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=pr ot ei ns capable of formi ng stable C3 convertases, DNA sequences
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gener at i on en focuses e cyt.ol
:|.n post-ischemic reperfusion injury [3]) or against

fore:.gn ‘therapeutic material (e.g. hyperacute rejection

of xenografts [(7]1). There have been a_ttempts' to abrogate

these undesirable properties by exploiting derivatives of

complement regulatory proteins whose normal function is
20 = to suppress complement activation [10, 18].

The complement system comprises proteins E both on the

surface of cells, (receptors and regdulators) as well as

in the fluid-phase (blood plasma and other extracellular

25 environments). The critical step for the genefation of

responses is 'the proteolyt:.c conversion of C3 to the

fragments C3b. and C3a. C3a is an anaphylatox:.n that, like

C5a, attracts mast cells to the site of challenge,

resulting in local release of histamine, wvasodilation and

30  other inflammatory effects. The nascent C3b has an

" ability to bind to surfaces around its gite of

generation. This C3b then focuses attack by the cytolytic
complement components (CS-C9).
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[15]. There are two distinct pat hways of conpl enent activation
that both result in 5 - conver si on of 23 to C3b and subsequent
responses. The cl assical pathway is conmonly triggered by conpl exes
of anti body with antigen, .initiating an enzyne cascade
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Conversion of C3 to C3b {or C31i) produces a product that
can combine with factor B, giving C3bB (or C3iB). These
complexes are acted upenzby factor D to generate C3bBb,
which is a c3.eonvertase capable -of cleaving more C3 to
C3b, leading to more C3bBb and even more C3 conversion.
Under certain circumstances the C3bBb complex is
stabilised by association with the positive regulator
properdin (P). However, this positive-feedback loop is
normally limited to a slow tick-over by regulatory
proteihs,,notably'factor H and factor I.

Factor H (and structurally related cell-associated
molecules) (i) displaces B and Bb. from C3b, and (ii) acts
as a cofactor for factor I which cleaves C3b into iC3b
thereby preventing any recombination with factor B to
form more C3 convertases. The pathway ie *fired" into

'amplified_geﬁeratien of C3b in the presence of surfaces,
- such as many bacterial cell walls, that bind nascent C3b

and impede its regulation by factors H and I. Nascent C3b
is also able to bind to endogenous cells. Endogenous cell
surfaces normally exposed to complement are therefore

additionally protected by membrane-bound regulators such -

as MCP, DAF and CR1l acting in a similar manner to factor
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ti ssue dadmaged dyprotein in cobra venom, called cobra venom factor
(CVF), that combines with factor B and forms a C3
convertase enzyme which does not contain C3b and is not
affected by factors H and I [14]. These illustrate the
normal physiological importance of down-regulation of

15 complement in the absence of specific activation.

There are also circumstances where specific activation
occurs, but is unwanted, particularly when it is directed
against tissues of the host (e.g. tissue damaged by
20 ischemia or surgery) or against foreign material
- deliberately given for therapeutic purposes (such as a
xenograft, artificial organ or a dialysis membrane). The
complement activation results in undesirable attack and
further damage, so in these cases it would be beneficial

25 -to block or inhibit the activation and response.

Existing approaches to preventing complement-mediated
- damage have targeted the use of down-regulatory proteins
(CR1, MCP, DAF and factors H and I) to inhibit complement
30 activation. Complement inhibitors like factor I, factor
H and soluble derivatives of the membrane-bound proteins
CR1, DAFP, MCP do suppress the fluid-phase amplification
loop of the alternmative pathway. Therefore there have
been attempts to use these molecules, particularly CR1
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pathway is activated by surfaces where the effect of
factor H is already impeded. While t'his_ does not
necessarily concomitantly reduce the activities of other
15 inhibitors, the same factors suggest that they are
unlikely to be complet:ely_' or universally effective.

Cobra Venom Factor (CVF) has the property of generating a
stable C3 convertase which can be used experimentally to
200 = deplete complement in animals in vivo, and in other
samples (e.g. human blood plasma) in vitro. CVF is potent
(e.g. 40 ug/Xg can destroy the complement activity of a
mouse [16]). However, there are disadvantages that make

it unsuitable for therapeutic use in humans. - '

- 25 ' _ _

Firstly, it is obtained from cobra venom (a difficult
source to obtain and dangerous to handle) and must
" therefore be carefully purified from the venom
* neurotoxins. There is also the obvious difficulty in
30 obtaining supplies. This problem cannot readily be
‘overcome by cloning and expressing the gene ex vivo,
because there are post-translational modifications that
occur in the snake (specific proteolytic processing) that
may be difficult (or impossible) to reproduce in vitro.

s
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£ differences in both respects (e.g. chain structure, site

of biosynthesis, insensitivity to complement regulators,
formation of a stable C3 convertase). It is not derived
from the cobra equivalent of C3 which is known, having

15  been cloned and sequenced, and which in gross structure
and function resembles human C3 more closely than does
CVF [8].

CVF is a venom-specific product of an animal of great

20 evolutionary distance from homo sapiens. It is therefore
not practicable to use genetic manipulation to modify
this protein into a product that can be used
non-immunogenically in humans.

25 ‘We have now devised an alternative strategy which relies
on by-passing the physiological regulation and, instead

‘of inhibiting complement activation, causes the system to

' be super-activated. This has two applications. Firstly,

it can be used in vivo to activate complement until one

30 or more components are exhausted, resulting in loss of
ability to produce local responses to any subsequent
challenge (such as a xenocgraft). Secondly, the
unregulated super-activation can be deliberately
localised to a particular'_ target (e.g. a virus or a
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PCT/ GB95/ 02121include "up-regulators" such as6 properdin. "C3
10 conversion® is defined as the proteolytic conversion of
C3 into C3b and C3a, unless otherwise indicated, and "C3 ‘

_.convertase" (or simply "convertase") is defined as an
enzyme (typically a complex of two or more protein
components; for example C3bBb, C3iBb, CVFBb or C4b2a)
15 - that catalyses this reaction. ' '

Thus, in a first aspect the invention provides a native
complement pathway protein modified such that the protein
is capable of forming a stable C3 convertase.
20 |
By “"native" ' is ' meant naturally occurring, ie is
obtainable in nature. Thus, the definition encompasses
any naturally occurring complement pathway protein
modified as defined above. It is not intended to be
25 = restricted to species specific proteins. In other words,
a modified human protein could be used as a stable C3
convertase in other mammalian species, for example.
~ Typically, modified complement pathway proteins from the
_ same species will be used.
30 ' .
Modification of the C3 DNA coding sequence, for example
using site directed mutagenesis, can prbdu’ce a variant of
C3 that is resistant to complement regulatory proteins
while retaining positive functional properties (cleavage
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In a preferred embodiment the invention provides a
modified human C3 protein wh:.ch is resistant to cleavage
15 by factor I.

This can be aghievegi by modifying residues of the protein
at proteolytic sites. '

20 A particularly preferred embodiment of the invention
~ relates to a modified human C3 protein wherein the
protein is modified by replacement of either Arg-1303,
Arg-1320 or both by another amino acid. The other amino
acid may be Tyrosine, Cystine, Tryptophan, Glutamine,

25 Glutamic acid or Glycine. Arg-1303 .is preferably
' replaced by Glutamic acid or Glycine (less preferably by
Glutamine) . Arg-1320 is preferably replaced by

' Glutamine. "
30 Other stateg:.es for produc:.ng suitable modified proteins

of the invention include:

i) - Reduced susceptibility to the inhibitory actions of
- factor H and related proteins (eg. MCP, DAF, CR1l). For
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7 wobéofa3p by C3 convertase) and features of structﬂéf,ﬁ 95/02121
integrity (correct chain structure,- and presence of a |cﬁes er
bond). The invention described herein relates to
genetically-nodified forns of native conplegnent 5 proteins,for exanple
human C3, whose C3b fragnent acquires the property of being

resi stant to physi ol ogi cal conpl ement regul ati on. Because of this
resi stance, these nDIecuIes can generate stabilised forns of

t he corr n
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repl acement of & regylaseny proteln%Wg 1320 or both by another anino
acid. The other am no . acid may be Tyrosine, Cystine, Tryptophan

Gutanine, 25 44f) Hellideq 3l o8 a: LUSLEE on RG0S wicuei il Al

replaced by Clu%anlc CN c ne ess erab
Arg-1320 is peef e:ra:t;rqduqaﬂol ¢ wh iwould staeagahene the int:eractzon

10 between_CBb and Bb. This would result in both a reduction
in spontanéous.decomposition.of the enzyme, and diminish
the effectiveness of factor H(and related regulators) in
displacing Bb from C3b. -

15 These mutations aré desirable to reduce the rates of both
the spontaneous and the factor H-mediated decomposition
of C3bBb. Even in the absence of factor H, the fluid
phase C3bBb complex has a half-life of only about 10 mins
at 37°C in the presence of properdin [6].

20 o _

iii) Human C3 residues 752-761 are implicated in binding

factor B. It is a highly conserved region in C3, and a

closely related segence is found in C4. As C4 binds the

factor B homolog C2, the strong similarity of this region

25 ~  Dbetween C3 and C4, together with its high conservation in
C3, further supports its role in C3 as a factor B binding
site. Thus, changes in this region could have effects on

" B affinity and on the stability of C3bBb.

30  iwv) Resistance to other regulators of complement
act;vation such as CR1, DAF and MCP would also be
desirable. The mode of action of these regulators are all
“similar to factorlH, so additional mutagenesis would not

. necessarily be required. Similarly, some pathogenic
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8 exanple, in human C3 residues 767-776 and 1209- 1271 have
been inplicated in factor H binding [920, 24], and substitution
of one or nore of these residues or other resi dues also associated
with the action of these 5 proteins, could reduce the binding of

one or nore of : es a L pr [ cys e ) .. Reduced rate
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v) "Mutations that increase the stabilisation of the C3
10 convertase by properdin. The activity of properdin is to
stabilise the C3bBb complex, retarding spontaneous and
factor H-dependent dissociation. This stabilisation is
ineffective in the fluid-phase, but seems to be more
important in amplifying the process once it has already
15 started on a suitable activating surface [5]. Increasing
its activity (by increasing its affinity) may upset the
balance in the fluid-phase, and thereby promote
spontaneous C3 conversion. This should be particularly
useful in combination with the other modifications
20 described above. '

vi) - Mutations that prevent the C3bBb from possessing CS
convertase activity. When used to deplete active C3 from
‘the circulation an undesirable side-effect ¢ .14 be the

25 generation of large amounts of anaphylactic peptides.
The most potent of these is C5a, which is cleaved from C5
by some C3 convertase enzymes. This reaction probably
depends on the affinity of the convertase for another
molecule of C3b [11), and so may be subject to

30 suppression by mutations:- to the C3 that remove this
interaction. ' o

vii) Improved activity of the C3 convertase. The active
sité of the C3bBb C3 convertase enzyme resides in the Bb
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n~C4.

is found’i

As C4 binds the factor B honmolog C2, the strong

simlarity of this region 25 between C3 and C4, together with its
conservation in C3, further supports its role in C3 as a factor
ng site. Thus, changes in thi:‘soregi on could have effects on
B affinity and on the stability of C3bBb. 30 i V) Resi st ance
(I\)/tcger Irggu: at o[)s of conpl enent activation such as CR1, DAF and

wou al so_be_, Sir e. _The e ' of tors
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t hese def ences. v) Mutations that increase the stabilisation

the C3 10
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30

bﬂ‘tawsesgs EBnQSrEBES complex. When used in vivo, a
requirement for conversion to C3b (or C3i) would delay
the action of the modified C3. It would therefore be
desirable to either administer the protein in a form
capable of immediate convertase formation, or to
administer pre-formed convertase complexes. It 1is
therefore advantageous to generate a functionally
C3b-like reagent ex-vivo. This could be achieved in
vitro (e.g. by proteolysis).

ix) Modifications to the native protein which serve to

introduce new cleavage sites such that peptide regions

required for factor B binding are retained but those
required exclusively for factor H binding can be
specifically removed. For example, sites can be
introduced such that the C3b-like form of the modified c3
can be further cleaved into a form that still binds
factor B but is less susceptible to inactivation by

" factors H and I.

X) Modifications in other regions which may affect the
C3b interaction with factor B and/or factor H.

The invention is based on reversing the traditional
approach by promoting C3 conversion to deplete C3 and



Yinportant in ampl i fying the process once it has al ready 15 started on a

. suitabl e 3¢¢béldfsgng surface [5]. Increasing its aCt'P’(‘ﬁf/&B‘%ﬁlzl
zincreasing its affinity) may upset the bal ance
*f1 ui d- phase, and thereby pronote spont aneous C3 conversion. This
shoul d be particularly useful in conbination with the other
nodi fications 20 descri bed above. 11 yj) Mutations that prevent the
C3bBb from possessi ng CS convertase activity. Wen used to deplete
active C3 from the circul ati on an undesirable side effect ¢ .1d be

the 25 gener aon, of unts of a h clic | The
nmost potent of ?ﬁé’s‘sb}’sd%%%gfﬁr% ‘F%si?‘ga{}g'g %I#%Jrﬁ PPdlggF%%}rﬂil
convertase enzyhbs. lﬁheatn.eacu.sonhpr potlengial to (32 eoiiain Y gIB tdmx&‘:{)smrty of
t he convertase ;gr a‘pot §£'th 1ar™ ctl.g e of ‘il]#]’%%bfn rggrgg%/ q'.he

hi

subject to 30 pre S on y rrutalor{s to r enov
i nteraction. comp ement,: dependent aeffeatont m@mmvbpt asietadkle a

active 5 sEbec9EitheafadBb C3 convertase enzyne resides in the Bb
WO 96/ 07738 b 1E0€ats PCT/ GB95/ 02121

10 portion. The C3b conponent presumably functions to

i npose an acti veheépefereathen mﬁtatﬁldéﬁfe&@ wind adtd to inceehsat & the
substrate to be_act

e y but in,either
case there may B&° gpé’%? 0?53 °°nvgﬁ'ﬁéﬁ& nvgheq. hEheaé'f‘?%’r{’V?#d Totgin is
convertase thradwinisteredutiatioors phy€3ological medium (e g. blood)

10 containing regulators of complement activation. This
activity can then be used either to deplete that medium
of native C3, or to localise the C3 conversion at a
desired target. '

15 The analogue of C3 whose C3b-fragment is resistant to the
actions of factor I (e..g. the derivative described in
example 1) would bind factor B, which would -then be
cleaved by factor D and eventually dissociate in an

_ inactive form. In the absence of inactivation by factor

20 I, the modified C3b would be able to repeatedly bind new
molecules of factor B and thereby promote its
_ina_ctivation. - Therefore another potential ap‘plicatién of
modifications described in this invention would be the
inactivation of the alternative pathway by consumption of

25 factor B activity. An analogous approach could also be
used to modify C4 to promote the consumption of C2, and
thereby disable the classical pathway of complement

" activation.

30 The invention includes any other protease used in an
analogous manner to the C3bBb enzyme which leads to
cleavage of C3 to C3b, despite the presence of regulators
of complement activation. '



viii) Expression in a functional form Wld-type C3 requires

conversio before it can conbine into a 10 new ase
e S =l

conpl ex. used , in vivo, a requi renent for o C3b
(or C3i) would del ay the action of the nodified C3. It would

t herefore be desirable to either adm nister the protein in a form
‘capable of immediate convertase formath%n, or to 15 adm ni st er
pre-fornmed convertase conplexes. It is - therefore advantageous
to generate a functionally C3b-1i ke reagent ex-vivo. This could be

achieved in . vitro, (e.g. by pr.oteol ysj.s). 20 (x). Modifications
to the native prt e’r‘h"%ﬁ’é? s%lﬁpe J.trgzl,udees )bﬁhhls_leaa’ﬁé’geﬁewhéf:gasﬁgﬁ g??es
such that peptialepregedns of the dagentédnf @s fweldbr a8 INAII ognateueesai ned

but those | ‘ Y, ctor H binding can be
B L L Sl flods :

specifically - exanple, e can be 25 I ntroduced such
that the C3b-like formof the nodified C3 can be further cleaved

into a fgmt hatnﬁiééq‘grf&%n 'nclug‘ea%thr oBh niie1e?esS ag¥aCeRkhShEel O
I nactivation by | ‘factors .H and 1. 30 X) Modi f1cati dns I n other
regi ons which idis &t wirtue of thesgdegeneracy 6f @ergtiscreden ahdPor

factor E o code ThBxri et geehs éaﬁ&gd laaiaevseécgiegg:et hert rvi!ii'c}l'! 0fPé
gg_;l)_/r %gg5 / Og 18Eosrlﬁgslt%t%sal&%nve_f;cspllngfoggguep & e &1%2 Sequenvég 6/ IS8
sequences are thus also included within the scope of the

10 - invention.

‘Nucleic acid sequences which are ‘"substantially
homologous" are also within the scope of the present
_ invention. "Substantial homology" may be assessed either
15 at the nucleic acid level or at the amino acid level. At
the nucleic acid level, sequences having substantial
homology may be regarded as those which hybridise to the
nucleic acid sequences of the invention under stringent
- conditions (for example, at 35 to 65°C in a salt solution
20 of about 0.9M). At the amino acid level, a protein
sequence may be regarded as substantially homologous to
another protein sequence if a significant number of the
constituent amino acids exhibit homology. At least 55%,
- 60%, 70%, ab%._90%, 95% or even 99%, in increasing order

25 of preference, of the amino acids may be homologous.

As discussed above the proteins of the invention can be

" used to achieve localised complement activation effects.

_ One way of ensuring this is to conjugate the protein to
30 a moiety which will bind at the desired target. Thus, in
another aspect the invention provides a  conjugate
comprising a protein of the invention 1linked to a
specific binding moiety, for example a specific binding
protein. An example of such a protein would be an



&t hereby di sabl e the system An additional application of t he

i.nventi onweofit@apot ential to pronote C3 conversion PETIGBIS/02121
~part icular site, and thereby recruit the conpl enent - dependent

effector mechanisns to attack a 5 specific target. Therefore
the ultinmate effect wll be to increase the amount of C3 conversion
when the nodified protein is administered into a physi ol ogi cal

medi um (e.g. blood) 10 cont ai ni ng regul ators of conpl enent activation.

Thi s . activity can then be used either to depl ete that nmedium '

15 " The anal oBsTRPESOY SR AT ded HHINEAS e Rafien, pnerSFR, o0 19T

actions of factor | (e.g. the derivative descri bed |n exarrpl e 1)

woul d bind fact@ B%Mg{hgvouéfl tg}gé] bﬁwen :.onlez?é’t % a%senc c?? %d

eventual |y di ssocl at active rorm
i nactivati on byag@iRisteped to|a Sﬁllbéel%drtpl edicit acigsirrd Mherapsutic

repeatedly bindepgdet. ToNMOLREH! €8ndoOf thesekeke Brhand irveritalon RNYDPte
its i nactivati Ther ef ore anot her potential application of

nodi fi cations dagev’r@%ﬂ inthis invention would be the i nacti vation
of the alternative pathway by consunption of 25 factor B activity. An

anal ogous appr oach 0, ' ronote the

consunption of %:g ﬁ#gtgiﬁ ﬁ %Y%gﬁf%ﬁt%%@g}éa sﬁ %ﬁ%g %fay of

conpl enent activation. - The invention i ncI udes any ot her

prot ease gised |g a g%.& &?q, ads

cl eavage g‘h%Susea‘?g es |terlﬁlt"|e ce of re u an‘i:'ldne

corrpl ement acti¥atEhe. manufacture of a med:.cament for use :Ln deplet::.ng
levels of complement pathway protein, and in particular
for use in preventing rejection of foreign matter;

15 ¢) A pharmaceutical formulation comprising one or more
proteins or conjugates of the invention together with one
or more pharmaceutically acceptable carriers and/or
excipients; and

20 d) A method of reducing complement pathway protein in a
mammal which comprises administering to the mammal a
protein of the invention, preferably in the form of a
pharmaceutical formulation. '

25 Pharmaceutical formulations may be presented in unit dose
forms. containing a predetermined' amount of active
ingredient per dose. Such a unit may contain as a
minimum, fdr_ example, 1mg of active ingredient, and
preferably 2-3mg. The upper limit which such a unit dose

30 can contain will depend on many factors such as the

| condition being treated, the route of administration and
the age, weight and condition of the patient as well as
economic considerations. As an example a unit dose form
can contain as much as 10mg or even 100mg of active
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12 %}Eﬁ ¢ nvent ion al so includes DNA sequences whi CP‘E@%S%]COF

a protein o? e |nvent|on as well as DNA constructs ’%’11?1'9 such
DNA sequences. "DNA sequences" include all other nucleic acid
sequences mhlch, by virtue of the dﬁzeneracy of genetic code, also
code for the given am no acid sequence or I-ch are substantially
honol ogous to this sequence. These sequences are thus also .
included within the scope of the 10 . invention. Nucleic acid
sequences which substantial ly honol ogous” are also within

t he scope of thénﬁFégéﬁP " invention. "Substantial honol ogy" may be
assessed either 15 at the nuclelc acid level or at the anino acid |level.
At t he Ny

honol ogy may . be
aci d sequences dfisabdei mhenluwlplleMt s&yrstlegentCchumstagmam twhere (flors
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order 25
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desired target.ddhar, and recipient species are discordantly related)
- The recipient would be decomplemented prior to the

15

20

25

30

operation and maintained in this state until the
transplant had either been accommodated or been replaced
by a more compatible organ.

The initial treatment could be made within several days
before transplantation. Additional decomplementation
could be required at times of rejection crisis. The
treatments may be accompanied by the use of anti-
histamine reagents to control the general inflammatory
responses (e.g. vasodilation) likely to result from the
generation of C3a and/or CSa.

Decomplementation may also be beneficial in the use of
artificial organs or tissues (e.g. artificial kidney
dialysis membranes) which activate the complement system.

" As described above, the protein may be given either as

the unactivated form, a functionally C3b-like form or a

- preformed active C3 convertase (like C3bBb). These may be
~administered by any route whereby the active convertase
- will encounter the circulating C3 (e.g. intravenously,

subcutaneously etc.).

1 EHerito- ridd Lise X Mt b RiP 9y -
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tanot her aspect the invention provides a conj ugat e conprising a

protei n ofwgdgm7ysavention linked to a speci fic bi ndi necy@sgiog121f Or
zexanpl e a specific binding protein. An exarrpl e of such a protein

“woul d be an WD 96/ 07738 _

PCT/ GB95/ 02121 15 13 ' anti body or

an antigen binding fragnent thereof. The proteins of the invention

are intended to be adm nistered to a subject to elicit a desired

t herapeutic 5 effect.. To that end therefore the invention also

provi des: Anothkeér Aapterranivé whbuldnbentaronexoviwsetreathenspyfor 10

b) The use of &%g;ﬁ%ogrﬁﬁﬁﬁéfﬂgt Eng FE?SuiQE?LBh' Hrough a #n%trﬂ?c

manuf act ure of use
conpl ement pat eR3TriRgt dthe active pgpnvem:ase Thisf gouixd ihaver etdet i ng

rej ection of foi@dred@d ¥ ,anol;ing anp hy‘.‘i‘aEEiE: ﬁt'iaéé" (éﬁ B Csa)

COI’T’pI’i si ng one -or _nore protel ns or. conjugates of I nvent!| on
toget her % th oM other cﬂr""fm?‘@lﬁﬁ‘&;-ﬁﬁcé‘[ﬁlt ifnﬁ %‘E‘ﬂ?m fgdinEpss
and/ or e(@@i e Stamitte amd nitrib ox‘ii.dﬁa)t hasl bf readv@idd eGP beyrent

pat hway protel a?lys:.s) prior to the decomplemented blood (or plasma)

being returned to the patient.

10 - (b) To prevent complement-mediated damage resulting from
‘major surgery. The patient would be decomplemented, as
above, preferably before the operation (but if necessary
afterwards) and kept in this state until the danger of
additional internal injury due to ' complement-dependent

15 immune attack had diminished.

(c) To minimise complement-mediated damage resulting

from non-surgical  injury. In these cases the
decomplementation must be performed after the initial
20 - injury, but  the formulations and methods of

administration are likely to be otherwise similar to

those des‘cribed above. This may be particularly useful

when the recovery involves reperfusion of an ischemic

tissue by the circulation (e.g. myocardial ischemia,
25 frostbite, burns etc.). |

~ {(d) To minimise complement-mediated damage resulting
- from antibody-antigen interactions. Complement-mediated
defensive responses are particularly undesirable in
30 autoimmune diseases which may include glomerulonephritis,
~ haemolytic anaemia, myasthenia gravis and type II
collagen-induced arthritis. Disabling the complement
system during severe episodes of ,diseése may alleviate

the condition. '



manmal whi ch conprises adm nistering to the manmal a protein of 'the *
I nventi ORkvo béghsg ably in the formof a phar maceut i cgctieBsseb i on.
25 Phar maceuti cal formulations nay be presented in unit dose

forms - containing a predeterm ned anount of ‘active ingredient per
dose. Such a unit may contain as a i ni rum for exanple, 1ng of
active ingredient, and preferably lzén3rrg. The upper limt which such
a unit dose 30 can contain will depend on many factors such as the
condition being treated, the route of adm nistration and , t he age,

wei ght and conglifion @b, thﬁl&@t'ae”t !f.or athogeni8COR@¥Let more

consi derations. As an exanple a unit dose can contain as much
~as 10ng or eveaug_gep’g:.blea@mwplemenmmm immune mechanisms. In

PCT/ GB95/ 0212 ﬁ a?%roach the aim :Ls not to use the super-actiif@r edi ent.
The proteins of the

t | d
conpl enent sys?WeG?gggﬁbggEggu“ﬁﬁeéﬁe dwg?%éﬁ"b’@'hegﬁ gé g“%clt Bge
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deconplenente prior
a tumour cell or a virally-infected cell. The C3

10  convertase could be localised to the target either by
local administration (e.g. direct injection, possibly in ‘
a. medium that retards its dispersion into the general
circulation); or by combining with a targeting moiety,
e.g. an antibody. Thus the modified protein could be
15 linked to a specific 'imm'unogllbbulin' either by chemical
cross-linking of the proteins, or by joining the DNA
coding - sequences and expressing (and purifying) the
fusion protein (e.g. in the case of IgG, either the heavy
or the 1light chain could be attached to C3 and
20 co-expressed with C3, or both chains could be combined
within one complete fusion polypeptide), or by
incorporation of specific coding sequences (eg. for
"leucine zipper“-liké domains) to the DNA of both fusion
partners (eg. modified C3 and specific antibody) such
25 ° that the expressed products, when mixed together, self-
associate to form stable conjugates. The fusion protein
~could then be administered locally or into the general
- circulation.

30 Liposomes (bearing the antibody on the surface with the-
modified protein either on the surface or inside the
liposome) and/or virions (e.g. engineered to express the
proteins on their surface) could also be used for
co-delivery of antibody and modified protein. This



operation and naintained in this state until the transpl ant had
ei t her beqpgageasgodated or been replaced 15 by a nore cp@p@gg A2Pr gan.

zThe initial treatment could be nade within several days efore
transpl antation. Additional deconplenentation could be required at
times of rejection crisis. The 20 treatnents may be acconpani ed by the
use of anti - hi st am ne reagents to control the general inflanmmtory.
responses (e.g. vasodllatlon) likely to result fromthe generation
of C3a and/or Cba. Deconpl ement ati on may al so be beneficial in the
use of %E&%t%&g! cBuianBeOlsklisasedctig, da18hbl brCial ckhBlftion

di al ysi s nenbrane activate the conpl enent system
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Alternatively lymphocytes that do not match the MHC types
of the recipient could be eliminated from a bone marrow
prior to transplantation. Also the modified protein could
be linked to an antigen, and this combination could be

15 used, either in vivo or ex vivo, to attack lymphocytes of
undesirable reactivities (e.g. against transplant or self
tissue). '

The same technblogy'would.be applicable to treating other

20 species, using either a human modified protein
derivative, or a similar analogue tailor-made for that
species. '

Preferred features of each aspect of the invention are as
25 for each each other aspect mutatis mutandis.

The invention will now be described by way of the
-"following examples, which should not be construed as in
" any way limiting the invention. The examples refer to the
30 accompanying drawings in which:

Figure 1: shoﬁs the predicted protein sequence of

human C3 as encoded in PC3;
(using the standard one letter amino acid code)

'SUBSTITUTE SHEET (RULE 26)



dialysis) prior to the deconpl enmented bl ood (or plasm) bei ng :
returned“;q)géldggssoat I ent. 10 (b) To prevent conpl eneiictiesbspbqy danmage
resulting Trom maj or surgery. The patient woul d be deconpl enent ed, 2
as above, preferably before the operation (but if necessary
afterwards) and kept in this state until %he danger of addi ti onal
internal injury due to conplenent-depend% t 15 I mmune attack had

di m ni shed. (c) To mnimse conpl enent-nedi at ed damage resul ting
from non-surgical i njury. In these cases t he.

deconpl enent ati on g e,pe . af t L Bhkbakn? . injury, but

t he fornulationsgiagﬁg‘g'né%ﬂg§EGhéo%ﬁﬁA ngggﬁéﬁjg?tg$?bn are likely to
be otherwi se sinil 4using the stapdardcanei bretepAeoxymieleptide code
particul arly usefuksy the WBRBe! B€raR@pVREYttaMobves:yeperfusion of an

I schem ¢ tissue by the circulation (e.g. myocardial ischema, 25
frostbite, burns etc.). (d) To m nimse conpl enent-nedi at ed
damage gesulting pigquref Bonshowswosi-santliigeation efanbdbfited proteins

Conpl enent - nedi at ed . _defensive responses are particularly undesirable
in 30 autoinnun@de§8a§§¥e3ﬁ+3ﬁ'nay i ncl ude gl onerul onephritis,

haenol yti c anaem a, nyasthenia gravis and type |1 . col | agen-i nduced
arthritis. Disabli €4.C R effect DESWAPiUHI MRLSRURISs o Sodes
of di sease may allgggg%g—i' QHB%?HE Coﬁgifion. WO 96/ 07738
PCT/ GB95/ 02121 - human C3 which replace Arg 1303 or Arg 1320 on

10 factor I-medicated cleavage at these sites.

_ N.B. - - : q

1. [358]-biosynthetically labelled samples.
‘Reactions performed at normal ionic strength.
Immunoprecipitated with anti-C3.

15 SDS-PAGE under reducing conditions.

mod W

Autoradiographfi

Fiqure 5: shows enhanced resistance of human C3
_ incorporating the Arg 1303 -> Gln 1303 mutation to
20 inactivation by factors I and H.

Figure 6: shows an analysis of the cleavage of a C3
convertase mutated at amino acid residues 752-754
and 758-760.

25 . :

This is a photograph of a Western Blot developed

from a 7.5% polyacrylamide SDS-PAGE gel (reducing

conditions), after electrophoretic transfer onto

nitrocellulose, probing with a sheep anti-human C3

30 | antibody, and development - with horse-radish-
peroxidase-coupled anti-sheep Immunoglobulin
antibody and Enhance Chemiluminescence (method and
detection reagents from Amersham, U.K.) recorded on
X-ray £ilm. The cleavage'reactions and detection

SUBSTITUTE SHEET (RULE 26)



(*e) To make a specific pathogenic target - nore susceptible to
conpl enent i d i mmune nmechani sns. In , thi s approach, Qf aimis
pot to use 't engﬁ%er-active C3 convertase to produceqag%§$ R
depl etion of C3, but 5 instead to use the convertase locally to
concentrate the C3 conversion at a desired target. The target may be
a pat hogeni ¢ organi sm such as a bactéria, virus or other

parasite, or a deleterious host cell or tissue, such as a tunour

cell or awvirally-infected cell. The C3 10 convertase could be

| ocalised to the tar I r | adpm nistraiion (e.g.. direct

i njection, possibly g‘%&cgh{lgg gg%dpg%ftohrl&%%asar Sscm{beﬁ s"pféré’F?}gP}%tﬁ t he
general ci rcuwathompfesenpe tonbhei mgswith ahowngéhi RggupeeBy,

e.g. an antibody. Thus the nodified protein could be 15 linked to a
speci fic i mmunogl obulin either by chem cal ~cross-linking of the
proteins, or by joinKﬁ@’the DNA codi ng sequences and expressing
(and purifying) the Tracks fugsion pwolaieype @3 |(dkpgrsderdenoby Lf her
t he heavy or Lhe Lig?t chain couldyg %ttggq%d to C%néggég%élfg;

co- expressed with C3T*BF*Borh®thai n¥UEBBFd ] 752-754 (Phangede

cogplete f usi on (potype@l?esér-Glyw arhy residdemCODae;aBbonaféoSQ&@iﬂ%;&\
codi ng sequences (eg S ol =Y oy ) i p "-Like.dongj to.the
of both fusion cﬁégéﬁ%r§°(%é§ 351l @§£8ﬁ%s§%%c+?iégén?Fg%ﬂg) such

25 that the expressed products, when m xed together, self-

associ atggto form stabbergop] sgat espo ThgaigbRnN protein coul d then
be admi ni stered Iocallz or into the genera circul ation. 30 :
Li posomes (bearing tRE2GKEi 08y on theVEBPface with the nodi fi ed

protein either on theragk&ase7er insifgctbes H + 1 |1 posone) and/or virions
(e.g. engineered to gxpress,the oteips on their surface) could
al so be used for grgcgﬁ-ﬁegfvery+o?V§%Pibog§°5ﬂﬂsh%de¥ed protein. This
15 The bands indicated by arrows are:
A: C3 alpha-chain

B: C3 alpha’-chain
C: C3 beta chain
D: 68 kDa cleavage product. of C3 alpha’-chain

20 E: IgG heavy chain '
Figure 7: shows an analysis of the cleavage of
radiolabelled factor B by factor D, in the presence
of wild-type and mutant C3’s (C3i’s)

25 h
A photograph of the autoradiograph of the SDS-PAGE
gel is shown. All samples contained -factor D and

- 1251_1abelled factor B, and were incubated for 3

hours at 37°C.

30 ' '

The samples in the numbered tracks also included:
1. . Buffer alone '

2. 1/125 wild-type C3

3. 1/25 wild-type C3.
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WD 96/ 07738 : PCT/ GB95/ 02121 2
17 tegy could be used directly, alone or in nhi nati on

with ot hgrosﬁozz:{s?mnts at any stage in the disease PS:&&@ Q2124 ¢ may
be particularly appropriate for use in el i m nating any cancerous
cells left inthe circulation -5 after surgical renoval of a tunour.
“The anti body-nodi fi ed protein cor@QJgat es coul d al so be used ex vivo
to el i mi nate pathogenic tissue. For exanple to kill | eukaem c
cells froman extracted bone-marrow and t hen returning the remaining
heal thy cells to the p Al ternatively |ynphocytes that do
not match the MHC pegﬂg%il& Eyg% %em pient could be elimnated froma
bone marrow 5pr| ok/2% nutanp GRntareisdduesl $627helnpdid3pdgy ikl n
could be linked {p3pngaptigen, and this conbination could be 15
used, either in vivo or_ex vivo, to attack |ynphocytes of

undesirabl e reacti®iti ey Y dWEalyfhst transpl ant or sel f tissue).
The sarme technol ogy. woulraiza: e lmesdHie ¢ treating other 20 speci es,
using either a human nodified. protein . derivative, or a simlar
anal ogue tail or-made for that speci es. Preferred features
of each aspect of The handmt:immchsoyzarrows‘ @iregach each ot her aspect
mutati s mutandis.

t he fol | ow ng exac dv\krﬁzi %ﬁw#ofa%\% e?ﬁ,elgD by vvay of

any way limting thhe Hﬁﬁbrhnaomle'mg@(mmtr @ "o the 30
acconpanyi ng drawidgs iy} WhaLk1eavage product ("Ba")

€y

Figure 8: shows an SDS-PAGE study illustrating the
formation of a conjugate between C3i and IgG.

15 This is a Coomassie stain of a 4% acrylamide SDS-
PAGE gel run under —non-reducing conditions. The
numbered tracks contain samples of:

1. PDP-IgG—
2. C3i .
20 3. PDP-IgG + C3i reaction mixture:

Indicated by arrows are:
A. Probably C3i-IgG conjugate (350 kDa)
B. C3i (200 kbDa)

25 C. IgG (150 kDa)

Figure 9: demonstrates that conjugate targets C3
convertase activity against sheep erythrocytes.
(This graph shows the % lyéed sheep erythrocytes
30 after coating with dilutions of either the C3i-IgG
~ conjugate, PDP-IgG or C3i followed by washing,
generation of C3 convertases with properdin and
factors B and D, and finally deveiopment of lysis by
NGPS in CFD/EDTA, as described in the methods. Only
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Figure 1: shows the predicted protein sequence of . human C3 as

encoded in; : (using the standard one letter ) ' ode)
YO 96/ 0773§P Sdinms : PCT/ GB95/ 02%@83%6&21(: '

18 Figure 2: shows the cDNA sequence in PC3; -

(using the standard one | etter deoxynucl eotide code for the
sense strand, witten 5 -3"). 5 i gure 3: shows a visualisation
of nodified proteins of the invention. Figure 4.
shows the effect of various nmutations to - human C3 mhich repl ace
Arg 1303 or Arg 1320 cl eavaqge t.hese
Sites, 9 IR Bnjugae prbBGbEh LEE GG AN Ba orse
sanpl es. deper@eqdt.ions perforned at nornal i oni c strength.

3. InnunopreC|p|tated with antl-C3. 15 4. SDS- PACGE under
reduci ng condi ti . . Aut or adi ogr ap Fi gure
5: showg enhancggler e ol avd@dof Sﬁ&ﬁ‘éﬁr methog. andl néefpoisiong t BeeArg

1303 -> Gsn 1303ppliidable t® 411 the examplaglivation by factors | and H

All complement components referred to are of human
origin, unless otherwise specified, using standard
terminology for all proteins and their derived fragments

10 (e.g. as contained in reference [15]). In addition the
term "C3i" refers to any molecular form of C3 without an
intact thiolester bond, but retaining the C3a polypeptide
on the alpha chain. '

15 The human C3 cDNA and coding sequence are numbered as
shown in FIGURE 2, using the numbering used in the EMBL
nucleotide data base (derived from reference [2]). The
sequence shown is that of our construct (/PC3’), which
lacks the first 11 nucleotides of the 5’ untranslated

20 region reported in reference [2], and hence the first
‘base is numbered 12. The putative initiation codon is
nucleotides number 61-63, the codon for the
amino-terminal serine residue of the beta-chain is
nucleotides 127-129, and the codon for the amino-terminal

25 serine residue of the alpha-chain is nucleotides
2074-2076.

"The protein sequence is numbered according to the

' precursor sequence as shown in FIGURE 1, which is a

30 predicted translation of the DNA sequence in Appendix 1

(amino acids 1-22 are expected to comprise a 'signal

sequence that is removed during biosynthesis, and amino

~ acids 668-671 are expected to be removed when the
precursor is cleaved into the alpha and beta chains).
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Figure 6: shows an anal ysis of the cleavage of-a C3 convertase

nmut at ed ) aci d residues 752-754 , and 758-760. 25
This is ?‘6%@@8’? aph of a Western Bl ot devel oped PCTEBEM2R2L7 | 50y,

pol yacryl am de SDS- PAGE gel (reducing conditions), after

el ectrophoretic transfer onto ' nitrocel lul ose, probing with a
sheep anti-human C3 30 anti body,22 and devel opnent with

hor se-radi sh- per oxi dase- coupl ed anti - sheep

| mmunogl obul i n anti body and Enhance Chem Lum nescence (nethod
and _ det ection reagents from Apersham U.K.) recorded on

X-ray film Tie dLheag aRhreyiatians deye the Eollowing meanings;
SUBSTI TUTE SHERTF ( RUbGb2&) venom WO f2tba’38 ELISA, Enzyme-linked

PCT/ GB95/ 02121 , 19 ,
procedur e wer &TPRIRAIRRF ARG B8P ¥ ed Hon Bhim| Fsgherichia coliy kb,

reference to tkidaobeme s H8WUn | heFpgeresBmplex virus typeyi; 5pms,

Tracks L-4: 1 q-ty D (Egior N S cells) . Tracks
5-8: 13I\/Ut antphgé raetseloét}lgs%. -"f%j'%%%dngté@ f1' cellt?)"ﬁfydgﬁfw@ﬁy and
resi dues 758- Ha®mimankest ngidney cells. FhendedlowiGyyaser résyyiteipnessed
in COS cells) endonucleases:- AfI1II, Dral, DraIll, EcoRI, EcoRV, -

HindIII, Nael, Nhel, XbaIl.
10 Standard methods

~ Methods for standard molecular biological procedures such

as plasmid isolations, agarose gel electrophoresis, and

DNA ligations can be found in reference [21]. Double

15 stranded DNA was sequenced using the ‘Sequenase version

2.0’ kit supplied by '‘United States Biochemicals’ ;C3

expression was measured by an ELISA assay using plastic

plates pre-coated With affinity-purified polyclonal sheep

‘anti-human C3 to which samples of culture supernatant

20 were added. Bound C3 was detected with a monoclonal rat

antibody to C3 conjugated to alkaline phosphatase, and

the chromogenic substrate, p-nitrophenol phosphate.
Assays were calibrated with purified human plasma C3.

25 Methods for purification of complement proteins and CVF, -
and for the preparation of affinity purified anti-C3
antibodies usedin the 'analysis can be found in reference
" [28]. Equivalent reagents can also be purchased from

" Sigma chemical company LTD.

30 - o |

C3. cDNA coding sequence

Our C3 ¢DNA coding sequence was constructed from two
segments isolated from a random-primed human liver cDNA
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*10 Tracks 1, 5: no addition - Tracks 2, 6: + CVFBb

Tracks 3, &ogmﬁﬁctors H+ | Tracks 4, 8: + @iRbBesbpgt ors H
o 15 The bands indicated by arrows are: A C3
“al pha- chai n B: C3 alpha -chain C C3 beta
chain D 68 kDa cl eavage prgguct of CS aI pha' -chain 20

E: | gG heavy chain Fi gure shows analysis -of the

cl eavage of radi ol abel | ed factor B by f act or Db in the
presence of wild-type and mutant C3's (C3i's) 25 A

AT 2 o contSr Aty SEHEMEP L chie EoedhOpemns (zromeddTy | PLO0OM

and were mcub@ﬂégoﬂ@pxxnucleotldes mgsa@nész{l@rt?q knosm segments in The

sanpl es in thecpdMpenAct 63366319495%é e d: were radlolabéled wuif epgal one
2. 1/ 125 wild-t /'25

SUBSTI TUTE SHEE‘PIQ’RBEE?;QG)‘de klnase\/\ﬁré%/ 7 733P afp' {BE Tled to probe
PCT/ GB95602121filter transfers of the library from agarose plates.

Two clones containing inserts of approximately 4 kb were
isolated. Restriction endonuclease digestion,
hybridisation to specific oligodeoxynucleotide probes and
partial sequence analysis demonstrated that one of these

10 (*A13’) included the 5’-end of the 5.1kb message, whereas
the other (’B44’) extended to the 3’-end.

These inserts therefore overlapped by approximately 3 kb,

including a unique EcoRI restriction enzyme site. The

15 incomplete 5’ section of Al3 was cut out with EcoRI and

- Nhel, and replaced with the complete segment isoclated

from B44 by digestion with EcoRI and Xbal. Eoth pieces

were purified by gel electrophoresis in low-melting point

agarose before ligating together with T4 DNA ligase to

20 produce a vector (’PGC3’) containing 5.1 kb of DNA
encoding the entire C3 precursor protein.

Linker sequences 5’ to the C3 coding region contained two

ATG’'s which are potential false translation start sites.

25 © These. were - therefore removed by gapped-plasmid

mutagenesis, as described in the method of exaniple 1,

using an oligodeoxynucleotide PL-ATC-3 (tagggagacc

" ggaagcttgc cctctcecte  tgtcectetg t) that  deleted

" approximately 50 base pairs of linker/adaptor DNA,

30 without altering the C3 coding sequence. This mutated

vector, 7.7kb containing 5.1kb of C3 cDNA sequence plus

2.6 kb of sequence from the PGEM4 vector (Promega) is
referred to as PC3.
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20 4. 1/5 wld-type C3 . 5. 1/ 25 mutant C3
(residue n, 1431 Asp and 1433 4

6. 1/5 ?uvtégﬁ"[z”% 5. 7. undi l uted nutant C3 P?:r/cnssiozm. The
bands indicated by arrows are: A Uncl eaved [err]I-1abelled
factor B (93 kDa) B. 60 kg% cl eavage product ("Bb") 10

C. 33 kDa cl eavage product ("Ba") Figure 8. shows an

SDS- PAGE study illustrating the formati on of a conjugate
between C3i and IgG 15 ' This is a Coomassie stain of a 4%
acryl am de SDS; . eler = ucling_conditions.
The %hemﬁ;oecf?e%f'rﬁ- a{@;%rgn%%i%wesgﬁgﬁsg g$§&"fg Wad compf??.e?y

PDP- 1 gG sequencedi and3jreealed only3. foupDRlifflereress r xom oa

m xture ; hiatietely nama@We3ali@gn a1lel : bly
C3i-1gG conjqufgjf§g35£§%§ﬁ' B. ( E3ia%280eLEE?N§%squEBQé C.

| gG (150 kDa) (21. Figure . 9: denmpnstrates that conjugate targets
=N 5 (igON¥ Akt aAgngesi ¥2441 29@] Nerid Sheep et doOaYtealter the
(This graph shows the % |ysed sheep erythrocytes 30 after coating
with diluti on§9GERGit her the C3i-19G ' conjugate, PDP-1gG or
C3i followed by washing, ‘generation of C3 convertases with

properdi n and

10

15

(ii) T1001->C encodes the previously described HAV 4-1-
(Leucine3l4->Proline) polymorphic form [20]; and

(iii) G2716->A encodes Valine886->Isoleucine, that has
not been previously reported in human C3, although Ile is
found in this position in mouse and rat C3.

Our sequence includes start and stop codons, with a
complete signal sequence and should, therefore, encode
functional C3. '

Levels of up to 1.7 ug/ml expressed wild type C3 in

20

25

culture supernatants of COS-1 cells (transfected using
lipofectamine and the pcDNA3 (Invitrogen) expression
vector) have been detected by ELISA. No detectable C3 was
produced by cells transfected with pcDNA3 vector alone.
Furthermore, analysis of the expressed product by

cleavage reactions followed by immunoprecipitation,.

SDS-PAGE and immunoblotting demonstrated that:

(1) - the primary translation.pro&nct had been correctly

30

- processed into the mature two-chain form;

(ii) this product was, like native C3, cleavable to C3b
- by C3 convertase (CVFBb); and

(iii) the expressed protein was, like native C3, not
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factors B and D, and finally devel opnment of lysis by NGPS in

CFD/ EDTA, . I bed in the nethods. Only

SUBSTI TUTEﬁgl?I%E?%Q RULE 26) WD 96/ 07738 PCTIGBISI121

PCT/ GB95/ 02121 21 t he
conjugate produces lysis, and this lysis i,s dose dependent .)
The followng standard nethods and définitions are 5 appl i cabl e
to all the exanples. Al'l conpl enent conponents referred to are of
human . origin, unless otherw se specified, using standard

~ termnol ogy for ' éﬁg& i i verh e LRgERL ( S
contained in re?lzérée‘f]af:%% %@?;ﬁ n Itaggiﬁt’llu%ﬁ It'h%%t ter%%gg(gglhlergeregat 0
any nol ecul ar fIAMMSISICRN \4Q KRR ah C3 convergagse enysices ddshepntipms

retai ning the G3gag0lipePtédifrting pPAshi® at@ha BBai Bransiatea Theochunman
C3 cDNA and codj ng sequence are nunbered as shown in FI GURE 2, using

the nunbering JfSEHFGIPRTe BVEL nucl eoti de data base (derived from
reference [2]). The sequence shown is that of our construct ('PC3'),
whi ch ' agde L H{Sinddi JuClagRLLepRs8h F 3 SMLARIASY ana
expression of a C3 coding sequence see reference [25].
EXAMPLE 1: Production of €3 that has the arginine
10 - 1residues at both factor I cleavage sites (amino acid
| positions 1303 and 1320) converted to glutamine residues

to prevent cleavage of the C3b fragment by factor I.

a) Mutagenesis
15 | |
Mutagenic oligodeoxynucleotides used were QRI1
(caactgcccagccaaagctceccaagatcace), QRI2
(gccagcctectgcaatcagaagagaccaag), and  AFL4149
(taataaattcgaccttaaggtcaccataaaac), as well as the
20 " corresponding antisense oligcdeoxynucleotides QRIln
(ggtgatcttggagectttggetgggecagttg), QRI2n
(cttggtctettctgattgecaggaggetgge)  and AFL4149n
(gttttatggtgaccttaaggtcgaatttatta).

25 .+ QRI1 and QRI1ln specify the replacement of arginine for

glutamine at the factor I cleavage site at amino acid

- residue 1303 in the C3 precursor sequence (by changing

" G3968C3969 to AA in the cDNA sequence), and QRI2 and

" QRI2n effect the same substitution at the factor cleavage

30 . site at amino acid residue 1320 (by changing nucleotide
G4019 to A).

AFL4149 and AFL4149n introduce a cleavage site for the
restriction endonuclease AfIII at position 4149 in the

SUBSTITUTE SHEET (RULE 26)



20 region reported in reference [2], and hence the first base
I S nunber J1€ putative initiation codon is nu nunber
61-63, t%ﬁo codon . for t he am no-term nal seri ﬁ&?‘f’@gﬁgl}é

the beta-chain is nucl eoti des 127-129, and the codon for the

am no-term-nal 25 serine residue of the alpha-chain is

nucl eot i des 2074- 2076. Théé protein sequence is nunbered
according to the precursor sequence as shown in FIGURE 1, which is

a 30 predicted translation of the DNA sequence in Appendix 1

(am no acids 1- are expected to.conpris | sequence that is
renoved during éﬁés gﬂ ( m“%ng Ty gﬁ‘?:lsT)Gé‘B"%tﬂ uhralespieded to
be renoved mhenhehencoded amummuagmdiseqﬂemmeedﬂhﬁsatﬁubéﬁ#iﬁbﬁﬁ“héﬁéa

chai ns).
PCT/ GR95/ 02121u5¥\9 %.(y Qr?a?:?i?ers, allow:Lng successful Enutagenes:.s % be

f ol | owi ng abbr édeatifhedhanct beaTHs o w3 eavagengs; the DNA gixbduct dby a

venom  §actor agyELl SA, Enzyne- i nked i mmunoadsor bant® assay; E.
coli, Escherichia™coli; kb, ki | obase; HSV-1, herpes sinplex virus
type 1; PBS, 5 phosphat e- buf f ered sal i ne. COS 1is acell line derived

from nonkey ki siaex éﬁébis Tﬁﬁbf(éﬂﬁéﬁﬁaa.ah%thStEhét' pped plasm
endonucl eases: ﬁ I ., gR - % F{\?a dl
Nael . Nhel gﬁt od4 A bat%ﬂ é:mjgﬁgj Hgggi , enriched in ur:l.d:.ne 1n
place of thymidine, was prepared by growth in E. Coli
10 strain™CJ236 in the presence of 0.25 ug/ml uridine. This
plasmid was digested with Smal and the 7.2kb product ‘
(USl’) agarose gel purified to remove a 0.5kb fragment
from the C3 sequence (residues 1463-1947). The other
component of the gapped plasmid (‘DN2’) was prepared by
15 digesting PGC3 with DralIIl plus NaeI and purifying the
5.1kb piece twice by aga;Bse.gel electrophoresis. 200ng
DN2 was mixed with approximately 500ng US1 in 50 pl H20,
heated to 100°C amd cooled slowly to below 50°C, beforé
adding 20 pl to 25 ul of 2XT7 buffer (100mM Tris/HCl/pH
20 7.4/ 14mM MgCl2, 100mM NaCl, 2mM dithiothreitol, and 1imM
each of ATP, dATP, dCTP, 4ATTP and 4dGTP) plus 10nmol of
- each ' 5’-phosphorylated mutagenic primer (one reaction
used OQRI1, QRI2 plus AFL4149, another reaction used
QRIln, QRI2n plus AFL4149n). The mixtures were reheated
25 to 70°C for 5 min and cooled slowly (over 30-60 min) to
20°C. At 0°C, 10 units of T7 DNA polymerase plus 80 units
T4 DNA ligase are added. The mixture (total volume 50 ul)
" was incubated first at 0°C, for .5 min, then at room
temperature for 5 min, and finally at 37°C for 3 hours.
30 1 ul of each mixture was used to transform 100 ul
supercompetent XLl E. Coli (Stratagene) according to the
manufacturer’s instructions.

Ampicillin resistant colonies were screened for Af1II
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*Met hods for standard nol ecul ar bi ol ogi cal procedures suc
|solat|o %gwggse gel el ectrophoresis, -and

h

as plasmd

né@@ﬁﬁ@ Rgb?he

found in reference [21]. Double 15 st randed DNA was sequ

' Sequenase version 2.0'" kit supplied by 'United States

Bi ochem cal s' . C3 expressi on was neasured by an ELI SA assay using
pl astic pl ates pre-coated with aff#hity-purified polyclonal sheep

anti-human C3 to which sanples of culture supernatant 20

wer e added.

Bound C3 was detected with a nonocl onal rat anti body to C3

conjugated to kal i ne phogphat ase,
p- ni t r ophenol’ %L%%ﬁﬂ%?e nd

t he chronogeni c substrate,

and
Succﬁ§§£9£ TREBNES| MEES: SFOW: MBHdm £3QRM} unan

plasma C3. 26ul tuds hofteor Olwhileh f ithet i pmaﬁfnlaeﬁphéf@ntlﬂipé@éd's aidl CVF,

and for the pre

usedi n the anafj3rsiEs be("fsb’d}ﬁi
reagents can a¢8bchggugthasedg¢¢nn1match1n§|gualebemdealBmampamwsjﬁf 30

C3 cDNA odin
constructed fr

aration of,affi nlt%_Pg%é%g%gggng prf@%f t%é%é&éa

0o $ CURREE th qu e
om t wo ko chara%'ér%ol a oﬁnﬁga%(ratan g‘rgn p}r"\igé * huban

liver cDNA  clewyageg¥ges.
PCT/ (3B95/ 02121 l'ibrary
carried in the_vector pGEMA (Pranega). .oI| eoxynucleotldes

correspondi ng

wer e radi ol abehetagehdsld see ref@ﬁéﬂml m;ﬂvz] ki nase and [[err]-32P] ATP

and useldoto pr

FSF kn8fn Ve Pr°"-°‘E<PPe hEREn CF2PBeAhg Ri@ARML.,
obe

b) Transfer of mutant DNA to eukaryotic expression
vector

 The C3 coding fragments from mutant plasmids were excised

15

by double digestion with HindIII and Nael. Dral was also

included to incapacitate the residual plasmid. The C3
- coding sequence was agarose gel purified and ligated into
. pcDNA3 vector (Invitrogen) that had been linearised with

20

25

HindIII and EcoRV enzymes and dephosphorylated with calf
intestinal phosphorylase. Ligation mixtureés were used to

transform supercoﬁpetent XLl E. coli, which were then

plated onto culture plates containing ampicillin.

A random selection (three or four) of ampicillin
resistant colonies were grown up in 2-3ml cultures and
small scale isolation of the plasmid DNA. The plasmids
containing the correct insert were identified by

‘digestion of the plasmid DNA with restriction
" endonucleases EcoRI, HindIII and Af1II. The corresponding

30

colonies grown up in 100ml cultures and the plasmids
purified by the standard procedure. These mutants were
originally constructed from PGC3 and so retained the two
ATG’s 5’ to the coding region. This region (plus the 5’
3kb of the C3 coding sequence) was therefore excised with
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5 filter transfers of the library from agarose plates. Two

cl ones ccwb%mﬁg inserts of approximately 4 kb were C'i‘l%%%
Restriction endonucl ease di gesti on, hybri di sation to specific
ol i godeoxynucl eoti de probes and partial sequence anal ysi s
denonstrated that one of these 10 ("Al3'") included the 5 -end of the

5. 1kb nmessage, whereas t he ot her (24344') extended to the 3'-end.
These inserts therefore overl apped by approxi mtetly 3 kb, . i ncluding
a uni que EcoRl restriction enzyne site. - The 15 i nconplete 5 section of
Al3 was cut ou R an Nhel nd_r Iaedwit e c |l ete
segnent i sol at‘g‘zilmﬁ‘leI f‘ﬁ?oﬁ?%%ﬁ %VidFagg?cSﬁ %'Yt Q‘ ﬁPnar? >PL0"£ a&r’%)

pi eces segmeqmrq:!itr. eshthyofRCR] éﬁtesmmﬁms;:mﬁaﬂwaﬂttdm waEent -
agar ose befo ge SARE-d © r;od a
vect or C{:ip%é aln tt?% ngtt d%ﬁdz%ﬂ’ en%:odg%% tﬁsggnt LiferrCS
precursor prot’eﬁanSfeCtlon Of_rm rc%Jekﬁlences 5  to the C3 coding region
contai negd two ATG s which are potentlal false translation start
sites. 25 These wer e ther*e{é) ved by ,gapped plasm d

nut agenesi s, &8 dB¥RYIRRAGH hev Tﬁiﬂ’%fa dMptany C3 using an

ol i godeoxynucl eot | de PL-ATC 3 (tagggagacc ggaagcttgc cctctccectc

tgtccctctg t) t r.oximat el.y n?: base alrsg
&%k F T s

| i nker/ adapt or™® de et%‘%ﬁ&fﬁe aqata 0%y ERRads

nmut at ed pl/mm:cxis 7. trhns@ecaiedi ng Emidxb ofCOSBchNAcsb]qsrencaq:Jngs
2.6 kb seq t P C ed to as

e, | UEAGSe d E0m AL U%?#C%ﬁ_ tagﬁlg inié {é e manufactlLPer
. instructions. Typically, 1-1 10° cells per well of a '

standard 6 well culture plate were transfected with 2-4

pug of plasmid using 9 ul of lipofectamine reagent.

Supernatants were assayed for C3 secretion, and typical
15 . yields of 0.3-1.7 ug per ml supernatant were obtained 3-6 -
days after transfection.

Resgl;g

20 a) Generation of mutants
 The following mutants, named accordlng to the mutagenic
oligodeoxynucleotide sequences that = have been
incorporated, have so far been isolated:-

25 (i) 3 mutants with both QRI1 and QRI2 mutations plus
AFL4149: C3M-26, C3M-58 and C3M-61;

'(ii) 1 mutant with QRI1 and QRI2 but without AFL4149:
* C3M-8; and
30 |
(iii) 1 mutant with QRI2 and AFL4149, but without QRI1:
C3M-51 (used in example 3)

b) Vélidation,t:ha_t_ .fuhctional effects were due to the

 SUBSTITUTE SHEET (RULE 26)



WO 96/ 07738 - PCT/ GB95/ 02121

24 393 coding region of the PGC3 plasmd was CqgyEsdlo¥121
sequenced andgreveal ed only four differences froma previously
‘publ i shed human C3 ("S" allele) cDNA sequence [2]. 5 (i) the
~ changes C2481->G and C2805->T do not alter the codi ng;
(ii) T1001->C encodes the previously descriffed HAV 4-1- '
(Leuci ne314->Proline) polynmorphic form([20]; and 10 (i) @716->A
encodes Val i ne886- >l sol euci ne, that has not been previously reported
in human C3, although |le is . f.ound, ositiop in use andrat
B s GumEhians dhaciiiean arratigedoths the) hagter
conpl et e si gnal cﬂamgaaambshoul d, therefore encode functi onal
C3. Levels of up to 1.7 [err]g/m expressed wild type C3 in 20
cul ture supernatants of COS-1 cells (transfected using | i pof ect am ne
and the pcDNA3 Sequengiogehps eepférmednthe absengetaf )otﬂwmabeenadépast ed
by ELISA gNo det {300 398 353 YBase aroa{@d%aed Jautaeéas td h
pcDNA3 vect or alo ﬁer nore, analysis of the € pressed ro uct

by 25 cl eavéglé'-afrfeé'é’%q oﬁ?quﬁé‘lcleomﬁg Pye imEARr RHqducad oy this

SDS- PAGE and i d?ixté Ngcgmrsnst (seedekli@ple 3), has( 'Heen t BRapiERr Y
transl ation pro ct h bee corr%ct ly , grocessﬁ% he maf ure
two-chain form © roug out 'hs®entire gap’ (bases 3.3 used in

mutagenesis, and no other deviations from the wild-type
10 sequence were found.

Furthermore, representative sequencing of a total of 2922
bases from all mutants have not revealed any single point
‘mutations that could have been caused by polymerase-

15 = ‘mediated errors. The expressed mutants all displayed the
two-chain structure and cleavage by C3 convertases
characteristic of native C3. In sunimary, the mutants used
are unlikely to contain any unwanted changes although
they have not been completely re-sequenced.

20 )
EXAMPLE 2: Production of C3 that has the arginine
residue at one factor I cleavage site (amino acid
position 1303) converted to a glutamine residue

25 The procedure' of Example 1 was followed except that only

mutagenic oligodeoxynucleotides AFL4149 plus QRI1 or
AFL41495n plus QRIln (i.e. no QRI2 or QRI2n); were used in
' mutagenesis.

30 Results
a) Mutants obtained

2 mutants with QRI1 and AFL4149 but without QRI2 were
igolated:-C3M-I23,27. The mutant C3M-I23 was ‘expressed,
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30 (i1i) this product was, like native C3, cleavable to C3b

by C3 co (CVFBb); and (ii1) the express h43,Was,

| i ke nat ﬁwv(gg@?ﬁnot _ SUBSTI TUTE SHEE

WD 96/ 07738 PCT/ GB95/ 02121

25 cl eavabl e by factor H plus I, but becane cleavable after
conversion to C3b by C3 convertase enzynép This confirns t hat our
starting plasmd can be translated into functional C3. 5 For
an alternative description of a construction and expression of a C3
codi ng sequence see reference. EXAMPLE 1: Production of C3
that has the 8fg ﬁFﬁgl%Gd 1nr§%%§%%§ 3t both factor |- cl eavage sites

(am no acid positions 1303 and 1320) converted to glutam ne residues

to prevent cl g i RewSabci L3GRED &FER The C3b-1i enesi s
15 ' NUtaSQ%?CSngFﬁgo g%x?nucleot%dgg used aere t}fi&ré@ﬁé@
was relatively (compared to the wild-type) resistant to
5 cleavage at position 1303 by factors I and H, but could
still be cleaved at position'1320. This C3b derivative is

therefore partially resistant to factor I..

EXAMPLE 3: Production of C3 that has the arginine

10 residug at one factor I cleavage site (amino acid
position 1320) converted to a glutamine residue ' ‘

The procedure of Example 1 was followed except that only
~mutagenic 6ligcdeoxynuc1eotides AFL4149 plus QRI2 or

15 AFL4149n plué QRI2n (i.e. no QRI1 or QRI1n), were used in
mutagenesis. In addition, the method used in example 1
also yielded one mutant with QRI2 and AFL4149, but
without QRI1l. - :

<

20 Results

a) Mutants obtained .
3 mutants with ORI2 and AFL4149 but without QRI1 were
isolated:-C3M-51, C3M-Q2, C3M-Ql3. The mutant C3M-51 was
25 = expressed, as described in Example 1. This protein was
cleavable by CVFBb. The C3b-like product was not readily
cleaved at position 1320 by factors I and H, but it could
"still be cleéved at position 1303. This C3b derivative is
- therefore partially resistant to factor I.
30 .
"EXAMPLE 4 Analysis of the functional effects of
mutations. -

Supernatants (100-400 pl) from transfected COS cells were
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*(caact gcccagccaaagct ccaagat cacc), QR 2

(gccagccet W S agaagagaccaag), and AFL4149 PCT/CB95/02121 .
.(taataaattcgaccttaaggt caccataaaac), as well as the 20 correspondi ng

anti sense oligodeoxynucleotides QRI1n

(ggtgat cttggagctttggctgggcagttg), QR 2n

(cttggtctcttctgattgcaggaggctgge) and 3AFL4149n .
(gttttatggtgaccttaaggtcgaatttatta). 25 QRI'1 and QRI'1n specify the

rtepl acenent gf ar gi ni ne. Ijor 03 | gl ;Jt amcge at the factor | cl (eﬁvagﬁ site

at ami no aci . residue n e recursor sequence (by changing
G3968C3969 t 0 Mwa&%&m%ﬁfaﬁeﬁ ‘Qer'Pml 2 and QR 2n effect the
sanme substitution at the factor cleavage 30 site at am no acid residue
1320 (by changi n ti - tQ:AL. ' 4149 .and
AFL4149n i ntroduce agtf%av\’/%gee %F?%s%c?é%%e‘glﬁ pcPlgé rF@?%ﬁngnd'&?l?atgase
Afl 1l at positieh:4149 in the ' ' SUBSTI TUTE SHEET ( RULE
26) WD 96/ 07738 . , 3 PCT/ GB95/ 02121
26 > cDNA'seci_teJFence (by changing C4149 to T) without altering

the encoded anmi¥o aciip sEHUHREEd G se QR mers were ~ used as

mar kers, allowag suygoassd WaMutzgengsdddiiy erg?303-sagisentified on the

_ba5| s of cl eavage Ofm&thaentDl\él\PIé)éju?etnggding Arg*3°3_5Gln, Arg*32°.,Gln);

. and
10 4) mutant C3M-51 (encoding Arg*32?°->Gln).

200 pl of the culture supernatants, taken 3 days after

‘transfection, were pretreated with 2 mM
phenylmethanesulphonyl fluoride (0°C, 15 min) and then

15 incubated at 37°C for 2 hours with the following:
A) no addition;

B) preformed C3 convertase, CVFBb (10 ul from 200 ul

20 containing 6.6 ug CVF, 100 pug factor B and 1.4 ug factor
D in phosphate-buffered saline (PBS) containing 10 mM
MgCl,, preincubated at 37°C, 15 mins); |

C) factors H (5 ug) and I (1 ug); and
25 : '
D) CVFBb plus factors H and I.

' These were then immunoprecipitated by adding 0.6 ug
affinity-purified sheep ‘anti-human C3 immunoglobulin at

- 30 room temperature and after 1 hour adding 20 pl a 5%
| suspension of washed formalin-fixed Group C Streptococcus
sp. cells (protein G) (Sigma). After 45 min at room
temperature the particles were washed once in PBS, 5 mM

NaN,, and once in 20 mM Tris/HCl, 137 mM NaCl, 0.1% (v/v)
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5 Af 111, Mut agenesi s was effected-using the 'gapped pI asm d'

nmet hod. A PGC3 (' UPGC3'), enriched in uridine in ce of
t hym di ne‘pﬁé&g Jepar ed by gromh in E Coli 10 strain P‘a&%?qz l he
presence of 0.25 [err]g/m wuridine. This .plasm d was digested with
Smal and the 7.2kb product : ('"US1') agarose gel purified to renove a
0. 5kb fragnment fromthe C3 sequence2 (residues 1463-1947). The

ot her conponent of the gapped plasmd ('DN2') was prepared by 15
digesting PGC3 with Dralll plus Nael and purifyingthe 5. 1kb pi ece

twi ce by agarose gel el.ectro horem% 00ng was mixed with
approxi mately 5 Ul 4 [er% ] Q-%Eer] @luting J-ﬁ’e d SHSYES er] C
<[51nd ]c?)ol fedzilT(?)querfc]g &mém:m[ er(BbCJdobetpres min) . ;m&sw Qﬂétgéé] welrd 25
err o u

NaQl, 2nM dit hi%‘?%’g?"t%‘?l% NRET pREE ebd c%g%*ﬁl%’ft%&‘rﬁn]"t? 8&?%1“3??9 and
dGTP) plus 10nraid othe C3 beacls Sdepaosedornt apedbmngagernlm pfifdmsi tfene
reacti o 4449, t

@ in, O 2n pREERS st it i o8 indlfod POnPRG! £8T1H58S by
for 5 min and dwrsel sP-’G\ﬂilfh( oveerowidaseiegupbed donkmy er BnCi-gheep, 10
units of T7 DNARQINCEIGHE IH US4 E%Qnaumatnii detectibh Q%nb' gpac "ﬁhﬁaﬁé%ﬂdfor

The m xture (total vo ume 50 cubat €d first at
5 i m then at G Lanthesqanral LPUPECFaFes HUPBLARE 1 PHalARSRALAm] 0B | G
for- 3 hours. 3@hotodrdplt idf aok mﬁnhtm expoSuye st al By filandksosRowa0

mnut aci er s Vot FRTPIoC-0dr Ived® kgl Wl UlBedliad v "abR11gg,
screened for Afam:mows, and Whe®eindirgBiual samples (1-4, A-D) are those
PCT/ GB9S/ 0_2121 just described. (The prominent ba:?cf of about 50 kDa
(between the 46 and 68 kDa bands) present in all samples
_ ~is the heavy chain of the IgG wused in the
15 immunoprecipitation and detected by the horse radish
peroxidase-coupled donkey_ anti-sheep immunoglobulin.).

Regults (see FiguUre 3)

20 1. All the untreated sémples (1-a, 2-2a, 3-A, 4-3)
contain bands of the correct. migration'for alpha and beta
chains of C3, indicating that all the mutants are
expressed, and post-translationally processed correctly.
The presence of 43 or 46 kDa bands in these samples

25 indicates the presence of some factor H + factor I-like
activity in the culture medium. Spontaneous hydrolysis of
C3 during the 3 day biosynthetic period produces C3i

" which is cleaved by this activity. In the unmutated C3
this generates bands of 43 kDa and 75 kDa (the 75 kDa

30 band is invisible because (i) .it is hidden by the 75 kDa
beta chain, and (ii) the antibody used to develop the
western blot has very 1little activity towards this
portion of the €3 alpha chain:- = its presence was
subsequently confirmed by reprbbing with a rat monoclonal
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*cl eavage, and successful mutants were grown up in 100m cul tures

from whi cRud heyspigasm ds were isol ated and sequenced pdp&hsIA
_sequencing priner C3pa-3876, cttcatggtgttccaagect, matching

“nucl eotides 3876-3895 of 5 @ C3 cDNA) to characterise nutations at the
factor | cl eavage sites. For an alternative protocol for
"gapped plasm d" nmut agenesi s -see r e¥¥r ences [ 26, 27]. 10 b)
Transfer of nmutant DNA to eukaryotic expression vect or The C3
coding fragments from mutant plasmds were excised 15 by doubl e

di gestion with ang Pra I | ncI ded to_.
I ncapacitate th%ﬁt}t’]lfaué‘lg%?ﬁal Cwﬁ%% T%hX\%B:.Q EBeCl%& r# gl}eih
agarose gel purThe e:dmm@gietaq:mm H and IpG«DN.&SDuﬂE(ﬂ\CRBk(INHG,r m)

that had been Iinearjse vméra t c1Eh9d! lthednfe Pﬂéﬂ

dephosphoryl at ed W th gl’f 55 °° [ ﬁt est| nalfégho rl%ﬁory g a | orf'ng
m xtures were t%hls repr%ﬁ%}h"s#@)r?ﬁ%%}{%r mes@qr ann) whi ch
were therg : plated onto culture plates contalnlng anpicillin.

- A random sel ectj on (t hree or four)_of i-Ci resi stant, col onies
were grown up % 2- 3hhe QMY EaEe C{a (13"0s S FVeéCBYeCVE%lPa‘?‘F Fhe Gk
pl asm d DNA Trprcﬁdwnﬂs furtherCGMéairednbyt badegenecs le&h&ques\/\ﬂrnel B

d fied b f I

endonucl cases EbrAddiRGErelng 4 R <R B8 Asiondny 98 95 Comt o
grown up in 100mdicaAtes escleaairade [altasmrgé , andurtheedédy ke iiamijard
procedurg Thesevm&msfgrquger Bibgbhzbby consiisELsd éi@ﬂ%%a@d SO

retai ned the two to the coding reglo |sre|o pl'us the
5" 3kb ofA¥FE°E3 codi ng sequence) was theref ore excised with

3. The mutant C3M-I23 (Arg3%3-5Gln) was cleavable by
CVFBb and the product was relatively resistant to
15 endogenous factor H and I-like activity (2-B), with
~ distinct amounts of alpha’ chain (C3b) persisting, but
was still cleavable when extra factor H and I were added
(2-D) . The 43 kDa product indicates cleavage at Arg*320,
(a faint band at 71 kDa representing the other fragment
20 of the alpha’ chain could be seen in longer exposures)
but no 68 kDa band was present, showing that this mutant
is resistant to cleavage at the mutated Gln1303,

4. The mutant C3M-26 (Arg*3%3->Gln,Arg??2°-,Gln) was

25 . cleévab_le by CVFBb and the C3b-like product (alpha’) was
resistant to endogenous factor H and I-like activity (3-

B). It was also very resistant to the additional factors

"Hand I (3-D) in comparison with the unmutated C3 (1) and

" other mutants (2 and 4). There was a small amount of 46

30 kDa product indicating some cleavage at the mutated
Glnt303 (the accompanying 68 kDa fragment was - 30 visible

on longer exposures) . There was little or n: 3Jetectable

43 kDa that would correspond to any cleavage at Gln!320,
Therefore the Arg->Gln mutation at position 1303 is less
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WD 96/ 07738 . PCT/ GB95/ 02121

28 Hi ndl Il plus EcoRl and repl aced by ligation of the s

segment WMR96MT7138of PC3. These reconstructed vectors were PCT’GB”’B?Bbar ed

by the standard procedure and used for transfection of COS

cells. 5 c) Expression of wld-type and nutant C3's

Mutants and wild-type C3 were transientlg4expressed from pl asm ds
~transfected into Cos-1 cells using 10 | i pof ectam ne[err]

(g BCO) according to the manufacturer's instructions. Typically,
+1-1.5 X 10[err] cells per well of a standard 6 well culture plate

wer e transfeceédewnittilve2- ¢han thaferaf gp@fsz-mmn a3as$i ngt9 peevéntihg

'a'n 30{ ;g} gg} negﬁaaqsgg by, fa]pt8§uﬁer3§f1 wﬁrfee gﬁgdcig{, &? S&f%ﬁé' on,
obt ai ned 3-6 also bma@wnmgtxenghec ﬁnt ‘c3m- 123 R(a%’tg ->Q11)n) , a)

Generation of {Iut i 46 kpa ﬂ&éﬁdéﬁ\uﬂa it §E‘b§abm2mlﬂs Jo the
mut ageni ¢ godeoxynucl eot i segu? at ave been

i ncor poPat ed, PHWGS§§df 5P Bdek?D PsBYag\éHt eavage; 3t ghe,yamekat®dn both
QRI1 and QRI ZAchﬂ-an .ons plus - AFL4149: C3M 26, C3M 58 and C3M 61,

5. The mutant C3M-51 (Arg*??°->Gln) was cleavable by
CVFBb and the product was cleaved by endog'enous' factor H
10 and I-Iike activity (4-B), and by additional factor H and
I (4-D). The 46 kDa product (and faint ‘68 kDa band) ‘

1303 yowever, the absence of a

indicates cleavage at Arg
43 kDa band indicates that it is not cleaved at the

mutated Gln?320,

15
Ex mg e 5 Comparison of various amino acid substitutions
- at pos:.tz.on 1303 '
20 1. Introduction -

The previous examples described mutations of arg 1303 and

arg 1320 to glutamine residues. Both mutations imparted
resistance to cleavage at those positions by factor I.

25  However, there was a small but detectable degree of
cleavage at gln 1303. Therefore a number of other amino

acid substitutions at this position have been made and
"tested. Cleavage occurs, in decreasing order of efficacy

" when residue 1303 is: Arg > Tyr > [Cys or Trpl > Gln >

30 ' [Glu or Gly]l. These results are unexpected because (i)
all known naturally occurring human factor I-mediated
cleavages occur C-terminal to arg:.m.ne residues, so it

would have been deduced that the enzyme had a requirement

for arginine; and (ii) if it did cleave at other residues
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(ii) 1 mutant with QRI1 and QRI'2 but w thout AFL4149: C3M8 and 30
(iii) 1 W%ﬂ?@aﬁ“ﬁié" QR 2 and AFL4149, but w thout ORI 1: 02}21(used
i n exanpl e . b) Validation that functional effects Were

the SUBSTI TUTE SHEET (RULE 26) WD 96/ 07738
PCT/ GB95/ 02121 ' 29 _ mut ati ons
specifically introduced at the factor 39 cl eavage sites

Sequenci ng has confirmed the absence of other alterations 5 in 178-350
bases around the rrut at ed regi on of each mut ant . The sequence of one

el ysed o i uohSure, e R, " Eaat by FRSIET bRl £ Be
" mut agenesi s, ancﬁmundﬂamldm osimilammn theawgl, d-it ﬁne aLObas:Lcseqsedﬁe
were found.  (1ys BH ' RSEYD" C(e 5P AFTBAA VGNP Yl 2L-Of
terminal to arg, lys or his), so one could not have
5 predicted cleavage of the tyrosine substitution.

Therefore substitution of arg 1303 with glycine or
glutamic acid is preferred for the purpose of creating a
derivative of C3 resistant to inactivation by factor I.

10
2. Methods
15 2.1 Mutagenesis: the degenerate mutagenic primer used
was: :
caactgcceage (g_t) (ag). (cg) agctccaagatcace (letters in
brackets indicate mixture of bases at that position).
- Mutants were constructed either by the gapped-plasmid
20 method (as described in the earlier examples), or by the

"megaprimer method" (V. Picard et al, Nuc Acid Res
22:2587-91, (1994)), in which the upstream primer was
caccaggaactgaatctagatgtgtccecte and the downstream primer
was gttttatggtgaccttaaggtcgaatttatta. All mutations were

25 performed on templates in which the C3-encoding DNA had
already been mutated such that amino acid residue 1320
was glutamine, and a restriction site for Af1II had been

" introduced at position 4149 (as described in the earlier

examples) and were confirmed by DNA sequencing.

30
2.2 Expression: mutants were expressed in COS cells
using the pcDNA3 vector as described in the earlier
examples, biosynthetically labelled with [35SImethionine
in serum-free medium. '
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bases fromall nutants have not reveal ed any single point rrut ations <

t hat coul een caused by pol ynerase- 15 medi ated errors.
expresse(}gﬂgﬁgﬁf"g al | displayed the two- chai n st ruckVeB %ﬁ‘ﬂ?lHl eavage

by C3 convertases characteristic of native C3. In sunmary, the v
nmut ant s used are unlikely to contain any unwanted changes al t hough
t hey have not been conpletely re-sequenceéf 20 EXAVPLE 2:
Production of C3 that has the arginine . resi due at one factor |

cl eavage si te (am no acid position 1303) converted to a gl utam ne
resi due The procedure of Exanple 1 was followed except that only
mut ageni ¢ oI i Yot o&%ﬂiﬁ eGPFde%uB\F{ggﬁ@Eﬁ u¥edRy | trpated wigth 4C¥GBbP| us
QRI1n (i.e. no(fJmedr bQRl Zedct i® € ofSEeQVF Nwith - faUE8HENES| and B30in

Resul t Mt ants. oht. putant s 11 and AFL4149
but i thout QAR ot G Fas rer) 2nd F35E03 A AR, X Te3ipred vas

expressed, by imfugéppegspitation with anti-C3 and separation by

PCT/ GBQ 0212 ' .30 . as
descri bed in EDS typerylamide %l elre SrECRRoZS sé'%ea%%%#%”ﬁ?/d CHPBBT The

C3b-1i ke prodlﬁ,qduc1ng conditions (as described in the earlier
examples). The gel was fixed, treated with Amersham
"Amplify" reagéht, dried and exposed to autoradiography
film to yield the result shown in the figure.
10

3. Results

Factor I-mediated cleavage at position 1303 (site 1),

15 without cleavage at 1320 (site 2) (where this has been
mutated to glutamine) prgduces bands of 46 and 68 kDa.
It can be seen that cleavage occurs in the order:
arg(R) > tyr(Y) >Tys(C) and trp(W) > gln(Q) > gly(G) and
glu(E). The wild-type (arginine .at both.positions) is

20 cleaved at both positions to produce fragments of 43 (too
small to be visible on this gel) and 68 kDa.
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was relatively (conpared to the wild-type) resistant to 5 cl eavage at

position hki@ag¢hysgactors | and H but could still bepergRaesd212i
osition 1320. This C3b derivative is therefore partially resistant

to factor I. ' EXAMPLE 3: Production of C3 that has the arginine
10 residue at one factor | cleavage 5| te (amno acid

posi tion 1320) converted to a gl utam ne regl due The procedure of

- Exanmple 1 was foll owed except that only mut ageni ¢

ol i godeoxynucl eot | des. AFL4149 plus QRI 2 or 15 AFL4149n plus QRI2n (i.e.
no QRI1 or QRIIRQ ) wg_.rgy%ed I n mut agenesi s. In addition, the method
used in exanpl e so yielded one nutant with QRI 2 and AFL4149, but

wi t hout QRI1. 20 Resul ts a) Mutants obtained 3
mitants with Qqﬁ‘%eaﬁ}@sﬁ'f'télégethoWht kﬂﬁ“?l@fé WereThe e residues at site

| sol ated: -C3M 51, CG3M 2, C3 OSJ)S he nut ant 2 expressed,
as described in Ex(ﬁ?ﬁlléan 03 ) p R i HR 2 (1320) c?%%v:a% ECBEI"-‘@VFBBVG The

C3b-1i ke groducu;h\gas:elg@@clte_aél lk¥acks. cl eaved at position 1320 by factors
| and H, but it could still be cleaved at position 1303. This C3b

derivative is - thereéefore partially resistant to factor I. 30
EXAMPLE 4 Anal yExampflet e Demonsitaatsiicaf f eaf s ;fnhanced resistanceut atoons.

S t ant 100- 400 |
sﬂgngP(% U'Ia'E ZH(EET (RULE[ Sg)]n VAR bRARS eabedrEOF SRK! B YBEEr mutation

of arg 1303 to gln
10

1. Introduction

The earlier examples demonstrated that conversion of
either arg 1303 or arg 1320 to glutamine made that site
15 resistant to cleavage by factor I. Mutation of both
sites makes a'mo.lecule that is resistant to_cleavage at
either site. Here, we further demonstrate that mutation
of arg 1303 to gln alone (without alteration to arg 1320)
results in a considerable resistance, compared to the

20 ‘wild-type, to functional inactivation by factors I and H.
2. Method
25 2.1 Expression: The preparation of the arg 1303->gln

mutation was described in an earlier example. This was
transfected into CHO (a common laboratory cell 1line

" derived from chinese hamster ovary cells) by the calcium
phosphate method, and stable ‘transfectants selected on

30 the basis of resistance to G418 ("Geneticin" available
from Sigma). Cell culture supernatants were collected,

and the expressed C3 was ~partially purified by sodium
sulphate precipitation (10-20% (w/v) f£fraction), and
ion-exchange chromatography on Q-sepharose and mono-Q
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31 Lhcubated at 37[err]C for 2h with: re
transfecwgc?‘mb{}ﬁ pcDNA3 carrying inserts of:- 5 §§Id:lﬁ%’g)ﬁzw1l?he
unnut at ed C3 sequence; 2) mut ant C3M 123 (encoding Arg[err]->dn);
3) mut ant C3M 26 (encoding Arg[err]->A@n, Arg[err]->Adn); and 10
4) mut ant C3M- 51 (encoding Arg[err]->GB38). 200 [err]l of the
culture supernatants, taken 3 days after transfection, wer e
pretreated W th 2 v phenyl met hanesul phonyl fl uori de
(O[err]C, 15 mn) and then 15 i ncybajed at 37[err].C faor 2 hours with
the fol | owi ngsepharose (& W Dogldgydfatigds Enzymnol @23: ﬁr‘sef(&ﬁ?ég)@?,
convertase, CVFBb (10 [err]l from 200 [err]l 20 containing 6.6 [err]g

Phosphat o- but Feded ASRRYe | ( PREFELRATRATEP pre coatdy rith, pois

prei ncubat ed ajordlomdlC, ahbibbdy); (R A Harrdpon fasdor® W (5afbmahg) and

(1 [ersr] 9); PPar}:(%ibzo%k of Experimental Immunology 4th Edition chpt. 39
(1986)) and 4.4 ml of a 5% (v/v) suspension was then
incubated with approximateiy' 10 ug' CZ,' 24 ug C4 and 1 ug
C1 (purified human. components) for 10 min at 37°C in CFD

(R A Harrison and P J Lachman supra). 0.8 ml of this
- 10 mixture was then incubated for 105 min with 0.25 ml
containing the semi-purified mutant or wild-type C3 and ‘

EDTA to a final concentration of 12.5 mM. The cells were
then washed in CFD and used in CFD containing 0.1% (w/v)
gelatin (CFD-gel). Radioligand binding with ['25I]-

15 labelled clone 4 monoclonal anti-C3 antibody was used to
confirm that similar amounts of wild-type or mutant C3b
were deposited. -

For the assay, 40 -ul of a 5% suspension of cells was

20 diluted in 250 pl CFD-gel and 50 pul aliquots were
incubated with 50 ul CFD-gel containing dilutions of
factors I and H to final concentrations of 100, 10, 1 and

0 ug/ml each, at 37°C for 30 min. 0.9 ml of CFD was then

added, the cells pelletted by centrifugation and washed

25 twice more with 1 ml of CFD each time. The cells were
then resuspended in 100 ul CFD-gel containing 100 pg/ml
factor B, 100 pug/ml properdin, 1 ug/ml factor D and

" 0.3 mM NiCl,. After 10 minutes at 37°C, 0.9 ml of CFD
containing 10 mM EDTA and 2% (v/v) normal guinea-pig

30 serum. After a further 30 min at 37°C, unlysed cells
were pelletted by centrifugation, and the degree of lysis
determined by measuring the absorbance of the supernatant

at 412 nm. The absorbance equivalent to 100% lysis was
detérmined from an aliquot of cells lysed in water, and
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'D) CVFBb plus factors H and I. These were then

I rmunopr eqydbé/iley by adding 0.6 [err]g affinity- purﬁﬁ,@ﬂggj‘fﬁﬁp
_anti - human C3 i nmunogl obulin at 30 roomtenperature and after 1 hour
“adding 20 [err]l a 5% ' suspensi on of washed formalin-fixed Goup C

St rept ococcus sp. cells (protein G (Sigma). After 45 mn at room
tenperature the particles were washed oncédn PBS, 5 nM NaN3, and
once in 20 MM Tris/HC, 137 mM NaCl, 0.1% (v/V)

SUBSTI TUTE SHEET (RULE 26) WD 96/ 07738

PCT/ GB95/ 02121 . - Tween 20, pH
7.6 before el uth§RFs the Rexgensage lysis ‘f?e?c%ﬁi%ﬁ%ﬁ% (90-100C, 5 min).

These el uates were separated by SDS-PAGE, el ectroblotted onto
ni trocel | ul ose

. e S t rohing wi.th affinity-
5 purified sHeeh aasn%[k_ rﬁ%ﬁ%ﬁ%ﬁ%@%&f%ﬁﬁﬁ%ﬁi&f%w@ o f"lm se
radi sh per oxi dasduwnmiilonal JdGRRBHP mganvertsge. Convewahogl abul ii€3b
(Si gma) and detg:féx} 4SbBvEPEaseN SRt ion and CieiBd 'egfﬁsc s i
substrates sup wd% Amer sham A pnot.ograph ofeldlgl3 m%g%gse%ﬁosure
to X-ray fiImi%ﬁ%#WWﬁbTﬁﬂ . The visible C3-derived bands are indicated
by | abel | ed ~arrows, and the individual sanples (1-4, A-D) are those
just described. (The promi nent band of about 50 kDa (between the 46
and 68 kDa bands) present in all sanples is the heavy chain of
the 1gG used3in Resullts I mmunopreci pitation and detected by the
hor se rq%ish :
E The result shown in the figure indicates that more than
ten times as much factor I and factor H are'reqﬁired to
- abrogate the hemolytic activity of the arg 1303->gln
mutant, when compared to the wild-type. This mutation is
15 . therefore advantageous for the creation of a derivative
of C3 whose C3b product is resistant to inactivation by
factors K and I. The effect could either be due to the
greater resistance to cleavage at position 1303 (when arg
is mutated to gln), or to greater resistance to cleavage
20 at ‘position 1320 when cleavage can first take place at

position 1303.
4. Figure
25 The results are shown in Figure 5. The x-axis indicates
 the concentration of factors H and I. Q1 represents the

arg 1303->gln mutation. % lysis is measured as described
"in the methods. '
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per oxi dase- coupled donkey anti-sheep i munogl obulin.).

Resul ts
(see Fi gur e, ‘bﬁ . Al the untreated sanples (1prpeBosfer213-A
4- A wo 18, n bands of the correct migration for al pha and beta
chains of C3, indicating that all the nutants are expressed,
and post-translationally processed correcéé The presence of 43 or
46 kDa bands in these sanples 25 I ndi Cates the presence of sone factor
H + factor I-1like activity in the culture nmedium Spontaneous

hydrol ysi s of

which is cIeavggsgﬁséggﬁ act|V|ty In the unnutated C3 this
gener ates ban nd 75 kDa (the 75 kDa 30 band is invisible

because (i) it

anti body used {Redeygddit fde featur\éQSt@fn}mhﬁh hes, v%y;ri | bebpeattitdty

towards this

C3 during the 3 day biosynthetic period produces C3

i s hidden by the 75 kDa beta chain, and (ii) the

portion,of th 8 ﬁ chai n: - fiesence was
subsequent | y cBﬁﬂFﬁﬁﬁé E?rFQBFSbgﬁBCR}Eﬁ ?ﬁflﬂnﬁﬁﬁlﬁﬁaf° OWSHD 96/ 07738
. ant i body,

" one-3", t ha}( #Mst 3 fj_(elﬂ-%' S5 gﬁhQQlonalgy§3g%’gg OA#’ﬁV?tO’c‘feeave

PCT/ GB95 02121

factors H and
t he remai ni ng

(thiolester 'nE§8E$r B w

and the C3b

R ithditcait ngan combunleathtm sfungticnally active (Gfuman

ofuc eaved end ogenous enzynes 1 n

or added fact oferm andenzvmelcepabﬁe 1] Rtﬁﬁﬁbﬂﬂ human C

10

15

20

25

(ii) The amino acid sequences of derivatives are more
homologous to C3 from humans than to C3 from any other
species for which a sequence is presently known, or to
any other presently known prgtein sequence. Structural
features of C3 present in wild-type protein, but not

necessarily in ,modifiéa derivatives, . include the

following: -

(a) The DNA_coding sequence and translated protein
sequehcelfor the variant of human C3 used in the examples
of the invention described herein are given in Figures 2
and 1 respectively. This protein sequence differs from
the published sequence [2] at just two amino acids
(details are given in the examples). It is assumed that
many more variations are compatible with C3 function,

 even though most will not be present in the population.

.-(b) The primary translation product is proteolytically
. processed into two disulphide-linked chains, alpha

30

(residues 672-1663) and beta (residues 23-667), with
removal of the signal sequence (residuesll-zz).

(c) The mature protein contains a thiolester bond
between residues Cys1010 and Glnl013.

SUBSTITUTE SHEET (RULE 26)
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‘indicates cleavage at Arg[err], and the 68 kDa band 10 (visible
In | ongeg £ res) indicates -cleavage at Arg[ 9 3.
The nut an?v%@?ﬁé?) (Arg[err]->@n) was cl eavabl e by qu}](:% Sal 1

product was relatively resistant to 15 endogenous factor H and I-I [ ke
activity (2-B), wth di stinct anounts of al pha' chain (C3b)
persisting, but was still cleavabl é¢dhen extra factor Hand | were
added (2-D). The 43 kDa product indicates cleavage at Arg[err],

(a faint band at 71 kDa representing the other fragnent 20 of the

al pha' chain co seen in |onge osurgs) ut 8 kDa band
was present, gé\)d a?ozf‘ﬁ?%tﬁg%nf"?eg c%i' *Q e§?‘§?‘éﬁt CPG clrefidpe st
t he nut at ed G n$u¥748) This réactibhe isnfcllowdBMb@6breakage of the

"(Arg[err]->A@n % é] was 25 cl eavabl e by CVFBb and the
C3b-1i ke produc & 81:&#& _ and resi stant to endogenous factor H and

I-1ike activity (3- ' It was al so very resistant to the additional

factors pnd D MatoTpes) th t gt ) d

ot her rrutsants (2 an dI%) @'%e rxlee%was aéf Sﬁb%&rr%{}r{l E?Hﬁéy g e %’ (Slﬁagguct

i ndi cati ng soneb%fF‘é%%%g‘%esa‘td‘%%WlétO@dand Serlgfh e3nd hetweer dsigidal ng
68 kDa fragnmentagpy@sserB2y] sible ~on | onger exposures). There was
little or no detectable 43 kDa that woul d correspond to any cl eavage
at dnferr] .- Therefore the Arg->A n nutation at position 1303 is

| ess WO ions made to t ative C3 molecul PCT/ GB95/ 02121
34 10 effective than that at position 1320 at preventing

Replacement of Argl303 by Gln

This modification is at one site of cleavage of C3b by
factor I. The effect is to reduce the rate of cleavage by

15 factor I at this position. The change to giutamine was
selected to take away the positive charge of the
arginine, which is likely to be important for the serine
protease activity of factor I, while retaining a
hydrophilic character and a similar side-chain size that

20 - should minimise any disruptions to the tertiary protein
structure. Evidence supporting this ptésumption is that
the mutation did not prevent processing into a two-chain
structure, formation of a thiolester or cleavage of C3 by
C3 convertase. Mutation of Argl303 to another amino acid

25 can achieve a similar or even a superior effect, as
demonstrated in Example 5.

" It may. also be possible to reduce this cleavage by

mutating Serl1304 (the other side of the cleavage site) or

30 other residues involved in the enzyme-substrate
interaction.
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cl eavage by factor I. (This slow residual cleavage m ght : al so be

OCCUr I'i NGy mut ant C3M 123 (Arg[err]->3n), bu
i nter ned?nggdiozﬂg'robabl y being rapidly 5 processed toi’gy&%ﬁ&d _
further cleavage at the unnutated Arglerr].) 5. The
‘mutant C3M51 (Arg[err]->d@n) was cleavable by . CVFBb and the
product was cl eaved by endogenous factor 4210 and |-1ike activity
(4-B), and by additional factor H and | (4-D). The 46 kDa product
. (and faint 68 kDa band) i ndi cates cl eavage at Arg[err]. However, .the

absence of a fﬂﬁéﬁeﬁ@%gﬁgﬁ%ﬁghgﬁ‘{eﬁ% hat it is not cleaved at the

“mut at ed Gln[er}i rison of various amno acid

- substitutions at position 1303 - - 20 1. I nt roducti on
The previous exa#p! j tati :1303-a . rg..1320

to glutam ne I‘ggl.. u@éégfgﬁﬁpﬁﬁt%i%\st%nggy eg{jgl%g 3t ‘?g%?g?%ﬁc%gt%b

cl eavage at thb¥e fasteront.byThecteffect 25is toovdmasticaltiy e nexdace snal |

but det egt abl e (g i I aggtat ogl T er of
ot her a%no ( Egegg%gﬁsﬁgg%ﬁ%{;i gﬁé gfsttéhiog S%%lg??‘ ﬁ %glgfa%rggrﬁrrf; e and

tested. O eavabBi8cBRFIELPR- dedPBASPARIS: 40 I3MtaMingaws made oghdihe

resi due 1303 i gamév@ritdyia ddsymibed Boeve; &hl £h38 mutat By MsHla
These results are unexeect ed because known natur al |

i), | |
occurring humahCtacPb? $g%&5?%%ssmé' )“&"r"ea\PagZ’é”F’dc‘{}t?rmc- T s e 2 0

ar gi ni ne resi diespasbont of a thiholdshare dreercléeniagel bifat C8hébyenzgare had .

a I CQUEMeNt conyerrh8L. AaGalhS maRt {dd) thearbrRet GEHS 861d' My

achieve the same effect, as may mutation of Serl321 or ‘

other residues involved in the enzyme-substrate
interaction. '

15 ‘When in combination the two mutations,Argl303-Gln and
Argl320-Gln, protect the C3b from inactivation and hence
maintain its ability to form part of an active C3bBb
convertase. Other—mutations (including combinations of

_ mutations) that abolish both cleavage reactions could

20 "~ also be used (for example Arg 1303 Glu or Arg 1303 Gly
could be used in combination with Arg 1320 .Gln).
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35 wo 9sPRswoul d predict that they would have to be pcr/GBIsSIH2121
.electrostatically simlar to arg, i.e. a basic residue (l'ys or his),
“(e.g. trypsin selectively cleaves C termnal to arg, lys or his),
so one could not have 5 predi cted cl eavage of the tyrosine
substitution. Therefore substltu14|3on of arg 1303 with glycine or
glutamc acid is preferred for the purpose of creatlng a derivative
of C3 resistant to inactivation by factor 2. Methods 15

l.
2.1 Mutagenesi _
caact gcccagc(g%&c&e g%é‘ﬁ adﬁ%q‘g’b&ng ﬂ;%g'?%?gagg ﬁhe ln‘é&%?&&%é’f‘s
i ndi cate mi xture of base®fatC3/A3ipesitth didctor H  Mitants were constructed
ei ther by the gapped-pl asm d 20 met hod (as described in the earlier

exanpl es), or by the "negaprimer nethod" (V. Picard et al, Nuc Acid
Res 22: b8y - gntyodwhion i n whi ch t he upstream priner was
caccaggaact gaat ct agat gt gtccctc and the downstream pri nmer was

gttttatggtgaccttaagg aatttatta. Al nutatio e 25 erf.ormed on
tenpl ates in wAtheR H@bezatpRTigsnfaFRPTaduUCe ev%\‘ﬁ?%%%l)baﬁé}] ST @nsuch
that am-no aci ctHeessfeﬂeetbSaQ synthetds pépt bdése(Gand, & /S aHE Mulleyi-t €

for Afll1 had eer.lc'harcl H.J., 1985, Complement 2:27; Becherer, J.D. et
al., 1992, Bz-ochemistzy 31: 1787-1794), or limited

10 mutagenesis (Taniguchi-Sidle, A. and Isenman, D.E., 1994
J. Immunol. 153: 5285-5302) to suggest that the residues
752-761 in the primary sequence of the C3 transcript (see

figure 1) could be involved in the interaction with
factor H. However, other publisﬁed evidence suggests

15 that * only residues 767-776 are involved in the
interaction with factor H, whereas residues 752-761 are
important for the interaction with factor B (Fishelson,

1991, Mol. Immunol. 28:545-552). We surmised that more
extensive mutagenesis of this region might reduce the

20 affinity for fact_dr H and therefore be desirable for the
objective of creating a C3 derivative that is resistant

to factor H. Furthermore, we guessed that the important
residues to mutate could be the prominent acidic residues
(aspartic and glutamic acids) and that it would be

25 desirable to change them to neutral residues less likely
to mediate strong interactions. In this example we

- changed residue 752-754 from Asp-Glu-Asp to Gly-Ser-Gly,

" in combination with changing residues 758-760 from Glu-
Glu-Asn to Gly-Ser-Gly. The product displayed reduced

30 cleavage characteristics consistent with a reduction in
- the susceptibiliity to factor H. This provides evidence

that C3 can be modified to reduce the binding of factor

H, and hence the susceptibility to factors H and I.

These modifications are desirable for the creation of a
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i ntroduced at position 4149 (as described in the earlier exanpl es)
and were nf i d by DNA sequencing. 30 2. 2 Expressgj-n- ts
wer e expr@%&%@gﬁ CCS cells usi ng the pcDNA3 vector%’b&’gg@%ﬁ ed in
the earlier exanpl es, biosynthetically |abelled with

[ err] S] net hi oni ne In serumfree nmedium WO 96/ 07738

PCT/ GB95/ 02121 | 44 36 2.3 Assay:
t he supernatants were treated with CVFBb ~ (fornmed by reaction of CVF
with factors B and D in magnesi um cont ai ning buffer) and factors H

and | foll owed

auation by

by i S lie b o And.
5 SDS- pol y&cr yl%ﬁﬁ‘f%ﬂbaeﬁmreugf r?e\?gglﬂlts?gﬁ%n? &t’ f o"?n e'dr una@?szgfgglca

reduci ng condidondition®s described in the earlier
The gel was fixed, treated with Amersham "Anmplify"
and exposed to autoradi ography filmto yield the r

exanpl es) .
reagent, dried
esult shown in the

figure. 10 7.2 Mgthdagesults Factor |-nedi ated cl eavage at

position51303 (site 1), 15 wi t hout cl eavage at 1320 (

site 2) (where

thi s has been nmutated to glutantne)egéodUCes bands of _46,and 68 kDa

It can be seen Theamethodgagl BULATENERifpe

H_gg_s:..on an

apglesis bgvey) >

cys(C) and trpplen ddsddbed dry(Eheaddrlier examplies. Thise winhtaggntc
o e Tt el pT cotidl that'was sPnERtedsth RIL"cRE°sEiREAL?

agtaacctgggttcogggecatcattgcaggatcgggecategtttece.

produce fragnme

10
7.3 Results

The results of cleavage reactions are shown in Figure 6.

These indicate that:
15 :
1. Addition of CVFBb to wild-type C3

results in

20

25

elimination of the alpha chain (track 2) because the C3b
that is formed is—susceptible to the low concentrations
of factor I and H in the culture supernatant. C3i that
has been formed during expression or this subsequent
incubation has been broken down to iC3i in the same way.
Addition of exogenous factors I and H (tracks 3 and 4)
are therefore no different from tracks 1 and 2
respectively, - because the medium itself contains
sufficient factor H and I activity to effect complete
cleavage. '

2. In contrast, treatment of the mutant C3 with CVFBb

30

(track 6) does not result in disappearance of the alpha
chain. There is some generation of alpha’, corresponding
to C3b, but some or all of this remains, indicating that
the persistence of alpha chain is not merely the result
of a failure of cleavage by' CVFBb. The remaining
uncleaved alpha chain in track 2 may therefore represent

SUSSTITUTE SHEET (RULE 26}
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small to be visible on this gel) and 68 kDa. - WD 96/ 07738

PCT/ GB95/ Odinldk/07738 37 PCT/GE9s/0212T1 Jur e
The results are shown in Figure 4. The residues at site 1 (position
1303) and site 2 (1320) are indicated above 5 the respective tracks.
. Exanple 6 Dermonstration of enhanced resjgtance to

I nactivation by factors | and H after nutatlon of arg 1303
to gln 10 1. I nt roducti on The earlier exanples
denonstrated that conversion of either arg 1303 or arg 1320 to

gl utani ne made t:bat %ihfa(t 15as rch:Sl a:s&qi té’.\.é‘dxﬁé&/agﬁyb)’tﬁém@ﬁdb enous
Mut ati on of both ?

e_that.is resistant
cl eavage at act:.g}f_ﬁgg s? er}:%%ré rff#t Har ﬂ%%ﬂggﬁat’et t A% ALBAti on
of arg 1303 to pbesdblee (thiathouions t eofiti chiko aeprkd2Prs nativesubss in

a conslderable gacﬁégggg aﬁgﬂﬁyhélt&uéggtgéhaﬁbtﬁ&#%ﬁagF to functlfnm

| nactivation by
5 resistance to CVFBb. Addition of high concentrations of

exogenous factors H and I (track 7 and 8) does produce
depletion of alpha and alpha’ chains, indicating that (i)
- the mutant is not completely resistant to these factors,
and (ii) the alpha chain uncleaved by CVFBb in track 2 is
10 predominantly derived from C3i (which is cleavable by
factors H and I but not by CVFBb) rather than from native
C3 (which is cleavable by CVFBb but not by factors H and
I). Still not all the alpha chain is cleaved, even in
track 8, probably because of the resistance to factors H
15 and I.

Therefore mutation of residues 752-754, and residues 758-
760 can generate a C3 molecule that can still be cleaved
by C3 convertases, but is partially resistant to the

20 actions of factors H and I. In view of other .published
data, this is most probably because the mutations have
modified a region that is involved in the interaction
with factor H and hence have resulted in a reduced
affinity for factor H. |

25
EXAMPLE 8 A site in C3 that can be mutated to modify the
interaction of C3i with factor B
30 8.1 Introduction

The previous examples have demonstrated that mutations to
C3 can modulate the interactions with factors H and I.
In order to discover other sites in €3 that might

SUBSTITUTE SHEET (RULE 26)



25 2.1 Expression: The preparation of-the arg 1303->gln

mut ati on_was described in an earlier exanple. This was fected
into CHOVOPST3Rvon | aboratory cell Iine deri ved f?%"r}’m‘%’%g.’é@glz
hanst er ovary cells) by the cal cium phosphat e net hod, and stable
transfectants sel ected on 30 t he bas'g of resistance to 418
("Ceneticin" avail able - from SigmaJ. Cell culture supernatants were
col | ect ed, and the expressed C3 was partially purified by sodium

sul phate precipitation (10-20% (wv) fraction), and

on-exchange ¢ht gl oLARRY £3R:QyS B2 4ed Yok BN known R GLATISS

PCT/ GB95/ 02121 . , = sephar ose
(A W Dodds Meblio@3 Rodeeudes? fromgifferent species, as weldsqf :with gheep

erythrocytes %%ﬁ&%ﬂihe%gﬁgtggiggbr C4 and"BBBEkORShoBSFLRE Byrdtfefhdiarri son

and P J Lachman . Experimental .| munol ogy, 4th Edjtjon
chot. 39 'We idenb}FiaRdCRSATRILGR SORTRONIRILeR. e rceRidies 14t
i ncubat gd wi t B43BPrEEi HEheh Y C30 ey |Higke Bé [iervdlyedt fmdC3 [amid JQa
o, (UL o0 Mamed somanlShe! o' nhy Rt FHEERAL ubbelfRion il F0,
i ncubat ed for £5@%of B Wickh iks2homologue, Qﬁonftiai ihey game ﬁn:clb)u,r iuted
TAS0L % Ve B BEckdpEihy b S LAt Bokaithat esgptioh, ooiudg. 3,
(Wv) - ghlisliesterCEDryatjion, fABVErsiaRILIBFAIFHD W?hC“P[%‘PIF‘]%'] - 15
| abel | ¢ clong 4 maneq ﬁn?vfi(}ﬁpt bobstpatébedy dmp/dsedst Gn convedtdde rm
that si'mlar anounts of w| _-type or nutant_ C3b wer e df osited.
activity and interaction with factor I and its cofactors. ‘
Therefore selected residues ~were mutated to the
corresponding residues (based on sequence alignments)
found in another homologous protein, in this case human
i5 CS. Thus residue 1427 was changed from an Arg to a Gln,
residue 1431 from a Lys to Asp, and residue 1433 from a
Glu to a Gln. The resulting mutant was found to be
susceptible to cleavage by C3 convertase (CVFED) and the
C3b product was cleavable by factors H and I. However,
20 this mutant did not support the conversion of factor B to
Bb plus Ba, which is dépendent on the binding of factor
B to C3i (or C3b). : Therefore we have evidence that
mutation of this region has diminished the interaction
with factor B. Whilst this is undesirable for the
25 generation of 'a super-active C3 convertase, it does
provide an indication that other modifications to this
region of C3 will also alter the interaction with factor
- B, and some of these will probably increase the affinity.
As a consequence such mutations may also increase the
30 stability and activity of the bimolecular convertase

enzyme, C3bBb (or C3iBb) .
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For the assay, 40 [err]l of a 5% suspension of cells was 20 diluted in

250 [err]lwodsiermgl and 50 [err]l aliquots were I nculpetrasBosioizy SO
lerr]l CFD-gel containing dilutions of factors I and Hto final
concentrations of 100, 10, 1 and O [err]g/m each, at 37[err]C for
30 mn. 0.9 mM of CFD was then added; the cells pelletted by
centrifugation and washed 25 twice nore with 1 m of CFD each tine.

The cells were t hen resuspended in 100 [err]l CFD-gel containing 100
“[err]g/mM factor B, 100 [err]g/mM properdin, 1 [err]g/m factor D
-and 0.3 mVN Mdttiods After 10 mnutes at 37C, 0.9 ml of CFD
containing 10 mM EDTA and 2% (v/v) normal guinea-pig 30 serum After a
further 30 mn at 37C, unlysed cells were pelletted by

centrifugati on, Taed alligmientse sifowrnysirs Table 1 deverheafdibyuseaavei whyt he
absor bance of 't g SUBRERALEOE char Hid'iZeBllbonMGagDSe! RANEA UL VECEN

to 100% | ysi s was ned from an uot of cel

~water, an8 mutagenesis. We SISUBEﬁ?¢UFE18$HEE1FaFRELEre6)O cermn

96/ 07738 ' residues were well congserved inP€d/ %85EQ213311: distinectl

39 hence the percentage | ysis was, cal cul ated ﬁ Xssay
neasures the abldlﬁftf)?r@F‘tdéBOEF?e‘at P RPEPERing. Resmé‘%ﬁétzﬂon&l“é?,BBéP
‘convertase. @a3e Weiren skl elc€ed becausepthedht ghaegedr hag@rbomightopeand

subsequent IySIS:LnIdr:chat:l.ve of groups invelved in protein-protein

10 ~ interactions. The changes were made to the'corresponding
residues in human C5 because these displayed very
different electrostatic properties, but within the
context of some other conserved residues that might
indicate a similar local structure.
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serum EDTA. 3. Results 10 The result shomn in the figure

i ndi cat esvd beaé77880r € t han ten tines as nuch factor S‘ﬁigi’ﬁr H are
required to abrogate the henolytic activity of the arg 1303->gl n
mut ant, when conpared to the wild-type. This nutation is 15 therefore
advant ageous for the creation of a derive8ve of C3 whose C3b
product is resi ant to inactivation by factors Hand I. The effect
could eit u%%e?r% QZ0 W&t eP r&hst e tBDITPcAvhGenad
position ¥§03 (wWhen arg is nutated to gln), or to greater resistance
to cleava%s at position 1320 when cl eavage can first take place at
position 03 4, Fi gure 25 The results are shown in
Fi gure 5. EThe »eaxis indicates the concentration of factors H and
|. QL reprBsent S2HE = — = argI1303+>gim mutati en- %A Qskst msoneasured as
descri bed *in the nmethods. WD 96/ 07738
PCT/ GB95/ (@121 _ ' 40 ~ Di scussion
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The essential features of Human C3, with respect to nodi fi ed

vari ants degoderodmg herein are as foll ows: - (i) Th@dﬁmmhﬁlhas a
functionally C3b-Ilike derivative in that it can conbine wth

functionally active human factor B, which can then be cl eaved by
human factor D to forman enzyne caggbl e of cleaving human C3. 10
(ii) The am no acid sequences of derivatives are nore honol ogous to-
C3 from humans than to C3 from any ot her species for which a
sequence i s presently known, or to any other presently known protein

sequence. Structrheamethods ofémntﬂgéné§1533dﬁﬁxﬁﬁﬁldﬂ1amd dnhl@%1§refetﬂ,

b I dified _d .
ol loving: - Ciesvage Yaaefioulcuarsl abC adder i, ihofibccenritern 20

sequence for thexamplast (Exampies C34sed The trneragemid esligonucledtide
I nvention descrhggd Pﬁ&ﬁbglgéa Q&Eﬁnabgfgégu%ﬁéeg ' and 1

respectively. Thi's proteln sequence rom t he publi shed
sequence 5[2] &ogtgstoercaahnAstasrggactatcageggarfa-are given in the
exanples). It is assunmed that 25 many nore variations are conpatible

with C3 functlon even thoﬁg? gnst wi |l not be present in the
popul at i on. Assay EBF CHRBOWEF 8FERTI Bri on product is

proteol yticall yThe e ﬁmdpraaactwmat Sph;ahfﬂedl Iﬁ?db‘&d €hei os akghn 30
the si gnal _sequiseeus B9 Aeanityo piTicatiol bn el of RS-
~ cont ai nsl@ thi oSepharobends descriled viceExampltués Cyhislfiethdd Gead@lts
SU§ST|TUTE SHEEIn(E%%EiaQ}able conversion of the thiolester broken form,
C3i. Wild-type C3 was isolated by the same procedure.
Dilutions of the wild-type C3 (1/5, 1/25 and 1/125) were
run on an SDS-PAGE gel (reducing conditions) along with
15 the mutant €3, and silver staining indicated that the
mutant was present at a concentration equivalent to
slightly less than the 1/25 but much more than the 1/125
dilution of wild-type. The same dilutions were used in
the assay of factor B turnover. 5ul of these C3’s were
20 . incubated with 25ul of CFD-G containing Sug/ml factor D
and approximately 1.6ug/ml of 25I-labelled factor B
(approx. 1000-2000 dpm/ul) for 3h at 37°C. The samples
were then analysed by SDS-PAGE (reducing conditions) with
autoradiography of the dried gel. The results are shown
25 in Fig. 7.

8.3 Results

As shown in Fig. 7, distinct cleavage of factor B occurs

30 even at a 1/125 dilution of the wild-type C3 (C3i). 1In
contrast, no significant cleavage was observed in the
presence of the mutant C3, even undiluted which should be
at a concentration higher than the 1/125 sample of the
wild-type.
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41 Y C3 convertases cleave C3 to renove C3a '

672-748). Qﬁu ssgrseactlon is followed by breakage of the m@#’ﬁ%ﬁzéster
bond. 5 (e) In the presence of factor H, factor | cleaves C3b

bet ween resi dues Argl303 and Ser 1304, ang bet ween Argl1320 and

Ser 1321. Modi fications nmade to Re native C3 nol ecule 10

Repl acenent of Argl303 by Gn This nodification is at one site of
cl eavage of C3b by factor |. The effect is to reduce the rate of

cl eavage by 1%nig mﬁﬁgherthef‘éféf’ésa iéé gﬁb lﬁ% Qﬁagﬂﬁaif.’eal é"ﬁfﬂvﬁ

selected to taI{le away the positive char ni ne
likely to be tepGUPRRrts &he kdeayage of factqgy (ﬁved%%sﬁachlﬁhy dite feot or |,

whi | et L et alzgl &g eeductlonhyﬂﬁor)mélmgmir@tt %rffii'h?.t%t ﬁf&tk' a;faétéf C@f' n
size tha shoul i m se any .disr o'the tertiar rotein
structure. Evit &?@ﬁ'@g ﬁg’:lls g thi G:#gtd ast 38R b mutaqq.g ¥Rt ati on
di d not spr everbdulates thegintefastion- béaween c3:. (St rOBbUrend f Bidedt on of
a thiol ester r _cl.eay f v ase. tio Argl1303
t o anot her n8™ QCPE%%PQ %a%cﬁt&;’é‘ ﬁif %QI g% ?g%‘\f“/#{:isgug%?

effect, as or C3pBimnstrated in Exanple 5.

10 EXAMPLE- 9 Purification of expressed mutant C3 molecules
9.1 Introduction

This example demonstrates how the mutant C3 molecules may
15 be isolated from an _expression medium, such as the
' culture medium of transfected eukaryotic cells. By
simple affinity purification the C3 molecules are
obtained in suffieient purity for functional tests and
for conjugation to antibody by the method described in
20 Example 10. Although elution from an antibody is
accompanied by hydrolysis of a considerable proportion of
the internal thiolester, the C3i product is still a
suitable precursor for the generation of an active C3
convertase, as well as for the production of C3i-antibody
25 conjugates. This approach is also likely to be useful as
part of the preparation required for in vivo use.

9.2 Method

30 Affinity-purification on Clone-3-Sepharose.
Clone-3 is a rat monoclonal antibody that is specific for
C3 and its derivatives, including C3b and C3i (Lachmann,
P.J. et al., 1980, J. Immunol. 41:503-515). Other
monoclonal antibodies against C3 are available, and in
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1t may. also be possible to reduce this cl eavage by mut ati ng Ser 1304
(the ot herwgioggy3g t he cleavage site) or 30 ot her resi gﬁ@ggsﬁ)ﬁgpl ved

in the enzyne-substrate i nteraction. VO 96/

PCT/ GB95/ 02121 42 Repl acenent
of Argl320 by d@n "This nodification is at the other site of

cl eavage of C3b by factor I. The ef¥ect is to drastically reduce 5
(virtually abolish) the rate of cleavage by factor | at this
position. The change to gl utam ne was nade on the sanme criteria

descri bed above, and this ,mtation also di Of _prevent processing
into a two- chai R°UErTRELF Have BeZh ﬁ&cﬁ&tsis%ﬁl&fy H‘sfaﬁi g?e%?%fa'b? <t e%%{be of
C3 by C3 10 smadhventatatikgai of dumstn oplasmanollmeddsyni AoWaci dl9ss),
achieve the sa o tad 3 t-h

residues invo Vggéfilg_nénfﬁgof?é@#ﬁ 563{)}5% Elgts g&é gﬁe{)éf?\f%r%]é%é)olﬁ{ehﬁS
When in conbi nat®dee tarpkigabhe farokbealgedasicnnofinee. 2cules gupndased n,
protect the C3bekr piybNacie aigePEraee ibANHEs ‘cou%leaaté'té’éﬁhéfés o idg to.
formpart of an active C3bBb convert ase, her-nutations (including

conbi nati ons of USing CYARQEETHNLFOMASE aHBEFRACRLEEY cMaK abe rEeerd orin
could 20 al Barbesofednd OLachmammh 2 A986]30akdbock AFJ Exgbbr{dental

coul d be used i?m%&nngigg}i, °2t¥¥i te'énA.r,g ‘:.J'cigzso Qem:", Herzenberg, Blackwell
and Herzenberg; Blackwell, Oxford). Culture supernatants
10 were either passed directly through a column of this
resin (re-circulated), or first <concentrated by
precipitation with 25% (w/v) Na,SO,, and resolubilization
and dialysis into PBS, 5 mM NaN,;. The column is then
washed successively with (i) PBS, 5 mM NaN, and (ii) PBS

15 . containing 1 M NaCl. Bound C3 elutes with 50 mM Na
borate buffer, pH 10.5, and is immediately neutralised by
collection of 0.9 ml fractions into 0.1 ml 1 M Tris/HCl
pH 7. The material is then dialysed into PBS, 5 mM NaN,.

20 Preparation of C3 bearing a "His-Tag"
A "His-Tag" is a string of histidine residues that
displays affinity for columns bearing Nickel ions. This
method has been employed to aid the isolation of
expressed proteins. We thought that this could be useful
25 for the isolation of expressed mutant C3 molecules so we
‘have used insertion mutagenesis to generate a plasmid
encoding C3 with a tail of 6 histidine residues at the
' carboxy terminus (immediately carboxy-terminal to residue
1663) . This location for the his tag was selected so as
30 to minimise interference with the synthesis, folding,
processing and disulphide bond formation of the nascent
C3. Residue 1661 is a cysteine residue that is involved.
in a disulphide bond to a residue earlier in the sequence
(probably Cys 1537; Dolmer, K. and Sottrup-Jensen, L.,
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43 LE 7 Various nutations that reduce the i |
of C3b/ C3‘|'VO% actor H 7.1 Introduction Bkg(%g%ﬂgl
| aborat ori es have produced evi dence based.either on _ the effects of
synthetic peptides (Ganu, V.S. and Miller- Eberhard, H J., 1985,

" Conpl enent 2:27; Becherer, J.D. et 5al ., 1992, Biochenmistry 31:
1787-1794), or Iinited 10 mut agenesi s (Tani guchi-Sidle, A and |senman,
D.E, 1994 . Imunol . 153: 5285- 5302) to suggest that the resi dues

752-761 in the_primr sgauence f th rans ri gure 1)
coul d be invol 3‘58% ﬁ?%?a@& ﬁFrﬁO and é’ﬁr q:qe F-vaeﬁ/%?me%t her
publ : shgd evi dpﬁaaeauggastmaks tt_te_thﬁ_beﬁembn be;sarfwe&hl%?sﬁz?&%tﬁ@l

i nvol ve in e _ nteraction wt ere resi due

oy ey are  EeSturg, 7hi FHEFEIRE Vhe CHAROMNecH WIS i HOaR con
1991, Mbl. | mpihabmid8: tdShni@ye Wied umriBxatplieal ,nosing the mebdgmsive

f & Bj LQP; gl hgs f f
and-Chor o1 or o ByLRehERPRi B IBRERCEEEATELEH che Sonidhldy Tl 175"

~derivative thatgggtgestsaancatcatcateateatea t%c%‘#@m%re we guessed
that the inportant resi dues to nutate could be the prom nent acidic
resi dues as artlc and _gl ytamic aC|ds and that it vvould be 25

desirable to chBAG ZbPFaFLPB REut ‘F%’s’??ﬁfes pIUeNEe WRF confirmed R ate
strong inter acn'mnsequehdam@t S ™aEDNA wequence mapanow bd adghisf ered 54
from Asfﬁ_G u-Agg tg @ yex%ere-ss:t%n vector. After transfection of
eukaryotic cells, it should be possible to isolate the
expressed C3 by affinity for a column bearing Nickel
ions, or by any other matrix with specific affinity for
the "His-Tag".
15 .
9.3 Results

A number of mut:ant“CB have been purified on the Clone-3-
Sepharose, including those described in Examples 1 and 2

20 expressed in CHO cells. The products retained the
ability to support the cleavage of factor B by factor D.

The same method was used to isolate the mutant described

in Example B2, expressed in COS cells. Silver-staining

- of SDS-PAGE gels indicated that the isolated products

25 - were not 100% pure, but often appeared to be greater than
or equal to 50% pure. This comes from starting materials
generally containing less than 10ug/ml C3 in 10% (v/v)

" fetal calf serum plus other cellular proteins. In

addition the C3's were not- degraded during isolation, and

30 endogenous factor H and I activity appeared to have been
- removed.

Purification by virtue of the "His-Tag" involves milder
‘elution conditions from a column bearing Nickel ions.
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i n conbination with changi ng residues 758-760 from G u- A u-Asn to

d y- Ser - G yWOod07p380duct di spl ayed reduced 30 cl eavage crha acteristics
consistent with a reduction in the susceptibiliity to EBISO221Th S
provi des evi dence that C3 can be nodified to reduce the binding of -

factor H, and hence the susceptibili%g to factors H and I..
a

These nodi fications are desirable for the c tion of a

SUBSTI TUTE SHEET ( RULE 26) WD 96/ 07738
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condi tions.

convertase that Fersiexampleand vei 9l paical _
7.2 Method 5 m T‘Belm%et hogim(? %?agg%és iugedéxprégg' dFakranacd his
have been™GE8RF; 584 ¢ Fh@uéﬁrMhﬁrﬂﬁqnqﬂa%lowThethtiwwﬂﬁithout

ol i gonucl eot i de rﬁpmumasoﬁyﬂh@esﬁﬁeﬂnéﬁd&ﬁiﬁiéﬁﬁ%?”ﬁ@ﬁd. 7 3 Results

agt aacct gggt t cgggcat cat t gcaggat cgggcat cgtttcc.
The results of cleavage reactions are shown in Figure 6. These

i ndi cate that: 15
EXAMPLE 10 Conjugation of C3i to antibody and use to

target C3 convertase activity against a
particular cell

10 10.1 Introduction

One'aspect of the invention is that stable C3 convertases
derived from mutant C3_molecules will cause enhanced C3
conversion which, if localised at a particular target

15 site, will promote complement -dependent attack of that
Farget. .The favoured approach for targeting the response

is to couple the mutant C3 molecule, as either the C3i or

C3b ‘derivative, to an antibody specific for the desired

| target. In this example we demonstrate a working

20 “methodology for formation of - such conjugates, which is
applicable to mutant C3i or C3b molecules and can be used

on material affinity-purified from an expression system,

even if the thiolester of C3 has been brocken in the
Process. By coupling C3i to an ‘antibody that

25 specifically binds to sheep erythrocytes, we further show
that the the conjugate fixes C3i to the erythrocyte

. surface such that a convertase, C3iBbP, can be formed

. ;hat initiates ;ysis of these cells when other complement

| components are supplied in the form of normal guinea-pig

30 serum (in EDTA to prevent de-novo formation of C3
'cpnvertases). Hence conjugation to antibody can be used

to target a C3i molecule to initiate complement -dependent
attack of a particular cell type. This example uses
wild-type C€3i, from human pPlasma, that forma a 3
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1. Addition of CVFBb to wild-type C3 results inm elimnation of the

al pha chawp ¢gig70s8k 2) because the C3b that is fornegpdiGegudpsPpti bl e
to the | ow concentrations of factor I and Hin the culture
supernatant. C3i that 20 has been fornmed during expression or this
subsequent I ncubati on has been brokéa down to i C3i in the sanme way.
Addi ti on of exogenous factors | and H (trdcks 3 and 4) are

- therefore no different from tracks 1 and 2 respectively,
because the nmedium itself contains 25 suffici ent factor H and |

activity to eff SPPRLEL cl MADRS, I
treat ment of th?ﬁrr‘{ﬂ anté%?,fn v%]tzéc\’/FB i erlzg: tyé;@ o3els #10@{ resglge
di sappear ance BTekRn afipWR By Lactpryi, andl'lfefe The rgefemutans 6B,
al pha’, corresp@éﬂé@ﬁucted acé@r@ﬁbg @attﬁer@laﬁsakh ehlbhbstéﬁ@'ca%ﬁ

i ndi cati ng that 4 S stence of al I s not nerel e
resul t e%l?%??ﬁrgo gg d(NgBﬁng ‘ﬁ?é‘erfr-ﬁﬁ n ﬂﬁmlng a
uncl eaved al phestdisle 03t raokvértmsex heweﬁbde bepr eadeahtageous Wn96/307738

PCT/ GB95/ 02121 45 C3i that

has not been pl'@{%:a?/]é%gl%ﬁll ?%nte endogenous activities of factors H
and |, although it is also . possible that sonme of this

represents natjyes fedrhod persisting if the nutant has acquired a
partial 5. resistance to CvVFBb. Addition of high concentrations of
exogenous factors Hand | (track 7 and 8) does produce depl etion of

al pha angh al phatixhasatferdtibcat i t h@uxﬁ.‘f):.catlon t g mucantaht iBBky
conpletely resistant to these factors, d (ii) the al pha chaln ‘

uncl eaved by CEBRYFRYG ack 2 is
: : The antibody used was the IgG fraction isolated from a

polyclonal rabbit anti-sheep erythrocyte antiserum. 1.1

mg was incubated with 75 nmol of SPDP in conjugation

15 - buffer, pH 7.5 (20 mM KH,PO,, 60 mM Na,HPO,, 0.12 M NaCl)
- for 2h at room te_mpetatur?. The PDP-IgG was purified by
gel-filtration on a Superose-s column (Pharmacia) (in a
phosphate buffer,— pH 7.4, containing 0.5 M NaCl).

~ Reduction of a sample with dithiothreitol was used to

20 estimate. 4 PDP groups coupled per molecule of IgG. C3i
was prepared by treatment of purified C3 with 0.1 M
methylamine, pH 7.2 (2h at 37°C).. Excess methylamine was
removed by gel-filtration followed by dialysis into
conjugation buffer. 18 nmole of C3i was mixed with 1.7

25 nmoles of PDP-IgG in 1.26 ml conjugation buffer and
incubated for 1 day at room temperature followed by 1.5

days at 4°C.  Figure 8 shows a Coomassie Blue stained

" SDS-PAGE gel of the conjugation reaction mixture showing

the appearance of a species of approximately 350 kDa that

30 was not present in either PDP-IgG or C3i. This species
was partially purified by gel-filtration on the Superose-

6 column in a phosphate buffer, pH 7.4, containing 0.5 M

NaCl and then dialysed into PBS. It eluted before the

C3, in a volume from which a molecular weight of 300-400
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io predoni nantly derived from C3i (which is cleavable by factors

Hand | bu .CVFBb) rather than fromnative C3 deies '

cl eavabl e g§ﬂ%%%§§ but - not by factors H and. ). still runﬁgw?ﬁ?he
al pha chain is cleaved, even in track 8, probably because of the
resistance to factors H15 - and I. 5 Therefore nutation of

resi dues 752-754, and residues 758- ?60 can generate a C3 nol ecul e
that can still be cl eaved by C3 convertases, but is partially
resistant to the 20 actions of factors Hand I.. In view of other

publi shed koAt RoullRi Spi S eg%gﬁnagt giallyy OLLRsE1bE Wikt | gga;:ﬁa&%

nodi fied a region _that 1s invol | nteraction |, w rh tactor H
and hence have MAAAWRY wejohtdgeandards. Ganqentratiang af spnjugase,
_E><tAI\/PLEt 8 A-S:ct%‘é:!éé Ctéﬁt?%??aranlae -ﬁ%@@iﬁﬁ%dodfi})wtléﬂetétgpimated from a
interaction o I Wi actaqr . nt rodyct.i on L e
previ ous exanpl é?%‘tfe‘rﬂﬁ?s"ﬂegt §Bgt'ﬁﬁFEnﬁit(i%'rt ucing coeg.:l.g&ﬁns}-.
modul ate Ghe i ntcaQiinirsiwridl f 30SePAGE ardilrst dimenbtoar dearkdudedgover
gEQ?EBSEESZIEE %%éékﬁ égégﬁsion régaééﬁfngggkaled4% pattern compatible

with a 1:1 conjugate between IgG and C3i.

(ii) Demonstration that'the C3-antibody conjugate can be
10 used to target convertase activity against a particular
cell.
20ul of dilutions of the conjugate (0 (no conjugate),
1/100, 1/50, 1/10) were incubated with 100ul of
approximately 1% (v/v) sheep erythrocytes (prewashed in
15 CFD) for 1 hour at 37°C.  Parallel incubations were
performed with equivalent amounts of PDP-IgG (no C3) and
C3 alone. The éells were then washed 4 times in CFD and
resuspended to 100ul in CFD-G. 50ul of this were lysed
with 150 pl H,0, followed by addition of 800 ul of CFD
20 containing 10 mM EDTA and 2% (v/v) NGPS. The other 50ul
of conjugate-coated cells were incubated for 15 min at
37°C with 50ul of CFD-G containing 190ug/ml factor B,
2ug/ml factor D, 20ug/ml properdin and 0.6 mM NicCl,,
followed by lysis with 900ul of CFD containing 10mM EDTA
25 and 2% (v/v) NGPS. After 30 min at 37°C, the cells were
pelleted by centrifugation (2000 X g, about 3 min) and
the optical absorbance of the supernatant was measured at
" 412 nm. Using the H,0-treated samples as 100% lysis, and
" a buffer blank devoid of cells, the % 1lysis was
30 calculated, as shown in Fig. 9. The conjugate produced
dose-dependent lysis, whereas neither the PDP-IgG nor the
C3i alone generated any lysis significantly above that
observed in the absence of any such treatment.
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interact with factor B, we conpared the known -sequences of C3

ol ecul esyd bgrs fferent species, as well as with '
sequences for C4 and ot her honol ogous proteins. e iggﬁggkﬁg% t he
regi on corresponding to residues 1427- 5 1433 of human C3 that m ght

be i nvol ved i

interaction with

n C3 and C4 specific_functions. This could include
factor B (or i ts>Romol ogue, C2, in the case of C4),

but not necessarily because other potential functions include
thiol ester formation, conversion into C3b (or C4b form, 10 i nteraction

I | tase activity and interaction
%an(r% ia#g'{'%(ﬁyg%‘éorse%%\ég- Therefore selected residues were

w th substrat
with factor |
mutated to
al i gnnment s)

t he -correspondi ng residues (‘based on sequence

The meft?%&gu% gg?ﬁ% ;E{:%m Y10t tcghgléphs c§@Sgohuman

15 C5. Thus resi anged froman Arg _
resi due 1431 Tg§ma® ISpOWobXSp, and resi due 1433 from a Guto a
an. ghe resulting mutant was found to be suscepti bl e to cl eavage

by C3 convert

ase (CVFBb) and .the roduct was cl eavabl e by

b
factors H andy-. HRRS Formarion qf,;a l?ﬁﬂ(irﬁpd?‘@mr’ﬁﬁﬁ)f’tz? h&aReRYer si on

of factor B t@50 kDa) Borpkus:Bac3wligGheonjudapendroim obyt 8BS bPRAGE Nin of

fact or

nmut ati on of t
B. Whi | st t
super - agtive

ot her nodi.ficati ons

Ill_J;s_ to,C3i (or C3b).- Therefore we have evidence that
i§'r$gi on has di mnished the interaction with factor
his is undesirable for the 25 generation of a

co o . oe - I @Ry arng 4. | O at
221 ond e WinensichaloCRps- pAGE, P (PUKH, “HAdEHLR Ol

gi on of er the

i nteraction wheducsg,orsecond dimension oreduredhedadicrted, dhan ythirr cas
species /é%n%a%eae%enczgsuahdmsati ons may al so increase the

the affinity.
30 st abi |
C3bBb (or C3i

15

20

25

Ity and activity of the_

I mol ecul ar convertase enzyne,

BDb) . SUBSTI TUTE SHEET (RULE 26)

3. . The elution characteristic of this species on gel-
filtration is again consistent with a molecule of about
350 kDa. - '

4. The conjugate—displays a haemolytic activity that is
not displayed by either PDP-IgG or C3i (Fig. 9).

The haemolytic assay (Fig. 9) further demonstrates that:

1. The specific anti-sheep erythrocyte antibody has
localised the C3i to the target cell (sheep erythrocyte)
membrane, preventing it from being removed by washing (in
contrast to free C3i).

T2, The conjugate retains the activity of the C3i in
* that it is still able to form a C3 convertase by reaction

30

with properdin and factors B and D.
3. This convertase can initiate complement-dependent

attack of the target, in this case by activating the
lytic pathway (C5-9) to lyse the erythrocyte.

SUBSTITUTE SHEET {RULE 26}
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47 WO 98/02738/Et hods The alignnments shown in Tabriebsexei! eaf -
jllustrate why - we considered that this region was a candidate for 5

mut agenesi s. We surm sed that characters of certain resi dues were
wel | conserved in C3 and 4 but distinctly different in the other
proteins. Residues 1427, 1431 and 3233 were sel ected because their
charged nature m ght be indicative of groups involved in
protein-protein 10 i nteractions. The changes were nmade to the

correspondi ng Addzt&Sﬁhﬂ“ﬁ%th”f%ﬁp%t‘ﬁ'épqh%?dgﬁlééﬁ%sdé Ry Bt VEEra

different electrostatic Eroper I es, but wt
ot her conservedVeRes §ag50F h@@n MY iRoupled Q%G‘F’(:&Péléoéyrﬁindr thatathese

structure. . c¥ej8648€43%an target complement activation against a
PCT/ GB95/ 02121 particular cell type (Vogel, 1988, Targeted. Diagn.
5 . Ther., 1:191-224; Muller, B. and Muller-Ruchholtz, W.,

1987, Leuk. Res. 11:461-468; Parker, C.J., White, V.F.

and Falk, R.J., 1986, Complement 3:223-235; Petrella,

E.C. et al, 1987, J. Immunol. Methods 104:159-172).

These data support the contention that C3 modified so

10 that it is capable of forming a stable C3 convertase,

like cobra venom factor, could be used to target

complement -mediated responses, as outlined in this

invention.
15
EXAMPLE 11 Demonstration that mutant C3 molecules
induce factor B turnover in normal human
serum
20 | 11.1 Introduction

A major purpose of the invention described herein is the
consumptive depletion of complement activity £rom

. biological fluids. The invention describes methods for

25 the manufacture of C3 molecules that are resistant to
- down-regulation by factors H and I. In this state they

will bind factor B and generate active C3 convertases.

" The activity of these convertases is demonstrated by the
haemolytic assay employed" in Example 6. Such a

30 convertase will therefore consume C3. If the -onvertase
is' unstable, it will dissociate withou. much C3
conversion. - However this will allow binding of fresh
factor B, and its conversion to Bb and Ba. Thus the
mutant C3 will promote the éonsumption of factor B,
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of nmut age‘géiglaéw %xpressi on and. anal ysis of C3 cl eavgggGnga@?ge

were as described in the earlier exanpl es (Exanples 1-4). The

mut ageni ¢ ol i gonucl eoti de was synthesised with the sequence: 5

t ggt gt t gaccaat acat ct ccgact at cagct ggacaa. Assay for turnover of
factor B. The expressed product was purified fromthe COS cell

medi um by affinity purification on a colum of C one-3- 10 Sephar ose as

Conver o on of LRERtRgorLtBCRTyLEY FBF, hiBap1eneps B 08 AFt eIt ve
i sol at ed by t hpashmeypr andd uirts 1nab:|.11tly | |anlp;11ﬁyt¢feassidal ypatkiday 1/ 5,

1/ 25 and 1/ 1252;,:%{1; t:r.cfz ntrg} ape 355 PASE ¢l %gca?ego#‘u%éc?ns)

along with 15 and sl er stai ni_ng i ndi
nut ant was pretemnoyeraocfohiachrraBi whlidghevaedueed; obut consympeienyof ess .

than thegl/ 25 Pyt w'ﬂqhH@rﬁxct:*é%%eﬁhe 301'35 situatldi'lé LEéxPﬁ:k?éré!fézde type.

The sane d| | utions were use sa actor B turnover.
5[err]l of thedesgzab ﬁereniothls eﬁm é’& aﬂ")éniﬁ'FQFF] Ehaf mpeppe C3
contai ning 5[ eﬁtb]l%ﬂﬂlehacﬁlﬁft Care modifiiddaper analket eh;ml ﬂﬁsﬂ&iﬁﬂ tof

[err]I-1labelle ctor for 3h at
37[err] C. The g ﬁ% but \/%%é&%néﬁxa%%%é’?qutg%g |‘i 5 m%be
condi tions) wi shabz.la.ty afit thedicoyretiaseqf promotei edcgberaﬁeé tesuhver ar e
shown 10 of factor B in human serum. Wild-type C3, in contrast,

causes no significant turn-over, presumably because wild- ‘
type C3i is rapidly degraded by factors H and I.

11.2 Method

15 _
' The Mutants prepared are as follows:
Q1R2 Argl303 changed to Gln (Example 2)
Q1Q2 Argl303 changed to Gln, plus Argl320 changed to Gln
20 (Example 1) : :
E1Q2 Argl303 changed to Glu, plus Arg1320 changed to Gln

(Example 5)

These mutants were all expressed in CHO cells and then

25 purified by precipitation with Na,SO,, followed by
affinity purification on Clone-3-Sepharose, as described

in Example B3. Wild-type C3 - (R1R2) was similarly

' igolated. . ~ By SDS-PAGE with silver-staining, the

. concentration of Q1 was between 1/5 and 1/25 of the wild-

30 type, the concentration of Q1Q2 was about that of 1/5
wild-type, and the concentration of E1Q2 was between 1/25

and 1/125 of wild-type. All preparations probably
contained a majority of thiolester-broken molecules

(C3i).
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25 in Fig. 7. 8.3 Results . As shown in Fig. 7,

di stinct c@%@gﬁfof factor B occurs 30 even at a 1/ 125P%}dﬁ95/6ﬂ2?f t he
|

. wild-type . In _ contrast, no significant cleavage was
‘observed in the presence of the nutant C3, even undil uted which
shoul d be at a concentration higher _than the 1/125 sanple of the
wi | d-type. WO 96/ 07738 53
PCT/ GB95/ 02121 50 Thi s nut ant
therefore appears to have an-inpaired ability : "to support the

bi ndi ng_ af 11 ni 09P1r BF CRagpors ir irdCions werd SRR with 1bld of

that can be nut at edolutisn of m2&0H atlw/vhe hersaicthumametasgam C2n (BBSC3b)
and factor. rha th t abihd.fya : verf ases¢C3i Bb
or C3bBb). 1§on§a§.@%&%&£ @Pﬁ*ﬁ?}%at‘a ingln %btéhﬂétég?rm%@ntﬁ& t

Xpr esse _
nol ecul es labed led facs@ycB okRpPprox. Z'W'@D%iaéﬁﬂ‘)e ER¥rohskeur edthow
the mutang C3 mgheeul s §EY was then analysed by SDS-PAGE (reducing
conditions). The dried gel was exposed to

autoradiography film to ‘indicate the positions of the

bands corresponding to the intact factor B and its

cleavage products. These were then excised and counted
10 to accurately determine the degree of cleavage. The
value obtained in buffer alone was subtracted as
baickground (enconipassing not only background cleavage,
but also degradation products and other impurities
present in the radioligand preparation.

15
11.3 Results
The resulting degrees of factor B cleavage are shown
below:
20
1/25 Wild-type 1.49%
1/5 Wild-type 2.74%
Q1lR2 6.19%
Q1Q2 7.41%
25 . E1Q2 6.42%

Therefore the factor I resistant mutants ~all produce
" greater levels of factor B cleavage than equivalent
amounts of wild-type C3 (€C3i). With larger doses or

30 longer incubations, complete incapacitation of the
alternative pathway should result. |

The abbreviations used in the foregoing examples include:
CFD, complement fixation diluent (defined in Harrison and
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15 be isolated froman expression nmedium: such as the culture

medi um ofyolgssect ed eukaryotic cells. By si mpl geriipolbiy ?
purification the C3 nolecules are obtained in sfi?flmen purity
for functional tests and for conjugation to anti body by the nethod
described in 20 Exanpl e 10. Al thoggh elution from an antibody
IS ' acconpani ed by hydrolysis of a considerable proportion of

_the internal thiolester, the C3i product is still a sui tabl e
precursor for the generation of an active C3 convertase, as well as

for the produgiéRRafh @9a@ntm§mfo&5 of E' ﬂﬂéﬁ@m Iniiso ARAF Oath | S

also likely to_be usg ratlon required for in

vivo use. =~ edn., §djs l%ec"ﬁod He@,‘f&er% fPﬂ?Fg i Rgadieszenberg;
C one- 3- Sepharspackwell Oxford)-;3 CFDaG} atcmneeheaahmgtld»oﬂv t Rtv)i S

oPECl11C O cetacinC AUl |bRoBghAYEbPRer RO HIY N0 Rl Cray |,
nonocl dhal angmhmelaeplgigasas'um@?» a&ﬂS-eRA;GE.abI SDSapdly_acrylamld&\O Syfdlo7738
PCT/ GB95/ 02121

- . cases
have been successfuﬁ"l'J hggee to |sol ate %3 frorlg Sucé].’r.nlm quant| i es of
human pl asma Emldwwolﬂmonate Met hods Enzynol . 223:46-61) and are
therefore also likely to be appl icable for the isolation of
nol ecul es expressed 5 ex vivo. The 1gG fraction was coupled to
Sephar ose CL-4B : usi ng cyanogen brom de (net hodol ogy may be found-in

Harri son and Lachmann, 1986, Handbook of Experi ment al

¢
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| mrunol ogy, 4th edn., Ed.s Weir, Herzenberg, Bl ackwell and

Her zenber g; W8 268R%a8l |, Oxford). Culture supernatants 10 were either
(r e- BGHGBS03R1

passed directly through a colum of this resin
or first concentrated by precipitation with 25% (w v)

Na[err] SO err], and resolubilization 63nd dialysis into PBS, 5 nM
NaN[ err]. The colum is then - washed “successively with (i) PBS, 5 nM
NaN3 and (ii) PBS 15 containing 1 M Nad . Bound C3 elutes with 50 niV
Na borate buffer, pH 10.5, and is imedi ately neutralised by

coll ection of 0. REFEREN®@ES:ons into 0.1 m 1 M Tris/HA pH 7. The
material is then dialysed into PBS, 5 mM NaN err] 20 Preparati on of
C3 bearing a "His-Tag" " A "His-Tag" is a string of histidine

resi dues that 1. BdrgmhapsMaf f &nigduddy, £ U ri Ni ckel ions.
Thi's met hod h\a/t\z,?ggg enpl oyed to ai df%e irrgg'lggﬁ'?on‘ﬂgf“ Enzymol.,
expressed grotei ns. ) ouaht that this could be useful 25 for the

i sol ati on of exp?esse@enﬁmﬁﬁnm.ﬂol £CPéPSGSH. WE1985) , P e ﬁ;&j i“{lseét i on
nut agenesis to generagg;ia gl gsgi dgsy. 08-7f coding C3 With a tairl ofi%c-

hi sti di ne resi dugs at _the ca’FZ)oxy rmnus (imrediately
carboxy-terninal3to reSWERrd-MH et1883) (19885 CheedlHeide! 1890144 $_ 489 was

sel ected so as 34. Dalga /MR M §6vdhtes ference yu he synthesis, folding,
processing and di.sul phi de. bond formati on 'olf' tﬁ'"e%n%)gc uad]. 4338 -3I®si due
1661 is a cysteine reSTURAETTHEL! | s [AGhMARRIPI & iHamriben)RAi dgahead to
g {e3| dug]-oearl i edr_ in Bimclsemuem.CQszth%St(.prgggg[n)/TBVTSE éa?éET (DlglLJEErZG;< and
ottrup-Jensen, 4., : )
WO 96/ 07738 Farries,TC; Lachmann,PJ  &pCHamBOSGIORA  (1988)
Biochem. J. 253:667-75 _
7. Forty,J; Hasan,R; Cary,N; White,DJ & Wallwork,J
(1992) Transplant. Proc. 24:488-9
15 8.  Fritzinger,D.C. et al. (1992) . Immunol
149:3554-3562

9. Harrison,R.A. & Lachmann, P.J. (1280) Mol. Immunoi

17:9-20. :
10. Kalli,K.R., @Hsu,P. & Fearon,D.T. (1994) Springer
20 Semin. Immunopathol. 15:417-431. '

11. Kinoshita,T; Takata,Y; Kozono,H; Takeda,J; Hong,KS
& Inoue,K (1988) J. Immunol. 141:3895-901
12. McNearney,TA;  odell,C; Holers, VM; Spear, PG;
'~ .~ Atkinson,JP (1987) J. Exp. Med. 166:1525-35 |
25 13. Nicol,P.A.E. & Lachmann, P.J. (1973) Immunol.
24:259-275 .
14. Pangburn,MK & Muller-Eberhard,HJ (1984) Springer
, Semin. Immunopathol. 7:163-92
15. Rother,K. & Till,G.oO. (eds) (1988) "The complement
30 System" (Springer-vVerlag Berlin Heidelberg, Germany)
16. Van den Berg,C.W., Aerts,P.C. & Van Dijk,H. (1991)
J. Immunol. Methods 136:287-294.
17. Vogel,CW; Smith,Ca & Muller-Eberhard,HJ (1584) ..
Immunol. 133:3235-41
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52 1993, FEBS-Lett 315: 85-90) and therefore it seened

prudent t@qgRiperdghe i nsertion beyond this structural Pc&@s%ful-rhe
nmut ati on was I ntroduced using the "gapped- pl asm d" techni qué used
in Exanple 1, using the nutagenic 5 ol i gonucl eoti de synthesised with

t he sequence: t gggt gccccaaccat cat cat cat cat cat t gaccacaccccc.

| ncorporation of the correct sequence was 6onf i r med by DNA

sequenci ng. This DNA sequence may now be transferred 10 to an

expressi on vector. After transfecti on eukaryotic cells, it -
shoul d be possi isol ate, the pressed inity for a

col um bealroi ng 1% ‘ck e:.smantl-ﬁ? 0?1% anr ‘%‘flrfé? %&3}%15& s%em fic

affinity for 19. Wh&R. I-ﬁeﬂ'l)ag('lSSBB Methodsemzzﬂmmlltan ch.s 14-aunber

of nmutant C3 have be aifd t C Sephar ose, including
t hose described i'n anp Ay mic %%EZ g%n l:ﬂ'réggsresseé'x |)n CHO cel | s. The

products retai R t fBotto,M, Egnd.iK.Y.t.o0 Ssmﬁpcxr t» KoehcCoakalfalpbrtaMidr. B by

factor Dg Thesym - t%%ysqqzt g gigQl@ate the nutant described
in Exanple B2, expre(ssed COS cel s, Silver-staining of SDS- PAGE

gel s i ndi cat ed 2t stﬁ‘l‘g”-?%'a"f ed prBHﬁE’P%hQ% -F. %\Bl“@rﬁ-@ttlf()ﬁ% pta89put
of ten appeared to beMpRehflax h@loning. Ar Mb@at@rﬁo%d@w&" ThegoR@NES

Lgom SLart 09, 1o\ kg, coffPURALE iR b bessyl bl 10/
addi tion the C2 wdtishediscg@. a(dealdurModg |Ismizm::|lon28a|5<45362 endogenous .
Puri {1 ca0 on b 1 (R GG DL gt 6 vl Ry (o%ey Py
conditions froma cdmmumnadead®i®4Ni ckel ions. ‘
24. Lambris,J.D.,Avila,D.,Becherer,J.D. &
Muller,Eberhard,H.J.  (1988) J. Biol. Chem.
263:12147-50. ' :
15 25. Taniguchi-Sidle, A. and Isenman, D.E. (1992) J.
Biol. Chem. 267:635-643.
26. Hofer, B. and Kuhlein, B. (1993) Methods Enzymol.

217:173- 189 _
27. Morinaga, Y., Franceschini, T., Inouye, S. and
20 . Inouye, M. (1984) Bio-technology 2:636-639.
28. ‘Harrison, R.A. and Lachmann, P.J. (1986) "Handbook
of Experimental Immunology" (eds Weir, Herzenberg,

Blackwell and Herzenberg,-Bl‘ackwell Oxford) 4th ed.,
29. Kotwal, G., J., and Moss, B., Nature (1988) 335
25 (6186) :176-8. '
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WD 96/ 07738 - PCT/ GB95/ 02121
53 W&%ﬂﬁ%s exanpl e, EDTA has been used. Application l‘&l&ﬂsﬁ) 121
met hod to S

. ould therefore allow isolation wthout rupture of
the internal thiolester bond. 5 EXAMPLE 10 Conj ugat i on of
C3i to antibody and use to _ t ar get conv

activity against a ' rticular ce”" '

| nt roducti on ' One aspect of the invention is t ,mmmu’”mum '
convert ases derived frommutant C3 nol ecules will cauge enha C3
conversi on whic thalOcalised at a particular target 15 site, wll
pronote conpl e -dependent attack of that target. The favoured
approach for targeting the response is to couple the mutant C3

ol ecul e, as eifjher §hgae3ieOlcomplementCiatdthdy abt¥LeihOmddiznedPdYch
specific for the desired ., target. In “this exanple we
demonstrate a WAk Adi®0PTOtedp: ol SFHRARE P8 RIS asushakbej (Tt es,

"which issg conppereasee to nutant C3i or C3b nol ecul es and can be used
on material affinity-purified froman expression system even if the
thiol ester of C3 has been broken in the - process. By coupling
C3i to an an2ibody proteir5as clajmed fimatlaimi hdehich sieep modified
eryt hrocyt es, V\ﬁ.m;‘élﬁtgfétémw that the the conjugate fixes C3i to
the erythrocyte ) :

10 3. A protein as claimed in claim 1 or claim 2 which is
more resistant to cleavage by factor I than the native
protein.

4. A protein as claimed in any one of claims 1 to 3

15 which is a modified C3 protein.

5. A protein as claimed in claim 4 wherein the protein

is modified by replacement of either Arg-1303, Arg-
1320,0r both by another amino acid.

20 _
6. A protein as claimed in claim 5 wherein Arg-1303,
Arg-1320 or both are replaced by glutamine, tyrosine,
cystine, tryptophan, glutamic acid or glycine.
25 7. A protein as claimed in claim 6, wherein Arg-1320 is
replaced by glutamine.
T 8. A protein as claimed in claim 6 or 7, wherein Arg-
1303 is replaced by glutamic acid, glycine or glutamine.
30 '

9. A protein according to any preceding claim which has
reduced susceptibility to Factor H 'and/pr Factor 1I
relative to native human C3 conveftase, said protein
having one or more amino acid changes relative to native
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surface such that a convertase, C3i BbP, can be forned that initiates

| ysis of Il s when ot her conpl enent conpone plled
in the f&&ﬁ?@&"ﬁ rmal gui nea-pig 30 serum (in EDTA ?‘E)ér’gf’g%@ﬁf
de-novo formation of C3 : convertases). Hence—tonjtgatien—to

anti body can be used to target a C3i nolec

conpl enent - dependent attack of a p&tticul ar_JﬂHiIl Miw m,'!f S
exanpl e uses wild-type C3i, from hunman pl a )€ ( < C3
SUBSTI TUTE SHEET (RULE 26) WD 96/ 07738

PCT/ GB95/ 02121 conyvertase
invitro. In vFWBanV\F? dSPYYRTrEaTe 1y thy zpgion °°rr%ﬁmﬂ-%v§r? RPEnRt or H

and |. Therefgegiauant 252-184 and/or resbduest?sh -ara®raff ngatBrd NHeunmns in
this patent to Qe resistant to factors Hand | and therefore formng
a 5 stabl &° €3°VeEhA8Ftase, would be advantageous in a

physi ol ogi cal cont ext. - 10. 2 Met hod 10 (1) Generation and

\R/;;i I |hga§tf L]gnf racti oncﬁ ?EP. %?ﬁéordlng t%o%i% g? ona?rré P anhté- %eused

erythrocyte anmpzer @mine, 1“=l<=1-d Chaﬂge%/aériencq}tﬁﬁgﬁﬁ \AA‘-%‘W“?BCQ#BIG cﬁMJSMDP in
conjugation  z0id residues to neutral amino acid residues.

_ 1. A'protein according to claim 9 or claim 10 wherein
10 the amifio acid residue changes are changes from Asp-Glu-
Asp to Gly-Ser-Gly. ' - ‘

12. A protein according to any preceding claim having
amino acid changes relative to native human C3 convertase

15 at amino acid residues corresponding to residues 1427,
1431 and/or 1433 of native human C3 convertase.

13. A DNA sequence coding for a protein as claimed in
any one of claims 1 to 12.

20 _
- 14. A DNA construct (e.g. a vector) comprising a DNA
sequence as defined in claim 13.
15. A protein as defined in any one of cla:uns 1 to 12
25 for use in therapy
16. A conjugate comprising a protein as defined in any
"one of claims 1 to 12 linked to a specific binding
" moiety. ' :
30

17. A conjugate as claimed in claim 16 wherein the
specific binding moiety is a specific binding protein.

18. A conjugate as claimed in claim 17 wherein the
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15. | buffer, pH 7.5 (20 M KH err]PJerr], 60-nmM Na[err]HPO err], 0.12 M

Nad ) h at room tenperature. The PDP-19gG was pur,

gel-filt raﬁ%%‘%;'%ﬁa Superose-6 colum (Pharmacia) (in a ﬂl&%&@%’ﬁate
“buffer,- pH 7.4, containing 0.5 MNad ). ReduMe—W th
dlthlothreitol was used to 20 estimate_.4 PDP gro

nol ecul'e of 1gG C3i was prepared 89 treat menmﬁ @m mimbww th
0.1 M met hylam ne, pH 7.2 (2h at 37C). Excess

renoved by gel-filtration followed by dialysis into .conj ugation

~buffer. 18 nnol g E%;cg?i'c WBSnHi%gd. MBEein7 szsgr an '&’Hﬁlﬁﬁbdg{) BR- LGy ) in' 26

m conjugation b I 'hcubat ed 1 day at r mterrpera ure
fol | owed by 1.5binding é&WMG exrgofure 8 shows a Coomassie Bl ue stained
SDS- PACGE gel of the COI’IJ ugation reaction m xture show ng : t he

appearance of a peC| of a oXi e 350 t hat _was not ,
present in eith 8sgy %3 n%’ﬁ'%x (ﬂegn in Ws OB&r P%aFf?lms
purified By gel af Itbt rLat bﬂnoﬁratdfm:ﬁlgmtreaﬁs defined Grranyndnienod phasgbat e

ol uted bofore 148 Eo 18 "6 eRn happtageiFosfln oL Wlgritor |

300-400 WORPletidg levels of complement pathway protein.
PCT/ GB95/ 02121 55 kDa coul d
be estimted by calibration wth gl obul ar nmol ecul ar wei ght

st andards. Concé&®traffhéns vee c@f ugpkdimed in feladmnt}podyhereinncobhpl ed
C3 were eggti mat eddilcAMett is forCRReRssi prévaniedgSPesBACkctebs foreign

(non-reducing conditions). 5 Two- di nensi onal  SDS- PAGE  (first
di rensi on unre x- second di mensi on reduced) reveal ed a pattern
conpati bl e with a 1:1 conjugate between 1gG and C3i.

21. The use as claimed in claim 19 wherein the
medicament is for use in localising and/or amplifying

15 endogenous complement protein conversion and deposition
at a specific site.

22. A pharmaceutical formulation comprising one or more
_ proteins as defined in any one of claims 1 to 12 or a
20 conjugate as defined in any one of claims 16 to 18
- together with one or more pharmaceutically acceptable
carriers or excipients.

23. A pharmaceutical formulation as claimed in claim 22
25 which is for use in depleting 1levels of complement
pathway protein. '

24. A pharmaceutical formulation as claimed in claim 23
which is for use in preventing rejection of foreign
30 matter. '

25. A pharmaceutical formulation as claimed in claim 22

which is for use in 1localising and/or amplifying
complement protein conversion and deposition at a
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(11) Denonstration that the C3-antibody conjugate can be 10 used to

target c GoR8g activity against a particular cel

20[ err] | O‘g"ﬁdi luti ons of the conjugate (0 (no conjugate), i,CTIGB’SI%}Z_LlOO,
1/50, 1/10) were incubated wth 100[err]l of approximately 1%
(v/v) sheep erythrocytes (prewashed in 15 6 G:D)__—LQ-!’——]r-h-G-H—F—a't—%ﬂ err]C
Paral l el incubations were perfor meﬁ wth eqw val e

PDP-19gG (no C3) and C3 al one. The cells wer un W nes in
CFD and ~resuspended to 100[err]l in CFD-G A _
| ysed WighB 2 ¥4 o %&Ele' Herr]O followed by add|t| on of 800 [err]I of
CFD 20 cont ining 10 mM EDTA and 2% (v/v) NGPS. The other 50[err]l

of conjugate-coated cells were incubated for 15 mn at 37[err] Cwth

50[err]l of CFRgG cantmithicdd o]£9Q£é?MdJ§{ Wtﬁerﬁ pathway Qﬂ:f‘étH cfl b
y

factor D, 20[err er.din and, O

lysis with 900Fe!"%“}mal}f ISR PO RS 18 e§:5 g t°aﬁ@ez%a(nwal) AGPS.
After 305m n aprdtkdnr k€, defidnedl ia amyeone of cpaimet edtyigentrifugation
(2000 X g, about-3 mn) and the optical absorbance of the

super nat ant was neasured at + 412 nm Using the Herr]Otreated

sanpl es as 1002¥l.ysAsmeshdd as 01aiamgdfinrc}.)a:'amk2516wlmérbnl e |prottdin %

“lysis was 30 ;g4 cal sh ¢ ced
_dose- dependent ysi Sﬁﬂi\xﬁfgrﬁgggfﬁgl tﬁwP e %Drrf? nor t%&%&%ﬁal one

gener at ed any f9§l‘1§1§l‘:gﬁ¥1f Féaﬁ?f?nﬁﬁowz ¢haim 27 observed in the absence
of any such treatnent. WO 96/ 07738 o

PCT/ GB95/ 02121 56 10. 3

Summary of Results The net hod used has proved successful for ‘

coupling C3i to

SUBSTITUTE SHEET ‘RULE 26)



"1 gG as shown by: 5 1. The formation of a band of appropriate size
(about wo%,oﬁgg kDa) for a 1:1 C3:19G conjugate shown bypEpigabéirzi n

Fig. 10 : Two- di mensi onal SDS-PAGE (first dinmension non-
‘reduced, second dlnen3|on reduced) indicated that this speci es

cont ai ned both 1gG and C3i.

1ﬁ3 The elution characteristic of
this species on gel- 15 filtration

IS again consistent wwth a nol ecul e
of about 350 kDa. FIGYRE 1 The conjugate displays a haenolytic
activity that not di sprayead by either PDP-1gG or C3i (Fig. 9). 20
The haenol ytic assd (Fig. 8% further30denonstrét es that 50 601, The
specific ant“\Gl’%srﬁgébgé&&%’ﬁ?‘@b—gﬂ&%ﬁ‘f%%ﬁ“%ﬁu TMVLEASPAQ iSDY¥RVIVYHC3i to
the target cell (s};@ep eryt ancyt e) 3 ane, ‘yentl ng 2t0 from
bei ng r enov e, Bk Vs @Eﬂﬂvﬁz‘?ﬂr NHMGNVTF'I%OEMF&%&S rpeﬁﬁﬁ%ré;g;\ )TE‘GTQVVEKV 2.
The conjugate retains the activity of C3i 't 1s still
able to forma C3igonvertaseoby reactsioon 30 160 vmth pnm)erdl n ang factors
B and D. VLVSLQSGSL FITFOKTIXDRGSTVINRIFC AYNHKALEVGHREVICOUBNR BeaPVEansendent

in this case b_‘y acti vat;znog the | yt izc‘:!.opat hway

S

230

attack of the tar@g

(C5:9) to lygg thd%eryihralife, o ore

250
KFYYIYNEKG

310
VLSRKVLLDG

. 370
PKYFKPGMPF

430
SITVRTKKQE

490
RAHEAKIRYY

550
SGQREVVADS

610
GVEVLNKKNK

670
QCPQPAARRR

730

KKVELDCCNY

790
PPKNGISTKL

850
RNEQVEIRAV

810
VPLKTGLQEV

970
DIPPADLSDQ

1030
TVIAVHYLDE

1090
YVVKVFSLAV

1150
MALTAFVLIS

260
LEVTITARFL

320
VONPRAEDLV

380
DIMVEVTNPD

440
LSEAEQATRT

500
TYLIMNKGRL

560
VWVDVKDSCV

620
LTQSKIWDVV

680
RSVQLTEKRM

740
ITELRRQHAR

800
MNIFLKDSIT

860
LYNYRQNQEL

920
EVKAAVYHHF

980
VPDTESETRI

1040
TEQWEKFGLE

1100
NLIAIDSQVL

1160
LOEAKDICEE

270
YGKKVEGTAF

330
GKSLYVSATV

390
GSPAYRVPVA

450
MOALPYSTVG

510
LKAGRQVREP

570
GSLVVKSGQS

630
EKADIGCTR2G

: 690
DKVGKYPKEL

750
ASHLGLARSN

810

TWEILAVSMS

870
KVRVELLHNP
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57 wotfbhidgonal data fromother |aboratories show t hgerfaRER2i21
.venom factor can be coupled to an_antibody and that these - conj ugat es
can target conplenent activation against_a particular cell type
(Vogel , 1988, Targeted. Diagn. 5  2AR¥r., 1:191-224; Muller, B. and
‘Mul |l er-Ruchholtz, W, 1987, Leuk. Res. 11:461-468; Parker, C. J.,
VWite, V.F. and Falk, R J., 19B& Conplement 3:223-235; Petrella,
E.C et al, 1987, J. Immunol. Mthods 104:159-172). These dat a

support the contentpom that 1@3onodi firaBoso 10 1244 hat iti258 capabjxggof
form ng a st aBLKGECINKDLICARDIIBY EDPGKQLYNV| RATSYADDAL LOUKDPRDYVP f EMYRBINEQRCOUI d

be wused to targgt_ﬁo lcéggpl emant-r(r)edi at e93responses,ipas ou;ltgzgd in
this i nvent =ons 1 E nst.r on th t ant
C3 nol ecul es nescrsg'rq ATEMVEQALA quﬁﬁ@ﬁ?@ Fé%’tugﬁp%g’gﬁg%ﬁf AR HYESAHER hunan
~serum 20 11. 1344t r odugtsiggn 1350 A MBj @BgPUr posq 39h the ijpggntion
descri bed her gePrieREEH AVTAEGKGQE OILSHITHY HAC KARDIDLE LN TDQkvIIRER | TR RipgBRL | Vi ty
from bi ol ogi cal fluids. The invention describes nethods for 25  the
manuf acture of C3 Ad%%cul es ARGt are ¥4I st ant 1420 1430n- r egul4adi on by

factors H andXNTMILERCT fRYRGRQDATY $IIRYSMMIG FARRTPPLEKQ IANGVRRYES KYERPKAF§Bner at e

active C3 convertages 'gsle acti v4'7toy of these conv_qrg ses |
denonstr at ed Wrﬁfﬁmg vsnséb?lféﬂ' M?Y;@%S Eiz’omﬂWfP\ﬁ?@méz@cf %%Hpé?éggﬁ

-Such a 30 convertase wll therefore consune C3. If the convertase
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di ssociate w thout nueh C3 conver si on.

factor B, apgrickss; 2121

is unstable, it wll
However t hwe 9?88 al | ow bi ndi ng of fresh

conversion to Bb and Ba. Thus the mut ant C3 will pronpte t
‘consunption of factor B, WD 96/ 87138

. PCT/ GB95/ 02121 58 | eadi ng
ultimately to the di sabl enent of EEGURE: 2 nat ve pat hway, and its
inability to anplify classical pat i mul ati on. If a stable C3

convertase is for med, 1°°’~"°=°°
consunption of &3 wil P

be de%k;&éd%eca 'é&:&k&

FooERey sreaststan “GPHSHER spEresicebu

be i ncreased. Bo% si t uat %ns can Fﬁerefore
eX@ng&ke desmgetidkRal Ak MUcRRE:

nol ecul es that "are #pdi f 8@ nake %ak%m res:&gtaﬂt ?o 1§0 Fagggﬁ |, but
wi t hout any m)dlflcatlon to nodi fy the stability of the convertase,
pronot e accelceggdgadte (reAbFEATLE(tatcatedce gecancaBEy foheavsags aregryagdgd | d- t ype

C3, in contrast, 130  caudd8 no sigh%icant 1k n- over”‘bresumaléﬁgl because
wi | d- e C3| r api dl e d

Vethod 15 “cHRSpEt epaddlles éé%(l?géfaq odhecpl Safdleoit ‘“W@;g@ Arg1303
changed to @ n (Exanple 2) QL2 Argl1303 changed to G n, plus Argl320

changed t o Ggactidccag gcaaaa(aExaémJgeté.ﬁcc
plus Argl320 changa%to G n260

aaccacatgg
310

gggcgcaaca
370

gtgctggtca
430

cctggcteea
490

cggacggtca
550

tcttetcaga
610

atgggccagt
670

gagtttgagg
730

aaattctact
790

tacgggaaga
850

aggatttcee
: 910

gtgctgagee
970

gggaagtctt
1030

gcagagcgea
‘1090

cccaagtact
1150

ggctctccag
1210

gcaacgtcac
320

agttcgtgac
380

gcetgcagag
440

cagttcteta
500

tggtcaacat
$60

accagettgg
620

ggaagatccg
680

tgaaggagta
740

acatctataa
800

aagtggaggg
860

tgectgaate
920

ggaaggtact
- 980

tgtacgtgte
1040

gcgggatcecee
1100

tcaaaccagg
© 1160

cctaccgage
' 1220

cttcacgate
330

cgtgcaggcee
390

cgggtacese
450

tcggatctte
510

tgagaacceg

570

cgtettgece
630

agcctactat
690

cgtgetgesce
750

cgagaagggc
810

aactgcettt
870

corcaagege
930

gctggacggy
9%0

tgccacegte
1050

catcgtgace
1110

aatgccete:
1179

cececgtggea
1230

agrtgagakdd Rttt galS cebeqgadet o G u,
0 (Exanp®® 5)

ccagccaaca
340

acctteggga
400

ttcatccaga
460

accgtcaace
520

gaaggcatce
S80

ttgtottggy
640

gaaaactcac
700

agtttcgagg
760

ctggaggtca
820

gtcatctteg
880

attccgattyg
940

gtgcagaace
1000

atcttgeact
1060

tcteectace
1120

gacctcatgg
1180

grceagggey
71240
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gggagttcaa
350

cccaagtggt
410

cagacaagac
470

acaagetget
530

cggtcaagea
590

acattccgga
650

cacagcaggt
710

tcatagtgga
770

ccatcacege
830

ggatccagga
890

aggatggste
950

cccgageaga
1010

caggcagtga
1070

agatccactt
1130

tgttegtgac
1180

aggacactgt
1250

300

gtcagaaaag
360

ggagaaggtg
420

catctacacc
480

accegtggge
540

ggactecttg
600

actcgtceaac
660

cttctecact
720

gectacagag
780

caggttecte
) 840

tggcgaacag
900

gggggaggtt
960

agacctggtyg
1020

catggtgcag
1080

caccaagaca
1140

gaaccstgat
1200

gcagteoteta
1260



‘These mutants were all expressed in CHO cells and then 25 purified by
preci pi t atyweeowsgh Na[err]SCerr], followed by Qﬁjng
purification on O one-3-Sepharose, as4dd3cribed in E&anp 21
‘Wld-type C3 (RIR2) was sinmilarlys_a ‘i sol at ed By SDS- PAGE
with silver-staining t he concentration of was between 1/5 and
1/ 25 of the wPPEA 9 atgyg g t%é‘%?ﬁgﬁrﬂ‘r“aﬁ °o?°%f%‘§aga‘!ﬂ5’695ti hat of
1/5 . wi | d-typ®?® and t 8 oncen ion of PP was'#ét ween

and 1/125 & ﬂtlcgcéé’ R cgcacgﬂ |ﬁaQ§§&%‘aaté&Q§g ﬁgéﬂaﬁécaggc tacc(igf ned a
majority of thiol esgsy - ro aB4¢0l ecul 1380 1370 WO 073

PCT/ GB95/ 02121
t hese C3 prepatgaggerss werectianag lracegkggot hratdFes

10[err]1 of
|atﬁacctgca tctxtsadtgt i on of

20% (v/v) normal hiddh serudtPh PBS 1410 comt4%ning 114A0 I\/gO [bﬂﬂ] and
approxi matel y_300 ng ed _factor & - 300, 000
dpm) for 1 hofﬁ“%gtt ‘”‘l"s’?ﬁ ﬁg&”’ E“Tf“ﬁa‘m ?%‘%°gp§§| 3%%&"@3)‘ DS- PAGE
(reduci ng con Itions) dried ~ expose to

aut or adi ogr apbyeddckatd @ggaduaqat e:ct;beaqtael ztdcmusc:cgfa tdsu&gaacaa ggdasfcg
corresponding to th®d ntact 15a¢tor B3 its 1540 cl| edBAlge proUSEDt S.

These were then exci sed and counted 10

degree of cl eAYIRANEICIT PREICCAgIt g

subtracted as

radi ol i gand prepar as3on.

ageggecaga
1690

ggetcgetgg
1750

atgaccctga
1810

ggcgtgticyg
1870

gagaaggcag

1930

gacgcaggge
1990

cagtgecege
2050

gacaaagtcg
: 2110

aaccccatga
2170

aagaaggtct
2230

gccageeace
2290

atcgtttcec

2350

ccaccgaaaa
2410

acgtgggaga
2470

ttcgaggtca
2530

151640

e
n

1570oack r $3RY (enczgﬁpgs& ng ?ngoétc only

but al so degra@e&eceacgoraede&ttsc@r&ceé

6 Resul t 5560

gggaggtggt ggccgactcc gtgtgggtgg

1700

tggtaaaaag
1760

agatagaggg
1820

tgctgaataa
1880

acatcggcetg
1940

tgaccttcac
2000

agccagecge
2060

gcaagtacce
2120

ggttetegty
2180

tcctggactg
2240

tgggcctgge
2300

gaagtgagtt
2360

atggaatctc
2420

ttctggetgt
2480

cagtaatgca
2540

1710

cggccagtea
1770

tgaccacggg
1830

gaagaacaaa
1890

caccecegdyc
1950

gagcagcagt
2010

ccgeegacge
2070

caaggagcetg
2130

ccagegeegg
2190

ctgcaactac
2250

caggagtaac
2310

cccagagage
2370

tacgaagcte
2430

gagcatgtcg
2490

ggacttctte
2550

1720

gaagaccgge
" 1780

gcccgggtgg
1840

ctgacgcaga
1900

agtgggaagg
1960

ggccagcaga
2020

cgtteegtge
2080

cgcaagtget
2140

acccgtttca
2200

atcacagage
2260

ctggatgagg
2320

tggctgtgga
2380

atgaatatat
2440

gacaagaaag
2500

atcgacctge
2560
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1670

acgtcaagga

1730

agcctgtace

1790

tactggtgge
1850

gtaagatctg
15810

attacgcegg
1970

cecgeecagag
2030

agcetcacgga
2090
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tctccotggg
2210
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2270

acatcattge
2330
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2390
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2450
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2510

ggctacecta
2570

tapsiTeT
1é’kgr oun

determ ne the

%I eavage,

c| FBYgtsddaRSactacacget PERIFPLgdeN T he

1680

ctcctgegtyg
1740

tgggcagcag
1800

cgtggacaag-
1860

ggacgtggtg
- 1920

tgtettetee
1980

ggcagaactt
2040
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2100

catgcgggag
2160
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2220
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2460

ggcagaccee
2520

ctetgttgtt
2580



The resul ti ng degrees of factor B cl eavage are shown bel ow. 20

1/ 25 W.Ld-t % 1/5 Wld-type 2.74% QLR? 6. 19%
WB(MF’%% 25 E1Q2 §/13 6. 42% THRCHEBPHO2L M

factor | resistant nmutants all greater |levels of factor B

pr oduc
cl eavage than c@gﬂéﬁbg%gtggaaa: & S'fg'sctogté@acga yggcggéaé’m c):aaqagékg)n

| ar ger doses or 302se0 |'Onge¥sgoi NCu aégmn

t he alternative pat hway shoul d. result. The abbreviati ons
used in the f(yﬂegﬁsas egnpitact i sracakesca gecttet@RDgcaguptameatcdaigigd i on

di l uent (defined i #8R8rri sorf64hd 2679 96/ 077889 2690 zvoo

PCT/ GB95/ 0212 hmann,
1986, randbook o‘f'“t%;?‘: rivheRts le"r?ﬁﬁﬁ?ﬁiiﬁy“%t"ﬁ“‘{‘ *-gtcéag,cg Eaa@g;%;

Her zenberg, Bl ackwel | and Herzenberg; | ac vvel I for d) DG
CFD cont ai ni ngt@eddférad ilgdpcggect godgbadgty,; qaﬁBSaaé%heﬁgFH&%&abHE&?Ja@Q;éa' i ne;
NGPS, nornmal 5 2@ nea- pi2gs8oser um2798DS- PAGEB00 SDS- padoyacryl agzge gel
el ectrophoresi s; SPDP, N- Succi ni m dyl - 3-[ 2-

pyri dyl di t hi o]aﬁFﬁﬁggg.g\tgégtcaggm

actgtggetyg
2890

gacatcceac
2950

ctcctgcaag
3010

aagcacctca
3070

acggtcatcyg
3130

aagcggcagg
3130

caacccaget
3250

tacgtggtca
3310

tgcggggctg
3370

gatgcgeeey
3430

atggcecteca
3490

caggtcaaca
. 3550

atgaacctac
3610

aggctgaagg
3670

gaggacccetg
3730

ctgcagetaa
3790

tactacggtg
3850

aa gtccctgaag gtcgtgecgg aaggaatcag aatgaacaaa

ttcgcacect
2900

ctgcagacct
2960

ggaccccagt
3020

ttgtgaceccc
3080

ctgtgeatta
3140

gggccttgga
3200

ctgectttge
3260

aggtcttcte
3320

ttaaatgget
3380

tgatacacca
3440

cggcettegt
3500

gectgecagg
3560

agagatccta
3620

ggectettet
3680

gtaagcaget
3740

aagactttga
3800

gtggctatgg
3860

2850

ggatccagaa
2910

cagtgaccaa
2970

ggcccagatg
3030

ctcgggetge
3090

cctggatgaa
3150

gctcatcaag
3210

ggccttegty
3270

tctggetgte
3330

gatcctggag
3390

agaaatgatt
3450

tctcatceteg
3510

cagcatcact
3570.

cactgtggce
3630

taacaaattt
3690

ctacaacgtg
3750

ctttgtgcet
3810

ctctacceag
3870

2860

cgcctéggcc
2920

§tcccggaca

2980

acagaggatg
3040

ggggaacaga
3100

acggagcagt
3160

aaggggtaéa
3220

aaacgggcac
3280

aacctcatcg
3340

aagcagaage
3400

ggtggattac
3460

ctgcaggagg
3520

aaagcaggag
3580

attgctgges
3640

ctgaccacag
3700

gaggccacat
3760

ccegtegtgs
382¢

gccacettca
3885
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2870

gtgaaggagt
2830

ccgagtctga
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ccgtcgacge
3050

acatgatcgg
3110
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3580
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3890

2880
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2940

gaccagaatt
3000
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catgacgece
3120
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3180
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3240
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3300
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tccaggag
3420
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3480
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3540

agccaactac
3600

ccagatggge
3660
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3780
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3840

agccttgget
3900



*WO 96/ 07738 ) PCT/ GB95/ 02121

61 ERENCES: : 1. Bergmann, M & FpgieiBesiorza
(1941) ‘3°96'°@§Eym)| 1.63-98. 5 2. " de Bruijn, MH.
& FeyG H. (1985), Proc. Natl. Acad. Sci. US. A 82:708-712

3. Crawford-MH et al. (1988) Crculggi®dn. 78:1449-58 4.

Daha, MR & van Es,L.A (1982) I|nmmunol. 43:33-38. 5. Farries, TC
Lachmann, PJ & Harrison, RA  (1988».410 Bi ochem J. 252:47-54

gl Ochg?nr r 3682g§t881§91705 mggggg t&acmgé %Qgc%cc (&%ﬁﬁéciﬂg cctccama D &

wal | wor k, J (1992) Tr anspl ant Proc. 24:488-9 15

Fritzinger, D. €ccagcegca gatccaagdtl @82)cacdgt atnmanmghyg aatctgecag cctcctgcga

149: 3554- 3562 3970 9 HéP?Q son, R.3A9° & Lactﬁﬁ’ﬁhn P J.40101980) #AA0.

| nmunol . . ttt I—alsu P. &

Fearon, D. T. fi@gﬂgﬂﬁjffﬁbﬁ’a@ gageer 3 a§5ﬁ’°ﬁi Egﬁﬁ?ﬁ%%%&@ofg.gcﬂ:zgg?- 431.
11. Kinoshita, T; at ozono akeda J; &

| noue, K (1988)cektot 848084 gatdds %8954:&@&!: aaggccaai@ atc%éiﬁiilbneﬁ/gtaa'ééaa

Qdel |, G Hol er s 43¢ Speasr , PG 4110 4124t Ki NS041,30P (19881)403. Exp.
Med. 166: 1525-35 25 13. Ni col , P. A E. & Lachmann, P. J. (1973)

| mmno' . ttcgacctcg,ggm;g aaaaccagc;&cngy{iﬁggmamg caggatgcc

Mul | er - Eber har d, H1423%084) 4&p}i nger 47 seni n. *¥®8nunopat#s .

7:163- 92 aacehia 2 &a Q (J:388dagqlh nt 30
Systent (Spri MUET-Vaid af DSueEe TR Oubberd Casdhin) s e

tctatattgg acatatccat gatgactggce tttgetecag acacagatga cctgaagcag
4270 4280 4290 4300 4310 4320

ctggccaatg gtgttgacag atacatctcc aagtatgagc tggacaaage cttctcegat
4330 4340 4350 4360 4370 4380

aggaacaccc tcatcatcta cctggacaag gtctcacact ctgaggatga ctgtctaget
4390 4400 4410 4420 4430 4440

ttcaaagttc accaatactt taatgtagag cttatccagc ctggagcagt caaggtctac
4450 4460 4470 4480 4490 . 4500

gectattaca acctgg#gga aagctgtacc cggttctacc atccggaaaa ggaggatgga
4510 4520 4530 4540 4550 4560

aagctgaaca agctctgocg tgatgaactg tgcocgcotgtg ctgaggagaa ttgcottcata
4570 4580 - 4590 4600 4610 4620

caaaagtcgg atgacaaggt caccctggaa gaacggctgg acaaggcoctg tgagccagga
4630 4640 4650 4660 4670 . 4680

gtggactatg tgtacaagac ccgactggtc aaggttcage tgtccaatga ctttgacgag
4690 4700 4710 ) 4720 4730 4740

‘tacatcatgg ccattgagca gaccatcaag tcaggctcgg. atgaggtgca ggttggacag
4750 4760 4770 4780 4790 4800

cagcgcacgt tcatcagccc catCaagrge agagaagecc tgaagotgga ggagaagaaa
4810 4820 4830 . 4840 : 4850 4860

cactacctca tgtggggtet ctoctccgat ttetggggag agaagoscaa cctcagetac
4870 4880 4890 4900 4910 4920

atcateggga aggacacttg ggtggagcac tggectgagg aggacgaatg ccaagacgaa
4930 4940 4950 4960 4970 49890

gagaaccaga aacaatgcca ggacctcgge gocttcaceg agagcatggt tgtcotttggg
4990 5000 5010 5020 5030 5040

tgecceccaact gaccacacee ccattec
S0s50 5060

SUBSTITUTE SHEET (RULE 26)



16. Van den Berg,C..W, Aerts,P.C. & Van Dijk,H -(1991) J.

| munol . MetWOds/01738: 287- 294. 17. Vogel ,CW Smith, CA &
Mul | er - Eberhard, Hl  (1984) J. “ I mmunol . 133: 3235- 4RCT/GB9S/0aM21
96/ 07738 PCT/ GB95/ 02121
62 18. Weisman, HF et al. (199Qfj18ci ence 249: 146-51. 19.
Wi, R (ed.) (1993) Methods Enzynol. 217: ch.s 12-14 (Academ c
Press, San Diego, US A) - 20. M Fong, K Y., So, A K., Koch, C
& Wal port,MJ. 5 (1990) J. P. d¥ 172: 1011-7 21.
Sanbr ook, J., Fritsch, E.F. & Maniatis, T. (1989) "Ml ecul ar
Cloni ng. A Laboratory Manual" second edition (Cold Spring
Har bor Laboratory Press) 22. Fishelson, Z. (1991) Ml . | munol.
28:545-52. 10 23. Taniguchi-Sidle,A & Isennman,D.E. (1993) Mol.
| nmunol . 30: 54. 24. Lanbris,J.D.,Avila,D., Becherer, J.D.
& Mul | er, Eber hard, H. J. (1988) J. Bi ol . Chem
263:12147-50. 15 25. Taniguchi-Sidle, A and Isennman, D.E (1992) J.
Biol. Chem 267:635-643. 26. Hofer, B. and Kuhlein, B. (1993)
Met hods Enzynol . 217:173-189. - 27. Morinaga, Y.,
Franceschini, T., | nouye,1 S. and 20 2 | ’duye, M (1484)
Bi o-t echnol ogy 2: 636ﬁ —i Harrigson. R A and Lachmann, P.J.
(1986) "Handbo y C. D»f AExBerd t al n§ 0 ir,
Her zenber g, ?& =i ; ‘B ¢r.rg1 A Bm@% gggﬁﬁl , d) 4th
ed., 29Y Kotwal, G, J. 3. INglt 58 25
(6186): 176- 8. '
[ - .
- W o talpha
alpha’

, =43 kDa

— T ——

SUBSTITUTE SHEET (RULE 26)



SUBSTI TUTE SHEET (RULE 26) WD 96/ 07738 -

PCT/ GB95/ 02WD16/07738 63 | VB:

. A native conplenent pathway protein nodified such PFﬁ&@’g?’Wézl

protein is capable of form ng a stabl eg 5 convert ase. 2. A
ot £ e

protein as clainmed in claim1 which is d human protein.
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*10 3. A protein as clainmed in claim1 or claim2 which is nor e

resi st ant vage by factor | than the native pr i 4
A protei nwégﬁfélréﬁmad in any one of clains 1 to 3 15 whi ¢ ib?gozr%ldi fied
*C3 protein. 5. A protein agréilsi med in claim4 wherein the
protein is nodified by replac of either Arg-1303, Arg-
1320, or both by another am no acid. 20 6. A protein as clained in
claim5 wherein Arg-1303, Arg-1320 or both are replaced by gl utam ne,
~tyrosine, cystine, tryptophgprr@UREaBCc acid or glycine. 25 7.
A protein as clained in claim®6, wherein Arg-1320 is repl aced by
. gl utam ne. 8. Aprotein as clained in claim6 or 7, wherein Arg-
1303 is replaced by glutam c acid, glycine or glutam ne. 30 9. A
protein according to any precedi ng cl ai mwhich has reduced
susceptibility to Factor H and/or Factor | relative to native human
C3 convertase, said protein havi ng one or nore am no aci d changes

‘relative to native WD 96/ 07738
PCT/ GB95/ 02121 :
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human C3 convertase in the region corresponding to am no resi dues
752- 754 andworssrrsgdues 758- 780 of native human C3 cog ertase.
$0. A protein according to claim9 wherein the one or ‘\émﬂ

acid changes are changes from acidic agigf) acid residues to neutral
am no acid residues. 11. A pr Qi h3accor di ng to claim9 or claim
10 wherein 10 the am no acid residue changes are changes from Asp-d u-
Asp to Gy-Ser-Qy. 12. A protein according to any preceding claim
havi ng amno acid changes rel RTIGURE gati ve human C3 convertase 15
at amino acid residues corresponding to residues 1427, 1431 and/ or
1433 of native human C3 convert ase. 13. A DNA sequence coding for
a protein as clainmed in any one of claims 1 to 12. 20 14. A

- DNA construct (e.g. a vector) conprising a DNA sequence as defined
in claim13. 15. A protein as defined in any one of clains 1 to
12 25 for use in therapy. 16. A conJ ugate conprising a protein
as defined in any one of @l aiysil tg 12-| |-_?, to a specific binding
moi ety. 30 - 17. A conjugate as clai rred‘ln | & m 16 wherein the

specific binding noiety is a.swm
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18. A conj ugatwoadgpfhai med in claiml7 wherein the . WD 96/ 07738

PCTf GB95/ 02121 ~ .specific binding protein is an antibody or
antigen bi ndi ng fragnment thereof. 19. The use aq# i_n
as defined in any one of clains 5 11p or of a conjugaté:ggﬂ%@%ﬁ%ed
in any one of clains 16 to 18 in the manuf acture of a nedi canent
for use in depleting | evels of conpl enent pathway protein

20. The use as clainmed in claim19 mhekﬁgn t he 10 medi canent is for use
in preventing rejection of foreign r7 21. The use as
claimed in claim19 wherein the medi canment is for use in |ocalising
and/or anplifying 15 endogenous conpl enent protein conversion and
deposi tion at a specific site. 22. A pharmaceutica
fornul ati on conprising one or nore proteins as def ined in any one
of claimse 1 to 12 or a 20 conjugate as defined in any one of clains 16
to 18 together with one or nore pharmaceutically acceptable

carriers or excipientsi 2 3 L 5 6 7
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23. A pharmaceutical formulation as clainmed in claim22 25 which is for
use in de ' | evel s of conpl enent pat hway pr ot ei 24.
A phar naceﬁ(i?%:dg{wi‘sor mul ation as clained in claim23 V\hl’il&érﬁclfggloﬂ}r’ use
In preventing rejection of foreign 30 tter. 25. A

phar maceuti cal fornulation as clainedlﬁw, aim 22 which is for use
in localising and/or anplifying conpl enent protein conversion and
deposition at a . SUBSTI TUTE SHEET (RULE 26) WO
96/ 07738 FIGURE 8 PCI/ GB95/02121 ‘

66 ~specific site. 26. A nethod of reducing conpl enent
pat hway protein in a manmal which conprises adm nistering to the
manmal a 5 protein as defined in any one of clainms 1 to 12. 27.
A method as clainmed in claim25 wherein the protein IS

adm nistered in the forq1 of . a pHirnaceuLicalfg formul ati on as
defined in claim?22.
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