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P60- KATANI NI N KLONLAMASI VE EKSPRESYONU

OZET

Katanin mkrotiibilleri parcalayan bir proteindir. 60 ve 80 kDa’luk polipeptiderden
olusan bu heterod nerik protein, stabil mkrotiibiileri pargalayabil nek i¢in ATPye ihtiyag
duyar. Katanininbiyol gikradine gelince, bu proteinin mtozda énentidir. Katanin mtozda
mi krotiibilllerin eksi uclarimn bagli ol dukl ar1 sentrozonlardan ayril nasina araci ol naktadir
ve boOylece mkratiibillere baglanms olan krompzonlarin akist sagannmaktadr.
M krotiibillerin sentrozomlardan ayril nast sinir hiicrelerinde ¢ok Onenlidir. Serbest
m krotiibiller uzayan aksonlara tasinmaktadir ve burada akson ic¢in gerekli olan fizksel
destegi saglamaktadirlar. Mkrotiibillerin diger bir gérevi de organellerin tasinnasinda
siibstrat vazifesi gor nektir.

Katanin ik alt initeden olusnaktadir, onlarin isi nheri nolekiler agrhiklarina goére
belirlenmstir. Kataninin alt tnitelerinin arastirilmas: bu enz mn aktivitesinin ve rollerinin
dahaiy anlasil nasinu sad ayacaktir. p80 ve p60 antikorlar1 bu arastir nalarda kullamlacaktir.
Monoklonal antikor polikonal antikora tercih edil nektedir, ¢iinkii monoklonal antikor
neredeyse bit neyen bir antikor kaynag dir ve tek bir epitop tam yabil ne 6zelli g ne sahi ptir.
p60’1n ekspresyonu gerceklestiril ms ol nasina ragnen protein ¢Ozlinmiis halde elde
edilene mstir. Bu durum nonokl onal antikor {retim ni zorlastir naktadir.

Bu calismada kiigiik (600 kb) oOzel bir p60-katanin kism ekspresyon vektoriine
Klonlanarak ekspresyonu gerceklestirild.  Ekspres edilen protein ¢ozlinmiis halinde
bulunnaktadir. Sonugta {iretilen ¢ézlinmis proteini mnobilize netal afinite kromnat ografisi
yontemyle dogal sartlar altinda safl astiril di.

Bu projenin sonraki agamalarinda da rekonbinant p60-katanini kullanlarak nonokl onal
antikor  irretilecektir. Uretilen antikorun p60 katanin inhibisyonu, p60’ kataninin
ekspresyonunun ve | okalizasyonun in vivo gozlennesi gibi pek ¢cok genis kullam m al ant
olacaktir. Bu calismalar mkrotiibiller ve kataninle ilgli hastaliklarimn anlasilabil nesini
sagl ayacaktir ve hatta belki uzun vadede bu hastalikariniyilestiril nesi nde kull anilacaktir.

viiii



P60- KATANI N CLONING AND EXPRESSI ON

SUMMARY

Kataninis a mcratubule severing pratein This heterodyneric protein (60 and 80k Da
pol ypeptides) requires ATP to sever and disassenble stable micratubules. Katanin is
I nportant in mtosis, it mediatesthe disasse nbly of mcraubule mnus ends during pol eward
flux Release of mcratubules fromcentrosone is also essertiad in neuronal cells. Released
m cratubul es aretransportedi nto grow ng axons wherethey provi de architect ural support and
a substrate al ong which organelles are transported in bath directions wthinthe axon

Katanin consists of two subunits: p60 and p80 which were named according to their
mol ecular weight. Sudies of katanin’s subunits woul d enable us to understand activity and
rdes of katanin better. Antibodies against p80 and p60 wll be used in these studies.
Monoclonal antibodies are preferred agai nst pol ycl onal antibodies since they are an al nost
infinite source of artibodies and recognize one single epitope. However, expression
experi nents wth p60resultedinaninsd uble prateinuntil nowandthis hinders production of
monocl onal artibody.

Inthis study a short specific sequence (600 kb) of p60-katanin was expressed after bei ng
cloned into expression vector. Expressed pratein is found inthe soluble fraction Hnaly,
souble pratein was purified using netal affinity chronat ography under native conditions.

The next step wll be to produce nonoclonal antibody using recomnbinant p60-katanin
Produced antibody wil have w de application area e. g inhibition of p60 subunit, obser vation
of p60 in vivo expression and | ocalization which will helpto understand human disorders
relatedto micratubules and katanin and maybe eventually even will be even used totreat
them



1 INTRODUCTI ON

11 Nicrotubules andtheir dynamcs

M crotubul es are pol yners nade of repeating o/ B-tubulin heterodi ners. In cells, they
are usually organized into 13 linear protofilanents to for ma cylindrical structure.
M cratubules are nucleated from y-tubulin containing ring structures within the

centrosones (see Hg 11).
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FHg 11 A a mcraubule structure. B y-tubulin ring nucleating mcraubule
(Aberts et d., 2002)



M cratubules are nucleated at the centrosone at their mnus ends, sothe plus ends
point outward and grow toward the cell periphery. Mnus end grows slower
conparedtothe plus end and mnus endis ter mnated by o tubulinsubunits, while
plus endister mnated by  subunits. Mcratubules arei nportant in naintai ning cell
shape, in cell transport, cell notility and cell division

M cratubules are dynamic structures, they can grow or shrink by adding or | oosing
subunits at their ends (at the plus end pri narily). This kind of dynamcs is based on
the binding and hydrdysis of GTP by tubulin subunits. The body of micra ubule
made of GDP-tubulinsubunitsis unstable (see Hg 12). Tubulindi ners at the ends
still retain their GTP and stabilize mcratubule Wen this GTP cap is lost,
m cratubul e depal yrerizes ( Nogal es, 2000, Howard and Hy nan 2003).

GTP tubulin dimer

r*fﬂ‘cﬂ

exchangeable

straight protofilament

GTP HYDROLYSIS CHANGES SUBUNIT CONFORMATION
AND WEAKENS BOND IN THE POLYMER

curved protofilament

i DEPOLYMERIZATION
a

GDP- tubuhn
dlme’

i H GDP GTP EXCHANGE

FHg 12 Mdel forthestructural consequences of GTP hydradysisinthe mcraotubul e
lattice. (Aberts et d., 2002)

Such behavior is based on the binding and hydroysis of GTP at the nucledtide
exchangeable site (Esite) on B- tubulin Only di ners that have GTP in their

exchangeable Esite can pol yrerize, but folowng pol ynerizationthis nucleatideis



hydrad yzed and becomnes non-exchangeable ( Heald and Nogales, 2002, Gadde and
Heal d 2004).

Sincetubulins are preferentiallyincorporatedat the pl us end, and morerapidylost at
the mnus end, a unidrectional flux or treadmlling of tubulin subunits al ong the
axis of nmicratubule arises (Miato et d., 2004).

Depol yneri zation, repoly rerization tread mlling characteristics can be regul ated by
m crotubul e associated prateins ( MAPs). Traditionally, a pratein was consideredto
bea MAP ifit couldbe co-purifiedinvitro wth mcraotubules as aresult of direct
binding ( Miato et al., 2004, Sedbrook 2004). MAPs were shown to sti milate
mcratubule assenbly. Subsequently, it was proposed to define MAPs as
m crotubules binding proteinsinviva Now they are usually defined as proteins t hat
bindto mcraubules and change their stability and nmechanical properties. MAPS are
nat restricted only to stabilize mcratubules, sone can nediate the interaction of
m cratubules wth other celluar conponents and sone can destahilize or severe
m crotubules. MAPs canact ona mcraubule directly, or they canrestrict access to
the mcratubulestoother MAPs or notor proteins by bindingto mcratubule (Baas &
Qang, 2005). Abroadrange of MAPs functions suggests that it isthe coordinated
action of MAPs that leads tothe proper mcrotubule functioning ( Maiato et al.,
2004). Coordination faults may lead to diseases, e.g A zhei ner’s ( Baas & Q ang,
2005).

Why do nicratubules needto be dynamc? Mcraubules serve as highways al ong

which cargoes are transported in a cell (they can nove various cell contents via
specia attachnent prateins), they provide structural support for the cell and or gani ze
me mbranous organelles. Inorder tofulfill these functions, mcratubules must follow
the cell cycle, the cell growith and rearrange t he msel ves adaptingtothe cell needs at
particdar nmomnent.

One exanple of mcrotubules’ role requiring dynamc properties is in mtatic
spindle. The spindle consists of mcratubules as well as other prateins that alter
mi cratubule dynamcs. M crotubules have to growfromseparated centrosonmes and
capture chronosones in order to forma spinde One nodel of such assenbly,
“search and capture nodel’” says that mcratubules e manating froma centrosomne
undergo cycles of growth and shrinkage, randomy probing the cytoplas m until
running into a kinetochore, wth which they form a stable attachment. Wen

chromosones segregate, they are carried to the distinct poles by shortening



m cratubules.  Another model, © ‘packmari’, proposes that the kinetochore i nduces
m cratubule disassenbly at the plus-ends, but maintains attachnent as the fiber
depol yrerizes, thus chewi ng its way tothe pole. The other nodel ‘ ‘traction fiber”’
proposes that pole-ward mcratubule flux is harnessed to nove the chronosone.

Actually, bath nechanisms work (Gdde and Heald 2004).

M cratubules have an important rolein specific activities of differentiated cells. In
neurons, bundles of mcrotubules stretch fromt he cell bodytothetips of el ongated
neural processes known as axons and dendrites. Axon can be a neter long, soif
mcrotubules would be attached to centrosone, then one mcraubule should be
stretching for a rmeter. However, in neuronal cells (as well as in other asymnetric
differertiated cells) mcrotubules are not attachedtothe centrosone ( Keating et al.,

1997) and no one mcratubule stretches the entirelength of the axon; instead, short

overlapping segments of parallel mcratubules make the elongated micratubule
structures. Mcraubules provide support for the growh and maintenance of the
process and also provide a substrate al ong which organelles are transported in both
directions wthinthe axon ( Ahmad and Baas, 1995; Baas, 2000). Axonal transport of
organelles, RNAand proteinalongthe mcratubulesis absa uel yrequired for health
of neurons, andsomne human diseases (e.g neuronal degenerationin notor neuron
disease) have their basesin faulty or bl ocked axonal transport ( Mirray & W6l koff,

2003).

In both above nentioned exanples, ability of micratubule structures to move and
rearrange the nsel ves was essertia for their functioning However, these dynanic
abilities are nat only restricedtointrinsic dynam ¢ characteristics of mcrat ubul es.

In bath cases, severing of mcratubules and release of their mnus ends play an
essertial rae. Qher exanpl es where severing of mi crotubules play ani mportart role
include degradation of sper maxone mal mcratubul es after fertilizati on of sea urchin
oocytes, mcra ubule reorgani zation during the transition fromi nterphase to mtosis
individng cells, deflagellaionin Chlamydononas (Lohret et al., 1998 Quar nby &
Lohret, 1999). In addition, severing filanents changes the physical and mechanical

properties of t he cytoplasm stiff, large bundles and gels becone noreflud whenthe
filanents are severed

The mnus ends appearing after severing were never seento growand once having
begunto shorten were not observedtoreturnto a stable state differentlyfromthe

plus end. It issupposedthat the mnus endis pratected by sone specificfactor. So,



cells may produce, release, stabilize and transport centrosomal mcratubules to
produce non-centrosomel arrays like neurons are doing or cells may release
centrosonal mcratubules and disasse nble at the m nus endto conplement plus end
dynamcinstability whenrapi dreorgani zati on of m crotubul e cyt oskel etonis needed,

e.g duringtransition frominterphaseto mitosis (Keating et d., 1997).

12 Katanin

121 AAA proteirs

Katani n bel ongs tothe AAAsuperfamly. AAA ATPases ( ATPases Associated wth
various celldar Activities) play i nportart roes in nunerous celluar activities
including prated ysis, proteinfol ding nenbranetrafficking cytoskeletal regul ation,
organelle biogenesis, DNA replication and intracelldar notility. The unifying
feature of the AAAsuperfamlyisan ATP-ase domain of about 220 amno acids. It
includes the WAl ker signature sequences of P-loop ATPases and other regions of
si nlarity uniqueto AAApraoteins. The classical AAAproteins are easilyrecogni zed
by their strong sequence conservation in this donain (about 30 %i dertity) ( \ale,
2000; Patel &lLatterich 1998, Hart nan et d., 1998).

AAA prateins function as oligoners (\ale, 2000), although according to Patel &
Latterich(1998) there are also nonomners. In nost cases oligomers for mhexa neric
rings (\Vale, 2000). Katanin exists in an equilibrium bet ween nonomers and
oligoners. Its oligonericstate has been shown to be a hexanericring ( Hart nan and
Vale, 1999).

How do AAA prateins use the ring structure? ATP binding induces structural
rearrange ments at the i nterface region whichincreases i nteractions bet ween adjacent
AAA donains as well as bet weenthe AAAprateinanditstarget. This creates atense
state of the AAAtarget prateinconplex The tighter subunit-subunit i nteractions in
tun accelerate ATPase reaction Once the AAA nodules are in ADP state the
conplex reverts to a relaxed configuration in which interactions bet ween AAA
domains andthe target praein weaken R ngs also provide a franework for binding
target proteinat nultipesites. If the ring-bindingsites change their positions during
the ATPase cycle thentension could be applied toa bound pratein(see Hg 13)
(\éle 2000).



FHg 13: Mdel of confor national change of AAA prateinring (\ale 2000)

122 Structure and functions of katan n

Kataninis one of the MAPs andit severes mcra ubules. It was first purified fromsea
urchin and characterizedin 1993 by FJ. M Nally and R VV \ale. They naned the
purified protein upon‘ ‘katand’, the Japanese word for sanmurai sword Kataninis a
heterod neric protein (60 and 80kD pol ypeptides). It was the first protein found
whichrequired ATPtosever and disasse nble stable micratubules ( M Nally & Val e,
1993). Later anct her pratein spastin( Hazan et al., 1999) whichisrelaedto katanin
displays ATPase activity and uses energy from ATP hydrdysis to sever and
disassenble mcratubules like katanin (Roll- Mcak & Vale, 2005 Evans et a.,
2005) was idertified

Katanin breaks mcratubules along their lengthy it does not take away the tubulin
di mers at the end of the mcratubule, but removes themfromthe wall of the
m cratubule. Product of severing activityistubulindi ners. Releasedtubulin di ners
areabletorepol yrnerize again sothey are not phosphorylated or ot her wse changed.
Katanin can disassenble mcrotubules under conditions that favor spontaneous
assenbly of tubulin into mcraubules. This means that either katanin inhibits
pol ynerization of tubulin di ners or that katanin dissociates tubulin dimers from
mi cratubul es faster thanthey re-associate (M Nally & Vale, 1993).

Tubulinsubunits are hel di n placet hrough bot hlongitud nal andlateral contacts, they
dissociate veryslowy (10°s*) fromthe micratubule wall. Severing of a micratubule
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at a specific spat along mcraubule length requires thirteen subunits around the
circunference of the tubule each to be dissociated fromtightly bound nei ghbours
above, belowand ont wo sides. However, inthe presence of ATP, katanin perturbs
these tubulin-tubulin contacts and can sever and disnantle a taxol-stabilized
m cratubule withina couple of mnutes (\Vale, 2000). Mcra ubules act as a scaffd d
for kataninto oligonerize after it has exchanged its ADP for ATP (see Fig14).
Once a conplete kataninringis assenbled onthe mcratubule the ATPase activity
of katanin is stimilated. A a consequence of ATP hydrdysis and subsequent
phosphate release, the katanin undergoes a confor mational change leading to
mechanical strainthat destabilizes tubulintubulincontacts. The ADP-bound katanin
has | ower affinity bath for other katanin nolecules and for tubulirn thisleads tothe
dissd uion of the conplex andthe recycling of the katanin ( Hart ran & Vale 1999;
Quar mby, 2000; M Nally, 2000).
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MT :
(severed) Hydrolysis
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oelonl
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FHg 14 Mdel for mcrotubulesevering by katanin (Onlyasingle protofilanent of
m cratubule is shown). Inthe top-right part, you see katanin- ATP oligonerized on
mcrotubule. Inthe bottomright part, as a result of ATPase activity katanin ring
changes confor nationleadingto nmechanical strain Inthe bottomleft part, tubulin
tubulin bonds are broken, katanin dissociates fromthe conplex Inthetop-left part,
katanin- ADP conplex isreadytoexchange ADPfor ATP andjanthe cycle again
(Hrt man & \ale 1999).

M cratubule binding site for katanin hexaner is unknown. Possible binding sites
includethe outside of the mcratubule the mcratubulelunen, or the sides of tubulin
di ners exposed by holes inthe lattice ( M Nally, 2000; Davis et al., 2002). It is



thought that defectsinthe mcratubulelattice mght serve as sites for kataninactivity
(Davis et al., 2002, Water man-Sorer and Salmon, 1997). Katanin expl aits | ocal
defects and pronotes loss of tubulin at the defect site until the two micratubule
segnents are hel dtogether so weakl ythat nechanically unconstrained micratubul es
kink at the defect site (Davis et al., 2002). The acceleration of breaking wth
increasing free energy of curving was found inthe study of COdde et al. (1999).
However, expected degree of acceleration as a function of el astic energyincrease did
not act in a prediccable manner. One can interpret the results assumng t hat
increasing curvature i ncreases MAP dissociation whichinturnlowersthe rig dity
and makes the mcratubule nore accessible to severing enzynes. Qher possibe
mechanisns for the curvature-sensitivity include curvature-sensitivity of severing
proteins and/ or the tubulin di ners thenselves. Increased curvature, caused by
m crotubule notors or mechanical defor mation of t he cell coul di ncreasethe nunber
of mcraubule defects, inturnincreasingthe number of katanin severing | ocations
(Davis et d., 2002, Qdde et d., 1999).

ATPase and severing actiuties of kataninare closelyrelaed but they are nat tightly
coupled ATPase actiuity is sti mulated by microtubules, while inthe absence of
mi cratubules ATPase activityis not observed Mbreover, micra ubulesthat cannot be
digested (e. g subtilisin di gested ones) sti mulate ATPase activity. Inthe latter case,
mi crotubul es are not severed or disasse nbl ed but observed katanin’s activity was the
sane as if mcraubules would be digested This shows that ATPase activityis not
tightly coupled to severing. When ADP has been used to inhibit ATPase actiwity,
severing activity was i nhibitedas well whichshows that ATPase actiuityis necessary
for severing (M Nally and \ale, 1993).

Katani n displays an unusual mcratubul e-sti mulating reaction ATPase activity peaks
a a mcratubule concentration of 2 to 10 mcronols and then decreases as the
m cratubule concentration is further increased (see Fgl5. This differs from
expected behaviour according to Mchaelis- Mnten law There is the followng
explanation mecratubules may sti mulate activity of katanin by facilitaing katani n-
katani ninteractions, because when concentrationislowitis norelikel ythat katanin
mol ecules Wl bind near one anather onthe mcratubule, but hi gh concentrations of
m cratubules may reduce ATPase and severing activities by preventing katanin-

katanin associaions, because, it is nore likely that katanin nolecules wll be



dispersed over a hi gh number of mcraubules and wll have I ess chanceto bi nd near
one anat her (Hart man and Vale, 1999).

100 - ®g®
80 |-

ATPase

40
20

% Maximum activity

1 1 1 1 I
0 10 20 30 40 50

Microtubules (uM)

Hg 15 Hfect of mcrotubule concentration on katanin’s activity. ( Hart nan and
Val e, 1999)

Activity of katanin mght be regulated by its synthesis and degradationlevels. It was
foundto be the caseinaxons where kataninlevels are high duringtheir most active
phases of grow h but drop once axons have contactedtheir targets ( Karabay et al.,
2004) However, kataninis wdely distributed and there should be another contrd

mechanismto severe micraubules only when it is needed There were some
factors (like cyclinB/cdc2, cyclinB/cdcl) discovered that changed

microtubule-severing activity in M-phase Xenopus egg extract.
However, experiments with isolated katanin showed that it is not
directly activated or phosphorylated (McNally & Thomas, 1998;
McNally et al. 2002). Activity of katanin might be regulated

indirectly by other MAP’s which would restrict accession of katanin

to microtubules (Baas & Qang 2005).

As regardsits bidogical role kataninis supposedto bei nportart in mtosis. It was
mentioned above that mtaticspindl e consists of mi crotubules. Mcratubule severing
activity itself was first identified and studiedin mitatic extracts of Xenopus leavis
(MNally & Vale, 1993). Katanin was found to be highly concentrated at
centrosones throughout the cell cycle ( M Nally et al., 1996). This supports the



hypat hesis that katanin mediates the disasse nbly of mcratubule minus ends during
polevardflux (see Hg 16) (M Nallyet d., 1996; Quar mby 2000; Buster 2002).

pericentriolar metaphase
material

chromosome
LY

__leinesin-like protain
kinetochore microtubule \.
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-, L
A
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tubulin polymerization
Co
OO ‘

=)

2

s

FHg 16 Mdel of katanin'sroleinthe mtaticspindle. Severing of t he kinet ochore
m cratubule by kataninreleases a short mcratubule fragnent ( A B and allows the
kinesinlike pratein to pull the kinetochore mcratubule toward the centrosonal
matrix (B. S multaneous pol ynerization of tubulin occurs at the plus end (B O.
(MNallyet d., 1996)

Itisalsosupposedthat kataninfacilitaes mcratubul e depol ynerizationintransition
frominterphase to mtosis by releasing centrosonal mecratubules and disclosing
their mnus end Release of mcraubules fromcentrosone is essertial inneurons and

itis especialy active in neurons conparedto nonneuronal cells as it was mentioned

10



123 Katani nsubunits

As it was previously nmentioned katani nconsists of t wo subunits: p60 and p80 whi ch
were named accordingtotheir nolecular weight. It has been showed that p60 has
mi cratubul e-sti mul ated ATPase and mi cra ubul e severing activitiesint he absence of
p80, while p80targets kataninto centrosone. ( Hart man et al., 1998) However, these
findings turned out to be more conplex after futher investi gati ons.

p80 subunitis 658 amno acidlong (rat p80) and contains six‘ < VAD40 * repeat notifs

(karabay(ﬁ d.,2004} These proteins are characterized by the presence

of repeats consisting of between 40 and 60 amino acids with two
internal conserved dipeptide sequences, glycine-histidine (GH) and
tryptophan-aspartic acid (WD) Despite their highly conserved
structural motif, WD40 proteins play very diverse functions. This is
probably due in part to the ability of these proteins to coordinate

the binding of a variety of proteins through their individual blades

(Smith et al., 1999). The Gter minal regionof p80 does nat exhihit significant
amno acid idertity to any previously described pratein Athough p60 severs
m crotubules inthe absence of p80, p80 was found to affect this acitivity. p80 can
enhance p60 nediated micratubule severing by increasing affinity of p60 to
m cratubules ( M Nally et al., 2000). p60/p80 was found to have at wo-fol d hi gher
mi crotubul e severing activity conparedto p60 alone. Onthe other hand, it was also
found that WD40 dommin contained in p80 acts as a negative regulator of
mcratubule severing by p60. ( M Nally, Thomas, 1998) The same donain is
responsible for p80 centrosone targeting ( Hartman et al., 1998 M Nally et al.,
2000; M Nally, Thonas, 1998).

1 MATPVVTKTA WKLQEIVAHA SNVSSLVLGK ASGRLLATGG DDCRVNLWSI

NKPNCIMSLT

61 GHTSPVESVR LNTPEELIVA GSQSGSIRVW DLEAAKILRT LMGHKANICS

LDFHPYGEFV

121 ASGSQDTNIK LWDIRRKGCV FRYRGHSQAV RCLRFSPDGK WLASAADDHT

VKLWDLTAGK

181 MMSEFPGHTG PVNVVEFHPN EYLLASGSSD RTIRFWDLEK FQVVSCIEGE

PGPVRSVLFN

241 PDGCCLYSGC QDSLRVYGWE PERCFDVVLV NWGKVADLAI CNDQLIGVAF

SQSNVSSYVV

301 DLTRVTRTGT VTQDPVQANQ PLTQQTPNPG VSLRRIYERP STTCSKPQRV

KHNSESERRS

361 PSSEDDRDER ESRAEIQNAE DYNEIFQPKN SISRTPPRRS EPFPAPPEDD

AATVKEVSKP

421 SPAMDVQLPQ LPVPNLEVPA RPSVMTSTPA PKGEPDIIPA TRNEPIGLKA

SDFLPAVKVP

11



481 QQAELVDEDA MSQIRKGHDT MFVVLTSRHK NLDTVRAVWT TGDIKTSVDS
AVAINDLSVV
541 VDLLNIVNQK ASLWKLDLCT TVLPQIEKLL QSKYESYVQT GCTSLKLILQ

RFLPLITDIL
601 AAPPSVGVDI SREERLHKCR LCFKQLKSIS GLVKSKSGLS GRHGSAFREL

HLLMASLD

Hg 17 Rattus norvegicus p80-katanin amno acid sequence ( Gne Bank, the
European Molecular Bology Laboratory, accession No. QBBG40). WD notifs are
shown in bol d conserved d peptide sequences are underlined

Rat p60is a 491 amno acidlong pol ypeptide (Karabay, 2004), it has a conserved
230-amnoacid ATPase donmain(see Hg 1 8). BLAST searchrevealedthat orthol og
of p60 exists in C elegans, in Arabidopsis thaliana and there are vertebrate
ho ol ogs of p60 ( Hart man et al., 1998, Soppin-Mellet et al., 2003; Bouquinet al.,
2003 Yang et a., 2003). p60 alone displays a mecratubule-sti mulated ATPase
activity. Athough, when conparing the rates of mcraubule disasse nbly, p60is
half as active as p6(/ p80 ( Hart man et a., 1998).

1 MSLLMITENV KLAREYALLG NYDSAMVYYQ GVLDQINKYIL YSVKDTHLHQ
KWQQVWQEIN

61 VEAKHVKEIM KTLESFKLDS TSLKAAQHEL PSSEGEVWSL PVPVERRPLP
GPRKRQSTQH
121 SDPKPHSNRP GAVVRAHRPS AQSLHSDRGK AVRSREKKEQ SKGREEKNKL
PAAVTEPEAN
181 KFDSTGYDKD LVEALERDII SQNPNVRWYD IADLVEAKKL LQEAVVLPMW
MPEFFKGIRR
241 PWKGVLMVGP PGTGKTLLAK AVATECKTTF FNVSSSTLTS KYRGESEKLV
RLLFEMARFY
301 SPATIFIDEI DSICSRRGTS EEHEASRRVK AELLVQMDGV GGASENDDPS
KMVMVLAATN
361 FPWDIDEALR RRLEKRIYIP LPSAKGREEL LRISLRELEL ADDVNLASIA
ENMEGYSGAD
421 ITNVCRDASL MAMRRRIEGL TPEEIRNLSR EEMHMPTTME DFEMALKKVS
KSVSAADIER
481 YEKWIVEFGS C

FHgl8 Rattus norvegicus p60-katanin amno acid sequence (Gene Bank, the
European Mlecular Bology Laboratory, accession No. AY621629). Part of p60
shown in boldis the sequence which was cloned and expressed; underlined part of
p60 isthe conserved Gter mnal AAA donmnain

13 Objectives of the research

12



Katanin or its orthol ogs are found in a nunber of organisns: sea urchin, Xenopus
laevis, Chlanydononas sp.,, Arabidopsis thaliana, rat, human. This micraubule
severing prateinhas animportart rolein processes where mcra ubul e reorgani zation
isrequired e g mtosis, axonal growh deflagellation therefore it is extensively
studied Full characterization of properties and functions of bothsubunits of katanin
woul d enabl e to better understand activity and rdes of kataninitself.

Antibodi es agai nst p80 and p60 wll be usedinthe studies on separate subunits or on
a whole di ner protein For nost research diagnostic, and therapeutic purposes,
monocl onal antibodies, derived froma single clone and thus specific for a single
epitope, are preferable (Gol dshy et al., 2000). Recomnbinant sol uble peptide woul d
prowvi de best conditions for nonocl onal artibody production

Both katanin subunits (p60 and p80) have been sought to be expressed, since
separation of t he native subunits requires denat urating conditions. However, bacterial
expression of p60 produced largely insoluble protein (Hart nan et al. 1998).
Overproduction of heterdogous prateins in the cytoplasm of E coli is often
acconpanied bytheir msfddngandsegregation intoinsadubleaggregates known as

incl usi on bodies(Baneyx, 1999b). Due to solubility problems related to

the Dbacterial expression of p60 subunit synthetic anti-peptide

antibodies have been used until now.

Taking into account the need for soluble p60-katanin peptide, we have set the
fdlow ng ol ectives for this research:

- todone and express p60-katani

- toad ust expression conditions in order to achieve sd uble p60- katanin;

- topurify produced prateinsothat it coul d be further used for nonocl onal

anti body production

13



2 MATERI ALS AND METHODS
21 Materias
211 Equipnent

Centrifuge, Becknman coulter, Avanti J-30I

DNA sequencer, Applied Bosciences 3100- Avant
Cel dryer, Bo Rad 583

M ni centrifuge, Hettich zentrifugen EBA 21

M ni- \ertical Gl System HoWrld EC 120

O bital shaker, For na

Precision wei gher, Precisa 620 C SCS

Rocki ng shaker, Heidd phinstrunents Duonax 1030
Ther nom xer confort, Eppendorf

UV spectrophat oneter, Beckman DUB30 Life Science
UV spectrophatoneter, Shi nadzu 160

Vortex Heido ph Reaxtop

212 Chemcads and enzy nes

I PTG (isopropyl- - D 1-thi ogal act opyranosi d) Appli Chem

Eco R restriction enzy me
Mass Ruler T™MDNA Ladder ( Mx 80bp- 10 Kb)
Page Rul er ™Prestained Protein Ladder (10-170 kDa) Fer nentas

Absol ue ethand

Absol ue nethanol

Aceticacid(dacia)

Cad,;

| mdazde H uka

14
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d ycerd
Isopropanadl
KH PO

Na, HPQ

Nad

NH, d
Phosphoric acid

T7 pri ner (5d TAATACGACTCACTATAGGQE 3)

Acrylamde
Bronophena W ue
EDTA
Bhidumbromde
d ucose

2- nercapt o-et hanal
My Q;

NaHPQ

Na OH

SDS

TEMED

Tris

Yeast extract

H nd 111 restriction enzyme

T4 DNAligase
Loading dye

N - NT A agarose far Hs-tag fused pratein purification

PVDF ne nbrane
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Agar ose

AMPS

d ycine

Tetracyclin Signa

2.1 3 Buffers

TAE Buffer (50X

242 g Tris base (40 mN)

57.1 nh dacial acetic acid (20 mN)
100 M 5 MEDTA (pH8.0) (1mN)
H Oupto 1liter

Lysis Buffer for Mta Affinty Chro matography
345 my NaHPQ (50 mV)

87.7 ng Nad (300 mN)

34 ngimdazole (10 mMV)

H Oupto5 nh, adust pHto 8 0 using Na OH

WAas h Buffer for Mta Affinty Chromatography
69 ng NaHPQ (50 MV

175.4 ng Nad (300 mM)

13.6 ng i mdazole (20 mV)

H Oupto 10 nh, adust pHto 8 0 using Na OH

H ution Buffer for Mtal Afinty Chronatography
345 my NaHPQ (50 mV)

87.7 ng Nad (300 mN

272 gimdazole (4 M

H Oupto5 nh, adust pHto 8 0 using Na OH

16



Buffers of restriction and ligation enzy nes
Buffers of restriction and ligation enzy mes were purchased toget her wththe

enzy mes.

2.1 4 Specid reagents and kits

Agarose Gl DNA BExraction Kt, Roche

H gh Pure Hasmd Isdation Kt for snall-scale (m ni) preparations, Roche
50 % N- NTAagarose suspension, Qagen

Anti- Hsg mouse nonoclonal antibody, Roche

Goat AP conjugate arti-mouse, Novagen

2. 15 Bacterid strains

Escherichiacdi strain XL1 Bue [recAl endAl gyrA96 thi-1 hsdR17

supE44relAl lac [F' proAB lacIqgZAM15 Tnl0 (Tetr)]], Novagen
Escherichia cdi strain BL21 (DE3)pLysS F dcmonpT hsdS(rB mB) ga M DE3)[pLysS
Cam], Novagen

2.1 6 Bacterid cudture media

LB nmedi umwas prepared by dissdving 10 gramtryptone, 5 gramyeast extract, and
10 gram Nad indistilled water. Ostilled water was addedto a final volune of one
liter. The LB medium was sterilized by autoclaving for 15 mnutes. In order to make
selection nedia antibictic was added to the LB nedium according to the
concentration describedin Table 2 1, andthe antibi atic containing LB was stored at
£C

LB-agar plate was prepared by adding 15 granil of agar to LB nedium and
sterilized by autoclaving as described above.

SOC nedi umwas used tocultivate E cai for 1 hour after te nperature shock during
transfor mation It was prepared by dissdving 2 gramof tryptone, 5 gram of yeast
extract, 0.058 gramof Nad, 0.0186 gramof Kd, 0.095 gramof Myd,, 0.24 gram
of MyS4, 0.36 gramof glucose in distilled water. Ostilled water was addedto a
final volune of 100 ni. The SOC medi umwas sterilized by autoclaving at 120° Cfor
15 mnutes. Wien required antibiaic was added tothe mediumin order to nmake
selection (Table 2 1).

17



Table 21 Sock and worki ng sd ution of antikiotic

Antihiatic Stock sd ution Wor ki ng concentration
concentration

Kana nmycin 10 ng/ nh in water 50 pg nh

Tetracyclin 15 ng/ nb inethanal 15 pg nh

217 T Adon ng vector wth donedinsert

pCR 2. 1-TOPO (Invitrogen) wth cloned ful length p60 subunit was previously
designed by Dr. Azu Karabay. The cloned p60isinreverse directioni.e its coding
strand and non-codi ng strands exchanged t heir positions: 5° of coding strand of p60
innor nal directionstarts witha start codon ATG whichisat 5> of non-coding strand
of the reversely doned p60 (see Ag 2 1)

2.1 8 Expression vector

2 181 pET Expression System

InpET system(plas md of expression by T7 pol yimrerase), t he expressi on of the DNA
construct is under the contrd of T7 promoter, whichis recognized by the T7 DNA
dependent RNA polymerase (transcriptase), but nat E coli RNA polynerase.
Typically, T7transcriptaseis expressed byt he host genone, whichisinserted behi nd
the lacUV5 pronoter. The latter is inserted into genone via lanbda DE3 phage.
Therefore, the host strains that carry T7 polymerase in their genone under the
contrd of IPTGinducable lacUV5 are called DE3.

Whilethis systemleads tothe synthesis of large anounts of mMRNA and, in nost
cases, the concomtant accunulation of the desired protein at very high
concentrations (40-50%of the tatal cell pratein), it is not wthout drawbacks. For
exanple highlevel of mMRNA can cause ribosome destruction and cell death and
leaky expression of T7 RNA polymerase may result in plasmd or expression
instability. Further nore, even ‘enpty’ pET plasmds are toxic to E coli inthe
presence of IPTG Sone of the strategies that have been devel opedto address t hese
issues are co-overexpression of phage T7 lysozyme (which degrades T7 RNA

pol ynerase) fromthe compatibe pLysS and pLysE plas mds ( Novagen) and the
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lacFo ATS . - -
M13 Reverse Prmer | Hind 11l Kpn -:ﬂlc El.'amHI Spel

CA BRGC TTG GTE COG AGC TCG GAT CCh CTA
T CAT OOC TOO ACC CTA 00T QAT

TCE RAC CAT 30 TOS AGC L GET

CRG GAR ACAH GCT ATG ACE ATG ATT ACG
GTC CTT TGT CGA TEC TEfF TAC Taz TEC

=2 GE

Bsf{ | EcoR| EcoR |

5TA RCG GOD GO AST cre'cTe eha TTC coc CrTy—_——.:: GEC GAR TIC TGC

CAT TGC COGE CGG TCRA CAC GAC COTT ARG CGG CGREY TTC CCG CTT ARG RACG

EcoR W Bsx Mot ] .'Js.ill Jlf.[:la | Aps |
ACL TR 3 CAT GCA TCT AGR 355 CCC RAT
TCT ToC GEC GRE CTC GTR COGT AGR TCT CCC GGG TTR AGI |GGG

W13 Forward (-20) Primer

AT TCA[CTE GUC GIT GIT TTE CRa CGT CGT GAC TGG GRR ARC
TTA AGT|GAC CE5 CAG CAR RAT T GCR GCA CTG ACC CTIT TIG

S TCG GCT. T TC ... AAG ACT CAT3
3 AGC CGA ACG AAG.... TTC TGA GTAS

Nor melly oriented p60

5 ATG AGIL. CTT..AGC CGAY
3 TAC TCA GAA..TCG GCTS

Fg 21 \ector map of pCR2 1-TOPO with cloned insert. d oning/restriction area
with sche matically represented insert is shown in a larger scale. Arow stretching
fromPCR product pointsat the part of cl oned p60 subunit (begi nning and end of the
sequence) in a large scale A the bottomleft part of the picture part of nor mally
orierted p60is showninitaic

insertion of alac operator sequence downstreamof plas md-encoded T7 pronoters,
in order toreduce leaky transcription ( Merendorf et d., 1994; Baneyx 1999).

2.1 82 pET-30a vector

The pET-30a(+) (Novagen) vectar was kindy provided by DOr. Sephan Scheurer
(Paul- Ehrlich-Institute, Dept. of Alergdogy). The pET-30a (+) vector carries an N
ter mnal HsoTag®thrombi ¥ SoTag ™ent er oki nase confi guration pl us an optional G
termnal HsoTag sequence. The circuar map (Fg 2 2) andthe cloni ng/expressi on

regon (Ag 23) are shown below The vector is 5421 bp long
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¥ho lj158)
Mot ljies)
Eag lj15&)
Hind j173)
Sal j173)
Sac lj130)
EcoR I[132)
BamH l{138)
EcoR Vi208)
Heo lj212)
Kpn ljz38)

Bpul 102 ligo) Byl Hiz241)
P r\c’i’f/’ Msp ".5|2EE:
| Hde 1j345)

Xba l{382)

Dwra 115180

. |

._{Sgr.u‘x £35)
™., <S|:|h {551}

Puu ljde7g) Q:Ili;. ,
Sgf lja478) — ¥
Sma lj4353) '?F o
. R TR TR
/ 'III' G = II||-"'_ Bel Ij1130)
[ | = |
Mru li4132€6) 1 | "é |
ET-30al+ |BstE lij12s7)
T P [5422I::|p}l: ) || hapa liszEn
\ 2|
\ &

EcofT 2825 _-,I'_~E|ss.H Il 1587}

Alwb {3883 Hpa lj1632)

BesS I[3450) Pshé i2021)

BspLU11 lazrry
Sap 13161}
Bst1107 I{3048)
Tth111 l3022)

Bal lj2240)
Fsp l{z258)
Psph 11{2233)

FHgure 22 \ector nap of pET30a. Source: htp// www e ndbi osci ences. com

T7 promoter primer #603458-3
pET upstream primer #59214-3 T7 promoter

lac operator Xbal
AGATCGATCTCGATCCCGCGAAATTAATACGACTCAC TATAGEGGAATTGTGAGCOGATAACAATTCCCCTC TAGAAATAATTTTGTTTAAC TTTAAGA

WAGAS

Nde | His-Tag S-Tag NspV
TATACATATGCACCATCATCATCATCATTCTTCTGETCTGETEEC
MetHisHisHisHisHisHisSerSerGlyle

Eagl
Kon| Sall Hindll _Notl  Xnol
GGTACCGALC Gh GCTTGC
ClyThrh

IndlaCysGl

enterckinase
RET-20h{+) .. .GCGATATCGGATCCGAATTCGAGCTCCGTCGAC CTTGCGGCCGCACTCGAGCACCACCACCACCACCACTEA. |
AlalleSerAspProdAsnSerSerSerValisp LeuvAlochlafloleuGluHisHisHisHisHI sHisEnd
pET-30c(+} . . GEATATCTGTREGATCCGAATTCGAGCTCCGTCG CGCACTCGAGCACCACCACCACCACCACTEAGATCCGRCTGETAN. |
GlyTyrleu [lehrghloP Leous cHisSerSerThrThrThrThrThrThrGlulleArgleuleu. .

Bpul102 | T7 terminator
CAAMGCCCGAAACGAAGCTRAGTTGECTGCTGCCACLCE CCAATAACTAGCATAACCCCTTOGGECCTC TAMACGRRTCTTEGAGGGETTTITTTE

7 !erminator primer #59337-3

FH gure 2 3: G oning expression reg on of the coding strand of pET30a.
Source: htp// www e ndbi osciences.com
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22 METHODS

221 Snall scae das mmd DNA preparation ( nni-prep)

Plasmd mni preparation was perfor ned using Roche, Hgh Pure PlasmidIsolation

Kit for small-scale ( mni) preparations, followng instructions of the manufacturer.

The principle of this purificationis as follows: alkaline | ysis releases plasm d DNA

frombacteriaand RNaserenoves all the RNAin thelysate. Then, inthe presence of
a chaatropic salt (guanidine Hd), plasmd DNA binds selectively to glass fiber

fleece ina centrifuge tube. The DNA e nains bound while a series of rapid* ‘- wash-

and-spiri’steps re nove contamnating bacterial components. Hnally, lowsalt el ution

renoves the DNAfromthe dlass fiber fleece.

The pratocd is as fdlows:

A single bacterial colony was picked and inoculatedinto 10 mM LB nedia
(with kanamycin) containi ng Fal cont ube, and grown overnight wth vi gorous
shaking (250 rpn) at 37°C

The followng day, 7.5 m of the culture was distributed into 5 eppendorf
tubes (1,5 m eachtube), and the bacteria were recovered by centrifugation
for 5 mnutes a 14,000xg. The supernatants were dscarded

The bacteria pellet was resuspended in 50 pl of suspension buffer in each
eppendorf tube separately and then collectedto one eppendorf tube (250 pl
suspensi on buffer intatal). Suspension buffer contains RNase whi chre noves
bacteria RNA

To lyse the cells, 250 pl 1ysis buffer was added (cortains NaOH), mxed by
inverting the tube 6 ti nes and incubated at roomtenperature for upto 5
m nutes.

Lysis was stopped by addition of 350 pl ice-cold bind ng buffer. Tube was
againinverted 6ti nes and incubated onice for upto5 minutes.

The mxture was centrifugedfor 10 mnutes at 14.000 x g andt he super natant
was transferred to a filter tube. Chronmosonmal DNA was precipitated with
cell dar debris during centrifugation andt his supernatant containsthe plas md
DNA
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e Again centrifugation for 1 mnute at nmaxi num speed was perfor med.
Pasmd DNA is bound to the glass fibers pre-packed in the filter tube.
Supernatant was discarded fromthe calection tube.

e To washthe cells, 700 ul of wash buffer was added to the filter tube and
centrifuged at maxi mumspeedfor 1 mnute. Supernatant fromcollectiont ube
was dscarded

e Toeluwethe DNA 100 p elution buffer was added, and the DNA sol ution
was obtained by certrifugationfor 1 mnute a ful speed

2.2 2 Deter mination of nucleic aci d concentration

Recovery, purity and concertraion of nucleic acids were determned by
spectrophotonetric analysis. The ratio of absorbance at ( A260) should be 1.8 for
DNA In the presence of protein contamination the ratio is less. For the
measure nent, we used a spectrophotoneter from Shi madzu. The DNA was dil ued
1:200 or 1:2000in distilled water andtransferred toa quartz cuvette. The absorption
was at wavelengthof 260 nm An optical density(OD) of 260 nmof 1 Ois equi val ent
to 50 pg M DNA The fornula used to calculate the concentration (Q is the
fdlow ng

C = 0D 260nmx dl ution factor x equi valent =x pg/ nk

Inorder tocheckresults of t he spectrophat onetric anal ysis, DNA extracted fromgel

was alsorun onthe 1%agarose gel before ligation.

2.2 3 Preparation of chem cally conpetent cells- calciumch ori de nethod

To introduce plasmd DNA or recombinart plasimi d DNAIinto bacteria the bacteria
hadto be nmade conpetent for this purpose. V& homre nade conpetert cells according
tothe fdlowng pratoca, provided by Sanbrook et d (Sanbrook et d., 1989).
e Working aseptically, XL1 B ue cells (taken from a glycerd stock culture)
were streaked out on an LB plate and incubated overnight at 37°C
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The next day, one bacteria colony was picked and inoculatedinto 10 m of
LB nediumcontainingtetracyclinina Falcontube, andthe overnight culture
Was grown.

The next day 100 md LB nedium was inoculated wth 4 m of overnight
culture sol ution and was incubated at 37°Cin arotatory shaker. Cell density
was neasured by a spectrophatoneter at ODs00. When an ODyoo Of 0.6 was
reached the bacteria were transferred to 50 ni prechilled sterile
ultracentrifuge tubes and incubated onice for 10 min.

The cells were spun down at 1600 x g for 10 mnutes at 4° C the supernatant
was dscarded

Bacterial pellet was resuspendedin 10 m ice-cadd Cad, (pH?7, the sol uion
was filter sterilizedt hrough a filter of 0. 45 pmpore size) andincubated onice
for 30 mnutes.

Centrifugation was perfor ned again for 5 ninutes at the sane speed as
previously, andthe cellswere resuspendedin2 mh of Gad».

The cells were used i nediately for transfor mation and/or distributed into
prechilled sterile mcrofuge tubes. The conpetent cells were stored at - 80°C
in 40 u aliquots.

Ca Q,sduion
Contents Concentration Anount
Cad,; 60 mM 0.33¢
PI PES 10mM 0.15¢
d ycerd 15% 7.5 nh
wat er X upto 50 nh

2.2 4 Transfor mation of conpetent cells

Transfor nationis the ter mused to describe the irtroduction of plasmd DNAinto

bacteria The experi nent can be perfor ned by an electrical or a chemcal mnethod.
We usedthe chemcal method which consists of a heat shocktointroduce the DNA

intothe host. Ashort protocd is as fdlows:

The conpetent cells from -80° C were thawed onice. 2-3 pl of purified
plasmd DNA or 10 pl ofligation mxture was addedto 20 p of conpetent
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cells andt he eppendorf tube containingthe cells was incubated onicefor 30
m nutes.

e After that, the cells were kept at 42° Cfor exactly 40 seconds (heat shock)
and i mmediately were incubated onice for 10 minutes.

e 80 u of LBliqud nedium was addedto conpetent cells and t he eppendort
tube was i gorously shaked at 37° Cfor 1 hour.

e The cells werethen plated onto LB (containing appropriate antibiatic) plate.
The plates were incubated at 37° Covernigtt.

2.25 DNA cleavage wth restriction endonucl eases

Restriction enzynes, also called restridion endonucleases are bacterial prateins
which work as ani mmune systemin bacteria Theirrdeisto destroy bacteri ophages
or other viruses which invade bacteria Restriction endonucleases recognize a
specific nucl eati de sequence, and cut DNA wherever this specific sequenceis found
Wsually the palindromc restriction sites have a length of 4 to 8 base pairs. The
purified restriccion endonucleases are commercialy available, and are used to
generate DNA fragments for cloning experi nents. Therefore, restriction
endonucl eases are a naj or tod inreconbi nant DNAtechnol ogy.

Sincethe cloned p60 hadto be subcl oned changing its orientation at the sane ti ng,
the fdlowng require ments were set for the restriction endonucl eases:

they have to cut bath T A and expression vectors;
- their sequence inthe vectars shoul d be different, i.e 5 restriction site on
T/ A vectar should be in 3’ conpared to another restriction site on
expression vectar;
- restriction endonucl eases should leave out TGA codone in non-coding
strand of T Avector;
- restricion endonucleases should nat cut inside the p60 subunit,
preferabl y.
Eco R and Hnd Il net most of the require ments
Nor nally DNA was cleaved at 37° Cfor 4 hours with 1 X buffer (supplied by the
manufacturer).

24



Restriciton reaction naxtures

Contents Anmount Vol une,
Plas md DNA (pET 30a) 1L5ug 11,5
EcoR 10 units 1
H nd Il 20 units 1
10X'Y buffer 1x 15
Total reaction vol une 15
Plas md DNA (pCR2. 1- TOP O -p60) 4,55 pg 7
EcoR 10 units 1
H nd 111 20 units 1
10X Y buffer 1x 1
Total reaction vol une 10
2.2 6 Ligation

T4 DNAIligaseis encoded by the gene 30 of bacteriophage T4. This enzyme can be
usedtoligate DNArestrictionfragnents. T4 DNAIi gase has t he capacityt o catal yze
invitrothe for nation of a phosphodiester bond bet ween adjacent nucleotides, one
containing ater mnal 5-phosphate group and one containingthe hydroxyl ter mnus.
Areviewof the ligation reaction can be seenin Cherepanov and de Mies, 2003 In
this study, cohesive ligation type was perfor ned.

Most restriction endonucleases create cohesive ends. When fragment DNA and
plasmd DNA are digested withthe sane restriction endonuclease, conplenentary
cohesive ends are generated that can easily be ligated For ligation overnight
incubation at roomtenperature was perfor ned. Ligation mxtue was made by

addi ng conpounds depi cted bel ow

Contents Anmount Vol une,
Plasmd DNA 300 ng 1
Insert DNA - 7
10 x buffer 1x 1
Li gase 1
Total reaction vol une 10
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2.2 7 Agarose gel dectrophoresis

Agaroseis alinear pol ymer conposed of residues of D and L-galactose andis used
toseparate fragnents of DNA or RNA by size (Sanbrook and Russell, 1989). S nce
deoxyri bonucl ei c aci ds are negativel y charged they mgratethroughthe agarose gel

inaelectrical fieldtowards the positive anode. Mol ecules of doubl e-stranded DNA
m grate through gel natrices at rates that are inversely proportional tothe | og10 of

the nunber of base pairs, therefore snall nolecules mgrate faster than large ones.

Plasmd DNA or DNA fragnents obtained after treat nent wth restriction enzynes

were separated by electrophoresis through a low nelting point agarose gel. 1%
agar ose concertration was used

To prepare 1%agarose gel, 04 g of low nelting poi rt:

e Agarose was dissdved in 40 mi (small gel) 1x TAE (Tris-acetate- EDTA)
buffer.

e The agarose was solubilized in a mcrowave oven until the agarose was
conpletely dssd ved

o Cel was codedto < 45°C and ethidium bromide was added to a final
concentration of 0.5 pg'nl and mxed through gentle s wrling

e The agarose gel was then pouredintoa horizontal gel tray, and a conb for
formngthe sanple slaswas placedinothe gel.

e The gel was soidfied for about 30 mnutes and then placed into an
el ectrophoresis tank where the gel was covered by 1x TAE buffer usedto
make the gel.

The DNA was m xed withloading dye andthe sample was placedintoa well onthe
agarose gel. As fragnent size contrd, a MassRuler ™ DNA Ladder, M x (80bp-
10kb) was used Hectrophoretic separation was achieved by constant current at 80
mV for 60 mnutes.

DNA withinagarose gelsis onlyvisible whenstained wthethid umbromde and can
then be visualized under UV Iight. The gel was placed ontoan UVilumuminator t hat
emts UVIight at 302 nmand phot ographed with a camnera connectedto a conputer.
I nage files were saved with UM Photo MW Version 99.05 for Wndows 95 & 98,
UMtec Ltd and subsequently anal yzed The size of the DNA was determ ned by
conparingtheir nobility wththe fragnents of the MissRuler.
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22 8Isdation of DNA fragnents fromagarose

Nucleic acids bind specificaly to the surface of glass or silica materials in the

presence of a chaotropic salt. The bi ndi ng reacti on occurs duetot he disruption of t he

organized structure of water nolecules and the i nteraction wth the nucleic acids.

Thus the adsorptiontothe specifically pretreated spherical silica matrixis favored

Since the binding process is specific for nucleic acids, the bound material can be

separated and purified fromi npurities e. g salts and prateins, by a si nple washing

step. Nucleic acids elute fromthe natrixinalowsalt buffer or water.

Isd aion of DNAfragment fromagarose gels was perfor med usingthe Agarose Cel

DNA Extraction Kit, Roche, which uses the above mentioned principles, foll owng
instructions of the manufact urer.

Aslice containingthe desired DNA band was excised fromthe gel. The gel
slice was placedina 1.5 eppendorf tube, and wei ghed Threeti nes of the
agarose vol urre sadl ubilization buffer was added to one va urne of the gel.

10 d of silica suspension was addedtothe sanple and sanple was vortexed
The gel slice was incubated at 56° Cfor 10 mnutes to dissd ve the agarose.
To help gel dssd uionthe tubes were vortexed every 2 ninutes.

After the gel slice was dissd ved conpl etely, the sol uion was centrifuged for
1 mnute a maxi mumspeed, thenthe supernatant was discarded

The matrix containing DNA was resuspended with 500 pl nucleic acid
bi ndi ng buffer.

Sol ution again was cerntrifuged and supernatant was discarded

Re mai ning pellet with bound DNA was washed twece with 500 ul washing
buffer, centrifugi ng and discard ng supernatant eachti ne.

Pellet re mai ning after washing step was let to dry at roomte nperature, urtil
the matrix co our turned to bright white

Then eluion step was perfor ned, 30 ul of redistilled water (pH 8.5) was
addedtothe dry pellet andit wasincubatedfor 10 m nutes at 56° G vortexing
every 2-3 ninutes.

Subsequently, eppendorf tube withsol uion was centrifuged for 30 seconds at

maxi mumspeed
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2.2 9 DNA Sequenci ng

The sequencing nethodis based onthe use of nodified nucleatides, socalled 2', 3'-
di deoxyl anal ogs. These specia nucleatides lack a hydroxyl residue at the 3" position
of the deoxyribose. When DNA pol ynerase adds nucledtides into a DNA chain
through its 5'triphosphate groups, the absence of a hydroxyl group on a dideoxyl
anal og avoi ds the for nation of a phosphodiester bond wth an adjacent nucledtide,
leading to a stop in elongation As the concentration of the analogs is very low
ter mnation happens just occasionally. Wth four different anal ogous nucleatides in
four separate reactions, numerous fragnents corresponding to every base position
will be synthesized As fluorescentlylabelled primers were used newy synt hesized
DNA fragnents are marked and t he sequence can be detected by excitation wth a
laser and detection wth phot odi odes in a sequencing nachi ne.

The achieved plas mds were verified by DNAsequencing using B g Dye Ter ninat or
v 3.1 Cycle Sequencing Kit (Applied B osystens). The sequence reaction was
preparedinasterile PCR tube by addi ngthe conpounds shown bel ow

Contents Anount Vol urre,
B g dye reaction nmix X 2
5Xsequence mxure X 2
Tenplate DNA 360 ng 4

Pri mer T7 25 mM 0.5
WAt er X 15
Total reaction vd ume X 10

The sequence reactions were perfor med using a ther mal cycler wththe followng

program
Cycles Te nperature Ti ne
1 95°C 5 mnutes
40 95°C 10 seconds
55°C 10 seconds
60°C 4 mnutes
Hnal extention 4°C
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2.2 10 Aignnent of sequences

Nucledtide alignnents were nade wth BLAST too, available at
htt p// www ncbi. il mnihgov BLAST (nucledti de-nucleatide BLAST (blastn)).

2.2 11 Protei nexpression i nduction

Fresh plates containing bacteria BL21( DE3)pLysS colonies harbouring pET30a
vectar wth cloned p60-katanin and pET30a wthout any insert (used for contrd)
were prepared Asingle col ony fromeach plate was picked and inoculated into 10
m LB (containing kanamycin) in Falcon tube and left for overnight growh at
vigorous shaking at 37°C Next day, 2 m of overnight culture was dil ued with LB
mediaand placedinto 250 ml Erlenmeyer flask Culture was incubated with shaki ng
at 37° Cuntil the ODyqp reaches a val ue bet wveen 0.6 and 0.8 After that, cells were
induced wth Q5 mMIPTG and grown for 12 hours, taking sanples during this ti ne.

2 212 Qll fraction analysis

2212 1 Tota cell proteinanal ysis
e Follownginduction 1 m cell cultureforinductionanal ysis was collected by
centrifugation for 5 mnutes a 14000 x gina nacrof uge.
e Supernatant was discarded Pellet was mxed with 50 I 2X SDS sanple
buffer.
The rest of the procedure is explained inthe SDS-PAGE nethodol ogy presented

bel ow

22122 Solubletotd cell protei n anal ysis

e Follownginduction 1 m cell cultureforinductionanal ysis was collected by
centrifugation for 5 minutes a 14000 x gina macrofuge.

e Supernatant was discarded Cell pellet was conpletd yresuspendedinl ni of
ice-cad 20 mM Tris- HCI pH7.5
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e Suspension was incubated a -80 °C overni ght.

e Next day, it was thawed onice.

e The entirelysate was centrifuged at 14, 000xg for 10 mnutes to separate the
sal uble and i nsdl ubl e fracti ons.

e The supernatant was concentrated wth TCA (trichloracetic acid) method
whichis as fdlows:

o 100 Wl (V10 volune) of 100% TCA (wv) was addedto 1 nl of
supernatant and vortexed. Sanple was placed onice for 15 minutes.

o Then it was centrifuged at 14000 x g for 10 mnutes and the
supernatant was re noved.

o  Pellet was washed t wce with 100 pl of acetone, the mxture was
vortexed centrifuged for 5 mnutes (14,000 xg) and supernantant
discareded

o Hnaly pellet was allowedto air drythoroughly by leaving the tube
open onthe bench top

2.2 13 Hectrophoresis of protei s on SDS- pol yacryl ami de gels
To separate proteins by size sodium dodecyl sulfate polyacrylam de gel
el ectrophoresis (SDS-PAGE) was perfor nedina vertical gel chanber. This nethod

is based on atwo gel layer system a stacking gel and a separating gel.

Sa ution for prepari ng 12 5 %separati ng gels

Contents Vol une
30 %acrylamde* 208 nh
1, 5MTris, pH88 125 nk
wat er 156 nh
10 %SDS 50 u
10 % APS 30 u
TEMED 10 ol

e 30 % acrylamde was prepared by dissodving acrylamde and NN -
met hylenbisacrylamde in water.
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Sa ution for prepari ng 5 %stacki ng gels

Contents Vol une
30 %acrylamde 0.33 nh
0.5MTris, pH6.8 0.5 n
wat er 113 nh
10 %SDS 20 u
10 % APS 10 o
TEMED 5u

The anounts depicted above are sufficdent to make 1 mni gel in a cassette from
B oWrld Working quickly, the sol ution was appliedintothe gel cassetteupto £ 6.5
cm andthe last £ 2.5 cm of the cassette was filled withisopropanol. The gel was
pol ynerizedfor at least 30 minutes, andtheisopropanal was carefull yre noved. The
stacki ng gel sol ution was directly pouredintothe gel cassette andthe gel comb was
placedto for mthe slas. The stacking gel was pol yrerized for at least 30 mnutes,
and used onthe sane day.

The sanples containing prateins wereresuspendedin2Xsanple buffer. The sanpl es
were denaturated for 5 minutes at 95°C and 7.5 pl of each sanple was |oaded
i mnediatel y onthe SDS PAGE gel.

2X Sanple buffer

Content Concentration Anount
Tris/ Hd pHG6.8 0125 M 25 (of 05N
SDS 4 % 4 n (of 10%
d ycerd 20% 2 nh (of 100%
[ ner capt oet hanol 10% 1 nh (of 100%
Bronophenal due 0.05% 5ny
WAt er upto 10 nh

Hectrophoresis was carried out in Tris-gycine electrophoresis buffer. The
el ectrophoresis was dividedint wo steps. Duringthe first step, the proteins were run
inthe stacking gel for 15 mn at 150 V 250 mA 25 W Inthe second step, the

prateins were separated by size running through the pores of the separating gel for

31



105 minat 100 V 250 mA 25 W As nolecular weight narker PageRuler ™
Prestai ned Protein Ladder, Fer mentas, was used, containing marker proteins from10
to 170 kDa.

Tris-d yci ne runni ng buffer

Content Concentration Anount
Tris 0.025 M 39
A ycine 0192 M 14.4 g
SDS 01% 10 b (of 10%
wat er upto 1liter

SDS-PAGE was stained instainsol uionfor 40 secondsina mcrowave and 3 nore
m nutes at roomte nperature on a rocker. It was destainedin destainsal utionfor 50

seconds inthe mcrowave and 3 hours a roomtemperat ure on a rocker.

Sansduion - Gomnassie Briliant Bue (CBB) stain

Content Concentration
CBB R 250 0.1%
Vet hanadl 50 %
Acetic acid 10%
WAt er up tofinal conc.

Destai nsd ution

Content Concentration
Vet hanol 5%
Acetic acid 10%
WAt er uptofinal conc.

2.2 14 Mta affinty purification of 6xHs tagged p60- katan n
In netal affinity purification nickel (or other nmetalion e g copper, zinc, cobalt) and

i mdazole ring binding is used to purify Hs-tagged proteins. | mmobilized- netal
affinity chronat ography (I MAC) was first usedto purify prateinsin 1975 usingthe
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chelating ligand i mnodiacetic acid Now nitrilcotriacetic acid (NTA) is wi der used
because it occupies four of the sixligand bi ndingsitesinthe coordi nationsphere of
the nickel ion leaving two sites free to interact wth the 6xHs tag while
i nnodiacetic acid occupies only three ligand hinding sites of nickel ion and,
therefore, the bond is weaker.

When lysateis mxed with N- NTA(nickel-nitriloacetic acid) agarose, nickel binds
i nndazole ring structure of histidne (Fg 24). In el wion step highly concentrated
i nmdazole in the el uion buffer replaces histidne and histidne tagged peptide is
el ued

H¥N—CH—COCP

ch

H /\ N HI/%
IV W/
Imidazole Histidine

FHgure 2 4: | mdazole ring structure and histid ne.

Purification of p60-katanin was made under native conditions.

e 200 m of IPTG induced bacterial cutue was grown for 12 hours and
centrifuged for 5 minutes a 14000 x g

e The supernatant was discarded and the pellet was overnight frozen at -80° C.

e Next day, it wasthawed onice resuspendedin 1 m lysis buffer (see section
2.1 3°“Buffers’) and centrifuged for 10 minutes a 14000 x g

e 12 sanple of lysate was taken for further SDS- PAGE anal ysis.

e 200 pl of 50% N- NTA agarose was addedtothelysate andthe mxture was
gently mixed for an hour inthe eppendorf tube at +4° C

e Thenit was shortlyspinnedto pellet the resinand supernatant (whichis also
called flowthrough, since it passesthroughthe resin) was transferredtothe
freshtube for SDS-PAGE anal ysis.
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e The resin was washed twice wth 1 nl of wash buffer (see section 2.1 3
‘“Buffers”’). It was spinned shortly after each wash step and t he supernatant
was taken for SDS-PAGE anal ysis.

e FHnally the protein was el uted 4ti nes with 100 pl el ution buffer (see section
2. 13 ““Buffers’). Short spin was done after each eluion step and the

supernatant containing purified protein was taken to a fresh tube.

2 215 \Wstern dot

Western bl ating procedures i nval vet he transfer of prateinsthat have been separated
by gel electrophoresis onto a ne nbrane, folowed by i mmunol ogical detection of
these prateins. For i mmunol ogical detectiontwo layers of antibody are utilized The
pri mary antibody is directed agai nst the target antigen. The secondary antibody is
specific for the pri mary antibody; it is usually conjugated to an enzyme such as
alkaline phosphatase (AP) or horseradish peroxidase (HRP), and an enzyne-
substratereactionis part of t he detection process. Antibody i ncubations are generally
carried out in antibody buffer containing Tris buffered saline with Tween ( TTBS)
and a bl ocking reagent. Col ori netric AP systens use soluble 5-bronmo-4-choro-3-
indol yi phosphate ( BA P) and nitrobl uetetrazolium( NBT) as substratesto produce a
stabl e reaction product (indi go dye and insd uble for nazan) that wll nat fade .

e SDS-PAGEis done. 15 % gel was prepared If usually 7.5 pg of sanple was
loaded, for Véstern da 25 pg was loaded

e Hectrophoresis was done urtil all of the dye (sanpl e buffer) has | eft t he gel.
Then the current was shut down.

e The PVDF nenbrane was prepared for Wéstern blat, i.e it was soakedin
met hanol and i mmediately placed intotransfer buffer and kept there for 10
m nutes.

e The gel was placedinthe‘ ‘sandwch ’ chanber with 2 fiber pads and 2 filter
papers and prepared PVDF nenbrane (fiber padfilter paper/PVDF
me mbrane/ gel/filter paper/fiber pad) all soaki ngintransfer buffer.

e Thetrans-blat was run at 4° C(inthe cddroon) at 40 V overnight.
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Next day the nmenbrane was bl ocked wth bl ocking sol ution on the shaker
overnight at 4° C(inthe coldroon). Prateins in mlk containing sol ution
bl ock unoccupied sites onthe ne nbrane.

Thenit was washed for 10 minutes wth TTBS sadlution

After that it was incubated wth prinary antibody in blocking buffer
overnight at 4° C(inthe coldroom.

Wash wth TTBS for 10 m nutes folowed.

Then the nmemnbrane was incubated wth secondary antibody in bl ocking
sauionfor 1 hour a roomte nperature.

After that it was washed twce for 10 mnutes wth TTBS

Then wash for 10 mnutes wth TBS in order to get rid of the detergent
present in TTBS was perfor ned

FAnally menbrane was soaked into NBTC BA P sd uion and kept until the
bands were seen Thislast step was perfor nedinthe darkroom The reaction
was stopped by addi ng water.

Me mbrane was dried a roomtenperature inthe dark room

Sol uti ons for western Hot:

Transfer buffer

Substance Concentratio Anvount
n
dycine 39 mM 39
Tris 48 mM 7.5¢
SDS 0.037 % 0.037 ¢
Met hanol 20 % 200 nh
WAt er uptoll
TBS 1x
Substance Anpunt
Nad 249
Kd 0.06 g
Tris 09g¢g
Phenal red
WAt er upto 300 h—— pH7.4
TTBS
Substance Concentration Anpunt
Tween 20 0.05 % 90
TBS X upto 180 nh
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B ocki ng sd ution

Substance Concentration Anount

Non-fat dry mlk 3% 0.9 ny

TBS X upto 30 nh
H rst anti body sad uti on

Substance Concentration Anount

Anti Hsg (mouse) 100 pg n 20 u

Non-fat dry mlk 3 % 0.3 ny

TTBS X upto 10 nh
Second anti body sd ution

Substance Concentration Anpunt

Goat AP conjugate (anti-mouse) 1:10.000 I

Non-fat dry mlk 3 % 0.3 ny

TTBS X upto 10 nh

2.2 16. Bradford protein deter nmination assay

The Bradford Reagent can be used to deter mne the concentration of prateins in
sauion The Bradfordassay works bythe action of Coonassie brilliart blue G 250
dye (CBB-G. This dye specificaly binds to proteins at arginine tryptophan,
tyrosine, histidne and phenylalanine residues. It should be noted that the assay
pri marily responds to arginine residues (eight tines as nmuch as the other listed
residues). CBB- G hinds to these residues in the anionic form which has an
absorbance maxi numat 595 nm The free dye insd uionisinthe cationic for m
whi ch has an absorbance maxi numat 470 nm The assayis nonitored at 595 nmin
a spectrophatoneter, and thus neasures the CBB-G conplex wththe pratein

Ho me nade Bradfordreagent was used It was prepared as fdlows:

Content Anmount
CBB G 250 50 ny
B hanal (pure) 25 nh
85 %phosphoric acid 50 nb
WAt er upto 500 mh—> filter through the filtering paper
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Hrst the standard curve was drawn. Standard samples for the curve were prepared
usi ng bovi ne serumal burm ne (BSA wththe falowng concentrations: 2 pg/ ni; 5
pug m; 8 ug nk; 12 pg nb; 15 pg nh.

Unknown (i.e assayed) sanples were prepared adding 10 ul of purified p60- katanin
recei ved after elutiontol nk of the Bradford reagent.

Absorbance was neasured wth Becknan spectrophotoneter. It deter mnes
concentration of assayedsanple onthe basis of the standard curve and readily gi ves
the results.
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3. RESULTS
3.1 Goning of p60-katani n

p60-katanin clonedinto pCR2. 1- TOPO (I nvitrogen) vector was used as the starting

material.

o

pin' Eco RI

5'TCG.GCT.TGC.TTC ........ AAG.ACT.CAT/..cca.tca.cac3’
3’AGC.CGA.ACG.AAG...... TTC.TGA.GTA)..ggt.agt.gtg5’

Hind IIT

ATG, 6xHis,
S-tag, MCS, 6xHis

PCR 2.1-TOPO

PET-30a(+)

5.4 kb

5'ATG.AGT.CTT...AGC.CGA3"’
3TAC.TCA.GAA...TCG.GCT5’

PET-30a(+)-p60
6.0 kb

Hgure 3.1 Sche e of p60 subcloning P60-kataniniscut wth Hnd 1l and Eco R
fromPCR2. 1 - TOPO vectar (left above) and subcloned into pET-30a expression
vectar (right above). Resulting construct where p60is fusedto Hs-tagis shown at
the bottomof the picture. p60 sequence part is wittenin big letters; it changes
orientaion after subcloning. Apart of PCR2 1 - TOPO vector sequence contai ning
stop codon in non-coding strandis witteninsmall letters.
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Hnd Il and Eco R restriction endonucl eases were chosento be nost appropriate
ones although Hnd 111 cuts bet ween 577-578bp in p60 subunit (862 bp intatal).
However, this was accepted and 578 bp of p60 were subcloned into pET30a

(Nbvagen) expression vector.

10 00D bp
4000 bp
1500 bp

1000 bp

600 bp
500 bp

400 bp

Hg 32 Restrictedinsert and expression vector DNAs extracted fromagarose gel
andrun on a gel again Lane 1- pET30a vector restricced with R buffer, Lane 2 -
PET30b vector restriccedwith Y buffer, Lane 3 - p60restricedfrompCR 2 1-TOPO
with R buffer, Lane 4 - p60restricced frompCR 2 1- TOPO with Y buffer (poi nted

by arrow.

Restriction of pET 30a expression vector wth ECoR and Hnd 111 resulted in one
clear fragnment bet ween 5-6 kb, which corresponds to vect or size and restriction of
T/ Acloning vector wth cloned p60 subunit resultedinseveral fragnents: about 4kb,
about 600 bp, about 300 bp, which corresponds to predicted fragment sizes. Before
ligation DNA extracted fromgel was againrun on agarose gel in order to check
whet her its anount was sufficent for ligation (Hg 3 2). Ligation was perfor ned
adding nmaxi mum possible anount of insert DNAinto 10 p reaction vol une.

After ligation the constructs were transfor med i nto conpetent cells of Ecoli XL1

B ue strain and transformants were selected from selective antibiatic plates. After
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purifying the plas mds restriction anal ysis was perfor ned to confirmcloning (Hg
3.3). Fragnents close by sizeto vector part (55 kb) and p60 insert part (585 bp)
appear after restriction

1500 bp

1000 bp
800 bp
600 bp

500 bp
400 bp

FHg 33 Restricted purifiedtransfor nant plas mds. Al three sanples (lanes 1, 2 3)
are cut to producet wo segnents: oneintheregionbet ween 5-6 kb and another int he
region of 600 bp.

After preli mnary control by restriction anal ysis, DNA sequence deter mination was
used t o confir minfrane i nsertion and correct orientation of p60 subunit. Obtained
sequence was aligned with a theoretical one. Sequencing resuts and alignnent are
presentedinthe Appendix FHg Aland Hg A2 respectively. No shift mutation
was observed Thereis a mutationfrom gluamnetoarginin(bath glutamne and
argninare polar amno acids).

The resulting expression plasmd (pET30a-p60) produced a fusion pratein wth a
pol yhi sti di ne resi due.

3. 2 Expressionstud es

In order to express p60-katanin obtained construct of p60- pET30a was transfor ned
inoexpressionstrainof E cai BL21( DE3)pLysS IPTGto a final concentration of
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0.5 mM was added totransfor ned bacterial culture growngin LB nedia at room

tenperat ure toinduce protei n expression

Hg 34 SDS-PAGE analysis of tatal pratein sanples (bands of over-expressed
praotein are pointed by the arrovs).

Lane 1 pET30a-p60 uninduced, O hour;
Lane 2 pET30a uni nduced 0 hour;
Lane 3 pET30a-p60 induced, 1 hour;
Lane 4 pET30a-p60 induced, 2 hour;
Lane 5 pET30a-p60 induced, 4 hour;
Lane 6 pET30a-p60 induced, 5 hour;
Lane 7: pET30a-p60 induced, 7 hour;
Lane 8 pET30a-p60 induced, 10 hour;
Lane 9 pET30a-p60 induced, 12 hour;
Lane 10. pET30a induced, 3 hour;
Lane 11 pET30a, induced, 7 hour;
Lane 12 pET30a, induced, 10 hour.

A various ti mes after IPTGinduction (from0to12 hours), apratein of 35 kDa was
detected in pratein samples obtained from cell pellet. The expression of p60
increased wthtine and was naxi nal at about 12 h after IPTGinduction: at first
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hour it is verylittle but after four hours of i nduction, the expressed pratei n becomes
very distinguishable. No expressed pratein was found inthe contrd sanples (Hg
3.4), containng only pET30a vector wthout p60-katanin insert. No expressed
protein was observed inuninduced sanples as vell.

I'n order to check whet her over-expressed p60- katani nisinthe sol ubl e fraction cells
were disrupted by freezing and thawng Soluble and insouble fractions were
separated by centrifugation and sanples were again anal yzed by SDS-PAGE The
resuts showthat nost of p60 subunitisinsduble fraction (see Ag 35).

super natant pel l et taal cortrol
A A

A A
4 N N N A

100k Da.

70 kDa

55 kDn

45 k

35

1 2 3 4 5 6 7 8 9 100 11 12

Hg 35 SDS PAGE analysis of sd uble and insolubl e fracti ons.

Lane 1 sduble fraction of pET30a-p60, 4 hour;
Lane 2 sduble fraction of pET30a-p60, 8 hour;
Lane 3 sduble fraction of pET30a-p60, 12 hour;
Lane 4 insd uble fraction of pET30a-p60, 4 hour;
Lane 5 insd ubl e fraction of pET30a-p60, 8 hour;
Lane 6 insd uble fraction of pET30a-p60, 12 hour;
Lane 7. taa pratein pET30a-p60 4 hour;

Lane 8 taa pratein pET30a-p60 8 hour;

Lane 9 taa pratein pET30a-p60 12 hour;

Lane 10 taa pratein pET30a 12 hour;

Lane 11 sduble fraction of pET30a 12 hour;
Lane 12 insd uble fraction of pET30a 12 hour.
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Amount of soluble prateinseens toincrease proportionallytothe anmount of tatal
pratein  Contra sanples (bacteria cuture containing only pET30a, without p60
insert) do not expose over-expressed protein neither in soluble, nor ininsoluble
fracti ons.

3. 3 Purification of p60-katan n under native conditions

Since studies of soluble and insouble fractions showed that nost of expressed
prateinis in soluble state it was decided to purifythe Hs tagged pratein under
native conditions. Al purification steps are given in detail inthe Materials and
et hods part.

A each purification step, the sanples were taken and were further analysed wth
SDS-PAGE (see Hg 36).

lysate wash d uion resin  tad
A A A
120k Da
60
50 kDa
30 kDa

1 2 3 4 5 6 7 8 9 100 11

Hg 36: SDS-PAGE analysis of purified p60-katani n (under native conditions).

Lane 1 lysate of bacterial cuture (see Miterials and Mthods part for details);
Lane 2 lysate flowthrough;

Lane 3 T wash fraction;

Lane 4 2 wash fraction;

Lane 5 I duate;

Lane 6 2" dluate;

Lane 7. 3d el uate;

Lane 8 4" duate
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Lane 9 used N- NTA agar ose;
Lane 10 taa pratein pET30a- p60 after 12 h growvt h;
Lane 11 taa pratein pET 30a (wthout p60 insert) after 12 h growth

Very distinct protein bandis seeninthe first fraction of el uion Inorder to be sure,
that the purified pratein isthe sane as the overexpressed one, the control sanples
containingtata prateinfractions frombacteria cultures wth pET30a- p60 construct
and pET30a vector only were appliedtothe SDS-PAGE gel as well. Itis clearlyseen
that overexpressed band observed in pET30a-p60 sanple and nmissing in pET30a
sanple (nat containing p60insert)is of the sane sizeas purified one. Less proteinis
obtai nedinsecond andthirdfractions of el uion and very little prateininthe fourth
fraction of el wion Sone of used N- NTAagarose was appliedto SDS- PAGE gel as
well, in order to check whether all the pratein was el ued wththe el uion buffer.
Again only hardyvisibe protein was present, which neansthat nost of the protein
was el ued

Bradford assay shows that pratein concentration obtai ned after first el ution reached
0.50 pg mh, concentration after second elution reached 0.12 pg/ m. Protein
concentrationinfourth eluate was under detection li nt.

34 WWstern dot anal ysis

Inordertobesurethat purified prateinisreallythe Hstagged p60-katanin, Véstern
bl ot anal ysis was carried out. 0.0001 pg of pri nary anti body was 1 oaded onthe SDS-
PAGE to check whether secondary antibody recognizes pri mary antibody. This
sanple gave the nost distinct signal (see g 37). Sanples of tatal prateinfraction
taken frombacteria culture grown after induction with IPTGfor 12 hours and of
purified protein (after first el ution) also gave signals of Hs tagged protein of the

expected size.
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60 kla
50 kDa -

40J$£B_a

-

FHg 37 Wsternba analysis of taal prateinfraction and purified protein.

Lane 1 Hsg antibody ( mouse)

Lane 2 Tatal prateinfraction of pET30a-p60 grown for 12 hours (positive contrd)
Lane 3 Purified pratein (after first e uion)

Lane 4 Taotal prateinfraction of pET30a grown for 12 hours (negative contrd)
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4. D SCUSSI ON
4.1 Sequencing of the pET30- p60 construct

As it was nentionedinthe Results section mutation (purine-purine) was found after
havi ng sequenced new construct pET30a-p60. It resultedin gluamne instead of
arginin Any nutation resulting in amno acid change can affect actiuvity of the
expressed pratein However, our ai mwas to overexpress p60-katanin for anti body
production Anti body-antigen fit strongly t oget her due to conpl e mentarity i n shape
over a W de area of contact and coval ent bondi ng does not take place inthis contact
(Roitt, 1997). Auamne and arginine are both hydrophilic amno acids, so any of
them would supposedy be exposed on the surface. Therefore, peptide structure
shoul d nat be distorted significantly by the mitation.

4.2 SDS-PAGE anal ysis of total protei nfraction

FHg 34 shows an overexpressed pratein of about 35 kDa inthe sanples containing
PET30-p60 construct. Iblecuar weight of subcloned p60-katanin should be about
22 kDa (21888 Da). When Hs-tag is fused to it, its weight becomes 30 kDa
(29646.39 Da). However, SDS-PAGE anal ysis (12 5% SDS- PAGE gel) shows t hat
overexpressed pratein has higher weight. Alonger than expected pratein mght be
produced si nce bacteria may not recogni zet he first stop codon and extend transl ati on
process further (CQu et al., 2001). Another reason m ght be the fact that SDS-PAGE
shows approxi nate nolecuar weight of the pratein it mght seem different
dependi ng onthe concentration of the gel.

4.1 Factors affecti ng sol ukility of expressed p60- katani n

Escherichiacaliisthe sinplest and by far the nost w dely used organis mfor protein
expression However, it lacks post-translational modifications andthisresultsinlow
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sa ubility of rmost of the eukaryatic proteinsin E coli. p60- katanin was previously
attenptedto be expressed in E cai. Unfortunately, it turned out to be ininsoluble
form( Hart nan et al., 1998). It is generaly difficult toi nprove the expression and
sd ubilitylevels of arecomnbinant pratei n because t hese properties i nherently depend
on the amno acid sequence of the pratein The amno acid sequence in turn
deter mnes the physical properties of the protein including its stability, pl,
hydrophobi city, and nolecular weight, any or all of which mght directlyaffect the
expression and sol ubility levels (Tsunoda et al., 2005). However, thereis also a
nunber of factors outside i nherent peptide characteristics that mght affect protein
sd ubility and yieldin bacterial expressionsysteme. g position of thetag (N or G
ter mnus) can have a significant effect on sol ubility and yield of the target pratein
(Sachdev, Chirgwn, 1998); pratein concentration can effect its sol ubility as well. A
hi gh pratein concentrations, second- or hi gher-order aggregation reactions comnpete
kinetically wth proper folding thereby reducing the recovery yields of native
prateins (Baneyx, 1999a).

A nunber of expression vectors used for expression differ fromeach other and
therefore, different results might be obtained wth the sanme pratein \ectors
previously used for p60-katanin expression did not produce soluble protein This
work was the first attenpt to use pET expression vector for p60-katanin
overexpression The results showthat pET expression vector favours expression of
sa uble p60-katani n

Since amno aci dsequence deter mines pratei ncharacteristics, i ncludingits sol ubility;

the expressed peptide amino acid sequence was anal yzed

1 *S****TEN* K**REY*X*** NYDS***YYQ ***DQ*NK
YS*KDTH*HQ K*QQ**QE*N
61 *E*KH*KE** KT*ES*K*DS TS*K**QHE* *&SE*E**gS¥*

****ERR*** **RKRQSTQH
121 SD*K*HSNR* ****R*HR*S *QS*HSDR*K **RSREKKEQ
SK*REEKNK* ****TE*E*N
181 K*DST*YDKD **E**ERD** SQON*N*R*YD **D**E*XKK*
*QE******* **E**K**RR
241 **K * *x % k *x % **T*KT***K ***TECKTT* *N*SSST*TS
KYR*ESA** R***E**R*Y
301 34*T***DE* DS*CSRR*TS EEHE*SRR*K *E*X**Q*D*x*
***{ENDD*S K*******TN
361 ***D*DE**R RR*EKR*Y** **S*xK*REE* *R*S*RE*E*
*DD*N**S** EN*E*YS**D
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421 *TN*CRD*S* ***RRR*E** T*EE*RN*SR EE*H**TT*E
D*E***KK*S KS*S**D*ER
481 YEK***E**S C

Hg 41 Rat p60-kataninamno acidsequence. Non-polar (hydrophobic) ami no acids
arereplaced by asterisks. Cysteinis markedingrey. Expressedsequenceisshownin
bold C- terninal conserved donmainis underlined Extensive hydrophobic regions
are poirnted by arrowvs.

Proteinfolding is the process by which a pratein structure assunes its functional

shape or confor mation Accuracy of this process is very i mportart for protein
sa ubility. Prateins which lose their functional shape (i.e denatured prateins) may
loose their saubility, and precipitate, becomng insoluble sdids. The essertial

fddng determnant is the amno acid sequence of the pratein It contains the
infor mation that specifies both the native structure and the pathway to attain t hat

state. Foldingis a spontaneous process, andit proceeds by movingthe hydrophobic
parts of the prateininwards, and the hydrophilic ones out wards. DOisulfide bond
for mation of cysteinsis ani nportant part of fol dingas well. Al cysteinresidues are
left in unexpressed part of p60-katanin (FHg 4 1), which nmeans that any possihility
for wong disufide bond for mation which mght result ininsdubilityis abolished

Considerable hydrophobic region of polypeptide, pointed by the arrows is not
expressed Leavingthisregion out mght also have hel pedto achieve sd uble peptide.

Variables of expression conditions that nostly infl uence inclusion body for nation
are the growh tenperature and the level of promoter induction Both approaches
reduce the synthesis rate of overexpressed protein either through a decrease in
transcription in the case of subopti mal promoter induction or a decrease in
transcription, translation initiation and el ongation inthe case of growth at reduced
tenperatures ( Baneyx, 1999).

Inthis work, we used BL21 ( DE3)pLysS host strainand pET 30a expression vect or.

Athoughthe T7 polynmeraseis underthe contrd of IPTGinducible lacUVbinthis
systembut, as it was mentionedin Miterials and Mt hods section |eaky expression
of T7 can happen Inordertoobtainsol uble prateinthe best way woul d be not to use
IPTGat all (Quet al., 2001) which wouldresultinlower prateinyield butinsoluble
foom However, our results showed that uninduced sanples did not show

overexpressed pratein band which neans that leaky expression did not take place.
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Expression was i nduced withIPTGupto 0,5 mMandresutedinsol uble peptide. It
shows that concentration of overexpressed peptide under such induction was low
enough to all ow proper fol di ng

Atradtional approachtoreduce prateinaggregationis nmost comnonly by reduci ng
the cultivationte nperature (Baneyx, 1999). Induced bacteria cultures in this study

Were grown at roomte nperat ure which againturned out to be a good choice.

4.4, Purification of p60-katani n

Purification under nat ural or denaturating conditions is possible using N- NTAresin
We chose purification under natural conditions since expressed proteinis sduble, as
it was shown by taa soluble and insouble fraction analysis. Mreover, such
purification does nat distort pratein confor mation

The potertia for unrelated nontagged prateinstointeract wththe N- NTAresinis
usually higher under native than under denaturing conditions. Nonspecific bi nding
can be reduced by including a | owconcentration of i mdazoe (10-20 mM inthe
lysis and wash buffers. Nonspecific binding is reflected in the larger nunber of
proteins that appear inthe first wash In our case both wash fractions seenmed to be
clear (see Hg 3 6) whichshows that only Hs-tagged protein has boundtotheresin
and nost of the unrelated prateins were inthe flow-t hrough fraction

Accordingto manufacturer’s recomnendations (Q agen handbook, 2003), i mdazole
concentrationin el uti on buffer shoul dreach 250 mM However, consi derabl e a mount
of protein was left bound to resin even after four el ution steps. V& used el ution
buffer wthi mdazol e concentrationreachingl M SDS- PAGE anal ysis confir ns t hat
after three el wion steps with 1 Mi mdazol e el uion buffer nost of prateinis el uted
(see Hg 36). N-NTAresincontains only proteintraces.
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CONCLUSI ONS

p60- katanin was successfuly subcloned and its sequence was checked No framne
mutations have occurred, p60-katanin is subcloned in the right orientation New
construct pET30a-p60 was ohtai ned

After induction subcl oned p60-katanin was expressed the biggest anmount of the
protein was observed after 12 hours of grow h

Subcl oned p60-kataninis expressedin sol uble for m which was the main ai mto be
achievedinthis study. Earlier attenpts to express p60-kataninresultedininsol uble
peptide, sdluble peptide is obtained for the first ti ne. Insoluble peptide hindered
production of nonocl onal antibody and synthetic antibodies were used until now

Obtai ned sd uble peptide wll be used for nonoclonal artibody production.
Sol ubl e pepti de was successfuly purified under native conditions wth N-NT Aresin

which enabledto keep pratein confor mation undistorted. Concentration of purified
p60- katani nreaches 0 50 pg nh.
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APPENDI X

Obtnd: 38
tgcaccatcatcatcatcattcttctggtctggtgncacgcggttctggta
tgaaagaaa 97

1]
et rrr e
Theor: 2
tgcaccatcatcatcatcattcttctggtctggtgecacgcggttctggta
tgaaagaaa 61

T T T T A I I A A O A O O
Frrrrrrrnd

Obtnd: 98
ccgctgctgctaaattcgaacgccagcacatggacagcccagatctgggta

ccgacgacg 157

ccgctgctgctaaattcgaacgccagcacatggacagcccagatctgggta

ccgacgacg 121

Obtnd: 158
acgacaaggccatggctgatatcggatccgaattegececttatgagtctte
taatgatta 217

T T e o v v O O A B A R R B

acgacaaggccatggctgatatcggatccgaattegeccecttatgagtcttec
taatgatta 181

Obtnd: 218
ctgagaatgtaaaattggctcgtgagtatgcattgctgggaaactatgact
ctgcaatgg 277

ctgagaatgtaaaattggctcgtgagtatgcattgctgggaaactatgact
ctgcaatgg 241

57



Obtnd: 278
tctattatcagggagttcttgaccaaattaacaagtatctatactcagtca
aagatacac 337

s e e O O B O O B
(I O A I A

Theor: 242
tctattatcagggagttcttgaccaaattaacaagtatctatactcagtca
aagatacac 301

Obtnd: 338
acctccatcagaaatggcgacaggtttggcaggaaataaacgtggaagcta
agcatgtta 397

N N A N A
Frrrrrerrrrrrrrrrrrd
Theor: 302
acctccatcagaaatggcaacaggtttggcaggaaataaacgtggaagcta
agcatgtta 361

Obtnd: 398
aggagatcatgaaaacactggagagctttaaactggacagcacttctttga
aagctgcac 457

aggagatcatgaaaacactggagagctttaaactggacagcacttctttga
aagctgcac 421

Obtnd: 458
agcatgagcttccgtcctcggaaggagaagtctggtctttgeccggtacctg
ttgaaagga 517

LT T T e s s s e Y B B O B O
T

Theor: 422
agcatgagcttccgtcctcggaaggagaagtctggtctttgccggtacctg
ttgaaagga 481

Obtnd: 518
gacccttaccaggacctaggaagcgccagtctactcagccacagtgaccct
aagccacac 577

T e e I I B O O
Lrrrrrrrrrrrrrrrrrrd
Theor: 482 gacccttaccaggacctaggaagcgccagtctactcag-
cacagtgaccctaagccacac 540
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Obtnd: 578
agttaccggnccaggcgcantcntcagagctcatcgaccatctgcacagag
tctgcacag 637

O O O O O e O
Frrrerrrrrrrrrrrrerrerrrrrrrrrrd
Theor: 541 agtaaccgg-
ccaggcgcagtcgtcagagctcatcgaccatctgcacagagtctgcacag
599

Fg AL Aignnent results. Expression vector part is underlined, T Avector part is
inbold therest is p60 part.

59



FHg A2 pET 30a-p60 sequenci ng results.
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