenBefisity
kDa on t ke inankedgl®aBd@ hd. appearance of this ba
supports that autoproteolytic activity occur

proteolytic region.
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B
Adgb

A MbNgp B C D E GD

130
- 30

60
e

-8 P g="d
A 30
Adgb . 20
A Mb Ngb B Cc D E GD &
180 130 15
70 - — -
40 40
35
30
25 C C181G C206G
160 W
20 120 S
15 2 q r—
p——" 15 .‘
10 10 o - .‘
20 - e
15 .. ‘-
10 - “

Fi g3r2. 4ASHASG&ENnal ysi sAddg\bttelreni WBR | nduotnaanitns athld32 G, C181G, C206G, and (
(ADanes:t Armi Nal, B = Cl132G, C = C181G, D-1=6.C% OkeDEadl N gbD&LA OWBecd Caome

atlPDakand ~15..3 3 iesnipdescdt ibvaenldys -tweerr néi dngabl eCril 3f2dGr, N BWe sG4er6nG.b |1 ot det ect
fragment in C132G and C406G, mant ¢ thken gMI't g eF3ap 8nat 8 ebba) nydtsi ca pfpreaagr needn tf osr

C206G, wholkbin®gadg, ve contr orlul isrhgeswealt infob 6sGQdiBddG nggnd C20 &G arhytsamdt s
agaifnt er i ncreasing the afnhtriebeo ddyi sctoinnccetn thraantd so nwetroe 1o b2sOeelpee ndn x C1

A3. They have Mw [(4&ba)fotmél aba&Mmecmmadontrast, there are 5 bands (I
with Mw (kDa) of 87, 48, 42, 28 and 14. Ppaonexaphriegh seefcwll-it dri Mi rcaln

pr otTeiery. anreluad on o e deo Fi s hefl HiBtgange hifVemad kero mpar i sons.
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Fragment Primers combination Theoretical molecular weight
(kDa)
1 Adgb Nterm_trunc R1  + 71.3
Adgb Nterm trunc F1
2 Adgb Nterm_trunc R1  + 642
Adgb Nterm trunc F2
c c ¢ c 3 Adgb Nterm trunc R1 + 514
142 i Adgb Nterm trunc F3
1 I | 4 5 6 8 9 stop Nterm 2 1 6 6 4 Adgb_Nterm_tnmc_RZ + 791
G 6 G G
Adgb Nterm trunc F1
i) 5 Adgb Nterm trunc R2  + 721
;go“ ;: Adgb Nterm trunc F2
l 1 6 Adgb Nterm trunc R2 + 592
ol b= ‘ Adpb Nterm trunc F3
7 Adgb Nterm_trunc R3  + 88.7
& ‘ Adgb Nterm trunc F1
2 8 Adgb Nterm_trunc R3  + 81.7
Adgb Nterm trunc F2
9 Adgb Nterm_trunc R3  + 68.8
i Adgb Nterm trunc F3
Stop E395U 447
~— - A
i . N-terminal region WT 88.4
N-terminal region WT + 112.1
GD

Fi grde2 2DPAGE anal ysi s -forfameh ed eli tfieaieOnftir mienl @ diaggmeihhes mubat descwi bh
in section 3.2.3. 2 BB8n2..shown in Figure 3. 3.

Di stinct bands corresponding to various mol ecul ar wkamgdhdd sclwaer actce®
by |l ow purity were observed in all/l the | anes whirdh3is @i =f €&érde 12t
79. 1, 5 = 72.1, 6 = 59. 2, 7 = 8B3IIJFUAHHLIT7 swemwe we X hecstedBduepwirdas 2 h&
hypot hedgieg ntimatl NI n&s crbateenidrmgenous
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A Urea Urea Urea Urea Urea N-term C206G Fragment Stop
N-term full  C206G Fragment stop 6
6

180
130

100 ~
70

55 L

40
35

25

15

10

Intensity

Pixel

Fi g3r42.3 SMDASGE analysi-seomidiatfenendanNs foll ow
ur ea.

(AlMhe ureasaoepoampared to t het hper odteaaggesatp ur i
(on the Clieahhtey bands were observed in the f
fraction pur iNfoi ddirwihtero wtonwr awass.i ons can be d
are pr elhiemipnraorcyes s opt i Ini E@mveaqiobersees 8 U g gaens t

abrtnatvaye of p uN-tieryminnga(tBhreeeg igen analysis reve
42 and 26 kDuwr iifni @ es amelae .Tohfe sat poppe acroadnocne E03f9
~42 indicates t hleenpgtehs enfc et tod dxer efsusleld pr o
E395U however the presence of another band a

r
r
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20

t h

at

S i

s u

4 . Di scussi on

I n the absence of crystaduasltirtuyct utrrewsc toufr e
cludi Ag p b anfroodeedittse &i rectwduimdt bgenkesi met hoc

target and confirm acctyisvieeueliee dmhislk engdu & ® d
S previously berenc luesoepdhthhaet ie @ ¢ pstiiit teyu anatne v e
|l pain 1 by substituting cyst-HomteadindPalwi t h
OFhis oitmaeddy t o dpodeirdniii me ddtei ve syseeinmel
rowma@lcti vating t htehcepr g & ealsea ef xupnecrtii oobna potfe n  t
t empd raudl tadteet uldyF e r n 8Mhodnetzaé v 8 @ R,@A W4 i nvestigat
gni ficance of t he <cyst Aidrg&dd e md otshdaBynpr ot e
bstituting the cystelainkeegamve thhotg!l ywé Ineo p IGil Iy
ey |-@EHk-&btihdaei ns with reactive functional gr
ir to a@tdloe atnrdo BkihlTehme C41BA, ma®av)-bn i n h

activated the proteolytic activity without

zymreer nnonlte ad tv. 8anl 2T00e4 )mut at i on di srupted el e
.g., salt briidges)nuaértheedodmamandtd bati ng
r the catalytic mechanism and highlighting

Theesptresemt thi sugbepterthat -ttereamidigald o mb i

otein is proteol yot seetrhwmeddgepsbpeedlrpmtcne

.cod ithe serine protease inhibitor3d TRMSF, d

pports the previous study s | Bdg estkicanl OtlBgt
rther more, the purification under denaturi
om t he AdgodormbfirnoemteEndmgeneeh sf ecwi th the f
i gud2h Bur3dt.her studies should incorporate

ents such as wurea to enfdgh\btee rtrhien glurprfatceait
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The proposed dAalgkiaeé n midaosanlapirno poosf¢ ed et § bel a
to human(dabdtgpawin §Si, mMd0Hd2t he functi on of mami
istil |l | ar(gvdemeatndg haI0hle3 )act i ve-75i tl @ keef od alep a im
of the calpain family, is highly dependent o
recog@sta&kon,al)2i@ 1 Buman7¢cafpaiaxample, the act
catalytic triad consisting ofetyateDh8), hivh
must beppreédwiistehld3dis ttrhuect ur e t oTlina bpreeciagal a/lsi
can only occur when the protein folds into
chall enging to predict cleavage sites based
structure infoAdale .Ad.p,baparod ddi belitey wimdgsr, 3 padstt an.

current identification of its active site ha

Unl i ke many proteadetinedl pansasenbaskchewe]

substrate recognition mechaniesmsal 20 b®; mGaobdor

N

025). While PEST motifs (regions enriched i
contribute to recognitettopnl2Z®d3)s,0omeumarhbcd g agte
are not required eitn amd®yY ®cta Gadd PPMdL i nasit ead,
relies on weak interactions between an atom

cal pains' subs-Dueétr.egasli2duless) .( Shi nk ai

This weak specificity may stem from cal p:e
substrates across many <cellul ar processes, S
broad peptide sequences irbhartyhpesri nt hoarn esapsgpdai sfeisc
1985; ®.mah2009e¢t .daNV2z01e) . Consequentl n, pr e
cal praagqqwi res compl ex combinatori al anal ysi s
cleavage across varied spquehcesrwest daoet psef

et. al 2019) . Cal Cl eave-MKted apmadihg thieon etadg mli n
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address this challenge but it predictive acc

reliabiliet. ,4IS200r1l 2na.c hi

Previous site directed mutagenesipl aytudi e
a critical awpeeottaacicyaltpsaavknot,gl 2010) . The pres
Cys r es-udl5t ekdDat of ragment s bei ng o bsdeurev etdo dtubrei
autoproteolytic natur.e Tfe tmug 28 @thecibre d(EFV g u r
ot hi s ftroada®g-ti gur.e T3h.ids. Ir)ed hhlat swgnge sl pai n
contain more than one acti wteersnmitneal a nbdo usnrdea r g
protease domain which i s r espeotnsall2l0er Gf)sour| Tithh e
from the Cys290S mutagenesspdsaesplkeréemernpl anat
western bllhdgM({ Ridgmgad8dpdd3its variant constru
C206G and nCHA0g@)Tfdhe3 pB3edence of multiple ban.
active siteerwihhindomai N, assuming it has |

not the -elestuil 6noWwi Elm popdbgensus

13| age



mGFP-calpain 7

C290S WT
Input 1P Input P

anti-GFP
anti-calpain 7

anti-GFP
l anti-calpain 7

kDa)
97 — =y =0 —— = -
66 —
-
45+ - — g 45 K
*
30—

— <130 K
WB: mADb against GFP
97 — - e e ) W <
66—

a5 — v g—— 45 K

30+

WB: mADb against calpain 7

Figur el nBagdeolm ©sakd 20hI0s) fi gure demonstrates
mut ation effecproebypl pamEGB-@ahpmdiy®drofpr ot ei n

The cal pai n i sCaad pfausni can€ tloefa nneGFP gg at es fr om
mGFieal paiom To&F PG 'S were subjected to | mmun

anGkFP sepalmyolronalgaamtsitboecady paesnt’reanhablhoeivedwhb i
monocl onalagantnishodsiiFePs and against calpain?7, r
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Mutating tbheiGy8R2emg8@86Cdi d not -pprroetveeonity ttihc
activityeomi hak Aligpiradtmsiodbser ved . umI| Fikgu rteh e
resultsideddhr Geakdy adW GFL1Qur.e Bhet.rlgtshudse fr
mut agenesis studies thereforgs32gg886Chhahae C
no effect on the prtoegremilrydli cr agitormn. tyhiod itd
targeting nef atcha veey ssh aled yvheuecd detotpp ha Uteocat al yt i
ofAdgN\Nst er mi nal region and t her eFAGE gtehle sehxopuel c
the expect ed iMvieedfmi tntad frielgli onThiwsi dat ascad0s
on the previous proposal t h(aHo otgheavi gad t2i0VI€2 ) s i

AdditjiosbhPAGEel analysis continues to displa

The revised sequence conservatisamoamgaly s
suggestyesdvtash antfbdd kel y candidate for the cyst
i s highly conser veyds3a2t, >h9i%,h ciosmpoanrleyd 9t0d% @& o n
(FigurLhebh8wasver, the mutagenesis re®uolystded
mut ation at Ca2fOféecds aermed yt o ¢  a(cRiiguu4tg)l G.f3 .t h
potentially supporting a role in the catalyt
aml tered the proteidecsrtegpauscetdeo ley tTihe s a tctoiuvhigt yt
related to themptlt eavoptbiavsd ys iptreoypbBsheay @@ 68 Carr e as
hi ghly conserved and could both potentiallyy
on their proximity within the athevetbetejn:
event of a mutation. This suggest s nthh dte tr e mc
autoproteoltyd iacapmedariaande .of bmoEit g pd.@BlnIsdadedsd o
of a sisgp eohbtasn & heeroatiheex p e r iwmeé it ¢ he pr ot ein
foll owlenlgsatnfdenr t her t rAchgbhtriooaghoi ntsteg¢gucoidom

weretwsedvestigate Thiis e@opeasribmdntlyad auctheaemiz

14| a g e



the proteolyticall yteaamtiinvad rdegnad m vaintdhipm otvh «

the | ocation of the active site(s), i f not i

't is woraht hmbtglihgdyhaensitivity may expl
bands for C181 and C206 in the initial weste

the WErMi nal sampl es. At a hilgehnegt ha nWT bpordoyt eci

detechetdead, it produced a cluttered bl ot wi
This suggests t batcetolses d\her eerxpleirngnent i s no-
the absence of a clean experiment al readout

Del etions have previously been used to st
cal gai(m™Maemotad 201 3) . | n-ttehrimsd napg gdryoaaoahi;gd-cat@d
interacting protein X (ALI X), containing the
as a substiv7ahesfalsoalhpeehded efi 8 mmg tnted gfb uhis|
ALIPXr ot eeRRR (154 amino acids del eted), &eC (
Figure 3.4. andThdeewauid athhesry of vulsaeeal s i h hor hun
cal pastali (c dtsomBd rhepht yes inoolno gi Aanlo ngu ki diter actoenss.t
tested, cl eavage was -aaOn|fyu sa bosne r vseudg gienshtdidneg a
' i mited proteolytic activityAdgst usdp/e c isfiind | |l
frame del etions wer e s utcecremsisnfalinlfryergtinomad ¢l ¢ e d
time constraints, the intended objectives of
The -BPRSGE gel anal ysis of the exipY easmrsdck dE PT OU)e
indicated the need for a more effective pur

E. cporldt ei n-el wer pgAcdagibt &g méet s

14|72 a g e



ALIX Brol R v - PRR

1 350 360 702 714 868
Full RE8
APRR

714
At 659
NT
423

i gur d mafgeeo, Meeamafl @013), illustrates the
rom-2AlnG eracting protein X (ALI X).
LI X comprises three key domains involved
nteracts with CHMP4 proteins; the V domai
nd t he iprholriegg on ( PRR), which @%58bcPRPALES
ndophilincGMaamdt @R2O& 3)
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Al t hough the results presented in this ct
regarding the precise | octahée oshatod ¢hal penged
propoy®32 Csite as the primary adatae fnoml dd
purification of the E395U (stop codon) consi
suggest that the active regi on AdigebsT hwii ¢ hri eng it
incl wlkBddst h@andi datederwytsitfeii @ pot ¢ hgasratislteufd yt ha
catalytic triad r esptoeaarsmibin &IThibemaium.oetysi st il
further optimizati-@enptblef wmae rwet acnadni ngga ionf itnh e
region. Additional bguawe dpmoposepusrhgedbDBon
itdéds cheaper, readi |l ytavailsahbtldya ta midtwewlosrtk si mp
wi Adg®dDS can be a denat urmHamwte vate, lcioghtc ecna r cad n tor
needed to un$oildl theegs ot.erTthies darnvelsde i dahe
di chroism to monitor the secondary structur

purification.

To date, only oente ,aslt20dly2 ) ( Hheabsd goimigjpsb s adt t be
as a -takypstipanionteease. However, t hAdgbqgue&maoewnna l
calpains is |Iimited and does not align well
found in the catalytic Adgbsd.a Wteirlienei tr art hmai
protease, the | ack of dettairlmdadt rdwoatau rma Imaikre
to confidently idefwitfl @pozemsi af .padtéhpiuglht
the use daufri AMSPHPhei pedarudbe out the contri bt
proteases to the fragmentati oAdgsedfed,r oimt b
a serine protease, especially sitfkce.cPMs$iFs wa
uncertainty further supported the rational e

possi ble active regions
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Future exper i mednetssi gaanodnlge x p rnésd gudneg r mihrea |
domaiomt amunlitnignd sFor ax &nmgsd eat t he b-egrmhnalg ¢
regi on atnadg aatSttrheepee md nai1 rmmuelgtaild n a prohud &dE b w
famror e compl eten dleffeitsr agmeand tdhani mgepuyipf ice
when usi-hggt Peefiiesni nary design work on const
carried out using Gol tieAdogghahe EPCWahsi i tnr aving fcdar |
i nfobewaoréi ddRlJias ki nd donation from Dr Mar ci
Essex), conttadgl.niemag ad i ytedggp |1 mmunoprecipitatdi
antibodies could be used siOdddéato. a(®R O0tllD9g s @ nisn
of Hi s orAdsttirteigoanta@ syaveMKd have served as &
pr eidncg te av aigre téhHeer edé n aall trheogu gohn ,t hi s approach i

and its accuracy is not 100 %.
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CHAPTER KI neti c s

Androgl obi n GI ob
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4 . 1. l ntroducti on

The gl obi @anddroongaidngbdn) (i s reported to have
heme geometreyt. @aHR®@dewi j § Ad gdBXx pirne siss wlna toifon s

a disulfide bond takes the place of the CD

stabilising the gt.oaud ®24%&)dwtniald e (RepErdeessi on
domain has all owed the characterisation of 1
kinetics studies. Spectroscopic studies hav

kinethemserwmft eins and demonstrate their ef fec
proteins. The research into the redox actiywv
presented insights into t-aesdcivatedtyneddaord cb
hence potenti al physiologi cal roles (Reeder,
demonstrated that | ipid bhemermg dtim aGyi gobn ionfd u
thus transforming the heme iron fromta ,ahlexac
2011) . Furthermor e, it was observed that t h

oxidati on state and mayi nked asedbdt¢i astiegdn awil t h

potentially via the high | ipid eperadlXi0Ooddge dad
| ipinduced transformation of Cygb iron coordi
protein and may be related to its physiologi

same transformati on I et eNgdl, o baemo.t (aRke€ & dhden)x.a ¢ © k
behaviour of fered insights into the redox
comparative models for investigating |ipid p

Adg®D i nc hpahers

Il n addition to examini ncghalpitpird wp € tl b ebied aesx
' i gand bi ndAdg@Dkiwnehi €O, oCN, ianwdck sNtOhgead § nwge | |

reduct asoéAdg®bDi Ai tsyeri es of rationally desi gne

14|P a g e



expl AdAdgbD redox activity and mol ecul ar fun

physi ol ogi cAadilgibhahotdesncbfi ogenessissocarad eslp e ror

mammal s . However, t héAdignbaima inmod ecruk mowm.c tli e
redox chémigdDirryi tarfda h various | igands wil/l [
dynamics and reactivity, explaining some of
regulating its redox function.
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4. 2. Met hodol ogy

4. 2. 1. Recombinant expression of gl

The mater pabddudog@bPdand ot her gl obin protei
previouwtslliyned 2i n sb#®pder The procedures for

puri ficati on |wleersec railbseod pirne vcihoaupst er secti ons

4. 2.2 Electron paramagneti c resonan

Ferric mormaméb, ct Wd8 di sAd gGDd eNTr ediwwd eedy n  (
TCEP) anddg®» rmwtuant protein were diluted in
and pdlI18,to a final cbredc eomter abteiionng otfr ad g f OWN
Paramagnetic Resonance (EPR) t ubefsr o(zWinl miam
met hanol cioacbded b ranrkadrisyfggerred to | iquid nitro
TCEP r Adg®dl dWT protein was prepared by incub
for 1 h then th@ pgpDat &#IW@Owa soswddatranbyghetd i n 1 ml

t o remove the TCEP. The EPR spectrmanwer e

(7]

pectrometer, @quilppgegd swihter iaali glR 4122 SP97
l nstruments | iquid helium cdaoakted syshem mide
frequency of dfT@etloHz vaPuesci werg determined u
i nmi crowave frequencdi phéemiydey | haynddr azyl2, Z DPP
standard, which has a known g value of 2.00z:z
t he hemeAdfigbbms . &fi gmiagdh ( ¥S$)gnand (ILBW wer e st uf

spectra (eStvi,aslt2mMenk o

14| a g e



4. 2.3 Measurement of carbon monoxi d

The rapid binding ki Adg®bx sWTo fprGCQ eion sMbwe ri\
by monitoring the optiré6f@l nmpeqgtemaer @betdwaesn
Phot ophysi csf |ISoxvdUssd&tbdpepesdectrophot ometer. TI
final concentration of 5 OM in 0.1 M NaPi f
dithiosatarac€C®d wdckr espdrued olny degassing 0.
7.4 buffer using a glass tonometer connected
bet ween vacuum anad rnemgowne sexegah. tTmesdeoxyqg:
saturated with or without CO and transferre
addition of a few grains of-ffodi appail adieani t
rapid mixing system to combine the ferrous j
reaction was initiated by rapdfdbw mhambegrt hae
vol urmme i o. ,tfThherfeif male concentration of the pro
OM 200 OM after mixingdouthlee dare apwadcrau glad t e d L
usi ngbaPrmo and ProKineticist IV seftware by
performed afteby reidugulngr t\halode tdeoowemphad sgiht ifa
noi se. The procgkebkbdl dphfmewtbea@di sben model s t

rat e constants.

4. 2.4 Measurement of cvanide bindin

The optical spectra of cyani dedg@ONWTDbi nd
was monitor®dsudehgchotVset-7t0®0 thhmadaphagridanc
Phot ophysi csf |SoxwwaUsAs thd ep esch e(c20TCdhleof emeobas pr

were prepar ehdG0s ibmialdepralgy steatti on 4. 2. 3) . 1 M
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was prepared in 10 mM sodium hydroxide sol ut
The s#fompped apidilhye dfoeemlriorues protein with the
to reach final concent nia20 omM oifn 50 .0IM M oNa Rih ef
after mi Xi ng. T hester igdpean evretriea | f | ¢-dpaddtai tawmn dau s
ProKineticist IV software by Applied Photoph

by singular value decomposition and globally

4. 2.5 Nitrite reductase activity me

An Agil ent 8453 diode array spectrophotc
reductase (Ni R) aAcdtghi Wy. oThdbf i Nagb @odcentr
protein used was 5 Q@M.orTomegxhH er wrhyg papOet hnwy
a 1 ml quartz cuvette. ATg@DsNieRveamm n ivt{ Brgeddd f M
-750 nm)woamdavel engt hs,, 4wer enomhsaendd i A 88i @ man a |
Mbwherd4ela3s nm anvker4e2faogredNmgdd 412 nm aAnddg@B® 38 nm
respectively. Ni R acteirmeeagupnédt bsodii aufme mp g @& i

conceni0r arin omM

4. 2.6 NO binding kinetics to heme |

NO solution was pr-epHOaetdtebyandi NOt dongopy o
buffer soluti on. TNearRPWNIOINOGdt edr pwa €diusdsjoyl ved st ©
under nitr o-g6masArdt arMy st otk s ol utBiedrmoridreuk® , ml
concentr atNiOANmODad fe R rdo Isis aoMawse dd eit re r kha @)dtdi nucstii nogn
coefficientmaft 850Q0h#dMn diluted in the pH 7.

di ssoci at esNONQoam et,hewepcrhollair eheaseudfept peir NO 1
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NONOG&aNtOe d othoowe.ver , experimentally this was pr
1. 8Silmcris ,al 2T0he8 )f i n al concerAtdrgdbi amd oMb t wer &
OM, 5 OM after mixing (i2A0LT hpulsltioplped ded oavmd p
consftoarntNO bi ddi7nysi@MMbr e and Wadswned 19T 690

NO concentreagulothtsndepglrotmi on due to residual

system aftetypgegassiyngl0o OM.

4. 2.7 Liposome oxidati on

An Agil ent diode 8453 array spectrophot

oxi dodbtyi vrmr i o.usFegrlroibci mddind i rCeyrgfod g@Dg bWT and t he

derivatives were used at a final concentrat.i
7. 4) . The heme proteins were incubated wit
oxidation of the | iposomesnawa o nimansie d ocp@nt] ogpa
dienes at 234 nm. The | i posome was prepared

phosphate buffer pH 7.4 and then sonicated
unt il no partictiuhatesl cwtainom eaprpear anplear | esc
hemoproteins, changes in conjugated diene di
(Reeder and Wilson, 19 %®8&uysr We0eEmMolnlidtddr el at

lusing e nthhbheassei nge2@8d0ppP34 and 250 nm

4 .8%1 suali sati on

Pl ots of the full optical transitions fo

RSt ugdg pol( vtez si on3 28 2XBR52.u@i o Team, 2020) .
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4. 3 Results
4.3.1 EPR

The-b&nd EPR spectAdag®b AddGDr rpircoxWima | and
mut ants, and tAeéegdbh spuloftieden r(ewd-@che dICEdLy arnte pe
in Figur8. 408etdall, t he paramagnetic heme i
characteristiespafn MiSxt=urbespafnHBIS;=AHh @, | € B) si

of that ifnsna(nyvigdtounenko, 2021).

The HS component s, typically associate
configuration, showed signals at g & 5.95 (1t
i n Aadlg®bD protein forms across d4i3f)f.erAd-sspoi,pH owa
signals associated with hexacoordinate heme
correspongddmagc @gnop otnheen tg8 d gdD a&plrlottehen f or ms acr
pH values ( F3)g.urTelsec dtnBiorhce hg e x2p e cwaesd haot w egv eQ
observed in the WT, proxi malomdand hdisst &l nmodt
(Svi staitnnealk2007) . Al though in the disulfide

some evidence for a minor second L$.signal a

The WT HS and LS spectra exhibit essenti:

as demonstrated in figure 4.3.1.4. This sho
the overall shape of the specttaenS8inoemehe
heme, the conservation of l ine shape sugge
essentially the same within tdepphdemingentme

changes seen for t-BeaWwd enayr &diugeu kteos ndli.n3o.rl .clh ar
heme pocket, such as protonation of Nnearby

protein coordination.
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For the WT, a strong HS signal at g = 5.
decreased by over 70% at pH 7, foll owed by a
at g = 2.26 showed a slight i ncaienasat fprtHb n8 .p Hi
trends are more clearly illustrated in the
intensities across the pH range (Figure 4. 3.

popul ations of the HSiamgd tlh® wopeaiadd vwileimee ey

results indicate that while the HS signal [
signal i Nt ens tdteypeantdegnts S.eBdx hiisngpH ts | owest
is close tmphytshel ogi mal cytosolic (pH ~7.4)
experiments in this study were conducted at

To probeaetpreindepm behaviour, mutations in
pocket were examined. Two mutants of the hem

the WT distal glutamine to a glycinieof®782G)

for these mutations is that the Q792G shoul c

side chain to coordinate to the heme iron,
typical distal | igand for géomutnant sadadert ¢ oala:
based on al-preogthnaitn viei dhaetmeon i n ot her heme pr

tyrosine (H824Y) often oebtsealdd 5)n cytochron

Overall, the EPR spectrum of the mutants
protein, as shown AnsFmglbere paBté&rh was exp
Q792H, since glutamine and histitdiséedar ehai
undneerar nheualtkbline pH conditions (histidine

surprising that the Q792G mutant showed a p:
side chain. I n summary, the distal nauctiadnitcs s

pH conditions compared to the proxi mal mut al

15|# a g e



stronger HS signal at g = 5.95 wunder al kalin

acr oss

al | pH conditions for both proxi mal a

signals are also consistently observe:i

di stal mutants and are more prominent th

di ffere
mport a

C894/ CH9

signi fi

pocket

compar e

signi fi

he WT, the signal at grel atkBei Boshcrtk

e conditions.

EPR spectrum of the disulfide reduc

nces fr om tohvee radTolgenldy mmud senrhilsl, e sb utt h e m,
nce of the C894/ C970 cysteine pair. T
70 still resulted in a HS signal at

ot eiln.sB)(.FiHaweyv elr. ,3.t he pii mt esn gintay a@ft tg

cantly | ower across all/l pH conditi on:
t mean that the HS species is atower o
heme component is stildl relatively hi
compared to the unreduced protein is

als appear to have wgd,alshowiemgitttyatat

ks the pH effects seen in the WT and

relative i ntensaiptpysaons |tahre olrS ssliiggnhatll sy
d to the Cys oxidised and mutant ©prot
al is relatively unchanged (Figure 4.

cantly affected by pH.

ummary, the mutations have mini mal i m

oxidation state has a more pronounced effect
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and mut ant s ar e similar, their rel ati ve i nt

showing the most pronounced changes.

Additionally, t he opAdgQdD aspge ctthreu mmuotfa nft es
temperature (see Figure 2.3.3.1 and 2.3.3.2)
LS protein, with only some minor features su
HS (in the WT). Tnhiosptdiicsaclr eapnadn cEyP Ro estpweecet r a wa
Cygb but was deemed a dtr.eak20f4)artMbraeov drB,e
additional very small signal at-hgme #eBricor
in a rhombic cooredi naat2i00n/ ) ( Svlihdgtsuniesnkao t ypi c

native and recombi natntalprodt7ei.ns ( Svi stunenko

15| a g e
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changes observed in their Dbiochemistry cannot heoagbriponed@dtdet si
intensities have been normalised.
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Figure 4.3.1.5. Bar chart showing the differ
the EPR signals for the HS and LS signal at
(A) -Blpgh signaAdd@D. W9) onfut amreéesd uacnedd TpCrEcPt ei n's
pH 7 and p#8Sp8n EBygnladow(2.26), also in simila
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4. 3. 2 Ki netics of CO binding t o a

Androglobin globin domain

To probe the effectAdg®D tchyasamx ipddteinan ast
uctfuurnec tainodn, the effects of the oxidation
ding was examined On stagp pd dy Arth gD nsgpi et obtr rr 00
ution containing known concentrations of
ervedi mRisgshe wB. 3R hAwnhi gufe i s consiste
vious CO spectra ohhdsiemeteidctidnradkcdgmurkddi €2 .eX.pX
4 2ashideaxnhi bnt Edgure 4.3.2.1C. The tAdngeb cour
compti tevastphaweser, as shown by compari s
final spect rautnmh errewnas en etdh & hies cssabmees t i ¢ poi
404 nm, ndn29mbmHands536® ncmfhanging the CO ¢
e ctkeidnetthhedds I hamtgibealt ramadettmaa me d,it.lee saa me

rous to CO complex formed with no evidenc

Figure 4.3.2.2 presents the plot of the r
inear relationship between the rate const
ses. -Ohdeasteeccrodnst ant for fast °Mhahse BAnand
54M 710s 7T respectively. It showed similar
w phaset(( dd,Eédte al 2Th@4 )s.eoacared rate const e
t phase w&$ 16po Balinstadl 2eCdH)mpar abl e val u

erved for the fasAdg@lDbDagdabodre Mb3.Mgh)and

The kinetics of CO bindinAdgdhd t(lwetdi FCIEP
ws si mi |l ar alsi nae afru ndcetpieonnd eanfcTyhCeOr ec owmecreent a lag

i cal changefsdgdhd spbactofhh bbheeWVed onrR rapic
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reduced ferrous protein with CO. This is il
that CO binds to the TCEP reduced form of t|
ferrous an@O tchoempfleerxr ofuossr med Aaf erdammieadiong skeo

434 nm is shown in the same figure (Figure 4

These time courses showed that the kinet|

spectrum as it can be supported by the appes
vs wavelength shown in Figure 4.3.2.3A and 4

Additionally, no optical differences were
|l ow concentrations CO concentration. Al f ol

in Figure 4.-8rded wathkh sedMefidmrt 1 ¢M 21 393Txx 1@C
X M T s T ?Mnd 8 ¥k, K@rankdhebpecti veloy.deFhe age
constant for the fast phase of the disul fi de
ot her gl obins. The nads sngc itaot itome rdaitseu [ffoird eCQ ¢
magnitudes sl ower when compared to the WT. T

of the disulfide bond.

Reduction of the andu@yegonee abobndl|l eadNgbo
binding and increased affinity, regardltess o
al, 2003) :defPplreindemed e hancement in |ligand re
feature of eNgh|l2®b2 g H hten achosretnncees tonfa It hdei s ul f i
cont di dludo wer CO AdegabcThivs tmaymbesedmnmeet of t & emo.l
di st al gl ut ami neAdigmoinn ctolbeg damaenmnoea ofm. an i n
Similar effect was reported in Ngb binding

(Bocahwual2012)
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To probe the structure and heterogeneity
analysed using global fitting. The gl obal fi
CO is shown in Figure 4.3.2.5.t hiledeufapdrdr mails f
spe¢iTEEP reduced)a doeag |l mrotc oenxfiogtmaasi on, but r
rel at edhdose msonf ormers exhibi tikigsdalgyhts ismielcd
variations awoddersbi ndhA ngemwpmarda lalnd sgl obal f i
observed for( Aphpee dMTiherAvtae i @ b tolridtey irmtee caomd t
t hsel ow phasesreofuctelde fToGEP further supports th
absence of discernible intermediates in the
preexi sting conformati ons r dtrchoenrc |tuhsaino ns, e gtuheen t(
revealed tmal prpbencenbbdbrmers, with their bi

the presence or absence of the disulfide bon

16| a g e



l i gand
ot her wi

Table 4.3.2.1 The table showing the
androgl ol h Bami hyman gl obi.ns unl ess
Li gaProtei k(Msh Te mp Re f
Ky ka ks Ka
coO Ad g&D 5.9D0 (6. 760 20 Thi s
WT stud
(434 n
Ad g&D 1.53%°|2.3860(6.3 |8 1xb |20 Thi s
di sul f x19 stud
reduce
TCEP)
(434 n
Sperm |5 1xP Ol so
Mb and
Phi l
(199
hNgb 5 x 1 Uz aal
al
(200
CN A d g&D 1.622|8.5 20 Thi s
WT stud
Mut aArdtg|1. 952 |4 . 2 20 Thi s
Q792G stud
Mut aArdtg|2 . 2 2x|14. 1 20 |[Thi s
H824C stud
Equine|9. 972 20 |This
stud
h Nghb 3.8 0.681 20 Thi s
stud
Ni R |Adgd®D 72.7 25 Thi s
acti|WT stud
Mut aAndtg|6 0 . 2 25 Thi s
Q7926¢G stud
Mut aAndtg|58 . 0O 25 Thi s
Q792H stud
Mut aAndtg| 4 4 . 5 25 Thi s
H824C stud
Mut aAndtg|8 1. 2 25 Thi s
H824Y stud
Equine|9. 2 25 Thi's
stud
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CO bond compBRixg Hloirgrietd t he visible region and tH&€)ilmestadmds e@BMosb:

CO concentrati on (adnodu btlhee efxiptosn eonft itahle) dat a
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4. 3.3 Ki netics of CN bi ndi ng t o \

myoglobin and neurogl obin

To investigate the hMam@Dpac#dedt e@avi gbamer
Ngb), and to gain deeper insight into the th
rate at which cyanide (CN) binds to these gl
of ferric Mb or $eruiicoNgboftaiOM)ngvi ¢ hwani de
7.4, optical transitions were obseaseshesWowi
i n the A phendi x ssafeo VCNdu b i ndianngd tiNogrbdbai se ng |l e

ki netiachndp haasdeoublfanexpwomeat i aél y.

Tabl e p@gr@8vi2dds a hel pful sMibmmaah gwsofa rilai «
dependence of the rate constoandtesr onat@N ccoonnsctea
X 2AMIs'( Figure 4. 3.s3.i 3fAdtsityehringthi® aidw* ¢'®@ eport ed
previiyoAunst @eni @il 1971) . Ngb exhibited a biphasi
phases of CN binding showing |inearetdealende
(2004). ‘dhdesecand constants detaendi Bed@d81nMt
s 1, wvalgiad m isd itghhan yt he gdherresponding fast ar

1.65 N 0.06 M T s T and O0.p3y7 H&rOo.l&d22 O 47) .s T

FigurdsHo@se&8 . opti cal transition &aArmddgbkinet
monitored at 421 nm. The data weAcdkgdd spl @g¢ s u s
| i glainddi ng behavi ourNgdeghrepraseadtbebregi t owGC M bdmaif t y
| olwi ndicmrgpss a broad concentration r@mgeaet.erHov
t han t hate xohfi bNgtbed by .| aArdgdeirt ioopntailclayl, cahsa nogoesse
binding becomes | ess apparent at | ower conceée

No changes were observed in the visible reg
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Ngb, indicating simil akddbhaVisouheamadosuggaes
form. Hodwebpere,ar s t o exhibit at | east one i S

resembling t hatlAo faspMbe AGHiXgur e 4. 3. 3.

There arediastileatstcomwior mati onal states o
|l i gand at idn ftf el gdTd rtah eeys Idiinsepdrayckapendence
concentrati @nr h(eFirgauree choh.nS.tA.nt for the third
measured and was therEhersecoamsdi dertedcoregtl a)
from the |linear fits ofwatbhe2fhsiaOng@n® B & wisb i
respecTthievseel yr esul t s iendiircditreg Agphg@b etthoef GMNasit s
comparable to that of -fMbl,d adlbewdr .a plpmr ocxo nntart aes
phase resembl es tphhaats eocfb uNgsb afta sat rbaitned inregar | y
dual behavi cAuldrg@®Pugnggsexsht bat characteristics
hexacoordinat e Ag@dD edse.molnms tsruanineasr ya, r api d bir
and a sl ower phase more similar to the fast

binding mechanism that reflects mixed coor di

To gai si ntneitglhhe potenti al compl exity of b
heme pocket, tbh en diiarsmevt e sctsi goaft eGIN wi t h bot h di
mutants. Overall, the mutants exhi biAdgd opt i
GD, and their kinetic data were best fitted
transition anadl0 kiiMebicditmgcemomiorored at 421
4. 3add. 3. 3The mai msdi ftthern encbheifno@iNng AdT f iviairt ia
showed no perceiate@ oot iGgeadloivc hanhbhbesQ792G mut
no detectable binding even at 5 mM. The | ack

suggests that the muthaot phetkigahdst hahowbe
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CN bindQ@§2@ei ahdutH82U4L are the most si mil
Their aomlmderwaedpl ayed a | inearwidelpeadtasy an
pha(skei gurb5eTHHetidwi 3.dwaanlassoeo s mal | to be reliabl
therefore con$heder eosredoeerg triagtiebsl ewver e compar at |
x 10] M 1T s 1T and 4.2 M T asdd. If oM T1Q79 21G faamrd
contrast, both mut antest e@p79d2¢He sdrnadh o d R4 YO mali s p |
order rate const(ain:le @ pkaded-2Me WaftoI¥ O A H d
mut,anained. 8 M §ll9s 9T NeoW@& 234 Y Jnuiteheet a st i | | fit
straight |l ine with no dépgtemidrebwpehmdi®d € Ns malnlc e
to be reliably measured andThlhias dhegedgtos et k
reacti on pzheaosoed efro Jklibnmedtiiccast i amtge tihati ndhependen

concentration at this stage.
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4. 3. 4 Nitrite Reductase activity C

androglobin globin domain

To assess theAdmas eat nakrrobkeretiuctase ( NI
generating niitm i i b&xe de e § NtOi) on bet ween deo

deoAxdyg®dD and nitrite was examined.

I n the presence of sodium dithionite in
observed optical changes in the Ni R reacti
deoxyferrobouhld feappPpesdiMbl A6t he reaction we
of dithionite, itowi || | ébaodu ntdo f & r mioats.u,aMd ¢ S
2007) . However, the presence of dithionite r
of nitrite and deoxyfeboons ©MerrodesadMbg beo
Nonet heless in each system, t heakiimgtitchsatoft t
constants of tthgel NbiRnsacdrneinhgt odffected by

dithionet.ealZSha #)a.

Table 4.3.2.1 provides a clear summary o
The corresponding time courdeghplbvbeacatfiialtt édnt
determine these constants. The aqlsearswednirtat

concentration, with the slope of the resulti

Mb r evae alliendewirsikcemder rabdo® . QoaMst avihti ch i
comparable to the prevwous(lpyH r7e pdor tBard @@ uaen
7.4, 25 eAC)al@Bi0éry@mash dNwkid phasi ¢ cdheapreancdteenrciez e d
fast and sl oBokhnétist phased ow-f pbrdes f bme.
dependence on nitrite, though the overall n i

MbappeA®Bi x
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The cal culoatdded sadcend onisst afnotrs twheer ef a2s.t2 7p hv
M@ for the sl owrphasea.atTehe onessdcamd for t he
that reported in an earlier study for Ngb Ni
Fago, 2008) . |l nocoet rnate tbpheaebobeser vhd
study cl osel y -pahlasgen sr antiet hc otnhset afnatstr ecent |l y r
conditions (0.12 N5 OA®2o™M n'Bat NaD. E&l; daTids o
2011) . The slow phase in this study account
whereas the fast phase contributes only abolt

of the reaction.

The reactAdgbhDo fwidehoxny trite in the presenc
identical conditions to those used for Mb Ni
optical spectra from Mb alMd .NdghhevmdRomeantgi d
deoAxdyg®dD get reduced by onuintdr iftee rtoau sf errmtaei MO
Adg@®DNO complex | ed to a shift in the Soret j
di sappearance of both the beta and al pha bar
broad pl at ea-b8We tnwe g F1IAQUTE he.sE. £.hanges gene
points at wavelength: 410 nm, 453 nm, 518 nm

spectra iMdB.Fi gure 4. 3. 4.

The time course at t wo wavelengths (412
exponenti allCY Figuc &l dulBatde the rateswoemstant
thehotted against nitrilD)heomdcemtinat ircerd u(Ckiac
the protein was obtained f roorndetrher asleo pceo ncsft a
M@ for t henfdodsltapvpebdade®stier ti me depmpaenddrmae
to Ndk. ssecded rate copmatantobfser vtelde i nagthi s s

hi gher than that of ot het i gilassbtienrs tahnadn itsh ea prg

18| a g e



report eAd ghboR t g &cctwi b, n Breathdaoli2024) . The fast |
for approximately 83% of the total reaction
17% indicating that the fast phase Mragbesent

GD to NO bound.

However, for the sl ovaspleassenndteipbeénidieantte ocfo
concentration @aftcr ccsosnc e her art@hognss neaxya mr e é d e c
conf ormational changes within the plriomietiinngr
step, but rather the dissociation of a dista
the findings i n cGha phtdyg@iBh ata ya nllde 5h e thedr ogeneou
that the slow phase represents binding at an

bound endogenous di st al l i gand.

To investhgattghaatNisRi ty of the mut ant pr
Figure2and. 3pBedent the time courses and corr
i . e. Q7920G, Q792H, H824C and H824Y, Aschgédsur ed
GD (412 nm and 438 nm). The results reveal e\
kinetic pattern, with «mlny etntdt e pttd eoapdpdpiacdse s s
fi-ostder ti me depehRidguncaB and.nBB danhddEgur e
4. 2Calnk4 . 3CaAdnk) . The sl ow phase exhibited nitr
mirroring the tWTenmdtlehesierr wseedceornrndr ahe const anit
phase obserM@af ovre r@7 9 ZEp8/tRBt ant Q792 H Mmmdant , 4
H824C and Maowfadd yHBA24Phest amredemdr ate const a
comparabl e AdghbDWpe obEi hheMlid, rémaient sever al

magni tude faster than .those observed for Mb

Overall, the r esdltcheldfgibomc t ho ss se¢ fufdgct i ve

reduct as e, with the introduced mutations hav

18|22 a g e
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4. 3.5 Kinetics of NO binding to WT

To determine thAdddDdeioxky fedgMYOswtae rapi dl
mi xed with known concentration of NO in dega
moni tamrddds pli ay €d gulee 4pr3esernice of i sosbestic
at 406 nm, 453 nrmFim2adt enm.Bnd .8 A1l amm B) i ndi
are identical i n terms o f a single start
inter maAdlidat e moal hg, from a hi gher NO <concen
concentration does rnaotass e@dam ctaon afef eodbts etrhvee ds po
(Figurla ¥vs 34)5h.e5.tliBne courses and correspondi
(Figures 4.3.5.1C and D) followed a doubl e

kinetics consist of two phases

As menti oneAdd gébdr ¢ acirl,y Wii nds t o NO and th
in Figure 4. 3.T5hel Ao patnidc adl. 3t.rSanlsBi ti on i s i deil
observed i DA Fitchwrse i4n.d3 .cda.A d g@DNtOh &€ ofmeprAre&ti imo n aa
trend was observed for Mb. Opti Nl ctomasl ixt i o
previously shown in Figure 4.3.4.1A was o0obse
revealed the rH@cbhi odibk g msé bbiiddsh afadre aoadst aret
concenglratt ifooar t he two phases are given in F
and C = ¢glhow pghlhagsg.asts with the typical Mo n ¢
previous stardd easnd eGighlseo ya plRarsGi)c bi nding of
producedoradesr croatde c o®M3stfamnt toHe 1f dst pMHds e at
Islf or the Bhew ahtasphase observed for Mb in 1
the |l iterature val uenselé&oevenrg tahmpmr a Xoendaeteepl oya tt les

constant for NO7 BMIsHOMogo rteo amibd, .Gi Tolseo ns, | alv® 7ph a

186 a g e



comparahkeemboe r ecentsleyc-ornedpeorr treadt ev adurgs tddf n t

0.6 MT168 T (etavaedrrma®ni)

Figure 4.3.5.3 showfthat pl odbssbéoArdhgédbsgt ob
GDThe plot revealed a |linear relationship be
both phases, i-hido ctha ri vilei Thdet -Ogscedeaodhar at e const a
fast phase and s!| oMisimmals e .88k eBRPRTtX VEODY (
4. 3.5.3A andhidg 3.y . 8@ ss ol istauegtyteapptt SNO di ssocCi ¢
This characteristic more cTlomseecl eyn tr hassdqunabylt eesd t
Mbwi sh secmoher rat2. 85oNs0a6tallsio0 r epios 4 eedi 4dttiso
rate clopisot 2det N (6 s d&t.(,dlav0e0riman c | d&sefl y2 mad cih
obser vedilgbbDor I n contrast, Ngb displrdgs BAQOAEA
constants of 21 N 1 M Y s T and 2.9 N 0.4 N

(Heredal a1 2004)

The amplAdgdde Piwmfdi ng to NO were independ
showing that NO binding to the heme was satu
at 421 nm and 434 nm are shownThe dliagale f4i.
profile used in this analysis is shadgbin Fi
GD converging into a single final speci es,

hypot hesis of andalt eonathieverbitedinn@pesieregen
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4. 3.6 LiposoMiegboxi dati on i n

Many gl obins have a pronounced ability t
redox cycl i-fngr roffl tde( Betcdoededl 5t @A hesAdgbhD ty of
to oxidise |lipids was tested by examining tF
t o Mb aAnddg bNIgibk e Mb was found to initiate |ip
4. 3A6asschowed optical ottrhaenrsihte noen psriontieianrs ,t 0s u
shown in FBan@ es edpllic6siews.a change i n wave
formati on, however, frdg(bRle edte raul2Dt2a4h | e nfdo rh el

shift is not observed. Howe VvAedrgsba s i ghs ér cadt f

radi cal damage, much Tnhoer et itnmea tc ot uhres eo tohfe rt hper o
was compared in Figure 4.3.6.2A. All three h
shape curvet .(8lexkled)s.onThe process includes a

rapid phase driven by a cascade 78001l ispifdr o
40006000 Addgo®Bd@ 02000 s for Ngb, and concluding
(Figure 4. 3. 6t.2,4)2A0dBdbicck eMbs oenx hi b-oxedast matar
antdheir rate ofjraeatevithaarehbdotbf Ngb, wi t |
|l i pid oxidation rateAdgnedsdleaMats 7. 8drnMbs
for Ngb, as illustrated in the barAdg®lrt ( Fi

has the ability to | ead to |ipid oxidation wu

19|2 a g e
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4. 4 Discussion

4. 4.1 Effect of pH on the EPR spect

Earlier I n this work, I tAdw@B ishowni mdmai
hexacoordinated at room temperatdiir&e Howepeet
which is consistent with AtdlgbDopbsemaVednidnkih
Adgédxhi bits a weaker hexacoordinate <charact
hexacoordinate globins | ike Ngb, as evidence
relate to a rapid distal endogenbhuess d | @mtnidc e
features and spin states are similar to the
Cygb (Beck@mai220hbh4). For Cygb, the difference
and EPR spectra was attributed to a freezing
in Cygb at the distal sit edewaesnd e nkteheayd wialdihburei
conformers, where electrostatic interactions
strain -loingarhde bDontd ,alReleldle)r. This may partly
bet ween the opticAadgbaHdw&WPHRr ,s pietctdaesofnot f
observed behaviour, as both proteins are h
properties Adgdirs pelxaaynsplae ,very hi ghetavatl®dxXi4dg gt

whereas Cygb shows a much sl ower autooxidat.

The variation in the ratio of H&adgb LS
observed in this study may be functionally r

which it occurs. One Adfg btdhees cprri dopeads eeda rfl u necrt iic

section 1. 4, was t hat It may have an i mport
( Br aectk eal 2018) . Spermatogenesi s is a compl ex
capabl e of fertilizing the female gamete a

19| a g e



(0]

uirement for this is the maintenance of a
roductive tract, particuétar,aly2 0 1In9 )t.e rLmusmionf.
ins forming within the seminiferous tubul
ng the tract, from testis to epididymis t

uration, capaci¢tanamedti, ad2@lI)ertTHiizameams

ctuations to this i1Ponic and metabolic h
ruptions to this i onic and met abol i c h o
el opment and efteratli2loilt9y . ( Bernardino

AdgdbD may function si-pnidtagdtyi v® EKmotwai P e

sterin and serotransferridep&ndent thati a

63 HS/ LS signal rati o, it i s l i kely tha
ironments, possibly to st aAldighhKka ei m ttshisd r
8 K& 0. 5, Figure 4.4.1.2). Notably, the
|l ation to the other domains, nonet hel ess
bin domain are | ost i n mature TBlpwshreat oz o
erved pAdg@®R2rdiiesowdred in this study may

t ect i vree gaunlda troerdyo xf tetctail@0O @ 8) . ( Bhaclkéor e,

could remain active in the epididymis, w
i tiAdhghasy, al so been reported to be signi
roductivet tak2021)Koayei nforcing 1its pot e
i ronments during reproducti on. Thi s S

i ronment is typaetcadll2y01a9c)i.di ¢ ( Bernar dino
Overall, the results from the EPR anal ysi
t al mutations do not significantly affec:
ants influence the variati onH ilneuelles HSwitto

19|16 a g e



effect being more pronounced with the distal
may be as a resul't of | ocal structur al flex
glutamine. Residues at the BAdObpodihgoat atr lee
For exampl e, i n Ngb, the B10 phenyl al anine
(I shiekawma2007) . I n the absence of the distal
pocket could therefore be considered as a po
candidate is the conserved B1O0 hliecuhc iinse arlessoi d

at the B10 position in other vertebr,at20th#®)me

However, because | eucine |l acks an ionisabl e
transfer ome dp rad tean asttiaomi | i sati on, i mi ting
glutamine in this context.

This hypothesis on the | ocal structural f
both distal mutants exhibit similar pK value

in Figure 4.4.1. 2. Thi s suggteslt sr athead arhde n
functionally compensated for. Furthermore, t
found to be similar in shape at different pH

results |ikely stdmhfernrem polcakreg e s nivin rtomeanelndc a

Ther etfhoer ev,ari ati ons observed in the signa
(Figure 4.3.1.5), suggest protonation of at
7 and another with a pK above 7. Akbbwogh t
this behaviour i $alcloalsiisdg etnrtamwgitthi drhme @lts @r v
di st al histidine mutantpsH (tHiagnurie i40.n4 .ils. 20)n.| yV
in the WT, this doesse@eontenetTlessamihy aaniddsg atth

include Cys, Hi s, Tyr, Lys, Arg, Asp and Gl u

19|P a g e



Reduction of t RAae dgde asdid ftiad en dbtra ldlgee dmanges

refl ecting changes in the heme pocket envirec
at g = 2.43, suggests a shift in the HS to
across pH hciosndiist iiomsconitrast to Ngb, where t

the disappear ancei mfsitdertalaé@WViomg K o WhAidsg bi mp | i

the reduced form favours stronger axi al coort
the distal glutamine to the heme iron. Il n t
glutaminebs positioning, [ tiimd & li yn.g ATl hgdsa eaf boirlei,
contain a structural |l i nkage between the di s
of a protonatable residue discussed earlier

This can be similar to the interplay obs

di stal pocket and the possti.tal®milmMmg .o fl nt lNeg bP h &

a critical role in transmitting structur al

pocket, with the dynamics of this residue pl
with a small erudtesuctimee wersidere Waaslrs i nterac:
bound CO molecule, |l eading to adttealed 1ll4i)gand

When glutami Madghb, muhat @abdséemce of the gl u

protonatable residue to occupy the distal C
glutamine for binding. This interplay may e:
mut ants anmdo dseulp pior tvehiach di st al site coordin
both redox state and | ocal structur al el emer
i Adgsbhoul d modubiahei hgsbéhgandur i n a manner
the endogenous di st al Hi sE7 competes with e:

i ron, resulting in sleawal20i4¢pndl biodnnhigagDp

i Adgbbay i ntroduce steric hindrance that | i mi

19| a g e



thereby reducing competition and all owing f
di fferential behaviour is explored throughou

in both the -redwced famdmnoaoul dhal penbacadrnd

Hi siF8( I I'l) species or to the aquomet form of
While a crystal structure would be idea
studies, in its absence, resonance Raman spe

environment .
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4. 4.2 Ligand Binding

The rapid bimolecul ar phase obAdcgWled f or
rresponds to a competitive binding of CO
haviour between the WT and disulfide redu
of il e. I n the WT protei n,t hfeorr etthua nf-rt ac ttihoe
und state involves a faster dissociation ¢
i Clo'@ssociation. This observation supports
sul fide bridge malye hdinsgdteal trhees ii cdhu e rvaictth otnh

mor e r apiodf dtihses odciNsattaalb hrye s iadfutee.r reducti on

ing TCEP, a signifiAdagnbtt lItdr achiges avaisa toibsre r v fe
came sl ower, |l eading to delayed |l igand as:
i sulfide bridge in modulating |ligand bindin

As shown in Section 1.3. 2, Figure 1.3. 2.

sitioned to form an intramol ecul ar di sul fi

=)

amics of the CD region of theephetmei M. sTh

ite and could ther-ebydiaf §Teltaey earoag ehyess s 7R8 goal

t o C &7ndo nCytshlH7 eD {(tRee sétkte ra | 2wWi2t4h) ,predi ct ed di

.71 i when the axi al posi ti onfshreefd utolfe doshwel ph
i sulfide bond al sdi steiveat iedld ¢ ih @hmeud s @ dilgge o f

i ghitmpei md mtb ntghies heme pocket structure thr ol

op, nor mally absent because of t hlAed gcbi r c ul

( Re edte.r,al 2DI2elnnef or e, the absence of this di:

co

ac

p h

nf ormati obhatopgaeiadntys i,madi svthii tduirselsd dluees n
iade protmayatreaplaanade ,cbeaetdi dbuaingGl hB7t he di

ases Ohssesevatternative conformati omsuitmay &
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Il i kely at | ower abuwngdeaenfde cdue ft @ hteh el isstud bfiildie

This indicates that the dibsul tsddbti heb ntde mee r v

architecture while also restri.dhisgitsheoacdad
instance of heterogeneity reported in hexac:¢
has been observed in Ngb, both in theepresen
al, 2003).

The dmdlfldrbhehnec er at e o f A dCddbo bmipradoieiMbr Etbat i v e
t he diafrfge@rne nNcgeb ( Taibrl ki dadda 2t 4) GI nE7 bi ndin
wi tAdag®di mi |l ar results were also observed for
near by protonated resi due.s eldhes areiskh alfuesh ealrieé |
compensatingt Hdersttathe sGte @tspecially 1 f the
glycine. Similar results were obserwietdh whe n
significant change in the free energy of t |
(Matrewm |l 1988Bperefore,thdilBasuiggerstsei hgadndr i
the distal pocket is either physically remov
t he E7/ Elolr riensviodluveess a mor e ¢ lsoucahl asst raunc teuxr pac
of the distal pocket accompleau BEd0dld v r mPh e Gdr

(Mat eeawsal 1989)

Nonet hseelvesstsaldi es have shown thatl|l abdecd81libo
the geomet thy namadgl ichamacteri sticsFopnfexamplde
As c ahias strong hydrogen bond between TyrBlO
coupled with a weaker hydrogen bond between

stabithe I igand withiettheldD9m)ding pocket (Y

The results of this study raise the quest

significant role than previously thought, an
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the hydrogen bond between E7 a&nmdg Btlie rheesmel upec
Moreover, the rtelsatl ttshe omil ded ocda Abdegiberficdbtdi dre
attri Bdgbbidndtionrg gtamed i n a pentacoordinate man

the disulfide bond, rat-lhiegandhasnpecipeesenting

4. 4 mpl i caitn omwsm dtoironAdgb ol es f or

One of t he physi ol ogi cal marngyl egl dfbrienogu e nt
invol vement i n NO redox functions f oAidhgeb f i nd
indicating a sAdagcogntlrii bealtielsoadad thlomath t he r el
| evienn sWitvdhas beenAdsgbpPgestied bbathe sperm oxi

t hper oducgupenr o¥oaéetamcadomixng capaeukatyenes (B

al, 2018), seBhalliogl e&fl flalssni adnneiyt roift e reduct a
hypot hesi s, as it appears to exhibit greateri
further investigati on .iosF reexcgaurniprleed tboy ceaxmafmirnm

Adgghl obi ni domapnessed during the capasi twang&e
al so s hAdghb utl datal so work as a NO samaJ emrggeairs i
to tseaN@nagoifngMbr oilnd tihse itheasupported by its ¢
rate to bot h Haiblkedd.md | )HDHO & t i ght regul ati on
spermatogenesis further supports this role,
synt hasenzyWmesSgt henseshds of tehned ontchrenmhalalt hNfGeSe (
induci bl e NOS (i NOS), andadcaeciuttiemsst@éescN®S c ( MNOG

tihNOS)Lee and Cheng, 2009)

The precise mecAdagns sm turnidteer | ryea chigct ase act

e.whet her soNlO tbhenddi slt asli Herwepvreorx,i nmut ati ons at
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and distal sites did not signi fAdcgd@bt!| yThalst e
observation may imd | aenpieb wthreddseambutenh @ t he he
pockesuggesting that ot her amino acid resid
integrity of the active site. The unexpected
mutants remains puzzling. It i s tpeasnsirbd neaitnt
sufficiently robust to sustain enzymatic fun
pocket. To better t{tundieares tsatnudd itelse shhaud it o unfy, e
di sul fide bontdrreducéedodihaslechalce i valk yiam!l e, p
det eirnmghret her 1T édoxmpaegashay Matmcarmae negligib

eff.ect s

NO binAdobpdt deen mpeoepmnislea ttloatprofneegtyt oNjhr
(Reeederal 20 Whthreeobey eal srehe appearanc@90f an
nm in -bbandOf erirmdiisc aftdiiveee oa fd i abaotuen dNGpgeci es
observet ReNedteral 2024 eregtN@DBNdan iomnly bind t .
iron | ocation of cyt c¢cNj following a confor me
pocket (by a Phe r e(sMadnedl.ciam2 0 fBrpsaseoafocyat
optically i fdMasteit @gauli ZThiabyl ebehavi our cl osel
hypot hesiAdghgyhedéing stsuchumnal tbkbemesus fi de
anmeapyot coreastimdifescreate steric hindrance t}
particubhardiysT®i sEguggeets a regul atory mech
confor mat i(Reatdteg,alt 2019 t. a | structures of the
further experiments are required to definiti

or di stAdlgbsi te 1in

The mechanism of ANI@ibs c avsengli g wrycl ear .

flavohemogl obi ng h@Hmag ) daeiteetdhfdy Obnegs teaz.y,me s (
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2011), operating via tUndedi satirodi ccabobaldyti on
primarily as a NO dioxygenase (NOD)et.uasl ng
1998). In this pathway, ffeerrrroouu€s h(eFoeejmpi eds @
reacts rapidly with NO to yield eittpale98NO
Under | ow O and high NO conditions, Hmp can
pat hway, where NO binds INO demploas thkeante it ¢
reduced depeNAPHt el ectron tmeamasfdepyr odege magr

nitrogen species, includietg ,aNl 1® 9®0nNder some ¢

| n yvitvlbpe pat hwvadghbsutliilkiedgd tltoy depend on oxy
as well-basdlngaaé@dfinities. Evidence from re
bet ween mechani s@esmp yWloab aegtaerpil ee [ Conb ) , NO de

is proposed to proceed via a dioxygenase mec

is available, and shift toward reductive pat
l'imitingef{ShepPdntdher i nsight into potentia
mammal i an Hb, wher e mul tiple competing N O
physiological conditions, most Hb is oxygena

vacant h e me gs ibtoetsh, dpirooxnyogtei nnan ii torno styol antiitorna t cef
resi duesnittor o soorhhma eSmetg. | ,@1bli9m® 9)Gowhi | e di oxygen
domi nant routenoffyfWNOnmbbéarld®oe; Kel m, 1999) ,
of nNitresgywlrosmomd hBSol species demonstrates th

detoxi fication and storage pathways.

Together, these observations suggest that
HmpAdgnbay support mund tvipsdice hNQ tfsatdeosmi nant mec

by cellul ar O and NO conditions.

20|60 a ¢

)



The | i prerbsdatiuadry shAdaegdoutlldatpotentially a
oxidation enzyme, potentially |l eading to tF
However, it is sRewdéepmpalbderdd tios Gyignbi l(ar t o |
only inducedutmdppaitdn od xigd atgiVo hcordi amednBRSeder ,
although such a physiological GrioleeAdigibBtot be
exhibits a tendency to aggregate, future exp
concentrations onl dietad | i, netoindulte haygi kumet i c
| enAddpbr otogi nt he gl obin domainds nawowadld biend

the most appropriate approach to better ref]l
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CHAPTBEXP!|l ori nc
mol ecsutlrauratmur @ e n e
expression of Andi

andt &r mi nal d o m:
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5. llntroducti on

Proteins are essential to |ife through th
adopt, and the interactions they make in sol
knowl eddé rdafanetnhdeiceom alar y oo nfgiug@ureatniasgry of pr o
fully underst &omnd tphet Adgdhaewedbwscti on i s | a
and for whncismadiecloseniave | ow confidence, a |
structure can significantly i mprove insights

pot emhy sil orl mlgd sc a |

X-ray crystallography is one of t he most
determi hengi athye and qoufatprotaeiynss.t riucrtaaymel oy
scatterXngyswheereeused to examine the arrange
destruct i(We crhddalpgabls2dR2mer .axy damage to the cry
depending on the energy used. Modern facilit
higemerggy X, which allow image capture in mil
radiation carnystaebtmwoy ht he seconds. To manage
continuously monitored, allowing ex@dmumam,n o
2010Dhe crystallinXr ayto msn ds g dig.igefdisci ttdrier reed tedcfo n
the atoms whiralys8ciantensithgy Xnd angles of th
anel ectron d@bhsi mppmapveal s the average posi
t heir chemical bonds, and any,als202kt)t.ur @8he ds
repeating unit of a crystal I's known as the
the | engths of three axes (a, U, bam@amd th) eano
di mensional spacXr ayl her ynsotl aelclud gersa pihny ar e hi |

crystal l attice thsbaardeitrhdiirf f-qreafcik @ eodnr e awd le

20| a g e



For prot didgd wsheeahe aag ystal structures are
proven chall emagdhgX-réaoy osbctaatitnema yn gp r(adaxdse r
pat hway to obtain str upcowerafluli ntfeocrhmaitg uoen . whS.
structur al i nformation on proteins jitho slo0 ut i
i (Putetamal 20 BA)XS can quwe ckhg shapactaedi con
macromol ecules in solution, from small to ve
Magnetic Resonance (NMR) and El ectron micros
addi tiindmalmagi ononf or mathiadnals dyredmilcdoth be;
resolution str UBuUuate sa la2rOe@ dodbittaiionnead | vy, SAXS
| owesol ution structures without regwhsrsiang S
significant advbhaetaugteeaflolrowsurussttuod yanal yse
confor mati on&Md gNbtl eerxmabmd ligdyrmhdafnn i n sol uti on,
absencer ®folhutgihon structdr &Fr aatf idmgdst ragl sstom Ire
advantage initkiahahdty daempi @es t hat orr eardd f
conformational ISy mihled-reayvgengetial |l ography, SA

coheX-reamy scattering, and thus are fundament a

techni quees tchaen suatmel iequi pment f or gXerneysati ng

However, they differ in the arrangement of
arrangemeryt cirystall ography has been descri be
a clrystatice. Il n contrast, scattering is <co
signal s from all orientations of the targe

experiment al appar at Rist,entaeanad 28 0&) aged toget he

X-ray cryspabhodeaphygh si glneeVelstgterngdthu raa
surpassing the resol utHoomelweactri gstadl el awithc &A

i mpos-bi abagi cal packing intéerAegibnammat hae me
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confor MRutentaga |l 20i0On7c)e proteins are inherently
conf ormations may not accurn at evliywor efolnectasth
enabl es structur al analysis in solution, proe
protTeniins. makes SAXS particularly advantageol
rel evAadmjte vteor al | domain structiunr esmoltiackosl g®f cur r

suclhl padaFol d
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5.Met hodol ogy

5. Bampl e preparation

ThAedgNst er mi mMalg®bl(nhdo!l o pmaodtapoals were prepat
the proceducbhbapoeafl RtnfRids? tsatrudpyu.r i fi cati on, b
concentridedtgt onl 10 n 1 mM bodiaxl pauifderf at tphHe |
SAXS and crystal lAdAd@mhpbopi eaxpdgemamenps ot ei ns a

the method described in chapter 2.2. 3.

5.2L.2w  resol utiono$t rtthetruM emabnalnys i

domains ofuBAndgo&SAXBi n

SAXS was p®&rboomedd Lag hBte aSd u rideer Bidldl, Sci en
and |l nnovatDiodhc@E€fampdshé € € h nuisgeude wa s si ze e X
chr omatangfladnphineay scat SAXiSi)hge (cSoH Qu mn Sithsoedde xwa s
KW402.5 column with $1@e00drgwdllmiteween 65000

HPLC.

Protein solution scatteri ngdghNatse rme ansaur e(d2

mg/ ml A dgdpo( 10 médg®D (@ mg/ ml i@&nd MO Nmd®/i ml7)

(final coBzehgraumaodngcat tferroonmm gt hwea ss inzeea seux celdu
equi |l i bhheutfefderi Mmef waesel wtheBdpi mtee is BIS fwm sa | bsuend n
as control and reference samples used to cor

Foll owing daptpaopol lae et isecmttering of the &
sample data to isolate the scattering from t

the buffer and sample data for any miSsmatch

21|12 a g e



exper idmevnataa IATB8ASuUudi ng BayeGuiami emfglr@ethcgi ves
of the radius aonfd gtyreatfiornwarRg scattered inte
overall size the protein. The Guini(eRi gpulroet &

5.2, 2 whlkatea (Anal ysi s Pr-rmgr SfgatSmat,i n@chDoilbfeef rrXe

2024) :
Straight |line = proteX-mayabeamehaving wel
I f a straight | ine is not obtained, there

T Upturn sh@ape=-aschotweqilng beeaggregati on, r

i nparticle interactions and/or high pol yd

9 Downturn shape at ‘HPawtaofgkeerwpul di be bDhHt &

21| a g e



35 5 v P R i LA Aeh ek 6 :
5 gmaxRg <13 N et SRR
25 &
25
G T 20 S Downturn (repulsion)
= Linear (good) = Upturn (aggretation) -
1:5 .
1.0
Deviation
0.5
0.000 0.001 0.002 0.003 0.004 0.000 0.001 0.002 0.003 0.004 0.005 0.000 0.001 0.002 0.003
o (A?) @ (A?) S ¢ (A?)

. d.sl . isnfabpw€sui ni ehowl ¢the scattering of pr ot eiunssi nwgo ullyds ol zoyonke |aisk ea

5.2

(A) Good |linear scattering suggests good data, (B) dJpdaoexnt scradglelr
This image is reproduced from the Stanf-omg SgyatheoinghDR&Hratctit on
(October 2024) .
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5.2.3 Protein cr-ysetml habr amhly gdfobt

Androgl obin

Foll owi ng RAdgwae ami dalgbBn@dhol o and apo),
were then concentrated to approximately 20 n
kDa MWCO ( selchtel ocnr y5s.t2a lll)i.satgmoowmert Wotdalus efdor
i's the sitting dr apMvé&droaup plidtfarsi oent meg hwdi
| nstrumemtysp h(omMRIMBo b@f IO, o prda@ngimas oimiutxiedn
with an equamade| pmeciogistodms PEGr eemi 1 gdr om H:
Research) cl daXt abapHc crystal screen (BCS) 1
Pl us crystallisation screens from Mol ecul ar
of precipitants. The reservoir chambermcont a
Mol ecul ar Dimensions and contai méehcke 2| \vadlels avh
seal eidniatnidal | y ilne fatr capimedi hneeng hdbserved daily f
periodically theteambertbor cumad @ed 8Wwee enlad a loe

a Leica microscope fitted with a digital can

211% a g e



5.3 Resul ts

5.3.1 Crystallisation of Androgl obi

To expl oreofAdghbstprecatfurc sections of this
and expnessdéempb weo tchreysset adldhmasi nwsa ss idtotnien gb y
drop vapour di ff usn oA®Rrhyepthhoofds & eabcant ti ht cadt se,d sbeyc t
Of the fsave oar wxtr®leflobiomgr kst sagt 880 earmlay )ttwam n ¢
yielded promising results after multiple tri

purification.

Figurked6513383. di spl ay i magesAlafhotuhgeh crhyesstea l
to be crystals, they may in fact be salt dep
Figurlel5sBows a cryshaRAdgdD(ded mygy mhikxliwriagr h a
solu@i nM BIuGIBNHRo, / v), MRARDPalOnplkqual vol umes
Figurle258dr & 8%.plWvltat appears tohdkdg@Dcrocry
obt ai mexdAtdg®hD( 20 mg/ ml ) wi tsh (BEQ tiMo L i g dli wtm arh
20w/ v) PEGamd 5®alM Li t hZauw/awxc)et REG&s B8&60i vely
However, as the crystals are colourless in F
apo form or that t h eFsuwer tahreesa tlogurtrg endify sastlaéotnc rcy S
conditions IS necessary to confirm the pre:

sol ulNioowrs yesrbeh s er we dt d omi n &le dd&NodgthDn or apo
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re 5.3.1.1 I mage of a crystal taken witHh
talv from a -3f ewe ehkosu.r sThtios 2 engt h DHhi g1 me
tallisati oAdg@Datmd xeantwaitrhs phreelcd @.it aMt s
bNEf 6 8%y / v), MRB®3JD imHequal vol ume.
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Figurelmagelo? microcrystals in the precipi
after 8 weeks. Tdo rsthaoriysg®R | hii sad i wint Ipl mrteci pi
PEG ion (0.2 M LithiumO)chilnore gduea | 2vOo% u(me/ .v) P

21|® a g e



Figure 5.3mbrdPhlomagereici i tate whitalk emi gvitt hb
Leica LAS &Zteonf8waeeks. Tdhorsthaoriysg®hla | mi sad i o
with precipitant. 2s oM ultiitohf? QuBevGa\ci)eotm)E@I B 3& @ u a |
vol ume.
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5.3.2 Expl oring the ol itgeormmeirn acl sdtoant

and Globin domasmafinhmX-seay us ¢ @amnt @i mg

Crystallography attempts were unsuccesst!
proteiasm(nBdlg®dD) i n solution using SAXS. Thi
proteins were aggregated in solution, Iikely

X-ray diffraction.

To determine theAdgthogpamaesi ¢ nstsatl @t obn an
resolsutriucct ur al] $SAXKSrchataowere coll ected at
Adgdbomai i20( m@/ ml )NaiPn. /El4gWMr e 5. 3. 2.1 show t
BSA. The GHRXGMIpX ofile in Figure 5.3.2.1 shc
heterogeneity in the BSA sample used. The e
radi us dqfR4gy7NBa8t8 @ nnm than its normai3r&nagse f
shown in Figure 5. 3tBaBStAibampiésernoagliy sugngea
statgrobably similar to the BSA siimagdytg bayln Fi
200dendi cate that BSA can have varying Rg as
Additionally, the Guinier analysis of the e
(straight |l ine) which indicate that the dat a
(FigureThe 3e2pdandi ment al SAXS data gave 63.38
agreementi wet &t athe v al utehe fSMB&EIAI akrcelra i Siga tt toe
Data Bank wh3ASBDB)IOT®H kDLSANGSVMDIE i shi ma2025)
Overall, the experi ment al BSA tSAAXtIS tS@X &S EC o

techniqgue performed as intended

The CHR®MXX profile for the eAdpgehDi chantal

show a picture that suggests the sPAadgiDe i s h
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is 1K02nm whimulkc hi 4 arger than mompdmari oo ad malsl
medi umrwoitzeé ns, i ncluding( Bl pbrue a5 .(-p.rd.t7e)inmesr |
Levanegti.nal 201 &) voabltuaei nfedlgbDlorr kel v | aefkbemptrot e
compl exes ocmpeximsl| triamérer t hexpdamonoamet he thad
protein. ,Addiet iGaun anli l&yd gD ad ¥y sa rsi mdnt dale SAXS d
Figur2e2b5.8xhibited an wuptur n sshapre grua tEhérs 2t. t
indi taeegpr esemaret iodl ei nitretrer acti whschr hipmaoeée rec-
further. TRinal ysi Surther supported by the pre
| nference) whikihgurse ~B.738..0.52)k,DacqmpaAcgbto t
Mw of 25.9 BDami (BExpasglults wedghDokbbaiceadr at |
of 20 mg/ ml, as evVvSiIAdXeSn tp rionf itlhee s@OBMME ohu aHi g u
di stribution with an wupturn s hNep ehdwa(sf i aglusr ce
5. 3A)2.whi chi spgogestcsée oirntaggrga etgiadn dmeofr eshét E
from the ex-pdgdmehAXd ddgptoa are sBawwbhhi RgFibfL
16.0604 26 nm. The Rg Rg afl stoh sA dg@Daagli vWETht ha& t
Figures 5. 3A.2.T2hean@uib.i3er2.adnabasi schkeoontedn
aggregationFunthée analteshs rledvgs®l € d Ot Mmat mb ¢
anAldg®dD (20 mg/ ml) exhibited predi cAtdggD mo | e c L
at the | ower <coniceeB7B8a0b ®kwbp Al gG@IDH/oMmlo) and ap

di spl ayed comparabl e behaviour

Figure 5. 3CRPHAROMBRKE® phadgN\bteeronfi nal domai n
pl ot mulotwispslsea mpeéak |y to that of BSA which i
sampHowe tehre, ameelryeses si Mmd gdsDr. tTche experi meni
produced hi gRO.RYy2 Foif qul(le. 4%.53. 2. 4) and thus ir

heterogeneous aggregated protein. This iIs s

22|P age



t hat show unequal di stribution as well as ar
unable to predict the Mw AocdfghD h eAd@gibio ¢ eminn all n
showedarti clhe gehflfiegchttsi ng t he need for furthe

protocols and buffer conditions
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5.4 Discussion

Therystall ography attempts wehete@nsgegngeist
t hr maggh egati on, prompti ngt drumithalg®dBb nmowr eost teii gnast
in soluti o8AXSiIiing SAKX&SbhkPombg@mate @it mylsect r or
density withvmerae sraempileeayssdatftfereiXtly due
density, across | engt h( BicSddere sedroghnl @ToOhiids) f r aomg &
corresposidase tof tlharge mol ecyl suuchr amo lpg ou lea n

compl exes, or nucleic acids in solution

Whil e it doersesnooltutyiioen ds(tBrDugchtouordafla rneodd etlos t
< j20f rdy cryst(alPlultentarrmap2®®7) i s particularly v
proteins that aeee doiffffeirciunigt itnopocrtywsnttalilnisi gl

sol utFii-&heerr edo ¢ | 2TOhlel )r adi us of gyration (Rg) i

t hat provide imsizeht sihratpe ,t lmendowdrmallclt ur al pr
particl esvhiem esslmatlil@n Rg i ndicates a compac
an extended or | arger assembly. Rg i s derive

protein) of thRuUtsettamatl 20i0nfganubee combined wi i
provide clues about the shape of the particl
due to their compact nature while elongated
Rg suggestifngpearAtsisdlleensb.ngt nated i n the study
mechani sms. by nwihndtednrsaicst s wi th and reduces mi
andr Xy crystallegraphyRg EdaBbmesn eOndceAn,siosne of
t he four majShre walhaadrd sh yo foft hoeut éhre mme mlyrt @rceh r mun
( OMMCs) , was determi.Cethptembdret 8r W6SAXD. Ra manr

the maxi mum pa(rBhakc b é,p8@®me dxeidon nsi ghts into
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of OmcAeveal ing that it behaves aszati anonon

tendenci eest. (aBRwWadr4d s

Exploring the mAdgplrwlverd 4tor et u@ddMe@dc o mp |
Al t hough hevemalal j ndi cate pronounced interpar
aggregatisombseonaiwi bdédnit e rehei sadmbbmt infears ur
empl oyed during expression, i ncluding purif
solubiThdae yremoval of SDS during pheipdioaley sni s
i nter acdriiomesr agat bl gh onnoong e no upo tmamtnieal, | y exp
t huenusually high predi ctAaddy@®D{oH iegcuurl ea h5e.wss.i2g.b2t) .
exclusion analysis r.e3swllptporpr ¢ henthgop oitmeGh &p
contri buatggs etya htdenci es of the gl obin domai n,
as a hbeoxtahmehrs glht buf f er apotubOenht mMMeNbBBIifat p
Whil e SDS is wi d&el gr asitseeidn st odusroilnugbidur i fi cat
chall enges in maintaining protein solubilit:?
i mpacdctbSofon protein structur e, particularly
proteins can be refolded after surfactant r
refol ddegaSDB8ed protei nest.(dNe2destadyTdd Frdres tS©
t hat duringblthetogfobdlng ¢ébLG), SDS binds |
formation of | arge complexes of bLG and SDS.

formation of deitmearl202Mgdergaard

I n conclSuAssXSordfdatdgdds uggest two possi bl e ex
the proteinori si tmiasgfgorledgeadt es due to sal't br i
Mi sfolding is unlikellyol aspntdteioptwictah seeach
typicadf od cadirartect |l y f ol d-dBLGI péi hor Addi &t olna

concentsghhaweod s a significantl y heoefagrpenrotl iercq
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aggregatiowmwotviad @eumdg h(i smeee rsaeccttiidonnwe.e3 ., 4) oni ¢ i
have | i,ttalse seifniielcatr ol i gomeri c statessdlet. g.,
and native buffers (see Section 2.3.4). Thi
|l i kely causeFwtfuraeg gaxemertiimennt s usi ng osur f acHt

optimising tmaySb&|I pondducenaggregation and

Future studies c@®ubdadpaantggmrteigaltliyo na vdauied ttot
by employing the method described in the pur
or otheranedteulhgeaqsent rebhabltia88pn Dlye H$ teu d
t hat adding -amniedf-deam@nbhbonmg@ndetergent, sucl
l aur vyl -3e7tOh7e)r, (aG a high-sobelde hpgrroatteioms tioncSI

|l i keli hood of proper protein fold3n@7 fToi

mi xed micelles with free SDS mol ecul es, red
mi cell es associated wistsloct lae¢ epr dtuei n©® drhe rhe
G3707. Thi s npenobcreasnse aprlootwesi ns t o be freed fr«

being surrouhareat b nkhe Mhyodgi dp h e3b7i0c7 traoillesc uolfe
thereby preventi nldj epreto@rmad dF g gregammemded p
invol ves addi ng37a0 72 0% -ssoohlautS®Sot@i n t o achi
concentr atliodnn ootfhebr% al t ernative i s to use de
solubilise membrane and txrladn0s, ptrweteeni n2s0. oflrh i ds

used i n cytochroméSmi bki dadeSpotiefi ¢864dn

The heter ogetnerimiynaolf rtehgei o coul d be att
mul tiple fragments inFihger s.oBABdi@milo masl |oh s e
di neati on orhimgdxldgirugroemeorfi ¢ st at es ( po uyudritshpeerr s i
complicateThbseahatyers. may account for the

i nformati oheamounbl t hegNon, including an accl
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mol ecul att wesghatl. so pasegimblneal t raetgi bhe sNar es
hydrophobic patchAdgGDharFaucrttehreirs tea xcpe rwintehnt s

confirm this.

Prefersaobdlayt,i ng enbgeh fimk bttlee nabs-pnoeeoolfyt ac
fragmewod akdlikeey t o nsgt abboitlhi t htee rgnhionbai In daonnda iNn s |,
structur al i ntegrity | ikely depends Parmrevii mtuet
studiaw®e reported iAdigebnac tpironsi nst wveauecrh as P
Spata20, -bmamemompmme cibpPi)t atnidod | Umd escence reso
(FRET) analegsead20BBack@hese potealtcsamrt riink wetrea
to the strudtdgrbaparsttiacbuillairtlyy osfi nce Tdr-d6 bel
containing protein family, which is known t

pr otpagiont ei n interactions and t he aests emlDlly2)af
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More than a decade has Apg®syeed siitn cree nmahien s

protein with | imitaedffoumalio mhatl emmgt e tpfr wl teu n
not been successfully expressed,waal trheocuggrht | e
repoNietd Al Re24H4er,al2024). I n this study, wvar.i

the globin domain werebasatuptuedficaveahi ng
met hod for obtaining high yields of the prot

st afbdrem of the protein, its yibeasgeudwa §.i nat abh

Expression of At brbe ssutlatbelde ifno rtnipaodp red ¢hu d thieam
freeJphhhesnomelmomc urred in tlkeeée. a1 dAIYt8Hogyu gBhr atchkies
| i kel yt hdeu @ utraff ppcheeusbmg dThea undertlhjfee mg tasgse
remains uncl ear ; howeweru,s uiatt ma&yeb@orc&kat ga
di sud db gltaigtt dneorr @BIloop (eRe ead TOh2ed )a.b ¢ el el d p
in globins signliifganad, hieigredai€rbge,e i 8 0o & hb,onatnrdansf
protei n( \katla hoin|ail ;HRON @ b e ,a |; 50 M&th al)20Fér exampl
it has been reported that the absence of t he
altered the | i(ExreedtdmdeBRpabsdnaces of t he CL
was found to contribute At bhaougrhorMg breirrgditda i ;i
hexacoor di hnaabtseecontcteDl ooMhi ch normally i nteract
heme propionates via Tyrd44, may redExerttherb
et. al 20RMgsupported by resonance -Ramad BSprmit

whi chedewaaldomi nant| Yy Eapet.iBle2rmk2 X)avi ty

Addi ti onalPhye, nohmalCDy stabilisingAdtghbe hen
withThebsemnfcet he IICBRdgdiblhud d [ ead to reduced |
increased | oss Adsimng apuobbiec aBdbHhaommewasani it éap

(Aki yegmaal 2005) , wher e a hetbedr@QdDzly) g oPuhse mwittaht i
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