1 PROCESS The present invention relates to a process for purifying the
protein human serum al bum n (HSA) extracted from serum or plasm, or
reconbi nant 5 human al bumin (rHA) produced by transform ng or transfecting
an organi smw th a nucl eotj de codi ng sequence encoding the amno acid
sequente of human serum al bumin, including rHA produced using transgenic
animals or plants. In this specification, the term"albumn" refers
generically to HSA and/or rHA.. 10 BACKGROUND COF THE | NVENTI ON Al bumin is
used to treat patients with severe bulns, shock or blood loss. It is also
used to suppl enent nedia used for grow ng higher eukaryotic cells and 15 as
an excipient for pharmacol ogi cal | PRIGOESS conpounds, many of which need to
be stabilised. At present, the demand for the product is satisfied by

al bum n extracted from human bI ood. Exanples of extraction and separation

exchanger THeisHat JhiaRHERee36 % bhacel @i@ﬁxﬁﬁaﬁgﬁﬁ% Ayt Bl 5 2L
20 use of sheat i MemAddiBA) Séikﬁac%éﬂi Rbif 'sbﬁﬁﬁ'@@ aP'Rdy&ddntingfe THA in

m cro- organi sns has been d| sclosed In EP 330 45 and P 361 991.

Puri fi at ihromanedbhnhigu@ER A)grroditéedh by drdedorming drosenksfecing/\én B2¢04867,

renmoval of matrix-derjved_dye, EP 464 590 ‘removal. of 25 yeast - deri ved

col or ant s:Withp agmucl 9‘3’]55 sPHBE musn@%lqm)étngoﬁﬁhear@mgetbg@duweawu cation of

the rl1A li.D I|c ph an /375 |ch contai ns several
conpl ete i 3 é@@ggmg Wéﬁ' S‘g SO AR ‘“‘H $ % highly
pure al bu Ht &gﬁ aEin? %éﬁ@ 7, which
rel ate to oés [?%r iproﬁum ng reconbi nant al %ﬁ%‘}% sg@iﬁ on froma

yeast cel |andfor THA.
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BACKGROUND OF THE INVENTION

Albumin is used to treat patients with severe burns, shock or bleod loss. It is

also used to supplement media used for growing Hf,;gher eukaryotic cells and
15  as an excipient for pharmacologically active compounds, many of which need

to be stabilised. At present, the demand for the product is satisfied by

albumin extracted from human blood. Examples of extraction and separation

techniques include those disclosed in: JP 03/258 72‘8 on the use of a cation

exchanger; EP 428 758 on the use of anion exchange; and EP 452 753 on the
20 use of heating, adding salt and diafiltering,.

The production of tHA. in micro-organisms has been disclosed in EP 330 451
and EP 361 991. Purification techniques for rHA. have been disclosed in:
WO 92/04367, removal of matrix-derived dye; EP 464 590, removal of
25 yeast-derived colorants; EP 319 067, alkaline precipitation and subsequent
application of the rHA to a lipophilic phase; and WO -96/37515, which

contains several complete purification processes.



2 The present invention represents the result of intensive devel opnent of
the processes described in WO 96/ 37515 and that of US 5 728 553. SUMVARY OF
THE | NVENTION A first aspect of the present invention provides a eukaryotic
expressi on vector which conprises a reconbi nant al bum n codi ng sequence
wherein the 3 end of the reconbi nant al bum n codi ng sequence conprises two
or nore in-franme translation stop codong; and preferably three in-frane
transl ati on stop codons. Al so provided Is a eukaryotic cell conprising the
vector. The reconbi nant eukaryotic cells of the first aspect of the present
invention may be yeasts (for exanple a yeast of the genus Saccharonyces (eg
S. cerevi si S’ﬁ)@;f B0 AY Lo KPrEPIEIT HEblys PrrEy albumura@plugworarq KisclpepdidN Pi chi a
(eg P. past oyt 8bibass7 ARNRICE O3 dayn@hick tQhte X AlBlRIsASHEb AU domBh ARt S OF
plant cells, aninals or animal cells (which nay be transgenic) or insect

cell's. The PPN Bstrsetiopfrofraysnsts@diht i nvention al so provides a process
for purifying an al bum n solution obtained fromthe reconbi nant eukaryotic
cells, the process conprising the step of subjecting a first albumn
solution of pH3.0-9.5, and having a conductivity in the range of 1 to
75n6.cmd, to an affinity chromatography step which is run in negative node
wWth respect to the albumin and which utilises an affinity matrix

conpri sing i nmobilised di hydroxyboryl groups, thereby obtaining a purified
al bumin solution. Preferably, the pH of the first albumn solution is

pH3. 0-9.0, and nore preferably pH3.3- pH3.6. It is preferred that the first
al bumn solution is buffered with a buffer having a pH wthin the

af orenenti oned pl-1 ranges. Preferably, the buffer conprises an am no acid
at a concentration of 10-500mM preferably 25-200mM and nore preferably
50- 150mM Preferably the amno acid is glycine. Preferably, the buffer
conpri ses a nonoval ent cation at a concentration of 0-500mM preferably
25-200mM and nore preferably 50-150mM Preferably, the nonoval ent cation
is sodium preferably in the formof NaCl. Accordingly, in a preferred
enbodi nent the buffer conprises NaCl at a concentration of 0-500nV
preferably 25-200mM and nore preferably 50-150mM 3 Preferably, the
buffer conprises a divalent cation at a concentration of 5-250nV
preferably 10-100mM Preferably, the divalent cation is calcium Preferably
in the formof Cad 2. Accordingly, in a preferred enbodi nent the 5 buffer
conprises CaCl2 at a concentration of 5-250mM preferably 10- 100nM In a
particularly preferred enbodi nent the first al bumn solution and/or buffer
conprises about 100raM gl yci ne, about 100mM NaCE and about 10 50nM CaCl2.
Preferably, the conductivity of the first album n solution and/or buffer is
10- 50nS.cm1 and nore preferably 18-22nt. cmid.



15 Advant ageously, the concentration of the albumin in the first al bumn
solution is in the range of 20-12004-1, preferably 70-120g.LlI, and nore
preferably 100108.L4. Preferably, th& albumin is loaded in less than 0.5
colum volunmes, nore preferably in less than 0.35 col unmm vol unes. 20

Suitably, the matrjix conprises a boronic acjd. The term"acid" as used
her ei nliereessab@veiondapresenisibe saplt oRHVEHIGFBHePPent HeNRIPEHSes acid i s

bondeds i, 3§ WABkATSPY aft BUPSIIS Yted st azi ne, for example to form

nonoborotria7ine ,or diborotriazine, to a support such as agarose.
Preferably, the boronic acid is am nophenyl boronic acid. 25 4 91-99,

Singhal, RP. et al (199 : NVEREIARA Liu, X et al (1994)
687, 61-69. ' Suitably, 1}5) MR AL romat ogr aphy step the

purified albumn 5 solution is subjected to further purification,

pref er abl y ag}#gc{g'letle ﬁ&%&ﬂ%&%ﬁ? }OQ/iCR?lé%ielehgigBéi@&{ rgsrsﬁkexfe@t%l' Whidhe al bumn is
further purrtfied using cation exchange chronat ogprap y and/ or ani on exchange
c hr onadongraphy recdinbinanicdbumiih dodmpcatiane sdreanihen’ exiciiahgeecsinbpsnican be
inter (—iqcihan_ ed while still }gprfor m n‘%@t_ hei urification ogg)ecti es. From an
10 opet BTHERAINSSEHenes Camidiies vy et Fe orte RSP SRS 84 i on

exc ha[}g@feﬁmpmeqﬂrfmtl-érﬁiaki,@w&p%&m AsSHENAROR LAkanBLiossaPhY .

Suitably, the purified album n solution produced according to the process
of thecohimrsingdbpeedtiorof the present invention undergoes/ One or nore of:

buf fer_.15 exchange:. concentration; dilutian: dialysis:.diafiltration;
bt act T REMREC A G am s ok g asab o s efat BV Eish st 40
pref er@i skafdleta Rist F38e A0 SREIArEhhyicel (£39. EBRVisMeS, ThégdrRd KT Ngroagent (eg
as deé%?:bedgjn ﬁg 570 9%6); decolodﬁaigfﬁytreatnent‘éeg w th charcoal);
heat i fge & Asrioderibe genes ilidkafaeoh pasions)i ilgmsatons feie (1OhPH§PIe or mul ation for
parenteral .20.adm.nistration to hummn; I |0t j.nal - t ai ner.
By parbree 2 SAm SppReBR i B TR QR Bf 0 Porfapi Gt 4580
subcut@mneous adm nistration and intramuscul ar adm ni stration. The al bumn
may function as an excipient for a pharmacol ogically active prcitein, which
25 may be adm nistered parenterally.

The first aspect of the present invention also provides a process for purifying an albumin

solution obtained from the recombinant eukaryotic cells, the process comprising the step of
subjecting a first albumin solution of pH8.0-9.5, and having a conductivity in the range of |
to 75mS.cm’, to an affinity chromatography step which is run in negative mode with respect
to the albumin and which utilises an affinity matrix comprising immobilised dihydroxyboryl

groups, thereby obtaining a purified albumin solution.

Preferably, the pH of the first albumin solution is pH8.0-9.0, and more preferably pH8.3-
pH&.6. It is preferred that the first albumin solution is buffered with a buffer having a pH

within the aforementioned pH ranges.

Preferably, the buffer comprises an amino acid at a concentration of 10-500mM, preferably

25-200mM, and more preferably 50-150mM. Preferably the amino acid is glycine.

Preferably, the buffer comprises a monovalent cation at a concentration of 0-500mM,
preferably 25-200mM, and more preferably 50-150mM. Preferably, the monovalent cation is
sodium, preferably in the form of NaCl. Accordingly, in a preferred embodiment the buffer
comprises NaCl at a concentration of 0-500mM, preferably 25-200mM, and more preferably
50-150mM.



S A further enbodi nent of the first aspect of the invention provides a
process for purifying an al bum n solution obtained fromthe reconbi nant
eukaryotic cells of the first aspect of the invention, the process
conpri sing cation exchange chromat ography and ani on exchange
chr omat ogr aphy, wherein the thus purified al bum n solution optionally
under goes one or nore of buffer exchange; concentration; dilution;
dialysis; diafiltration; pH adjust mgnt (preferably to a pH greater than
pH2.0 or pH4.0, and preferably to a’l ess than pl-110.0); addition of
reduci ng agent; decolouration treatnment (eg with charcoal); heating
(including sterilisation); cooling; or conditioning, but not further
purifi CErbffably ! el wege! %mg%egwdweﬁthmﬁ&i QY RRYnGeRithlidh Gt i on, prior
to being put 1nto a final contalner. The cation exchange chromatography
step may-E30mPIy prbferabliyor0-e00hbn g Erefersbinf derdivtiynstation iy calciom,ver sa.
Preferably, the cation exchan?e chromat ography step is followed by the
ani on epetiampdy bhteantoroy b Phlst Apcomdingligs bk prefpsedembadisenhiien” and
catign exchange ‘st.eps,. there is no further rdfi ion St t hough t he
al bugi-n%ﬁ%;f b&@%f%ct@é]z oa‘?bﬁf?@rcea%ﬁ%%g%ip 5@‘5’"@*@?@@@6\/ > By
condi ti q } we nmean any non-purifying handling step which inproves the
envi ronment of condition of the albumin for the next step of the process or
for final use. Conditioning can include the addition of an al bumn
stabiliser such as octanoate and/or other fatty acid, such as a C6 or C10
fatty adinda partiswldilympeafetrpd ¢embediopnariheefist atbwnin sobitiatpraaidiaroni ng can
al so include the addition of salts efc., .and j | ye adj usting the
conduct ibyfley eamprsessabows 100mM: glygine, cabays M%&@ea Wo of these
enbqdi t e first aspect of the present invention may be run in
neggﬁi W@%‘#gl ve node with respect to the albumin. In a preferred
enbodi ment the cation exchange step is run in negative node with respect to
t he al bumi n. Advant ageously, the conditions are so chosen that glycosyl ated
al buni n Pxefedsblyprie comdwegivity tof thé dirstaalbomie schitiopandforcbuffer ishHh
non- gl ycosyl at (_ald al bum n. The_ cati 8n exchange chromat ography step of these
enbodi mePnS.eR tand more prefersbbt 1&~22M%CBr esent i nvention may utilise a
commerci al cation exchange matri x such as SP-Sepharose FF, SP-Spherosil,
CM Sepharose FF, CM Cel | ul ose, SE-Cellul ose or S-Spheradex. Preferably, the
cat L oﬁél?Ptlﬂst tdiceRBador'BF ieXalbiingd nf MEHirsE Shuhdfitdiddoned
sul fopropyl substituents as cation exchangers. Preferably, the al bumn
sol ut i oris \idyithé rasgte 6 Q0s1 208 Ldnpeefetablyy §0er20gdeat ogudh phorehpreferably of
4.5-6.0, nore preferably a pH of 5.0-5.6, and yet nore preferably a pH of
5. 2- 5. 4100040 dah| Preferablyl tagvakbuseingds deaded i lessd &hao 53 ce9IBI exchange
chromat ogr aphy has an.al bum n conce tipn of .10-250g. U, preferably
20- 70g. L rl"“ﬁﬁ% W‘ﬁﬁ%‘l‘igﬁaﬁqﬁs @fﬁ?# .cow‘é?léﬂ*eﬁ‘, the al bunin sol ution
whi ch under goes cati on exchange chromatography has an octanoate ion
concentration of 2-15mM preferably 5-10mM and nore preferably 6-9mM
Congeni eSiitably, PihicOnatidx tdbenprides i bexekiangdd st Fhe tehn 4ddidfias msdduti on

undergoes one or nore of the follow ng processes: (i) pH-adjustnment 7
herein includes the salts thereof. Advantz__ngeuusiy, the boronic acid is bonded

via a triazine or a substituted triazine, for example to form monoborotriazine
. +or diborotriazine, to a support such as agarose. Preferably, the boronic acid
-is aminophenylboronic acid. |
25"
Publications that cover alternatives to phenylboronate, such as aliphatic and
substituted aromatic ligands, include Adawek, V. ef al (1992) J. Chrom. 625,



(preferably to a pH greater than pH2.0 or pl-14.0, and preferably to a pH

| ess than pH 10,0); (ii) concentration; (iii) diafiltration; or (iv)

condi tioning by addition of a stabiliser such as octanoate and/or other
fatty acid, such as a C6 or Cl10 fatty acid, or sodium acetyl tryptophanate
or mandel ate. Alternatively, or additionally, the al bum n solution
undergoes one or nore of: buffer exchange; dilution; dialysis;
diafiltration; treatment with a reduci ng agent; decolouration treatnent (eg

wi th char ) i I B0 i {1y O |, td QNI I

nodi fi catf@%ﬁ r“%\%sﬁ%d?ft)?io?ﬁ@%d{ ré’(g’[:ngo;{'/a"‘}fg3 ﬁg? ((ﬁgﬁl'[g{,” ﬁie%%—t 1 of the
al bum n sgloyyy §87,i61-89) usted by the addition of acetic acid. Preferably,
the al bunin solution is concentrated by ultrafiltration. The ani on exchange
chromat ography step of these enbodi nents of the first aspect of the present

invention_ may utilise a co r¢ial ani on exchange matrix_such as_ Q
|4

Sephar os eStHfabIpVOligsvaE dhe echspRiatography Gtep ghe purifiedhrlbumin| ose,

E- | ul . TMAE. E, - E Fraci | . Pref : [
xcharge HGPn, ¢ 15| SROIERG 0% AT CoffiRalon; muppferlyy fatfef" "
di al kyl am : di ' taphirs ' : [
e;gha%ggﬁmsﬁﬁ%%ﬁ%ggpﬁgrre blg'nbgg%%r% %adri#on e%?g%&?%@%ﬁ% gglrgghy

step of tiwisge ecdiivh muxchampe t hhrémuegramhyectamf/of heaios erdxchangat i on is
run in negative node with respect to the albunmin. Preferably, the al bumn
sol uti on ehrpoatagraEgoddender of shergatdom and anian rexobangehstephicagrbdhy has

on ﬁ?' 4. Jiter ARangendil Gl YertoRaing Beir hog f@ﬁq@% ; het Ui g RS an on”
i o |
mor o or SRARTE B e Ao BORAY” B Velated? e s Bftch ERBMRS, 07

1. 050. 1n&iiimatde@apt ol Bived byRinicd eichahBe cRiviBftofdphgnde step, the al bumn
sol ution underé?gs pH adj ust gent and/ orgﬁi luti ongvvi th water. Preferably,

the pH of the albumn solution is adjusted with acetic acid. In another

preferred_ enbodi pent §he ani op exchange chromat ography step of these
enbodi ment&tadly.t the H‘mfgfi ‘ﬁg‘HﬁH’i 395?‘“?%Pf%‘§‘§‘%rﬂ°°pfﬂl§ﬁttpdheiﬁoﬁﬁﬁﬁ o6 positive

inder goeBRE Bndeh e el Jnyealio® thderhlfe B R Boi®' o BRGS0 6 o
pr ef efabl axchaidd; Ofcofieenration; adithtiont ORAlPsipy ediafiftbddo? Eisﬂ_{-%ﬁjlﬁstﬁehé’ 7.2.

Preferably, the al bum n solution has been pH adj usted i ng” ort hophosphat e
ions. | n (poeferably o a @l graatedithenpHE2eornpbl40 nand preforabdy itoa pH 1285 100g. L1,

nore preferabl 2& 80g. L1, and nost preferably 30-60q;, L-I.. £r§§ rably, the
Conduct i ey R0 arabiaentwis ERdiive sgeot tet)e, dowiibest dn HRETP h
1.2-1.6 I ' : iN_j. '
w th a bt Sesiilcionl sty bl oplifh, orih SR RhaE TRbaNaRE SO0
gféfgmb%wﬁtiﬁgeﬁﬁho%&iﬁci br S AdndififingX 2 RicRwifH M 8R0S piehferal

20 acinﬁnistmtion to 2 human; or placing into a final container,

By parenteral administration we include intravenous administration,

subcutaneous administration and intramuscular administration. The albumin

may function as an excipient for a pharmacologically active protein, which
25 may be administered parenterally.

A “final container” is one which leaves the manufacturer and is distributed to

customers such as hospitals and pharmacies.



9 albumn is eluted fromthe anion exchanger with a buffer of pH6.0-8.0,
preferably pl-16.5-7.5. It is particularly preferred that the processes of
t hese enbodi nents of the first aspect of the present invention are preceded
by one or nore of the followi ng steps: fermentation; primary separation;
centrate conditioning; cation exchange chromatography, preferably using

sul fopropyl substituents as cation exchangers; anion exchange

chr omat r ef er usi n hyl am. noal k substi t ent S..asS _ani on

o C i SRR g R b E el ire e Byt b T At s BRI B eRe S "t v 1 x
whi ch aﬁ%mmla%%1@ﬁnl Jomhid fr@ﬁldth@r@émmnaﬁﬁ%k&?&udyﬁls ¢ aé rabisyecd o€l bacr on
Blue type of dye. In a preferred enbodi nent of the present invention a

pr oc edls mwcntpnnr llﬁmro@satmmg @tlpn@wlﬁ?@ﬁe WHIOBTR QL8 458 SNIORECXEFNEBWI ng

| b
cukar yorreagrrh” e Ty Pud el AR S AR RIN PR BE8TE, oo

chr omatQer FPHYIFGT SRhAME; IDnERShtiby.edilnibe; Wl isis; esipliottitn phedalsbomin;  (b)
collecting an al bum n-containi ng cation exchan e el uat e; éc) _slﬁé)éectl ng
t he cdpneémaidxémrm@eg@ﬂt@at@nmé{%maﬂ%ﬁ adrafrgole iy RE S Bghyt run in

posi ti o | QH{@] t
al buni?} ﬁ&(glgﬁteal %@ucmgagﬁse% %ﬁ@ g‘hngn gll ua ep(c‘g(\(vgl)l %}Céegﬁiﬂﬁgﬁ%zﬁgngﬁ?lg

exc ha%ﬁﬁ‘lh@hﬁlﬁi)ecdo&ng;ﬂmafoﬁit}mohmgp bmoimtiﬁx@zeamluyﬁsatem, fruparticulposit tilernode
with respect to the al bum n; col |l ecti an al.bum n-containing affinity
chr omehEsRipEyrie @Blflﬁcatwﬂepr(“ﬁ)tg G’B gt HgP f‘%ga LGRSy chr omat ogr aphy el uat e
to an affinity chronmatography step run in negative node with respect to the
albumn and in positive node with respect to glycoconjugates (gl ycosyl at ed

al bumi Theandbo exdlaygogdromaiogsiphy Sepeo) fodlowi thg atike eathsngs phromatogianbiig
affi msttg{), ((:)1h Li%g?fggg.rl%g@{agl)la%}% E:at{o?l e%hhange chromatography step is followed by the

anion exchange chromatography step.

Preferably, between the anion and cation exchange steps, there is no further purification

step, although the albumin may be subjected to buffer exchange etc. as noted above.

By conditioning, we mean any non-purifying handling step which improves the
environment or condition of the albumin for the next step of the process or for final use.
Conditioning can include the addition of an albumin stabiliser such as octanoate and/or
other fatty acid, such as a Cs or C) fatty acid, or sodium acetyl tryptophanate or mandelate.
Conditioning can also include the addition of salts etc., and may involve adjusting the

conductivity of the albumin solution.



(i)subjecting the affinity chromat ography flow through to a cation exchange
chromat ography step run in negative node with respect to the al bum n;

10(j ) col l ecting the al bum n-containing cation exchange flow through; (k)
subj ecting the cation exchange flow through to an ani on exchange

chromat ography step run in negative node or positive node; (1)collecting

t he al bum n-cont ai ni ng ani od exchange flow through 15 wherein the anion
exchangicshtim exchange step offatd arsbaihdents of thel ittt aygedtiodnhd rescanirmventorchange
matri x _an anion, exchag%e el ugt.e wher ei nIét he ani o eﬁghan eI step |s§{un in
posi ti VEYnUE" A AGHBEePh PRV O MR e e dpwEt Weﬁl‘iu?‘ ¥ lp o Pesfesed are
opti On@hl'b%dlﬂ’[e%@%%ﬁ&@ e%haﬁ@é SEMeduRYn @ d%atﬁ% niBfeSyi] resPith tEheSXARARTE
concentrati on; lution; dialysis; diaf ation; pH adjustnent (preferably
to a pHdga@ag@xuS thﬂme mll@ltlon&)rarqolsn cﬂxoscmdlaprgéjz@:rsallateyl tlbuminp Mindsssiothan
pH10. 0 t a redyci. deco tlontreatrrent (eg with
charcoéﬁrg l%gaﬁeﬁﬁnc{r’i %8}1%6@& grtlag?glqnlqgogtg%%syl {'?8 “or conditioning. 25
11 -adjustnent; treatnment with a reduci ng agent; decol ouration treatnent;

heat i n% cool i ng or conditioning. Wien any step is run in the negative
mode f dhe spUNSFhapgsHiemateataDPhE s@ﬁquéhqse@nﬁvgdmnlts elsthe [ fogy qsmczb@éﬁw I'n

anot he re@érﬁf ﬁvern?gn %@P& lf@g{[ (a)?ltlv\lﬁ&]aﬁl Bét?o%e&tchéx{g/ erﬂgt:ng 18 BL 9pS P%Seghargge

purifying al’bumn i s provi ol'Tow ng s

subj ecFanSEaBpI@drbmm GM;prltar@se &bt aﬂjnuiedelhﬂm t $e-Ucticlorbi @ar&smh@arexotl C
cells of theflé rEect of theln\{entlontoacatlon exchange
chr omat BJFiaPlhy 1 &tien xchenggssien Jlilisesda mpt M@f&eef)mpase@h@naplﬁhm% (b)

col I ectiing a1 3hRUMeAnsCRRLAIER afRE, On exchange el uate;

Preferably, the albumin solution which undergoes cation exchange chromatography has a

pH of 4.5-6.0, more preferably a pH of 5.0-5.6, and yet more preferably a pH of 5.2-5.4.

Preferably, the albumin solution which undergoes cation exchange chromatography has an
albumin concentration of 10-250g. L, preferably 20-70g.L"), and more preferably
50+10g.L7".

Preferably, the albumin solution which undergoes cation exchange chromatography has an

octanoate ion concentration of 2-15mM, preferably 5-10mM, and more preferably 6-9mM.

Conveniently, prior to the cation exchange step, the alburnin solution undergoes one or

more of the following processes: (i) pH-adjustment



(c) subjecting the cation exchange eluate to an ani on exchange

chromat ography step run in positive node with respect to the albumn; (d)
coll ecting an al bum n-contai rmg ani on exchange eluate; (e) subjecting the
ani on exchange eluate to an affinity hronmatography step run in positive
mode with respect to the albumin; (t) collecting an al bum n-contai ni ng

af f i ni(pretahblyranedt aphtyr thoali;0 o 4. Q,Lfb]dqncﬁcri@lyt toer i 14smithap pEHOSatiogr aphy

eluate to an _affi.ni hr omat ve m)evmth respect
o heoarstmain G BRaRt oo haR R neaRid OGS T sat eo: SO
col | ecictBatehBddl BT PG eidakiinng aafd blrmo/fa@tbra@iraab@gfdﬂmﬂuc&ﬁow through; 12
(i) subjecting the affi nltE/ mat ri x flowthrou&g to an ani on exchange

2t

chr ondtypgrriphyte st spndalate; Alieraglatdyer eddijosilty (e apaRniPRHOR BBFEESt 0 the

Sunor &5 oA ORTR ERAME: BURST: Qe AR e B AR e o

t he anigem; ¥&IARGRMBath¥ntdBg Wﬂh@ﬁa&&&lmaﬁg&nglw@iﬁ@,whemreiltlimmlq_p ani on
exchange step is run in positive node; (k) subjecting the al bum n solution

purifi ed by t he ani on exchange chromat ography step to a cati on exchange

chro ﬁﬁhx?i&%ﬁﬁﬁg Gk AL AE ARG, TRIE A8 PrERRS tﬁ@pfhﬂﬁh@' bum n;

(1) col um n-contal ni ng ¢ation exchange f1Tow t hrough; and
wher eldnbmm s@futiolnes idspeathby e aﬁdﬁioﬁlotfatetmmcsi E}:&ferablg e talboineh kylupeeiseded or

foll owed by one or re of buffer exel mge(coneentration; dilution;
conceritrated by ultrafiltration.

The anion exchange chromatography step of these embodiments of the first aspect of the
present invention may utilise a commercial anion exchange matrix such as Q Sepharose-FF,
QMA-Spherosil, DEAE-Spherodex, Q-Hyper D, DEAE-cellulose, QAE-cellulose, or TMAE,
DMAE, or DEAE Fractogel. Preferably, the anion exchange step utilises a matrix which
comprises immobilised dialkylaminoalkyl (for example diethylaminoethyl) substituents as

anion exchangers.

In one preferred embodiment the anion exchange chromatography step of these embodiments
of the first aspect of the present invention is run in negative mode with respect to the

albumin.

Preferably, the albumin solution which undergoes negative mode anion exchange
chromatography has a pH of 4.0-5.2, more preferably a pH of 4.2-4.9, and yet more
preferably a pH of 4.5-4.7.



15 dialysis; diafiltration; pH adjustnent (preferably to a pH greater than
pl112.0 or pll1l4.0, and preferably to a pHless than pH10.0); treatnment with
a' reducing agent; decolouration treagnent (eg with charcoal); heating
(including sterilisation); cooling; or conditioning. 20 Accordingly, the
purifi ' s : g ., buffer
Ecchangaror ey hE R A A w1 aS ARG Snaeotibrplio HRAG ks

adj ust emiuctitityestlemnbans. Ol Sanr bdud nnge pgéntlly deonduetiviag ©Oh0+0. mSrent ;
heating; cooling;, .or conditioning, 25 Preferably, prior to the positive
nmode c%&‘%%“&‘ég’éﬁﬁébié’tle%igflm{gﬁé‘gi nvention, the albumn solution is

condi ti oned as above. Preferably, the octanoate is added thereto to a final

concentration of from about 1-10 mM and the pH is adjusted to about
4. 0- 5. Oonveh&nfAphvemirdg uusilion exchengslskapnthe altewzin neldtipmundeegqee et i ve cati on

bu f or 8o asRuotFRNGsH Wit Dbl bR A af Bl Ry SRt b
pref er aghcd-A44M for exanpl e 25-30mMM sodi um acetate) before being

eluted. Preferably, the albumn is eluted in the cation exchange step using
a buffer containing a conpound having a specific affinity for al bumn,

especi ga| i r id, for
ool &t RP pikFecertiodi BT ) BEARMS doRPlPhy b8 YRS, on
exchangeaboedimiknts o€ te first aspeit ofi tlexebngavaitap, is nintih pasibué fnede adthtradpeiing a
high level (e.g. at |east 50mM preferably 50-200mM for exanple 80-150m\)
of a bBrtheal¥misalt, for exanpl e sodi um or potassium tetraborate.
Preferably, the positive node affinity chromatography step uses a resin
conprising an i mobilised al bum n-specific dye, such as a C bacron Bl ue

t ype oSuithpdy theréfuariabdlptivmmbbihl undegoenpdsiteremesiemniinaexah®gacer such as

1, 4- di gm nobut ane. or ot.he acer .of Cl- ferably C1.6, Cl 5 and
oot pBPERDBIY RG] &ROATO-5p O SRR AU S1g RSt e BT ady om

Pref er %Itilo}f ﬁ.ﬁtﬁ@’i@tréf%ﬁéb?ﬁ tHeounkiBlsbR:tiBh Ues Béeh HiHXadj (RN sinP6@RPhESHHAR
described in WD 96/37515. The first aspect of 'the present invéntion nmay

al so nwke use of a process for reducing the level of nickel ions in an

al bumi n solution, the process conprising subjecting the albumn solution to
a pHof 2.5to 7.5, preferably 2.5-6.0, and renoving ni ckel ions.

Pr ef er ahdie préfefred biabodimesofhy altomih sosiehir@tingd 100 0ag pH @bredorbfetably 154

80g.L", and most preferably 30-60g.L’". Preferably, the conductivity of the albumin solution
is 1.0-2.0mS.cm™, preferably 1.2-1.6mS.cm’™,

Suitably, the albumin is eluted from the anion exchanger with a buffer comprising 20-90mM,
preferably 30-70mM and more preferably 35-65mM of a phosphoric acid salt, for example
sodium phosphate. Preferably, the



7.5, preferably 4.0 to 6.0, nore preferably pH4.0 to 5.5, yet nore
preferably pH4.0 to pl-15.0, and nost preferably to pH4.0 to 4.5.
Preferably, the process conprises diafiltration against a buffer of
pH2.5-6.0, or against a buffer havind a pH within one of the aforenentioned
pH ranges. Alternatively, nickel renmoval can be achieved using gel
pernmeati on chromat ography with a buffer having a pH wthin one of the

above-listed pHr es. Gel perneation chromatogr rored

dsi g “BaBHACH HHi3000 ti o eiEPABIE) WP P e e DR BaRAd & Tl or
mal ate ions. Alternatively, there is sufficient buffering capacity from

al bumn to adjust the pH and performdiafiltration/gel perneation

chr omdt sgrepwariy prhfewad grat titeocrssdsalf thase smbadimehtsex wag fisge lagpaseoidhe| at ed
and renoved fromthe al bumi.n. This can.be achieved using a chelating agent
Stich SRS o REet & Ssele o amoer rrecear O (SERHEE St et RubHG &S ove.
Phar negpaitid; c@t'i't@it@%ncﬁt%rﬁﬁ@,rcaﬁ&ﬂ@*bh@ﬁgc@?@érﬁ%m%l@pﬂy,Weilaéwsﬂ{go|’| es) at a
| ow pH, preferably pH 4.0 to 6.0, nore preferably pH4.0 to 4.5. Preferably,
when tshégmlopmkﬁﬂbstftn@m pheatipn sEeumLes; érré@ru@thgn&ewéwré%t@graﬁhya wrdReEblyi ons i s
subj ect ed i.med| ate 0..he I, cation exch . y it is
oref npa (AT R AR AR OB AR LR RN o

Conv ergefleyablyniag sheffipito chugtix bl dohsrigeoneisgnailisediininng-spbeafit aygl of

ni ckel ions is not subjected imediately to negative ani on exchange

chr oneel§rakbhy Citacrag Blugftwperoddyehat the al bumin solution is subjected to a
pl-1 of 4.3- 4.9. 15 1In a preferred enbodinent of the first aspect of the
present invention the initial albumn solution is derived froma fungal

cul t urie amedictiml cinbadinett bfyjthe prdsentiingensioh apgerssy foapsfihimpadbuwnichsa eukaryoti e
expressi\%agi/egt ?lr of the first aspect of the invention in a fernentation
medi urf® whiFheampriseiife ONOHPSEEE al bumin and secretes it into the
medi um The fungus may be a filamentous fungus such as an Aspergithes
species. Preferably, the fungus is a yeast. Mire preferably the fungus is
of t heaperhirstiSgec hbuony edsti¢reghtSacd fianotng casmbarast pwianmitic acheolibe fisst

Kl .eq Kl 'tw t Pi chi. Pi. chi
past ot SRR BB e tes chi e bt BB i bl O BB b
I nventi@cioané 48sman al bum n sol ution obtai nable by a process according to

the first aspect of the present invention. Preferably, the al bum n solution
conpr i (bkeoliestngdn Adnmintyusingation ceshiants ¢elvatene or nore of the fol | owing

ropertjes: (1) .ess than 0.5% (w i..N ¥ R er abl
P eon t kbbb sl ahoh BthaBee b ihy BRI BnbO NN S BLELFL 20 Y
hexos eokitive ntodefwilh Rkgdcnto vdIRaher ably | ess than 0.10, 0.075 or 0.05

nol es hexose / nole of protein. A purified_al bum n solution prepared by a
pr ocesd) ellecting pi abapin-CoRRRTIEGRIGES chRge Rl processed according to its

i nten SR S QPR K J) . fi ot : &Hﬁ% an

ul trafi P?‘#ﬁyﬁhg ¥hr$eér$]’g('rrma§§ﬁ egﬁltk{att% ho %lnafgﬁ%f?{ g@ ioﬁltay&t@%ﬂoh r¥ S?er tqgrﬁglg?e avi ng an
al bum modowitke dspeadtitotheafl buabint east about 10g, preferably at |east 40g or
nore preferably ahout 80g, .al bunin r litre, with the ultrafiltration
retent f@?lsg?lﬁ@albﬁtt@wm-@n&lvggéfflﬁgtbp yonaasibhy FEn at e equi val ents of
water. A further enbodinment of the first aspect of the present invention
provi des a process for producing reconbi nant al bum n, the process
conprising culturing a fungal cell expressing a eukaryotic expression
vector according to the first aspect of the invention and obtaining the
al bum n, wherein the cell has a genetic nodification which causes the cel
to have at | east a reduced capacity of mannosyl ation of the
reconbi nant | y-expressed al bum n and wherein the culture nmediumis at |east
1,000L and is of pH6.0-6. 8.



17 In the meaning of the present invention, genetic nodification preferably
means any suppression, substitution, deletion or addition of one or nore
bases or of a fragnent of the fungal cell DNA sequences. Such genetic

nodi fications may be obtained in vitro (directly on isOated DNA) or in
situ, 5 for exanple by genetic engineering techniques or by exposing the
fungal cells to nutagertic agents. Mitagenic agents include for exanple
physi cal agents such as energetic raysi X-rays, y-rays, WV, etc.) or

chem cal agents capable of reacting with different functional groups of

DNA, such as al (g)y! apibjectinge thies a6y ditbmatograply sdbdy| af iang afjeitys,

intercal ating agents, etc. Cenetic 10 npdifications may al so be obtained by
genetic disruption, @imt@mmiy BlEB o Wgnﬁfgﬂménﬁﬂ?%@ld’p&lﬂ%%dh@y

Rot hstein et al. [I\/bt z 194 81- 30 cor dl.n o this
net hod, part or all %lg gﬁ@uxinqus&t&éa%ogl]é) P otrsRe OWDAB@SGQDJU

reconbl nation: by an &i?@ JC nodifications can
al so be obtai ned by %ﬁﬂng ta %&%g%yﬁfg%ﬁBgTWXS sequences, such as

transpogons, phéges, ceollecting tthe aitiomewconbdbingeiffin dudubispbphpdiouch as
poi nt nmutations can be reversed or attenuated by cellul ar rrechanl snms. Such

nodi fications may no thrpughii de t he m)st useful fornms of nodified fungal
|1 f thi t h t t t b
very stabl o Ackbrdi h@vgﬁfnﬁﬁﬁpﬁ iopia By o ShERED (o8 cRRPR | on (<)
talll h t / Such
modi 1 cati on(S) are JSARRET SRR éﬁ%&@ dRCH HeetR e SRH. PO

nodi fi catl on(s) are gener gene d| sruption.

25 By a "l eaky mut anges dom@mﬂmmﬁal variants thereof, we include nmutants
that result froma partial rather than a conpl ete |nact|vat|on of the

wi | d-tfe funct{@n. mcﬁngmﬂbanMgWMS;chmgelfm dyrough; f ungal

cells of the inyentio be | ocated in a codjng region of the DNA
sequences of thé‘celf‘u ‘?1”5%8 the, %‘m@gleé&%pe&q‘ﬁg Bgféxff’re%%lfﬁﬁogf a
Cee g ore, Par Ly e gt FRAAHARY BT i MdeaBSRSAGIL o pRORGE 102, o,
of one or nore genespph@se expression products are enzynes involved in

mannosyl adon. The reduced capacity of the fungal cells of the invention to
mannosyl ate - (1)  collecting the albumin-containing aniofi exchange flow through

15 wherein the asion exchange step is run in negative mode; or
eluting from the anion exchange matrix an anion exchange

eluate wherein the anion exchange step is run in positive mode;

and wherein any of the respective purification steps are optionally preceded
20 or followed by one or more of: buffer exchange; concentration; dilution;
dialysis; diafiltration; pH-adjustment (preferably to a pH greater than pH2.0
or pH4.0, and preferably fo a pH less than pHI0.0); treament with a
reducing agent; decolouration treatment (eg with charcoal); heating (including

sterilisation); cooling; or conditioning.

Accordingly, the purification steps may or may not be separated by one or
more of: buffer exchange; concentration; dilution; dialysis; diafiltration; pH-



proteins may therefore result fromthe production of inactive enzynes due
to 10 structural and/or conformational changes, fromthe production of
enzynmes having altered biological properties, fromthe absence of
production of said enzymes, or fromilhe production of said enzynes at |ow
| evel s. The fungal cell matnosyl ation pathway involves attachnment of a
first -ddusmreagsichinicas ivilirer iedudilyeadenit dexolburgti@aupeafmeste hydtingncbobingt dir eony |
am no aci ds of proteins or peptides, and then the extension to O-linked di-
and ol§ee8W8ar i des by subsequent addition of mannosyl residues. The first
mannosyl residue is transferred from dolichol nonophosphate mannose
(Dol P-Man) to the protein in the endoplasmc reticultm, and the additional
20 matWbeyhny sep sues irathe negaivsisrdeddr dlbamnGRBsiNbgs manbe badlagtedgis wellresa
preferred enbodi ment of the invention, the nodified fungal cells carry
genet i HEPY8ati on(s) in at |east one gene whose expressicm product is
involved in the attachnent of a mannosyi residue to the hydroxyl group of
25 seryl or threonyl amno acids. 19 involved in the transfer of a
r nannds yhothesprglrsrefl corpot inecnbol the-phesanipneglios arpreesst e phybhiexsibugioldp of
anyl ar _t.hreo am no_aci St.ill, nore preferably, one of these genes is a
PMT gé’rﬁ%‘”?%‘gw%#|“°“’Bwef?‘ﬁ5ﬁﬂj§’,w“ﬁ*ﬁ/ﬁlﬁ?s' PMIS, PMI6 or PM/7). Preferably the
PMI gene is PMI1l, PMIS or PM/7. S WD 94/ 04687, descri bes the preparation of
S. cerevisiae deficient in O nmannosylation activity. A S . cerevisiae cell
def i ci(@8htubjestipg pm athuady slviigmobiaingd el thazecppbprpeerksyyobesellaridhetston, by

aspect of the invention to a cation exchange chromatography step run in positive mode with

respect to the albumin;

(b) collecting an albumin-containing cation exchange eluate;

(c) subjecting the cation exchange eluate to an anion exchange chromatography step run in

positive mode with respect to the albumin;

(d) collecting an albumin-contaimng anion exchange eluate;

(e) subjecting the anion exchange eluate to an affinity chromatography step run in positive

mode with respect to the albumin;

() collecting an albumin-containing affinity chromatography eluate;

(g) subjecting the affinity chromatography eluate to an affinity chromatography step run in

negative mode with respect to the albumin and in positive mode with respect to

glycoconjugates;

(h) collecting the albumin-containing affinity chromatography flow through;



i nsertion-of the UREL3 gene into the Madill restriction site of the PM'!
ORB. 10 The resulting nmutants were grown on YE?]) (about 016.95) or on
mninmal nedia + Me, + Len (about 014.75, declining with yeast growth).
Unexpectedly, we have found that the pHs of the growth nedia used in WD
94104687 are not optimal for the large scale culture of PMI nutants to
produce secreted al bum n. W have found that a flowth nmedi umof pll1l6.0- 15
6.8 is beneficial in terms of host celd integrity during |large scale
fernmentation. In addition to nodifications in a gene involved in the

attachnent of f(gﬁn n %ﬁ&@ E@L’?‘?‘éﬁ‘?n%%ﬁﬁﬁ%%ﬁu & gﬁioﬁegx)dcb‘?%at hr eonyl

am no acids, gal on may SO carry no tions in

the genes invol ved gheomflogripaoasept naddht haasivel oingiRiby nikkl du@s | eadi ng

to di- or oligosaccharides, or in the synthesis of 'the mannosyl residdes

donor @1- P- Man). Resgest wolhg albimintungal cell has a genetic nodification
ch.affects the,expression_or

\IIDMI\/}ThIggng. N g gem%z’!:‘gctg%ngﬁ%f@mﬁﬁn%%@% ezs@%mﬂ%&ﬁ@%f for”
exanple, affect MRLIEANGE" difibn' ERhAe® srepMEPHAL 1S nepifé Snode? br
elufing from the anion exchange matrix an anion exchange
eluate wherein the anion exchange step is rum in positive mode;
(k)  subjecting the albumin solution purified by the anion exchange
chromatography step to a cation exchange chromatography step
10 run in negative mode with respect to the albumin;

()  collecting the albumin-containing cation exchange flow through;

and wherein any of the respective purification steps are optionally preceded
" or followed by one or more of buffer exchanges” ;:oncentration; dilution;
15  dialysis; diafiltration; pH-adjustment (preferably to a pH greater than pH2.0
or pH4.0, and preferably to a pH less than pH10.0); treatment with a~
reducing agent; decolouration treatment (eg with charcoal); heating (including
sterilisation); cooling; or conditioning.

20 Accordingly, the purification steps may or may not be separated by one or
more of: buffer exchange; concentration; dilution; dialysis; diafiltration; pH-
adjustment; freatment with a reducing agent; decolouration treatment;

heating; cooling; or conditioning.

25  Preferably, prior to the positive mode cation exchange step of the invention,
the albumin solution is conditioned as above. Preferably, the octanoate is
added thereto to a final concentration of from about 1-10 mM and the pH is
adjusted to about 4.0-5.0.



The fungal cell according to this enbodi nent can be chosen fromfil anmentous
fungi and yeasts. Preferably, the cells are yeasts, for exanple a yeast of
t he genus Saccharonyces (eg S. cerevilsiae), the genus Kl uyveronyces (eg K

| actis) or the genus Pichia (eg P. pastoris). Preferably, the fungal cel
expressing the reconbi nant al bum n codi ng sequence is cultured in a culture
medi um of at least 5,000 L, nore preferably at least 7,500 L. Preferably,
the f uhg@axlthUSiexb¢ elbgﬁnngretwdrléé@msﬁaﬁtca@@rb@?ﬁhﬁllzzs‘ommg wgshrdenidiea i s

cultured, in a,cult i pH6. 2- 6. 7,
ror e ek s G RO S Do B B R BRAGHEL 0P 2

mai nt awied OUSORG 31 Pldr DO -9k BY, f@xeéxaatplea(z.‘pwrbm syelenm ptibatd) wetcle hibigS,
preferably at a pH between 6.35 and 6.45 and nore preferably at about

pH6. 4. clpiedf erabl y, the pH controller is controlled within 0.20 or 0.10 pH
units of any pH value within any one of the afornentioned pH ranges or
within 0.20 or 0.10 pHunits of pH6.4. In an alternative enbodi nent, the

f ungal Peédr hbl'y,sthe albuie dlurtecaumhb t:auicm axeHangmstehivsingiasbufier nodpineg a n t he
range of pH5. 90, fera FE 50- , 40-

b aocesnispni ey i et daaloBom prbaly whas B bt deto and
pH5. 60 f ARG and 015.55, and preferably the | ower
contro?mgggf%%?%%aﬁgp%bout @Egrgﬁesent i nvention provides processes for the
preparation of highly purified albumin fromalbumn produced by reconbi nant

eukarygtic.cells, of . the fi P ect of .the i n pur|f|ed
al bum niTE B b i Ehosl Ry B Slophfoe i s e T PEPh e e, PLE

"col or @ih'a stet s@aiiRial NghRIBISc ANt 16NBOMN préTeeblycsi- mﬂrﬁMafdwmrnpzeFor
exanple, a pignent is a colorant which arises fromthe 21 organism such

as yea8¢-]150mdBivtiadorisadidtseltfrepeanle sebwbion RAESANB GeHaYOrAher eas a dye is a
col orant which arises from chronmat ographic steps to purify the al bum n. The
highly purified albumin is also characterised by extrenely | ow | evel s of,

or by bﬂ:ifé”tgblﬁsﬁle pbiidle yrolle efindty,chednetd graphn sté;ﬁxﬁsteatt ecsim:i:dimﬁﬁmg aetal s,

non-al bum n_human proteins, such as |nnuno ObU||2§ %b{kreln

act i vatrenobilisehalpemitspecidicidyesery agp (s Pﬁ“@ﬁ ﬁﬁg ©1#°a2hd bl ood
clotti H?mt)gﬁig&{ on thRy QMQ%%%QCCFQ QLS4 dIa'hﬂQ = #fa n@ilhgluga@m oRldhym n
aggregates or ynmers ot oxl n, I rubli n, haem yeast protelns

ani mal p@f@aielyr(s (,aﬂsngw andsesst p&fembbmicagth,wréﬁewly saviemnt-deow det ect abl e

| evel s. The al bunmi.n he inve " t. 99. 5% no and
o wor  EsbspRge Bk dbnrel s o et 4F A, BRI SOACLU 5og
preferﬁfhubg6@9gf§|ner is tolerable but |arger forns of albumn are

genera absent. It may be further characterised by one or nore of the
follow ng characteristics. It has a nickel ion |evel of |ess than 100Ong,

or ot or A0t a9 ke Brepel ey epBa b Glb A s R O ShuneBRTat Bl e o

nmeasur gelikReltiis AR AR MR OEHEH, (RS Hd¥ess @Bmbpfltiag bubjkctihg the Eﬂbgﬁﬁtﬁ@ﬂn&wn
C-term nus; a content of conA—blndlng al bum n of less than 0.5% (

ww,
pr ef er & pH|oé§s5 tovah rocfembbr2. 8615 end remeers pigkd lionso Rtederablys thatalhug&%t 0.85
nol e SFV antlally no C18 or C20 fatty acids. At |east
99% p? gnéﬁsugb?w g% Héﬁ%ﬁﬁ% by wei ght of the protein in the al bumn
pr epar ations purlfled by the process of the invention is al bumn. Such
highly pure albumin is less likely to cause adverse side effects. 22 rHA
purified according to the invention will generally be totally free of
serum-derived contam nants, since none are present in the starting
material. In accordance with the present invention, highly pure albumn is
obtained froman inpure al bum n solution. The process conprises one or nore
of the follow ng steps: culturing in a fermentati on nmedi um a reconbi nant
eukaryotic mcro-organismtransforned with a eukaryotic expression vector
encodi ng the am no acid sequence of human al bumn in accordance with the
first aspect of the present invention; preferably separating the
m croorganismfromthe fernmentati on medium conditioning the nmedium if
necessary, for further purification; passing the conditioned medi umthrough
t hree successive chromat ography steps; ultrafiltering/diafiltering the
product; passing the ultrafiltered product through a further chromatography
step; ultrafiltering/diafiltering again before purification through two
further chromat ographic steps; and -final ultrafiltration/diafiltration. In
a further alternative, the album n encoded by a eukaryotic expression
vector of the first aspect of the invention may be obtained froma
transgenic animal, such as goat, sheep or cattle, from for instance, the
mlk or the blood of the animal or, in the case of transgenic chicken, from



In a still further alternative, the al bum n encoded by a eukaryotic
expression vector of the first aspect of the invention nay be obtained from
a transgenic plant, such as tobacco, jgotato or corn (maize). 23 In

i nstances where the albumn is purified from non-plasnma sources, prior art
a purification processes lead to a relatively high I evel of nickel ions.

Al bum n is known to have high affinity binding sites for copper, nickel and
zi nc i DAspraferdbly O tdotle hmara ps:fahbly peldrploech lvet mGongefedhy py4.0tthheHAalObum n

nol ecul e effectjvely concentrates nickel ions fromthe nmedia used for

cul ti vaid BastaselrepPlpaPt i C®d-on. Al bunin purified according to this

i nvention has a surprisingly low |l evel of nickel ions. 10 Precedi ng or
foll owi ng any of the procedures of the present invention the al bumn

sol ut i Brefaraylyuhderagesshufifpeisesedehlnges agarst e bt ffat ¢ o] 2. 26l bT ageinsheat i ng

(including,sterilisatijon), cooling or .ma “.yeysal s etc. added to the

&1 bun GGG T Rip R TG o PG BBt SR EF o S APt Re oH of ¢ he
sol uti QhoviPtdnaRalchived hen @b WeiieaiBY chenli@aidd Witiha Buffediieinga pgent or 15
may undergo a decol oturation step. The final product may be fornulated to

gi ve i withiddeg of thetitioi eyisien @HmaysaseGeloramibaicadhaeye giaply ey be geifonedded

il . ' I d.for .p: . a0m nj ' f bl
par ont 573§ St SePaRoR T,k Bhe PO R RS SRS B TR, Rtier goes.

st eri | AgatnOvely Rnekes abfiyentthefchihg bhpachyfiemad butfioto pdpdudt pbifantihe i nventi on
contains at |east 100g, nore preferably | kg or 10kg of al bum n, which may
be spl P‘tl'f%@t%‘%W’agowgarpa?l'iﬁf’%ﬁmﬁf‘ﬂnﬂ“éﬁt%%faﬁg’ T Wal%umi n of the present
invention may be fulfil various roles in addition to therapeutic use in the
treatment of buns, shock or blood | oss. By way of exanple, it may be used
as a fThahickelaonscianekeinpiienly bé ehdated and regpaivdd {124 the albumin. This can be

achieved using a chelating agent such as iminodiacetic acid immobilised on Sepharose
(Chelating Sepharose, Pharmacia) or another polymer (such as Chelex, Bio Rad Laboratories)

at a low pH, preferably pH 4.0 to 6.0, more preferably pH4.0 to 4.5.

Preferably, when the product from the process of reducing the level of nickel tons 1s
subjected immediately to negative cation exchange chromatography it is preferred that the
albumin solution is subjected to a pH of 5.0-5.6. Conversely, when the product from the
process of reducing the level of nickel ions is not subjected immediately to negative anion
exchange chromatography it is preferred that the albumin solution is subjected to a pH of 4.3-

4.9,



formul ations, freeze-dried formulations or formulations for inhalation),
for stabilisation of other proteins during purification, in cell culture,
viral production, gene therapy, in vﬁFro fertilisation nmedia, and for
coating nedi cal devices such as eannulae, catheters and vascul ar
prostheses. It should be appreciated that each enbodi nent of the first
aspect of the invention may be conbined with one or nore ot her enbodi nent
of thelnfd figter@d pe®bddient BEthe M¢&ndspedt.of BRI grbscBESCRIIRI (hNirdial T RRAW NGS
The |nvent|on is further illustrated in the appended drawi ngs in which:

Fi gur ewlytiag 17 dpiaegdelean ¢ dpgeak peipre Redisemalbtaiged Eb Ruigring %@ﬁt‘bﬁsﬂ alered
pAYE44, ; re 8 shows
R R Al S e T U S S

pr epanaddxamg orhdichg smd fthas ienpresdcs alfbunk gut @cRishows thh eneelidmc’lfhedhngphl and
time on njckel renov fromrHA by Che ex:rm Fi nd I.I represent
t Wo DNME ZW&%@“%% ROHSITHF b1t @Heﬁa fbsr Begich I éﬁ%@bﬁfyn 16 1ugeisHs a yeast.
Sacche %Fe?dlﬁf’ [I%Vﬂﬁ LfSHE"OP Mg |g,uu!: | ALKy orlzgccis Qe BudcBRFHAREL oot Qi INA
sequences honol og e “prot el n encodi ng regi on Sacchctromyces
cerevuﬁpgbmmﬂwwﬁwnwaﬁmFﬂguK@sw&@mamﬁfddm)emheganﬁlﬁmbatmmPgéqu@m@GS)mnth
honol ogy to the protein encodi ng regi on Saccharonyces cerevisiae PMIS.
DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS OF THE | NVENTI ON  Whereas t he
processes of the first aspect of the present invention can be utilised to
obtain highly purified albumn froman inpure al bumn solution froma
nunber AofurhouemeedimeuicH thstiserpart afithe prepat tiveuticrpry videpin dhwne t o
purifyin ant _hu m din

accor darll'%éon O%ﬁ?%n?ﬂ Q¥ Ve gt%i&oar(lJ C(r’rilémggg (ﬂrlw‘)ﬂ asr%eT(g[ ¢t ﬂp EWF%HP [HQ/,‘%&EOSIC h as rat,
bovi nepefersbliynBe albiim soluthit cdn$p1&6@fd%bﬂbin}ﬁnmmﬁlnaifﬂnumthl%aeeﬂ@mﬂe ng
albumn_ in the formof a eukaryotic expression vector according to the
first @@b@glkﬁwﬂgﬁéw§¥@§ent invention may be expressed in a suitable
eukaryotic host to produce al bumn. Thus, DNA may be used in accordance
wi th known techni ques, appropriately modi fied in view of the t eachi ngs
contaiﬂ&dmhdﬁﬁﬂh&%KWhEﬁMﬁdgmdhxam&ukényntic expression vector, which is

t hen used o transfor proprlate eukaryotic host cell for the
expressi%ﬁ S?%H@B ﬁ%ﬁob 1a¥buni n.

(2) a glycation level of less than 0.6 moles hexose / mole of
protein, and preferably less than 0.10, 0.075 or 0.05

moles hexose / mole of protein,

A purified albumin solution prepared by a process of the present invention may be further

processed according to its intended utility. For example, it



The DNA encoding the albumn may be joined to a wide variety of other DNA
sequences for introduction into an appropriate host. The conpani on DNA wi ||
depend upon the nature of the host, tise manner of the introduction of the
DNA into the host, and whet her episomal maintenance or integration is
desired. The DNA is inserted into an expression vector, such as a plasmd
in proper orientation and correct reading franme for expression. 26 The DNA
| i nkedmap be Mlradibieredphiosglean plirsdilrationieabragmia obtaaman akyagHeatiop sgfentator y
control_nucl egtide [ [ he. [.f 2@k such
contro%asfmﬁ%a)‘/]1 éuﬁﬁﬁéﬁgégﬁﬁgﬁPg%ﬁgggﬁ%ﬁggg%éégggﬁgagé%%F.E?@IPg%beneficial

t 0 i ncpef@illy absmgogt dismiane:r NG sl tenteaffnaad regnatd bansliafiltandl st op
codon, such as UAA, UAG or UGA, in order to m mm se translational

r ead- t HAHIRG AL 16AY StpgatagarY R Prvgdtict i on of el ongated, non-natural fusion
proteins. A DNA sequence encoding the translation stop codon UAA is
preferred. The vector is then introduced into the eukaryotic host through
standard techni ques, followed by selection for transformed host cells. Host
cells so transfornmed are then cultured for a sufficient tinme and under
appropriate conditions known to those skilled in the art, and in view of
the t eacliRgSenticanhas 88 uRal8l Aped OF BRI Fedont RGRXRRSEIQN Bbedsheral bumi n,

whi ch can then be recovered. Ngny eukaryotic expression systens are known,

i ncl udprgycipg agombiifapt albwainp e Bacwh apoptisioeeuleingv ohgd ecll Prurhisiggast ori s

d Kl l. is), fil LQus 1 i, (for. | erqi | ,
ol ant BT ER Pt L0 TR abe 1o LU PR AR TR i S

ar e t hgby@as titheRAE St MUE 8 Seiktic eNd & fiddion WHidysRE@NHE 8l lodeivt at lamdaPi ehi ct
pastor/s. It is particularly advantageous to use a_yeast deficient in one

or mor tedpeest epacie{marnyslatinsdidhe seeembingplly-ewprpssed ahupdn ayd whersip the

pr ot ef 05y { BlealHRLARRE VoMot LPRLBk. 4 e gene coding sequence. The

al bum AT protern sequence’does not contain any sites for N|inked

gl ycosyl ati on and has not been reported to be nodified, in nature, by
O-linked glycosylation. However, it has been found that rHA produced in a
nunber of yeast species can be nodified by O-1inked glycosyl ation,
general ly invol ving mannose. The mannosyl ated albumin is able to bind to
the lectin 27 Concanavalin A The anount of mannosyl ated al bum n produced
by the yeast can be reduced by using a yeast strain deficient in one or
nore of the PMI genes (WD 94/04687). 5 The nobst conveni ent way of
achieving this is to create a yeast which has a defect in its genonme such
that a reduced | evel of one of the Pait proteins is produced. For exanple,
there may be a deletion, insertion or transposition in the codi ng sequence
or the regulatory regions (or in another gene regul ating the expression of
one of the PM/' genes) such that little or no Pint protein is 10 produced.
Al ternatively, the yeast could be transfornmed to produce an anti-Pint
agent, such as an anti-Pnt antibody. To nodify one of the PMI genes so that
a reduced level of Prat protein is produced, site-directed nutagenesis or
ot her kr42wit techni ques can be 15 enployed to create single or multiple
nmut ati ons, such as replacenents, insertions, deletions, and transpositions,
as described in Botstein and Shortie. "Strategies and Applications of in
Vitro Mut agenesi s", Science, 229: 193-210 (1985). Suitable nutations

i nclude chain termnation nmutations (clearly stop codons introduced near
the 3" end 20 m ght have insufficient effect on the gene product to be of
benefit; the person skilled in the art will readily be able to .Create a
mutation in, say, the 5 three quarters of the codi ng sequence), point
mutations that alter the reading frame, small to |large del etions of coding
sequence, nutations in the pronoter or term nator that affect gene
expression and nutations that de-stabilise the



25 raRNA. Specific nutations can be introduced by an extension of the gene
di sruption technique known as gene transpl acenent (Wnston, : et at (1983)
Met hods Enzynot 101, 211-228). 28 Generally, one uses a sel ectabl e nmarker
to di srupt a gene sequence, but this need not be the case, particularly if
one can detect the disruption event phenotypically. In many instances the
Insertion of the intervening sequence will be such that a stop colon is
present in franme with the Pint sequence and 5 the inserted codi ng sequence
is not translated. Alternatively, thé7inserted sequence may be in a
different reading frane to Pmt. The gene may have .one or nore portions
(opti onald ghé nobamdhgoof doulpreseny inwgnidos, gengict madificattond praferably exci sed or
inverted, or it may have a portiop 10 .inserted, jn order to result in
reduced YREBHY ALY oHIPPrESSIAR eslﬁﬁSP%mn@rfkl%ﬁoq Q8 Asielition f QR OBHIPHE t he

Bt vi ty DA oepRf G il S bplghf ol DAPE elfehesd, CShEF ARl 7)o

seven 1%&%@% PaPbObslaindt awn&sgdﬁmﬁ&&%g&a \ﬂlsrlr%g o¥ &t Yirlgn their

specificity. These proteins are also Known“as dolicho osphat e- Drannose
prot & n foraabhgpiabypendiit enginkeribp saibai@eDonbyrexpesingnhe feegal cells

0- Dmannosyl t ransf erases or phosphomanngse transferases (Genrzsch and

Tanner, ENVBOEZERIGIgmis7SVntapgoE: agems indlede fureexdmplpyygicehagaits) . Thi s
hthe FOKh o CRGRPER e By NDLoriol Rl cheHEah patE e of
Fol | owi rgt FASERE s dtrictbit ARSaSRARGRN SFDNIE Jon SRR D | )
according to the method disclosed by Rothstein et al. [Meth. Enzymol. 194
(1991), 281-301]. According to this method, part or all of a gene is replaced,

through homologous recombination, by an in vitro modified version. Genetic

modifications can also be obtained by any mutatfonal insertion on DNA
15 sequences, such as transposons, phages, etc.

It is known that certain modifications such as point mutations can be reversed
or attenuated by cellular mechanisms. Such modiﬁc;:ttions may not provide
the most useful forms of modified fungal cells of this invention since their
20 phenotypical properties may not be very stable. Accordingly, it is preferred
that the genetig:‘ modification(s) are stably inherited and/or are non-reverting
and/or are non-leaky. Such modification(s) are generally obtained by a

deletion or a gene disruption.

25 By a “leaky mutant” and gramumnatical variants thereof, we include mutants
that result from a partial rather than 2 complete inactivation of the wild-type
function.



It is clear that the enzynmes of this famly have different substrate
(protein) specificities (Geruzsch and Tanner (1997) d ycobiol ogy 7,
481-486). Five of seven test proteins were substrates for Pntlp and Pi 1t 2p,
the products of the PMIlI and PMI2 genes respectively, as shown by their
under-glycosylation in 5 pntl or pnmt2 nutant Saccharonyces cerevisiae
strains. Another two test proteins vverfgapparently unaffected by either
PMIT or PMI2 rautations, but were under=glycosylated in a pnt4 mutant

ELFHE} PO v g R U R S %ﬁéﬁ%’éﬂ@ﬁﬁg?ﬁi”
9

185-100) . tef%%“ﬁgqsﬁ%%ﬁﬁn%‘i‘?% f@f?‘ﬁéréf‘% S9ueiies g il 86 ior i0a

sequenced. rééﬁmgemcuﬁglmeate@gr@ﬁoﬁhmrrﬁsgmlV Métee eﬁ@ﬂa ¥S|ﬂgae

pol ypeptide wWith a primry sequence of 81 m no aci ds (Strah Bol si nger et
al 1 6993) Prhbdifisationds) ouill J@newy affesy . theheodingiaegion rororthat fegionf PMT

(and ot her 2’ or the |der¥t|f|cat|on of rel ted
ooy Pt 1 2RSS 200 AE SEHOIEED o 4L ERDISSIOR Lopye 68 e genieiory

20
ncodi g r SIPLS LR HERGIAE relcharlis bivatid WMIRLRTRING Cocoe Shown Pn

Figures 12 to 15 are honol ogous with the protei n encodi hg region
Saccharonyces cerevisiae PMI7 and the sequences shown in Fi gures 16 to 17

are honol ogqus w th the rot enco n .Saccharonzyca eV| si'ae
PMTS. Pers ) qcpgocap éﬂ? &F‘gﬂ & b‘r@ ¢ SOV ERtOn 19 %ﬂ%ﬂ alt‘?lese 25
mannooy! & FIOKEE jﬁ%@f&??% ?foéx%sﬁﬂgﬁéﬁéﬁg%leﬁf PREEVE ERRNRES AGEHT Y e

sequenggs rs&ﬁfcﬁﬁﬁ“&ﬁ‘fﬂof Coffiitiafibndl clidieds, B WhligradidfiiCol Yahymas MY

sequences which are honol ogous wth sequences ‘represente FI gures
having altered biological properties, from the absence of production of said

enzymes, or from the production of said enzymes at low levels.

The fungal cell mannosylation pathway involves attachment of a first
15 mannosyl residue to the hydroxyl group of seryl and/or threonyl amino acids
of proteins or peptides, and then the extension to O-linked di- and
oligosaccharides by subsequent addition of mannosyl residues. The first
mannosyl residue is transferred from dolichol monophosphate mannose (Dol-
P-Man) to the protein in the endoplasmic reticulum, and the additional

20 manunosyl residues are transferred from GPD-Man in the golgi.

In a preferred embodiment of the invention, the modified fungal cells carry
genetic modification(s) in at least one gene whose expression product is
involved in the attachment of 2 mannosyl residue to the hydroxyl group of

25  seryl or threonyl amino acids.

In a another preferred embodiment of the invention, the modified fuﬁgal cells

carry genetic modifications in at least one gene whose expression product is



30 10 to 17 and the fragnents thereof. Techni ques for generating honol ogous
sequences are well known in the art. It should be appreciated that by a
honol ogous sequence, we include 5 sequences having at |east 70% 80% 90%
95% or 98% honol ogy with a sequence shown in any one of Figures 10 to 17,
or with a fragnent of a sequence shown in any one of Figures 10 to 17. Per
cent- honol ogy can be determ ned by, for exanple, by conparing 10 sequence
i nformati on using the GAP conmputer program version 6.0 described by
Devereux et al. (Mud. Acids res. 12:381 1984) and avail able fromthe

Uni versity of Wsconsin Genetics Coibfhuter G oup (UWBCG . The GAP program
utilises the alignnent-nethod of Neddl eman and Winsch (J. Bi ol .

Mol .
48: 443, 19 \ﬂgﬁgg] xﬁggn LAMAL "%ﬁ G 5 Math 2.482.
1981). The%%ofoévfeaelr%%ﬁelg e au{;{%’a parg%ét%yér@s%f% t eé‘@?;“%‘r"ﬁ%?"é’%"‘%nc| ude: (1) a
unary conpas tisdpdiorglrgrony efcatyborthegnyl amiaomidy SHilfoeore bbby es and 0 for
non-identities) for nucleot|des, and_t ighted comparjison matri x of
Bri bskov ai®§®8 Fbﬁﬁgs%c;m?\ﬁc‘*% (ﬁeﬂ"s?‘?ﬁe@?‘r:‘l@f%ﬁq%@r}%§ Bd4dér i ped by
Schwarts angsRay ,@&em%lmmggﬁ@swmﬁmr&@@mgd Structure, 20
Nat i onalg Bi omedi cal Resear ch” Foundat’i on, pp 353-358, 1979; (2) a penalty

WO 94/046387, describes the preparation of

S. cerevisiae deficient in O-mannosylation activity,. A S. cerevisiae cell
deficient in O-mannosyfation activity was prepared by gene disruption, by !

insertion-of the URAZ gene into the HindIl restriction site of the PMTI ORF.

10 The resulting mutants were grown on YEPD (about pH6.95) or or minimal

media + Ade, + Leu (about pE4.75, declining with yeast prowth).

Unexpectedly, we have found that the pHs of the growth media used in WO

94/04687 are not optimal for the large scale culture of PMT mutants to

" produce secreted albumin. We have found that a gfowth medinm of pH6.0-

15 6.8 is beneficial in terms of host cell integrity during large scale fermentation,

In addition to modifications in a gene involved in the attachment of mannosyl
residues fo the hydroxyl group of seryl or threomyl amino acids, fungal cells
of the invention may also carty modifications in the genes involved in

20  subsequent additions of mannosyl residues leading to di- or ofigosaccharides,
or in the synthesis of the mannosyl residgps donor (Dol-P-Mau),

Preferably, the fungal cell has 2 genetic modification within a PMT gene ot a

_ gene which affects the expression or product of a PMT gene. A gene which

25 éffects the expression of a PMI' geme may, for example, affect mRNA
transcript levels or PMT product levels.



of 3.0 for each gap and an additional 040 penalty for each synbol in each
.- gap; and (3) no penalty for end gaps. O- If a yeast other than S
cerevisiae is used, disruption of one or nore of the 25 genes equivalent to
the PMI genes of S. cerevisiae is al 8 beneficial, eg in Pichia pastoris or
Kl uyver ot nyces | ocus. The sequence of, PAIT1 (or any other PMI gene)
isolated fromS. cerevisiae may be used for the identification or

di sruption of genes encoding simlar enzymatic actjvities in 31 other

L ungal E@p‘éng@geﬁ Terordng f Wiy erbadiiaepig b shased o8t IRMEYeEs BIRE¥Y | actis is
escribed if. 4/.04687. |1 Y, ) rev.;si I d, the

seque_r%?gis'r éﬁt\ré\gasbzbﬁtﬂé% eﬁﬁrsi ey |a§ffrf§§§)ia(5ﬂ5tlgg%c}ésﬂgghglgggglﬁ%\ét@gﬁg}t%é i(?e%t ify

(or di &Feipide)athg @oeuseuivabmides (€ K [Beriser i gehaeleMi (gefiepasRersyons ski | | ed

inthe art will appreciate that fragments of the sequences represented in

Figures 10 to 17 may simlarly be used, as may sequences which are

honol og¢ L th, B SequUene [ gAr. =Yo U} ji , s he
1 agrad iyl kB RRARBRSTn g BRLECAIRA bibuli S0 IQubol o ated
descr i badwirdmetion of 2 iabuy,e00 bymescgrplembf andgisth 0@ Ldescri bed by Boehm et
at (Boehm T., Pine-Shepherd, S., Trinh, L., Shiloach, J. and Fol kman, I.
1999) Yeast 15 563-572) which describes the use of the Saccharonyces

cer evi gieagidy, Re ARQSI @B &pFBLikLihe recombinant albumin coding sequence is cultured in
a culture medium which is maintained in the range of pH6.2-6.7, more preferably pH6.3-6.5.
Preferably, the pH of the culture medium is maintained using a pH controller set at a pH
between pH6.3 and pH6.5, preferably at a pH between 6.35 and 6.45 and more preferably at
about pH6.4. Preferably, the pH controller is controlled within 0.20 or 0.10 pH units of any
pH value within any one of the aformentioned pH ranges or within 0.20 or 0.10 pH units of

pli6.4.

In an alternative embodiment, the fungal cell is cultured in a culture medium which is
maintained in the range of pH5.30-pH5.90, preferably pHS.50-pH5.90, pHS5.40-pH5.90 or
pH5.40-5.60. Preferably, the lower control set point is between pH5.40 and pHS5.60,
preferably between pH3.45 and pH5.55, and preferably the lower control set point is about
pHS5.50.

The present invention provides processes for the preparation of highly purified albumin from
albumin produced by recombinant eukaryotic cells of the first aspect of the invention. The
highly purified albumin is characterised by extremely low levels of colorants. The term
"colorant” as used herein means any compound which colours albumin. For example, a

pigment is a colorant which arises from the



15 flanked by Pichia pastoris DNA specific to the target gene. In the
exanpl e of Cchia pastoris disruption, the SUC2 DNA sequence coul d be
inserted at a position within any of the DNA sequences represented in
Figures 10 to 17. The yeast will 2hdvantageously have a del etion of the
HSP150 and/or YAP3 20 genes as taught respectively in WD 95/33833 and WO
95/23857. In a preferred enbodi nent the yeast is transformed with an

expression plasmd ba egl. n the, Sacchar onyces cer i ) I id. At
The ¢ BTG TRREt SP dgiHs eL PR GV §CAG b REesR BT

repl i Gatdr@m vieh 5848 GlolPEhré@afRepBRCRSs PLETy e elbaxgnsed, fol | ow ng
transformation, by an internal reconbination event in accordance with the

teachi ng of BP- 286 424. The plasmid al so contains an expressi on cassette

or oot oot a S B AR oo FlgbleR . PRERRATNE KRy RREEYER ST oELE o1 on

| eaderesydnitially fif0bf, @xamplien, |aampy disas, mesks, ein-tlbemhabunal proSkssechasi on
| eader, plus a small portion of the S. cerevisiae a-mati ng factl‘%zri. secretion
| eaderimERUROAAINS, francl loven giizatof HERnEIGRIh G %@‘?glé(ﬁ%ﬁ’&?&’ HBRCE B e by

Known nat lcl(?%fcléf?ilhg iféc%r@,lt %Q%g&%fg%&gﬁg@ﬂ%tg gr LIBuAUTBRILUAERESye @ Rl SO

di scl ose or “exanp EP 286 424; 'and a transcription

t er m naflpnerspsedndo@blny bilinebit diarim geat plotom, Saiceh praeme esl WDIHes. Bys taught in
EP 60 057. The vector incorporates at |east two translation stop codons.
The cHEP@Wialy egds ‘Bﬁ@té’@é’ﬂ’e‘fﬁ? ¢lNElSpl asmi d described above is not
thought to be directly relevant to the purity of the al bum n product

obt ai ned, al though the elements may contribute to an inproved yield of

pr oducThe Abpnef drthethventbodinae he atdfast AR Stenpeemet e fémwlpmf?iﬁ%bt i on

process is. de i,bed in Exanpl.e I.. e 1 .T l@ni.ng. s i r
P onst rastighs gpolaaciuin Roghgatt R L Pote it G RAL e T RN o
431 88QrRXesREs draBundif 8reenddy @bsdhh @t MhPyetiiep dhaigotst@l R oas opmdrd t s
junction with the ADHlL transcription term nation sequence were altered such

that téfshafiondog slepracterintias dt bass ritkakionderel odirss siian (0GR LatsAPPssecut i ve
Lgagrna%%ﬁq@?a]l 3 lrr"rlii;[ng zg glyf%%t?q%olg\ga QP Fes¥ifafi 0, %?e%&tabiyf 1l tﬂéﬁ?&l&y&@? st 5 stop
moles hexose/mole protein as measured in the Amadori product assay; an intact, i.e.
homogeneous, C-terminus; a content of conA-binding albumin of less than 0.5% (w/w),
preferably less than 0.2% or 0.15%; a free thiol content of at least 0.85 mole SH/mole protein;
and substantially no C18 or C20 fatty acids. At least 99%, preferably at least 99.9%, by
weight of the protein in the albumin preparations purified by the process of the invention is

albumin. Such highly pure albumin is less likely to cause adverse side effects,



33 0600. 0' . OLst opst opAstop ....... TTA GCC TTA TAA TAA OCT TAA This was
achi eved by nodification of the ADMterm nator fromplasm d 5 pAYE309,
described in EP 431 880, by PCR nutagenesis using two single stranded

ol i gonucl eoti des, JMADHL and JMADH2 wth the sequences: JMADH1 Hindlll 5 -
GCATAAGCTTTGGACTTCTTCGCCAGAGGTTTGGTCAAG -3' . 1MAD112 NodBam TI

31- TGOACAACATTAGCAAGAAGE UMGCTAGCGCCGECECCTAGGTACG 51 -- The PCR conditions
wer e 25{1&%@116&1 adcofty foohe 60/ ca8ORIBgend3rdlyvitertohRO (i2b oS sromdiriand 72C f or

180 secon The 0. 48kb PCR product was digested with both Hndill and
Bam | | C(ﬁﬁ@mﬁlla@tétsé’épcllﬁp’é a1 @%@ﬁlﬂmﬁﬁ“sﬁ*alt‘%ég pifed in WO 97/ 24445, similarl y
digested with H ndMand BanH, to create plasm d pAYE440 (Fig. 2). The ADH1
termnator was further modified by PCR nut ngenesis using two single
str and&daanbi@@m&iltlediei mtesent iATdARnamdhtytyerd dbuminvieodalined4®npen mepurnd t h t he
sequenc% 4} T19R Hi ndLTI

1bumin solution. The process comprises one or more of the following steps: culturing in a
fermentation medium a recombinant eukaryotic micro-organism transformed with a
eukaryotic expression vector encoding the amino acid sequence of human albumin in
accordance with the first aspect of the present invention; preferably separating the micro-
organism from the fermentation medium; conditioning the medium, if necessary, for further
purification; passing the conditioned medium through three successive chromatography steps;
ultrafiltering/diafiltering the product; passing the ultrafiltered product through a further
chromatography step; ultrafiltering/diafiltering again before purification through two further

chromatographic steps; and final ultrafiltration/diafiltration.

In a further alternative, the albumin encoded by a cukaryotic expression vector of the first
aspect of the invention may be obtained from a transgenic animal, such as goat, sheep or
cattle, from, for instance, the milk or the blood of the animal or, in the case of transgenic

chicken, from the egg white.

In a still further alternative, the albumin encoded by a eukaryotic expression vector of the
first aspect of the invention may be obtained from a transgenic plant, such as tobacco, potato

or corn (maize).



5" - AGTCCAACCTTAATTCTTATGATTTATGAT -3 -40 3" - CAGCACTGACCCTT TTG - 5'.
The PCR conditions were 25 cycles of 94C for 30 seconds, 50C for 40 seconds
and 72C for 50 seconds and then one cycle of 72C for -10 m nutes, using the
44DH1 term nator in pAYE440 as a tenplate (Fig. 2). The machi ne 15 used was
a Perth El nmer GeneAnp PCR System 9600. A product of the correct size,
approxi mately 0.33kb, was obtained and di gested with both H ndl11ll and
Bandit. Plasm d pAYE309, described in EP 431 880, was digested with Nod and
Hituall and the 0.84kb DNA fragnment &3ntaining the PRBL pronoter fragment
and part of the HSAJMFa-1 | eader sequence (WD 20 90/01063) enployed to
direct secretion of mature HSA, was ligated into Nod and H nmall digested
pBST-F, described in WO 97/24445, to_ _generate plasadd pAYF438 (Fig. 3). The

reci pi entingnsian¢es whore 48 altwenia, iy s diedvirem nqplasmgQUELsi PHOLHE t he

nodi fied ADM t erm nat or s,successtully.cloned pnt his veglol to

gener at eaiﬂ%@ﬁmm%\ﬁﬁgﬁ’ R iatﬁﬁljé fﬁv Fﬁgf'{‘gﬁ?i 9%s Y BBsT1- (WO
97/ 24445), Py : F%&D el jgnat or .

To facil i?%@%ﬁag%%@% %ﬁat i%ﬁrggﬁg |ohﬂg{kggg%o onE&{aS{Ethe end of
the HSA Gfdi PUBEhRN ofNtheC hasibenlthe Contdgnestty)i nbkd i slbaintie, méfeenld' end of
the 30 HSA coding region was altered. 35 The doubl e str.anded

ol i gonuc|affeciizrelyl Gonkentratesaickelrions e the medip nsndofor znltivatieapnd/osut pDB2241

and conprised an Af/ Tl site.,at .its 5. end,.a  stuffer_'region.and then the
asu361 t BYHHGHE0R. s%ﬁ%%@“ﬁ%@ﬁ&cﬁ@gé‘b&hﬁgmmmb@?sﬁ HRHE addition

of an extyg.a, | on stop codon. Clones with the linker inserted
wer e chele d‘@@ﬁﬁ@%ﬁé@%oi ng and the correct plasm d designated pDB2242

(Fig. 5). Linker AT21122 10 AT21

10 Preceding or following any of the procedures of the present invention the
albumin solution may undergo buffer exchange, concentration, dilution,
heating (including sterilisation), cooling or may have salts etc. added to the
albumin solution which may, for example, condition or adjust the pH of the

" solution. Optionally, the albumin may be treated Aith a reducing agent or

15 may undergo a decoiouration step.

The final product may be formulated to give it added stability and may be

formulated according to its intended utility, eg it n.lay be formulated for

parenteral administration, preferably parenteral administration to a human.
20  Suitably, the albumin undergoes sterilisation.

Preferably, the highly pure albumin product of the invention contains at least
100g, more preferably 1kg or 10kg of albumin, which may be split between a
plurality of vials.

“The albumin of the present invention may be fulfil various rolés in addition to
therapeutic use in the treatment of burns, shock or blood loss. By way of
example, it may be used as a final product excipient (e.g. in liquid



Estt36. 1H nd111 / 15TTA AGA GIC CAA GCC TM GGC TM TAA TA CT CAG Gl COG AAT
CCG AAT ATE ATTCGA AL GL Stop "Stop 20 To create the final rHA expression
Cassette the Afil UBsu361 fragnent of ;pAYE309 (Fig. 1) was ligated into
Afl111Bsu361l digested pl:0132242, making plasm d pDB2243 (Fig. 6). Finally,
t heal A expression disintegration vector was made by ligating the Nog
expression cassette from pDB2243 into Nod cut pSAC35 (Sleep et al, 1991,

Bi o/ Tehnolaogys, $eek88ctiadrmuietidk of SdmB8eH)on? Bortishgeive) dbestiligspioasii d
pDB2244 (Fig. 7) in which the direction of r transcr t|on is in the sanme
ori ent%ﬁliﬂdw%ﬂtdﬁaﬂéBﬂﬂf {sopgael) Srbue, Wl SERFT e ST HE BARGIE VB ¢ he 2gm

pl asmi daBHdadehRblcANhd vab@ilar
expresgﬁgﬁgﬁgtg%g?gﬁgﬁo&ﬁﬁﬁﬁgmhgﬁgg%?hgggﬁ%f%? drives expression of the HSA
sequeneestaesds.t he bacterial plasmd pUC9. The latter is excised fromthe
plasmd by the S. cerevtstae 2um FL? reconbi nase 5 system such that no
bacterial DNA is present in the organi smused for production of rHA

( Chi ney ¥hand pEhfGBihE @hat @RKCdnibotiment D EheSBI 85&d: 0D IEEEDlioM hiidyitses the S
cerevisiae PRBI pronoter and ADHL transcription termnator to contro

expr essingringhedith hec piSAoNREha andwdincnt of edusifspedt W3hoarELtes) to direct
secretion of mature HSA. The plasm d pDB2244 was introduced into a
Saccharonyces cerevisiae strain which was | eu2, yap3, hspl50, pitul [Grl
by the nethod descri begRipy hESORIPTEOR OF (II97BRABVINGASS. 75, 1929. The

pnuhi ctutation may be achi eved 15 by the nethod of WO 94/ 04687.
Transformants were selected on a buffered m nimal nedium (0. 15% (W v) yeast
nitrog i i te (Difco), 0.5% (wv)
annnniﬁ%%@g%%h 1Ehﬂg%iﬂn§ C?gig%ﬁﬁﬁ%ﬁ%ﬁ%%&hﬁ%iégﬂggg 5, 2% (w v) sucrose))
| acki ng Ieu0|ne When transforraants were grown for 72 hours at 30C, 200rpm

in 50nt fl asks
Figures 1 to 7 respectively show the construction of plasmids pAYE309, pAYE440,

pAYE438, pDB2241, pDB2242, pDB2243 and pDB2244; and

Figure 8 shows electrospray mass spectrometry of conA-binding rtHA fraction from rHA

prepared according to the imnvention.

Figure 9 shows the effect of pH and time on nickel removal from rHA by Chelex™.

Figures 10 and 11 represent two DNA sequences with homology to the protein encoding

region Saccharomyces cerevisiae PMTL

Figures 12 to 15 represent four DNA sequences with homology to the protein encoding

region Saccharomyces cerevisiae PMTT.



20 containing either 10nl of complex (YEP, 1% (w v) yeast extract, 2% (w v)
bact opept one and 2% (w v) sucrose), tor buffered mniml nmediumliquid
medi um rHA could be detected in thejgell free culture supernatant by
SDSpol yacryl am de gel el ectrophoresis and/ or by rocket gel

i mrunoel ectrophoresis. 25 A stock master cell culture in buffered m ninal
mediumis used to prepare running stocks (working cell bank) of process
yeast Bigutcabbendl 07 réfdresenBivepd Bpasegténens with shakogyltadic woletnuimesdiby freezi ng
aliquots. of the culture‘in,tt}ﬁﬂ gesence of 20% (W v) treitatose. The

f er menfeglaNol K OBELS SEfeRISIAF g'sane as is described in WO 96/37515 5 and
US 5 728 553, except for the followng differences: Seed Fernentation 10
After the nmediumfor THA production has been added to the seed fernenter

vessel, the opERAING THIFKRIBITION OF PROCERK FHAEMBRDRMENTEO he mi ni mum
stirrer speed set to achieve hqgggqﬂgiégrm so avoi d gradients of
nutrients such as oxygen or car : ial pHis adjusted with anmoni a
solution (specific gravity 0.901) using a pH controller se( at 6.40;
controlled at 15 6.400.10. Alternatively, pHis maintained in the range of
5.50 t 8/Brae thagreeessase f [Hesidist @@?ﬁtﬂéft‘h@s@'ﬁseﬁgi“ﬁ?ﬂ%@i G99 bs uspscdfRadiai ti al pH

may be, adj i A : i a i i i rayvi 880) .
T s | Do e kS R it EPHER S AR RGN 1y
prof i | eeraxh, it Repartlarly applicable to purifying recombinant human albumin (tHA). The

albumin produced in accordance with the invention may be any mammalian albumin, such as

rat, bovine or ovine albumin, but is preferably human albumin.

DNA encoding albumin in the form of a eukaryotic expression vector according to the first
aspect of the present invention may be expressed in a suitable eukaryotic host to produce
albumin. Thus, DNA. may be used in accordance with known techniques, appropriately
modified in view of the teachings contained herein, to construct a eukaryotic expression
vector, which is then used to transform an appropriate eukaryotic host cell for the expression

and production of albumin.

The DNA encoding the albumin may be joined to a wide variety of other DNA sequences for
introduction into an appropriate host. The companion DNA will depend upon the nature of
the host, the manner of the introduction of the DNA into the host, and whether episomal

maintenance or integration is desired.

The DNA is inserted into an expression vector, such as a plasmid, in proper orientation and

correct reading frame for expression.



It is prefer
af orenenti on
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of the PM g
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ed ranges to facilitate observation of early netabolism since
pHis the first sign of )growmh detectable by on-Iline
25 Particularly for strains with a deficiency in one or nore
enes, it has been found to be beneficial for the fernmentation
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vector 18

selection

then introduced into the eukaiyotm host through standard techniques, followed by

for transformed host cells. Host cells so transformed are then cultured for a

sufficient time and under appropriate conditions known to those skilled in the art, and in view

of the teachings disclosed herein, to permit the expression of the albumin, which can then be

recovered.

Many cukaryotic expression systems are known, including , yeasts (for example

Saccharomyces cerevisiae, Pichia pastoris and Kluyveromyces lactis), filamentous fungi (for

example

Aspergillus), plant cells, animal cells and insect cells. The preferred microorganisms

are the yeasts Saccharomyces cerevisiae, Kluyveromyces lactis and Pichia pastoris. 1t is

particularly advantageous to use a yeast deficient in one or more protein mannosyl

transferases involved in O-glycosylation of proteins, for instance by disruption of the gene

coding sequence.

The albumin protein sequence does not contain any sites for N-linked glycosylation and has

not been

reported to be modified, in nature, by O-linked glycosylation. However, it has been

found that rHA produced in a number of yeast species can be modified by O-linked

glycosylation, generally involving mannose. The mannosylated albumin is able to bind to the

lectin



(2.4, 6) 6.3 - 6.5. 3.4 (1,0, 13) 10 Table 1: Relationship between
castrate quality and fern tation pHin seed fernenter vessel. Values in
par ent heses are standard devi ati on and nunber of sanpl es. 2M H2504 i s
al so used as a pH corrective agent. Sucrose to 20g.li1l, MAMO batch

vitam ns, and Breox FMI30 antifoamto 0.041.r are added to the 15 vessel.
Sterile filtered air is introduced into the vessel at 0.5 v/ivim(ie 0.5
litre non-conpressed air per litre of mediumpet mnute), the nediumis

i nocul ated to >10 ng cell dry weight 1.4 from axenic shake flask culture
and a 20 supervisory conputer control systemis initiated. The expected
bitch phase is 62 10 It from an i nocul ugyconcentration of 12 ngr. MMO
feed must be connected before the end of the batch phase (volunme equal to

bat ch vol une) . coRQnbREihupes THe ifeuftesMBRnadiyiied abuidd prbdyeed thymbiencl ude:
the end of batch phase being signalled bg di ssol ved oxygen tension (DOT)
i ncrease of >1B%h ¢ander padyced Hp wiwgg baish gt dofigical ina@acooinIoRs Ogg’t@‘ litre

bat ch medi um sub bérﬁt rate being determ ned according to the
formul a, SF :«%@?ﬂeﬁ?ﬁeﬁs V\%‘éb%%rbSF is substrate feed rate (naLanin-1); SFO
Is initial substrate feed rate (nL.me), g is specific growth rate (for

exanple 0.060), and Ic is a counter variable started at () and increased by
0.0167 onces evEhgy mpshtenvenickt way pfdchicsing i isntor create ddyeafewWhichd@s & e f eed

e (2 e B B uolde REh ' £ HUEGEE el P BRNBP ulo PR hrotdiay i o
produced. For example, there may be a deletion, insertion or transpaosition in
the coding sequence or the regmlatory regions (or in another gene regulating
the expression of one of the PMT genes) such that little or no Pmt protein is
10 produced. Alternatively, the yeast could be transformed to produce an anti-

Pmt agent, such as an anti-Pmt antibody,

To modify one of the PMT genes so that a reduced level of Pmt protein is
produced, site-directed mutagenesis or other kefwn techniques can be

15 employed to create single or multiple mutations, such as replacements,
insertions, deletions, and transpositions, as described in Botstein and Shortle,
“Strategies and Applications of In Virro Mutagenesis™, Science, 229: 193-210
(1983)., Suitable mutations include
chain termination mutations (clearly stop codons introduced near the 3' end

20 mright have insufficient effect on the gene product o be of benefit; the person
skilled in the art will readily be able to create a mutation in, say, the 5' three
quarters of the coding sequence), point mutations that alter the reading frame,
small to. large deletions of coding sequence, mutations in the promoter or
terminator that affect geme expression and mutations that de-stabilise the

25 mRNA, Specific mutations can be introduced by an extension of the gene
distuption technique known as gene transplacement (Winston, F. et al (1983)
Methods Enzymol. 101, 211.228).



10 The feed is stopped if the pH <6.2 or if the tenperature <29.0C or
>31.0C. This may al so be done automatically through the control algorithm
The SF is reduced if the average RQ >1.13 over a 2h period, or if there is
evi dence of ethanol or acetate accunutatici 15 Agitation-is increased to
mai ntain DOT >20% air saturation. Once the feed is started, the
concentration of Drees FMI30 is increased to (calculated on final vol une).
The expected feed phase duration is 17 h, dependent upon transfer
limtations of the vessel. 20 The air flow is increased through the

ferment afyd on mai nt ai n e | u X n. uptake rate (QUR),.and carbon
i ox de. oBraTop disEs A sesseeatf HRuRk o6 R BB st QEEIRTY afe gao
anal ysi s h [ t fer ' | (o) -] vim Daily
checks atrleeeﬂpglf)?ogenféﬁdé)p%%e?%urrlagﬁ’ZSIFE)}??P(%&SII g?&gtﬁ{lgr%@sgﬁéi%%éﬂ propriate
sanpl es ?h@zdtﬁii&miﬁd-In%aﬁflénstmbmfthéﬁﬂsei’ﬁ@m,oftme intdrvenigg issqudigasferred to
a production vessel. 40 Production Fernentation The production

f er nent ewill deij suehthatt % eiopt caglonsis prosupt dulirame withhthei Ping isequepse 'ands adj ust ed

wi th anunponja solution (SG 0.9Q1) usin a.pH,control |l er set at pH6. 40;
cont ol | %ﬁﬁ?ﬁdﬁ@ﬂﬁo&%@@?ﬁéﬁ‘?ﬁefﬁ& is té\'%dti?enwgcgange of

5.50 to | [ being 5.50. The initial pH
may be agﬁ‘ﬁ@?%%ﬁﬁt%&g‘nﬁﬁe@g‘%&g%ﬁ%cg%‘ra specific gravity 0.880).
This | ower fermenation pH 10 results in an enhnnced nass spectronetry
profile of the rHA. It is preferable for the initial pHto be near the top
of the aTheegemet inayehveaone ort mofagidriions ¢opivmatly africhniing regulagorpet abol i sm

since a decline in PhH is the first, sign of r(tJrOWth' det ect abl e by on-1line
i nst r unekgons; -up to the whole gene) excised or mnverted, or it may have a portion

10  inserted, in order to result in reduced production of protein from one of the

PMT loci and/or in the production of protein from one of the PMT loci having

a reduced level of activity.

The PMT genes of Saccharomyces cerevisiae encbde a family of seven
15 (PMTI-PMT7) protein O-manuposyltransferases which vary in their
specificity.  These proteins are also known as dolichol phosphate-D-
mannose : protein transferases, dolichyl-phosphate-l)—mannose : protein O-D-
mannosyltransferases or phosphomannose transferases (Gentzsch and Tanner,
EMBO 15, 5752-5757, 1996, and references inciuded therein), This family
20  of integral membrane enzymes catalyses the transfer of mannose, in the form
of dolichyl phosphate mannose, onto.the hydroxyl group of serine or
threonine within the polypeptide chain, described by the following reaction:

Mg?*
Dol-P-Man -+ Protein. (Ser/Thr) =  Protein (Ser/Thr)-Man + Dol-P
25 The available evidence suggests that the synthesis of dolichyl phosphate

mannose and the subsequent transfer of mannose to the protein occurs in the

endoplasmic reticutum.



15 Particularly for strains with a deficiency in one or nore of the PMI
genes, it has been found to be beneficial for the fernentation to be
conducted at a higher pHthan is normally required. Thus, rather than
control the pH at approximately 5.5, it is beneficial to have a control set
poi nt between pH6.20 20 and pH6.70 , preferably between pl16.3 and 6.5. At
such a higher pH, the quality of the centrate is significantly ,inproved
due to reduced cell lysis. Cell lysis results in cell debris remaining in
suspension followng a centriffigation28tep of the fernentation which is
sufficient only to renove all whole cells fromthe supernatant. This is

denonstrat el isncleataiphe tid eibymies of &ls Tty fhavendiffepshtcéubsrate (prbRinyet

wei ght content of a culture supernatant is shown when the yeast is cultured

at pH 6.5 copepHicitiest(Gepaseh snd Tannerr@S8%h Girdodiolegy TedB8hed86ht Hueatafnt of
e A B e Ren G AR RS Bl e
PMTI and PMT2 genes respectively, as shown by their under-glycosylation in
5 pmul or pmt2 mutant Saccharomyces cerevisiae strains. Another two test
proteins were apparently unaffected by either PMTI or PMT2 mntations, but
were under-glycosylated in a prit4 mutant strain,

The 92kD Pmtlp protein O-mannosyltransferase enzyme has been purified to
10  homogeneity from solubilised Saccharomyces cerevisiae membranes (Strahl-
Bolsinger and Tanner (1991) Eur. J. Biochem. 196, 185-190). The gene
encoding for the Pmtlp (PMTI) has been cloned and sequenced. The gene is
located on chromosome IV and encodes a single polypeptide with a pnmary
sequence of 817 amino acids (Strahl-Bolsinger ef al(1993) P.N.A.S. USA 90,
15 8164-8168). The sequence information of PMTI (and other PMT genes) may
be used for the identification of related mannosyltransferases encoding genes

in Saccharomyces cerevisiae.

The sequcncés shown in Figures 10 and 11 are homologous with the protein
20 emcoding region Saccharomyces cerevisiae PMTI, the sequences shown in
Figures 12 to 15 are homologous .with the protein encoding region
-Saccharomyces cerevisiae PMT7 and the sequences shown in Figures 16 to 17
are homologous with the protein encoding region Saccharomyces cerevisiae
PMI5. Persons skilled in the art will appreciate that any one of these
25 sequences may be used to identify (or disrupt) a Saccharomyces cerevisiae
mannosyltransferase gene. It will be appreciated that fragments of the
sequences represented in Figures 10 to 17 may similarly be used, as may

sequences which are homologous with the sequences represented in Figures



5 2M 112504 is also used as a pH corrective agent. Sucrose to 20ga,1l, MAMO
batch vitam ns, and Breox FMI30 antifoam to 0.04g.1.:1 are added to the
vessel. The initial substrate feed rate is determ ned according to the
formula: 10 SF = 1000 x n. x [CDWM x Vik 60 xx [sucrose] -wherein SFO is
initial substrate feed rate, 11, is specific growh rate (for 15 exanple
0. 06h1, Vbatch is batch volune (L), Yzis is cell yield (g.1:1), [sucrose]

i s sucrose concentration (g.11,4) and [CDW is cell dry weight
concentration (g.1:1). The substrate+teed rate is determ ned according to
the fornula, SF = .SFeetn , wherein SF is substrate feed rate

(ro. L. niniOLjo l‘éranﬂsthc fragmants diereoht dechaigueatfer @eucrmting) homelogeugpeci f i c
growh rate (lit 20 exanple 0.06114), and k is a counter variable
started éFq e ‘H@F &?@W“H9qg 847 once every 1 nin if all conditions are

nmet. A nunber of conditions are constantly reviewed during the
fermentation, and used to adjust SF via mani pul atlon of k; SF is reduced in

response J oshduid *Hé@ﬁgr@ﬁﬂé@rtﬁa@smrat DoMAIENLE HeqtBe, Luis iRbladéeed is
stopped if the pH <6 or lithe
5 sequences having at least 70%, 80%, 90%, 95%, or 98% homology with a
sequence shown in any one of Figures 10 to 17, or with a fragment of a

sequence shown in any one of Figures 10 to 17.

Per cent- homology can be determined by, for example, by comparing

10 sequence information using the GAP computer program, version 6.0
described by Devereux et al. (Nucl. Acids res. 12:387, 1984) aud available
from the University of Wisconsin Genetics Computer Group (UWGCG). The
GAP program utilises the alignment-method of Neddleman and Wunsch (/.
Mol. Biol. 48:443, 1970), as revised by Smith and’ Waterman (Adv. Appl.

15 Marh 2.482. 1981). The preferred default parameters for the GAP program
include: (1) a unary comparison matrix (containing a value of 1 for identities
and 0 for non-identities) for nucleotides, and the weighted comparison matrix
of Bribskov and Burgess, Nucl. Acids Res. 14:6745, 1986 as described by
Schwarts and Dayhoff, eds, Atlas of Protein Sequence and Structure,

20  National Biomedical Research Foundation, pp 353-358, 1979; (2) a penalty
of 3.0 for each gap and an additional _0_.10 penalty for each symbol in each
gap; and (3) no penalty for end gaps. I-

If a yeast other than S. cerevisiae is used, disruption of one or ‘more of the
25 genes equivalent to the PMT genes of S. cerevisiae is also beneficial, eg in
Pichia pastoris or Kluyveromyces lactis. The sequence of, PMTI (or any
other PMT gene) isolated from S. cerevisiae may be used for the
identification or disruption of genes encoding similar enzymatic activities in

-



7-5 tenperature <29.0C or >31.0C. This may al so be done automatically 42

t hrough the control algorithm The SF is reduced if the average RQ >1.13
over a 2h period, or if there is evidence of ethanol or acetate

accurnul ation. Agitation increased to maintain DOT 20% air saturation, and
mai ntai ned at 5 a maxi num once attained in order to facilitate m xing. Once
the feed is started and the culture is under carbon I[imtation, the
concentration of Breox FMI30 is incregied to 0.2-0.32g.lil (calculated on
final volune). The expected feed phase€*duration is dependant upon transfer

limtations of the vessel, typically 90-120 h at the 8,000 L scale. 10 The
air flow iothernngalsseciescr The mlening ofithe B Tinbomelogeat Xlmwarareycesi nt ai n

t he val ue . { R) and carbon di oxi de evolution rate
(CER), at %@if@??@%&ﬁﬁg{@ﬁ@ ?@’&’g?g ide accurate gas analysis. The vessel is
over pressured as necessary to enhance OTR 114e air flowrate of the 15

fermentation is nomnally 1 v/vim Daily checks can be perforned to

det er m ne Ipwr iytast adtherutlian . agwtetiEhie sndsealy prhep séqichcsn Mgiresentade it et ai ned.
The culture is hel'd for downstream processing at the end of the feed. 20

Hol d of PABguresilBriodidimay alsvthe weddoddemify {or disraptha,gane aquivalant der
T Ry B S M TR M T
e o SERIEPOY teghinces R entt TR REIOITIAR) SRS, o
herei n appisyd,t Qist heay | sequeneust ivitichf ardehombisfodst avile HeoGegeddes 43
represented in Figures 10 ¢to 17 and the fragments thereof,
10
Methods for carrying out gene disruptions are described in the literature, an
example of which is described by Boehm et al. (Boehm, T., Pirie-Shepherd,
S., Trinh, L., Shiloach, J. and Folkman, §. 1999) Yeast 15 563-572) which
" describes the use of the Saccharomyces cerevisiaeSUC2 gene as a marker
15 flanked by Pichia pastoris DNA specific to the target gene. In the example
of Pichia pastoris disruption, the SUCZ2 DNA sequence could be inserted at a

position within any of the DNA sequences represented in Figures 10 to 17.

The yeast will advantageously have a deletion of the HSPISQ and/or YAP3
20- genes as taught respectively in WO 95/33833 and WO 95/23857.

In a preferred embodiment the yeast is transformed with an expression
plasmid based on the Saccharomyces cerevisiae 2pm plasmid. At the time of
transforming the yeast, the plasmid contains bacterial replication and selection
25 sequences, which are excised, following transformation, by an internal
recombination event in accordance with the teaching of EP 286 424, The
plasmid also contains an expression cassette comprising: a yeast promoter (eg
the Saccharomyces cerevi-siae PRBI promoter), as taught in EP 431 880; a



The centrate fromthe fermentation, or an inpure album n solution from any
ot her source (such as plasma), is prepared, or conditioned, for

chromat ography on a cation exchange mRgtrix while protecting the rHA from 1,
pol yneri sati on and protease activity. Preferably, sodiumoctanoate is added
5 (Chromat ography Solution 14 (C314) - Table 3) to a final concentration of
1- 10mM for exanple approximately 5mM The pHis adjusted with acetic acid
t 0 pHAseduénoB enfidihed dekatioh.1&er @hikh( foskapplef @nahlsys mOst@ByheancurthigSA
conductivity is checked to be <5, 5nScmd. 10 Chromatography Al gperations
can beSSEEION depdeuPluge samli Roriion driper atchpdsiqot majieg facrseariienicadsddds (g/ L)
for th I Ao 1 enm i : bum n (g/L)
by ci { L A Ao T S e OB kRl By

col umsdlatifipeD priogressorofngadhinmsh epnéss ambalid disddsdalyinnieastanipig LV abdbor bance
on |ine, [ ex | e at 254 or 280nm |In.a particul.arl referred

enbodi M\%gaﬁg(’e?ﬁﬁﬁ‘?éék@ﬂfcripﬁ@éFf‘l”inﬂiﬁlt‘frh@'ef)‘ﬁ?lﬁf’ iﬂ?:ea'ﬂ‘l%‘ﬁatﬁ?'/gglélss conprises the
fo'|Om&ﬂghﬁkﬁﬁéés&@PﬂQﬂtﬁ%@bﬁﬂ@£6@@5ﬁhﬂ@ﬂ%&%@ﬁﬁ@ﬂﬂw&&ﬁﬂEﬁkﬁu@ﬂ'On exchange
chromat ography (DE-FE): affinity chromatography (DBA); ultrafiltration:and
di af i | tramsldtion;stop cwdewnd affinity chromat ography step (PM; ultrafiltration

and diafiltration; a second cation exchange chromatography step (SP-FF2);
and a second ani on exchange chromat ography step (DE-FF2). Preferably, these

purifi¢ad HcdyRaEssLScRbfs 3Bthb@ldsemededdyibéd Mlve is not thought to be directly
ultrafiltration/diafiltration followed by a formnul atjon step, and/or
pl aci nglevknt héhespirify obHheiattunia prodvgt otainediah@pugh the elements may contribute

to an improved yield of product. A preferred embodiment of the fermentation and purification

process is described in Example 1.

Example 1

The cloning strategy for construction of the albumin-producing microorganism was as
disclosed in EP 431 880 except that the 3" end of the albumin coding sequences and its
junction with the ADH! transcription termination sequence were altered such that the ADH
coding sequence was eliminated and such that two consecutive in-frame franslation stop

codons were present, followed by a third stop codon downsiream, as follows:



44 The sequence of chromat ographic steps as described here is novel and
inventive in a nunber of aspects. The use of an am nophenyl boronate (PBA)
matrix with an inproved buffer, as described herein, -and a small | oad
vol une has been shown to give increased yeast antigen cl eAraiace, as
measured by 5 ELI SA (about 4-20 fold). The buffer used with the
am nophenylt)oronate matri x was unexpectedly found to be particularly
beneficial, and-it represents the result of intensive trials of a plethora
of buffers of widely ranging constit4sents and properties. The buffer
provides a significantly increased clearance of yeast antigens, when
conpared with the buffer used in the PBA 10 chromatography step of WD
96137515. Loadi ng t he am nophenyl boronate nmatrix with a highly concentrated
al bum n sol ution, for yexanpte 10G; 110go 44£K§ﬂeang‘thaynpnproved resol ution
because of the. smaller |oad
vol unme. 15 WD 96/ 37515 includes a S200 gel perneation step after a first

affinity chromatography step. The gel filtratjor_step rified the al bumn
W th respect tenyeasET%htﬁééﬁ%,Tgwg an®%€¥néﬁ ed m-rr=- W& have
found that this step is no | onger necessary because of the inprovenents we
have 20 nmade to the am nophenyl boronate affinity step and tH& introduction
of additional cation and.anion exchange steps. Follow ng the

am nophenyl boronate affinity step it is preferred that the albumn is
concentrated and diafiltered for a negative node cation exchange 25 step.
We have found that the conmbination of this diafiltration step and cation

exchangeThisepas uishicved by Igpodidigatians of e (APEY; tasmingior fromk Plasmidi ni ckel
i ons. | icul ar, . i His ef.fective in.reduci
ek | B RS dpabeltin BB e ashy of RO, BiAgEneiis St Brd birgtE ot he

present Lol i oRAeAiad, BMADEA dhd AATIEE Shich B SQfRELs: (| e than

JMADH1 '
o Hindllk 4
5" - GCATAAGCTTTGGACTTCTTCGCCAGAGGTTTGGTCAAG - 3
15
JMADIZ

Nork BamHl

20
' I~TGGACAACATTAGCAAGAAGGTGTGCCTAGCGCCGGCGCCTAGGTACG-Y

«~ The PCR conditions were 25 cycles of 94°C for 60 seconds, 37°C for 120
25 seconds and 72°C for 180 seconds. The 0.48kb PCR product was digested
with both HindIll and BamHI and ligated into plasmid pBST+, described in

WO 97/24445, similarly digested with Hindlll and BamHI, to create plasmid
PAYFA40 (Fig. 2). The ADH! terminator was further modified by PCR
mutagenesis using two single stranded oligonucleotides, AT19R and the

30 universal -40 primer with the sequences:



The negative node cation exchange step, as described herein, is used to 5
renove Concanavalin A binding nmaterial (cbnm) which is a small anpbunt of
nodi fied rHA, thought to be glycosylated. The negative -nopde cation
exchange step has been found to reduce the cbm content produced by

reconbi nant pint/-nutant Saccharomyces cerevisiae by approxi mtely 1. 3-
fold. greater effect is achieved with rHA derived fromnon-pntl| nutants 10
(2-3 fold clearance). In conparison w3#h other conmercial yeasts,
Saccharonyces cerevisiae produces a relatively low | evel of nodified rHA
Accordingly, the negative node cation exchange step and the use of cells
with a deficiency in one or 15 nore of the PUT genes may be of even greater
importance if the rHA i s produced ¥ conbi nant host ot her than
Saccharonyces cerevisiae. The chromatography sol uti ons used during the
purification of albumin are det&ihdlIin Table 3. Because of the very |large
scal e manufacture of albumn, 20 and the relatively | ow cost of the
product, these buffer salts are-+he—wpost suitable for the process as they
are . Available in a hi §hh AGTCEAAGGETAATRCTTATIGATITABGATA-8'| ow cost
conpared to other commonly used buffers such as Tris, HePES or MOPS.
Alternative buffers could be used in place of the ones used in Table 3, for
exanple buffers of a simlar pK, (eg tate for 25 acetate), but in nost

i nstances cost and availability at | e scale rule out their use.
Alternative salt fornms can be used provided they are sol uble, available at
industrial scale and | ow cost. 46 The buffer solutions can be prepared at
the carentrati ons desc3'i bEAGEAGCTCGAICCOTTAMG at®d stock sol utions can be
prepared and m xed or diluted on-line for i medi ate use. Cation Exchange
Chr omat ogr aphy Al bumin is concentrated and purified wth respect to at

| east yeasFhePiReiconditiots tiese A5baydles iof 9498 o080 Rcyedst 50°€ fenkot i on) and
ot her antigens, |ow nolecular weight contam nants and pignented conpounds

by (r:]at i on seeendsrapd THESRESOgeapds am%ﬁxqu!glgﬁ 73°C dierrdiOcindgnutesat i on
i P- Se s = PS |, OV E,
o Col ot e e TR i RA Va0 a5 Bibiase Ll 2 R SRS,
SP- Sephyar qgsgd ras( Efl%rrﬁﬁcﬁﬂerv‘@eﬁ%xfﬂgf PQ*I@@X%@F?O?@.?JAF gh?dﬁc? Qfufe, may be

at a bed height- of 5to 25cm pr rably r exanple 12.5 cm
| f a radi atorfdcowizey pppoodinnately .83k, vassobtaitedeahd diifbsred paith bathgth is

11.0 1.0c colu |l pading of 10.to 50g al bum n/L referably 40
Pl “and” Do Bldsmid pAYES0D. dcscribad tn BB 431880, Was

digested with Notl and Hindlll and the 0.84kb DNA fragment containing the
PRBI promoter fragment and part of the HSA/MFa-1 leader sequence (WO

20 90/01063) employed to direct secretion of mature HSA, was ligated into Nod
and HindllI digested pBST-+-, described in WO 97/24445, to generate
plasmid pAYEA438 (Fig. 3). The recipient plasmid pAYE438 was digested
with Hindill and BamHI and the modified ADE] terminator was successfully
cloned into this vector to generate plasmid pDB2241 (Fig. 4). This plasmid

25 contains the pBST+ (WO 97/24445) backbone, the PRBI promnfoter and the
modified ADHI terminator.

To facilitate the introduction of two translation stop codons at the end of the

HSA coding region and create the required HindlII site, the 3’ end of the
30 HSA coding region was altered.



1Qg al bum n/L, of matrix is suitable. The matrix is equilibrated with a
buffer to renove the al kali storage solution; preferably the buffer should
be strong enough to reduce the pH to approxinately pl116.0. A buffer such as
CSAO is used to renove storage solution CSO7 fromthe cotumm; however, any
buffer with a pH <6.0 could be used. Equilibration is judged to be conplete
when the pH of the colum effluent is approximately pll16.0. 47 Table 3:

Chr omat ogr aphy sol utions for the purification of al bum n Solution
Constituent Concentration r (g.1,-1)39%H Conductivity .. No. Nane

The double stranded oligomucleotide linker, AT21/ATI2 was ligated into
Af/HindlMI cut pDB2241 and comprised an AL site at its 53' end, a stuffer
“yegion and then the Bsu36l to Hindlll sequence of the HSA coding DNA, but

5  with the addition of an exira TAA translation stop codon. Clones with the
linker inserted were checked by DNA sequencing and the correct plasmid
designated pDB2242 (Fig. 5).

Linker AT21/22
10
AT21
AfiTL Bsu36l HindIIl
e - S
15 TTA AGA GTC CAA GCC TTA GGC TTA TAA TA

CT CAG GTT CGG AAT CCG AAT ATT ATTCGA

A L G L Stop ‘Stop

20 To create the final fHA expression cassette the AfII/Bsu36l fragment of
pAYE309 (Fig. 1) was ligated into Af7II/Bsu361 digested pDB2242, making
plasmid pDB2243 (Fig. 6). Finally, the THA expression disintegration vector
was made by ligating the Nod expression cassette from pDB2243 into Notl
cut pSAG35 (Sleep ef al, 1991, Bio/Technology 9, 183-187 aud EP 431 880)
25 to geperate the plasmid pDB2244 (Fig. 7) in which the direction of rHA

transcription is in the same orientation as that of the LEU2 gene.

The plasmid pDB2244 is therefore derived from the disintegration vector

pSAC3 (Chinery and Hinchliffe (1989) Current Genetics 16, 21-25) and
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comprises the whole of the 2um plasmid, the LEU2 gene to complement the

host leu2 mutations, the expression cassette in which the PRBI promoter

drives expression of the HSA sequence and the bacterial plasmid pUC9. The

" latter is excised from the plasmid by the S. cerevisiaé 2pum FLP recombinase

5 system such that no bacterial DNA is present in the organism used for
production of rHA (Chinery and Hinchliffe, op cit.). -

The expression vector utilises the S. cerevisiae PRBI promoter and ADHI
transcription terminator to control expression and the HSA/MFa-1 leader
10 sequence (WO 90/01063) to direct secretion of mature HSA.

The plasmid pDB2244 was introduced into a Saccharomyces cerevisiae strain

which was leu2, yap3, hspl50, pmtl [cir®] by the method described by

' Hinnen et al, (1978) P.N.A.S. 75, 1929. The pmzl fﬁ;utation may be achieved

15 by the method of WO 94/04687. Transformants were selected onr a buffered

minimal medium (0.15% (w/v) yeast nitrogen base without amino acids and

ammonium sulphate (Difco), 0.5% (w/v) ammonium sulphate, 0.1M citric

acid/Na,HPO,.12H,0 pH6.5, 2% (w/v) sucrose)) lacking leucine. When

transformants were grown for 72 hours at 30°C, 200rpm in 50ml flasks

20  containing cither 10m! of complex (YEP, 1% (w/v) yeast extract, 2% (W/v)

bactopeptone and 2% (w/v) sucrose), -or buffered minimal medium liquid

medium, rHA could be detected in th{; cell free culture supernatant by SDS-

polyacrylamide  gel  electrophoresis  and/or by  rocket  gel
immuncelectrophoresis. )

A stock master cell culture in buffered minimal medium is used to prepare
nunning stocks (working cell bank) of process yeast suitable for the
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preparation of shake flask cultures by freezing aliquots of the culture in the
presence of 20% (w/v) trehalose.

The fermentation was essentially the same as is described in WO 96/37515
5 and US 5 728 553,

except for the following differences:

Seed Fermentation

10  After the medium for rHA production has been added to the seed fermenter
vessel, the operating temperature of 30°C is set, as well as the minimum
stirrer speed set to achieve homogeneity and so avoid gradients of nutrients
such as oxygen or carbon. The initial pH is adjusted with ammonia solution

" (specific gravity 0.901) using a pH controlier sef “at 6.40; controlled at
15 6.4040.10.

Alternatively, pH is maintained in the range of 5.50 to 5.90, with the lower

conirol set point being 5.50. The initial pH may be adjusted with ammonia

(eg aqueous ammonia specific gravity 0.880). This lower fermentation pH
20 results in an ephanced mass spectrometry profile of the rHA.

It is preferable for the initial pH to be near the top of the aforementioned
ranges to facilitate observation of early metabolism, since a decline in pH is
the first sign of growth detectable by on-line instruments.

25
Particularly for strains with a deficiency in one or moare of the PMT genes, it
has been found to be beneficial for the fermentation to be conducted at a
higher pH than is normally required. Thus, rather than control the pH at
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approximately 5.5, it is beneficial to have a control set point between pH6.20
and pH6.70, preferably between pH6.3 and 6.5. At such a higher pH, the
quality of the centrate is significantly improved due to reduced cell lysis. Cell

* lysis results in cell debris rernaining in suspension following a centrifugation

step of the fermentation which is sufficient only to remove all whole cells
from the supernatant. This is demonstrated in Table 1, where-a significant
reduction in the wet weight content of a culture supematant is shown when
the yeast is cultured in the pH range 6.3 to 6.5 compared fo pH5.3.

Fermentation pH Wet Weight Content of
Supernatant (g.L.7)
5.5 9.9
(2.4, 6)
6.3-6.5 . 34
(1.0, 13)

Table 1: Relationship between centrate quality and fermextation pH in seed fermenter
vessel. Values in parentheses are standard deviation and number of samplés.

2M H,S0, is also used as a pH corrective agent. Sucrose to 20g.L!, MW10
batch vitamins, and Breox FMT30 antifoam to 0.04g.L* are added to the

vessel.

Sterile filtered air is introduced into the vessel at 0.5 v/v/m (ie 0.5 litre non-
compressed air per litte of medium peffminute), the medium is inoculated to
>10 mg cell dry weight L' from axenic shake flask culture and a
supervisory computer control system is initiated. The expected bdtch phase is
62 + 10 h from an inoculum concentration of 12 mg.L*. MWI0 feed must
be connected before the end of the batch phase (volume equal to batch

vohime).
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Features of the fermentation conirol algorithm include: the end of batch
phase being signalled by dissolved oxygen tension (DOT) increase of >15%
in 30 min; the feed being initiated at 0.05 ml per litre batch medium; the
‘substraw feed rate being determined according to the t!'ormula, SF = SFe'%,
5 wherein SF is substrate feed rate (mL.min); SF, is initial substrate feed rate
(mL.min®), p is specific growth rate (for example 0.06h™), and k' is a counter
variable started at 0 and increased by 0.0167 once every 1 min if all
conditions are met.; and the substrate feed rate (via manipulation of k) being
reduced-in response to DOT <15% and/or respiratory quotient (RQ) = 1.2.
10
The feed is stopped if the pH <6.2 or if the temperature <29.0°C or
>31.0°C. This may also be dome automatically through the control
algorithm. The SF is reduced if the average RQ >1.13 over a 2h period, or
" if there is evidence of ethanol or acetate accumulatiorf,
15
Agitation is increased to maintain DOT >20% air sataration. Once the feed
is started, the concentration of Breox FMT30 is increased to 0.3g.L?
(calculated on final volume)., The expected feed phase duration is 65 4 17 b,
dependent upon transfer limitations of the vessel.
20
The air flow is increased through the fermentation o maintain the values of
oxygen uptake rate (OUR) and carbon dioxide evolution rate (CER), at levels
' sufficient to provide accurate gas amalysis. The air flow rate of the
fermentation is nominally 1 v/v/m. Daily checks are performed to determine
25  purity of culture and CDW. Appropriate samples are retained. At the end of
the feed, the culture is transferred to a production vessel.
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Production Fermentation

The production fermenter is inoculated at 0.25-1.00g.cdw.L*. The initial pH
“ is adjusted with ammonia solution (SG 0.901) using a pH conirolier set at
5 pH6.40; controlled at 6.40 10.10.

Alternatively, pH is maintained in the range of 5.50 to 5.90, with the lower

control set point being 5.50. The initial pH may be adjusted with ammonia

(eg aqueous ammonia specific gravity 0.880). This lower fermenation pH
10  results in an enhanced mass spectrometry profile of the rtHA.

It is preferable for the initial pH to be near the top of the aforementioned
ranges to facilitate observation of early metabolism, since a decline in pH is
the first sign of growth detectable by on-line instrumefts.

15
Particularly for strains with a deficiency in one or more of the PMT genes, it
has been found to be beneficial for the fermentation to be conducted at a
higher pH than is normally required. Thus, rather t'han control the pH at
approximately 5.5, it is beneficial fo have a control set point between pt6.20

20 and pH6.70 , preferably between pH6.3 and 6.5. At such a higher pH, the
quality of the centrate is significantly improved due to reduced cell lysis.
Cell lysis results in cell debris réix:zaining in suspension following a
centrifugation step of the fermentation which is sufficient only to remove all
whole cells from the supernatant. This is demonstrated in Table 2, where 2

25 significant reduction in the wet weight content of a cultere supernatant is
shown when the yeast is cultured at pH 6.5 compared to pH 5.5.
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Fermentation pH Wet Weight Content of
Supernatant (g.LF)
5.5 36.3
6.5 4.7
Table 2: Relationship between centrate quality and fermentation pH in production

vessel.

5 2M H,S0, is also used as a pH corrective agent. Sucrose to 20g.L*, MW10
batch vitamins, and Breox FMT30 antifoam to 0.04g.L" are added to the

vessel.

The initial substrate feed rate is determined according to the formufa:
10
‘ SF, = 1000 x & x [CDW] x Vi

60 x Y, x [sucrose]

wherein SF; is initial substrate feed rate, p is specific growth rate (for
15 example 0.06h™), V. is batch volume (L), Y,, is cell yield (g.L'h,
[sucrose] is sucrose concentration (g.L*) and {CDW] is cell dry weight
concentration (g.1."). The substrate feed rate is determined according to the
formula, SF = SFe'*, wherein SF is substrate feed rate (mL.min); SF, is
initial substrate feed rate (mL.min), p is specific growth rate (') (for
20" example 0.06k™), and k is a counter variable started at O and increased by
0.0167 once every 1 min if all conditions are met. A number of conditions
are constantly reviewed during the fermentation, and used to adjust SF via
manipulation of k; SF is reduced in response to DOT '<15% and/or
respiratory quotient (RQ) = 1.2, The feed is stopped if the pH <6.2 or if the
25 temperature <29.0°C or >31.0°C. This may also be done automatically
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through the control algorithm. The SF is reduced if the average RQ >1.13

over a 2h period, or if there is evidence of ethanol or acetate accumulation.

) Agitation increased to maintain DOT = 20% air saturation, and maintained at
§ 2 maximum once attained in order to facilitate mixing. Once the feed is
started and the colfure is under carbon limitation, the concentration of Breox
FMT30 is increased to 0.2-0.32g.L' (calculated on final volume). The
expected feed phase duration is dep:enda.nt upon transfer limitations of the
vessel, typically 90-120 h at the 8,000 L scale.
10
The air flow is increased incrementally through the fermentation to maintain
the values of oxygen uptake rate (OUR) and carbon dioxide evolution rate
(CER), at levels sufficient to provide accurate gas analysis. The vessel is
overpressured as mecessary to enhaice OTR. ‘The air flow rate of the
15 fermentation is pominally 1 v/v/m. Daily checks can be performed to

determine purity of culture and CDW, and appropriate samples are retained.
The culture is held for downsiream processing at the end of the feed.

20  Hold of Production Culture

The production culture may be held ;nder appropriate conditions to enable
batch processing of the culture. The hold time should be kept to a minimum,
but can be extended up to 48 hours and beyond if necessary (eg to5 days). It

25  will be appreciated that, under conditions of batch processing, the constraints
of hold time as expressed herein apply to the final portion of the culture to be
processed.
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The centrate from the fermentation, or an impure albumin solution from any
other source (such as plasma), is prepared, or conditioned, for
_chromatogréphy on a cation exchange matrix while pr’otecting the rHA from
polymerisation and protease activity. Preferably, sodium octanoate is added

5 (Chromatography Solution 14 (CS14) - Table 3) to a final concentration of 1-
10mM, for example approximately SmM. The pH is édjusted‘ with acetic
acid to pH4.3-4.8, preferably 4.50 + 0.1 (most preferably + 0.05) and the

conductivity is checked to be <5.5mScm™.

10  Chromatography

All operations can be carried out at ambient temperature (20 4 5°C). The

albumin loads (g/L) for the chromatography columps are determined from

' titres of albumin (g/L) by cither SDS-PAGE (at the first step) or GP-HPLC

15 (for all other columns). The progress of each step is monitored by measuring
UV absorbance on line, for example at 254 or 280nm.

In a particularly preferred embodiment of the i)rescnt invention the

purification process comprises the following steps: cation exchange

20  chromatography (SP-FF); anion exchange chromatography (DE-FF); affinity

chromatography (DBA); ultrafiltration ‘and diafiltration; a second affinity

chromatography step (PBA); ultrafiltration and diaﬁltratioﬁ; a second cation

“exchange chromatography step (SP-FF2); and a second anion exchange

chromatography step (DE-FF2). Preferably, these purification processes are

25 followed by final ultrafiltration/diafiltration followed by a formulation step,
and/or placing of the solution into a final container.
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The sequence of chromatographic steps as described here is novel and
inventive in a4 number of aspects. The use of an aminophenylboronate (PBA)

matrix with an improved buffer, as described herein, and a small Ioad volume

" has been shown to give increased yeast antigen cledrance, as measured by

BLISA (about 4-20 fold). The buffer used with the aminophenylboronate
matrix was unexpectedly found to be particularly beneficial, and-it represents
the result of iniensive trials of a plethora of buffers of widely ranging
constituents and properties. The buffer provides a significantly increased
clearance of yeast antigens, when coropared with the buffer used in the PBA
chromatography step of WO 96/37515.

Loading the aminophenylboronate matrix with a highly concentrated albumin
solution, for example 100+10g.L",-means that improved resolution of the

rHA and yeast antigens can be achieved because of thé smaller load volume.

WO 96/37515 includes a S200 gel permeation step after a first affinity
chromatography step. The gel filtration step purified the albumin with
respect to yeast antigens, pigment and dimerised albumin. We have found
that this step is no longer necessary because of the improvements we have
made to the aminophenylboronate affinity step and the introduction of

additional cation and.anion exchange steps.

Following the aminophenylboronate affinity step it is preferred that the
albumin is concentrated and diafiltered for a negative mode cation exchange
step. We have found that the combination of this diafiltration step and cation
exchange step substantially reduces the relative concentration of nickel ions.

In particular, exposing rHA to a low pH is effective in reducing nickel ion
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levels. Consequently, albumin purified according to the present invention has
a surprisingly low nickel ion content (less than 100ng/g of albumin).

The negative mode cation exchange step, as descri%:ed herein, is used to
remove Concanavalin A binding material (cbm) which is a small amount of
modified rHA, thought to be glycosylated. The négative "mode cation
exchange step bhas been found to reduce the cbm content produced by
recombinant pmtl-mutant Saccharomyces cerevisiae by approximately 1.3-
fold. A greater effect is achieved with tHA derived from non-pmf] mutants
(2-3 fold clearance).

In comparison with other commercial yeasts, Saccharomyces cerevisiae
produces a relatively low level of modified tHA. Accordingly, the negative
mode cation exchange step and the use of cells with a deficiency in one or
more of the PMT genes may be of even greater importance if the tHA is

produced by a recombinant host other than Saccharomyces cerevisiae.

The chromatography solutions used during the purification of albumin are
detailed in Table 3. Because of the very large scale manufacture of albumin,
and the relatively low cost of the product, these buffer salts are the most
suitable for the process as they are vailable in a highly pure form at
industrial scale and are low cost compared to other commonly used buffers
such as Tris, HEPES or MOPS. Alternative buffers could be used in place of
the ones used in Table 3, for example buffers of a similar pK, (eg malate for
acetate), but in most instances cost and availability at large scale rule out their
use. Alternative salt forms can be used provided they are soluble, available

at industrial scale and low cost,
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The buffer solutions can be prepared at the concentrations described below, of
concentrated stock solutions can be prepared and mixed or diluted on-line for

imipediate use,

Cation Exchange Chromatopraphy

Albummin is concentrated and purified with respect to at least yeast proteins (if the
albumin is rHA from a yeast fermentation) and other antigens, low molecular weight
contaminants and pigmented compounds by cation exchange chromatography. The
method uses a commercial cation exchange matrix such SP-Sepharose FF, SP-
Spherosil, CM-Sepharose FF, CM-Cellulose, SE-Cellulose or S-Spherodex.
Preferably, the matrix is SP-Sepharose FF (Pharmacia) which, if used in an axial
flow column, may be at a bed height of 5 to 25cm, preferably 10 to 15cm, for
example 12.5 cm. If a radial flow-type column is uséd, a suitable bed flow path
length is 11.0 4 1.0cm. A column loading of 10 o 50g albumin/L, preferably 40
+ 10g albumin/L, of matrix is suitable. The matrix is equilibrated with a buffer to
remove the alkali storage solution; preferably the buffer should be strong enough to
redunce the pH to approximaicly pH6.0. A buffer such as CSO1 is used to remove
storage solution CSO7 from the column; however, any buffer with a pH < 6.0 could
be used. Equilibration is judged to be complete when the pH of the column effluent
is approximately pH6.0.
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Table 3: Chromatography solutions for the purification of albumin

Solution Counstituent Concentration pH Conductivity
No. Name L (mS.co?)
CSO0l | SP-FF CH,COOH 1.85 55-4655* 19-2.2
;quhbrant!W ash3 NaOH (7% .00 03
DE-FF Equilibrant (wiw))
CSso2 SP-FF Wash 1 CH,COOH 3.00 39-4.1 0.6-0.8
NaOH 27% 1.19
- (w/w)) .
CS03 | SP-FF Wash 2 CH,COOH 1.62 3.9-41 | 125-165
NaOH (27% 1.19
(wiw))
NaCt 117
CS SP-FF Eluent/ CH.COOH 5.1 - 54-5.6 5.0-6.0
®  DEFEPre- > > .
Equilibrant NaOH (27% 11.5
(wiw))
Octanoic Acid 0.721
CS05 | Salt Clean NaCl1 584 5-9 75-95
Polysorbate 80 5.00
CS06 | 0.5M NaOH NaOH 27% 74.1 > 12 80 -~ 120
(wiw))
CS07 | 20mM NaOH NaOH (27% 2.96 > 12 3.5 -'5.5
(wiw))
CS08 | DE-FF Wash K,B,0,.4H,0 4.80 9.0-9.4 | 2.5-3.5
CS09 | DE-FF Eluent K,B,0,.4H,0 33.6 9.29.5 | 15.0-18.0
CS10 | PBA CH,COONH, 19.3 87-9.1 | 18-22
Equilibrant/Wash | on 279 5.93
(wiw))
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CS1i | DBA Elnent NaCl 117 6.7-7.1 | 125- 165
NaOH (27% 14.1
{w/iw))
H,PO, 5,79
(85 % (wiw)) :
Cs14 | 2M Sedium NaOH (27% 281 7.8-84 -
Octanoate {wiw))
Octanoic Acid 288
CS15 | Acetic Acid CH,COCH 1045 - -
CS17 |DE-FF2 CH,COOH 1.50 4.54.7 | 0.85-1.05
Equilibration/Wash
NaOH (27 %w/w) 1.66
CS18 |Positive-mode NaH,P0,.2H20 8.58 6.8-7.0 5.5-6.5
DE-FEF2 Elution N
NaOH (27%w/w) 4,07
CS19 |SP-FF2 CH,COOH 1.80 5.2-5.4 1.8-2.1
Fquilibration/Wash
NaOH (27%wiw) 3.52
€S20 |PBA Glycine 7.51 8.3-8.6 1822
Equilibration/Wash
NaCt 5.84
NaOH (27%w/w) 0.95
i CaC1,.2H,0 7.35
CS21 {20%(w/w) Acetic CH,COOH 205 1.92.2 1.8-2.0
Acid
H,0 820
CS22 |Final pH Na,HPO, 71.0 11.2-11.4 4349
Adjustment N20OH (27 %wiw) 37.0
EXO4 | Final pH adjustment | NaOH (47 %w/w) 42.6 =12 80-120
alkali H,0 970
EXOS5 {Final pH adjustment| HCI 37%w/w) 19.7 <15 60-90
acid H,0 982

All weighings are 4 2%, for this particular example.
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The centrate from a fermentation is prepared, or conditioned, for chromatography
on a cation exchange matrix while protecting the rHA from polymerisation and
protease activity, However if the yeast strain is not deﬁcr:ient in the proteases that
deérade rHA at the pH required to purify the rHA then the culture .supcrnatant
should be pasteurised, for example by a beat treatment of 50-70°C for 30 minutes to
5 hours, as detailed in WO 94/03636. Typically 1-10mM sodivin octanoate is
sufficient to protect the rHA from heat denaturation and 30 seconds up to 10 minutes
at temperatures of 60-80°C adequate to inactivate the proteases in a batch or
flowthrough-procedure, Pasteurisation may also be desirable if HSA is used.

The conditioned centrate is then loaded onto the column at a flow rate of, for
example, 0.07-0.75 bed volumes/min, preferably 0.3-0.6 bed volumes/min, in this
example 0.5 bed volumes/min, and then the column is washed with one or more
solutions to remove fesidual contaminants. The colupnfi is washed first with, for
instance, eight volumes of 10-100mM, preferably 30-70mM, for example S0mM
acetate, pH3.9-4.1, 0.6-0.8mS.cm™ (CS02). The column is then washed with four
volumes of a high salt buffer containing 1-3M NaCl, preferably 2M NaCl, in
sodium acetate buffer (for example 10-50mM sodium élcetate, preferably about
27TmM, pH3.5-4.5, preferably pH4.0 (CS03) and then ten volumes of CS01. The
albumin is eluted with, and collected in an acetate/octanoate buffer (for example 40-
120, preferably 60-100, eg 85mM acetate, and 2-50mM, preferably, 2-20mM, eg
5mM octanoate, as in CS04). The collection of albumin starts when the UV signal
rises above 0.6 A,q/cm, and collection continues until the UV signal falls below -
0.36 Ay Jem. The column is ther cleaned using 0.25-3.0M NaCl and 0.05-2%
detergent (CS05) and then 0.1-1.0M NaOH (CS06), then stored in diluted (10-
50mM) NaOH (CS07). In this example, the flow rate for the equilibration, loading

and wash steps is 0.5 bed volumes per minute. For elution of the albumin, a flow
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rate of 0.04-0.6 bed vol/min, preferably 0.15-0.35, in this example 0.25 bed

vol/min is used.

‘Anjon Exchange chromatography

The eluate from the cation exchanger is then diluted to below 10mS.cm?, preferably
less than 5mS.cm?, especially below 2.5mS.cm™ and then loaded onto an anion
exchange resin such as QMA-Spherosil, DEAE-Spherodex, Q-Hyper D, DEAB-
cellulose, QAE-cellulose, or TMAE, DMAE, or DEAE Fractogel. Preferably, the
matrix is the commercial artion exchange matrix DEAE Sepharose-FF (Pharmacia),
bed flow path length of 11.041.0cm, pre-equitibrated with the cation elution buffer
(CS04) and then equilibrated with three column volumes of CSOL. The albumin is
loaded onto the matrix at 30+ 10g monomeric albumin per litre of matrix and then
the matrix is washed with dilute tetraborate buffer, for 9x’=llmple 15-25mM potassium
tetraborate or sodium tetraborate (CS08), which has the effect of raising the pH to
approximately 9.2, and then the albumin is eluted with a more concentrated
tetraborate buffer (for example 80-150mM potassium tetraborate, preferably 110mM
potassium tetraborate (CS09)). The matrix is cleaned with salt/detergent (CS05) and
then NaOH (CS06) before storage in dilute NaOH (CS07). The eluate from the
anion exchange matrix is then loaded onto an affinity matrix,



51

Affinity Chromatography

This step further purifies the rHA with respect to a 45 kDa N-terminal albumin
'fra;gment, yeast antigens and pigﬁlent. The affinity I;Jamx may comprise any
Cibacron Blue type of dye which binds albumin, for example Reactive Blue 2,
Procion Blue HB, Blue Sepharose, Blue Trisacryl and other anthraquinone-type
compounds. Preferably, the matrix is the “Delta Blue” Matrix (DBA), prepared as
described in WO 96/375135.

The method uses DBA at a bed flow path length of 11.041.0cm. The DBA is
equilibrated in ammonium acetate buffer (100-300mM, preferably 200-275mM, for
example 250mM as in CS10) and the albumin applied at 7.0-14.0g/L, preferably
8.0-12.0g/L, in this example 10.04:1.0g/L.. Equilibration, load and wash steps are
performed at flow rates of 0.05-0.30 bed vol/min, pfeferably 0.15-0.27, in this
example 0.25 bed vol/min. All other steps are performed at 0.20 bed vol/min.
When loading is complete, the column is washed to remove contaminants with 1-5
volumes of ammonium acetate buffer 10-30mS cm™, preferably 15-25 mS cm?, for
exampie CS10, preferably 5 column volumes. The albumin is eluted with a strong
salt and phosphate solution (1.0-3.0M NaCl, for example 1.5-2.5M NaCl or 2.0M
NaCl, and 5-100mM, eg 50mM phosphate, as in CS11. The column is then cleaned
using CS06 and stored in CS07.

The eluate from the DBA column is then concentrated and diafiltered in preparation
for purification using phenyl boronate agarose (PBA) chromatography. DBA
ultrafiltration can be performed with any ultrafiltration membrane used in protein
concentration with a nominal molecular weight cut off of 30,000 -or less, preferably a
polyethersulphone type membrane (eg Filtron Omega series) of 10,000 nominal
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molecular weight cut off. DBA eluvate is concentrated and then diafiltered at ~100g
yHA..L" apainst at least 5 volumes of water followed by at least § volumes of CS20.
At the end of diafiltration, the retentate may be fuxther concentrated if required and
the equipment washed out with CS20 to increase step recovery. The concentration of
the final retentz;.te should be in the range 20-120g fHA.L", preferably 70«120g.L“‘, or
as in this example 100-:10g rHA.L'. After use, the membranes are ireated by
flushing out residual protein with water, cleaning with CS06 and storage in CS07.

PRA is an affinity step to remove glycoconmjugates, such as glycoproteins,
glycolipids and poly-, oligo- and monosacchandes and utilises immobilised
aminophenylboronic acid as the ligand. The aminophenylboronic acid is covalently
coupled via a spacer to an insoluble matrix such as polyacrylamtde, agarose,
cellulosic or organic polymers. US Patent No 4 562 251

describes suitable methods for making di d'borotfmme or monoborotriazine
agarose: (1) triazine is O-linked to agarose first and then linked with 3-
aminophenylboronic acid (APBA) in a second reaction. (2) Triazine is reacted with
APBA first to produce either mono or diborotriazine, These are then O-linked via
the free chlorine on the triazine to the ~ONa activated agarose to produce either

mono or disubsituted agarose.

An carlier patent, US 4,269,605, contemplates a variety of activation t_nethods,-
including epichlorobydrin activation of agarose, preferred herein. Commercially
available matrices ‘include Amicon’s PBA30 and Sigma's acryhc beaded

awnophenylboronate

It has been found to be particularly beneficial to use a buffer containing glycine (10-
500mM, for example 25-200mM, preferably 50-150mM, in this example 100mM),
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NaCl (0-500mM, for example 25-200mM, preferably 50-150mM, in this example
100mM) and CaCl, (5-250mM, preferably 10-100mM, in this example 50mi),
pH8.0-9.5, preferably, pBT 8.0-9.0, in this example pH8.5 (C520).

The PBA column uses a flow path length of 11.04:1.0cm and is pre-equilibrated
with the buffer as described above, eg CS20. The column is loaded at less than 1
column volume, preferably less than 0.5 column volumes, in this example <0.35
colamn volumes. The PBA is run as a negative step and therefore the albumin is
collected in-the flow through and wash from the column. All chromatographic steps
can be performed at flow rates of 0.005-0.3 bed vol./min. Preferably the -
equilibration and cleaning of the column are carried out at a higher flow rate, eg
0.19 bed vol./min, than the load and collection of the albumin solution, which is
preferably carried out at a flow rate of 0.01-0.05, preferably 0.025 bed vol./min.
The column is then cleaned with salt (CS03), borate beffer (CS09), NaOH (CS06)
and then stored in ditute NaOH (CS07).

Foliowing PBA chromatography the albumin solution is concentrated and diafiltered
to prepate for a negative mode cation exchange step. The combination of this
diafiltration step and the negative mode cation exchange chromatography
substantially reduce§ the relative concentration of nickel ions.

]

W

PBA ultrafiltration can be performed with any ultrafiltration membrane used in protein
concentration with‘:; hnominal molecular weight cut off of 30,000 or less, preferably a
polyethersulphone type membrane (eg Filtron Omega series) of 10,000 nominal
molecular weight cut off. The collected PBA Flow Through is adjusted to
pH5.3+0.5 with CS21, concentrated and then diafiltered at ~100g fHA.L* against at
least 7 volumes of CS19. At the end of diafiltration, the equipment is washed out
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with CS19 and further CS19 added as required to give a retentate concentration of
504:10g rHA.L. Finally, sodium octanoate is added to give a final concentration of
approximately 2-15 preferably 5-10, more preferably 6-9, and in this example 6mM,
eg CS14 is added to 3mL.L". After use, the membranes: are treated by flushing out
residual protein with water, cleaning with CS06 and storage in CS07.

The albumin solution is then subjected to a second cation exchange step using, for
instance, SP-FF Sepharose (Pharmacia), this time in the negative mode, i¢ the
albumin passes through the matrix, rather than being retained. The conditions are
such that mannosylated albumin binds to the matrix, The buffer is preferably a
sodium acetate buffer (5-110mM acetate, preferably 10-50mM, in this example
30mM), pH 5.2-3.4, CS19). Other buffers which can buffer in the appropriate
range may be used, such as a citrate phosphate buffer. Suitably, the buffer has a
conductivity of about 2mS.cm™. The column has” a flow path length of
11.0:1.0cm, with the albumin loaded to 10-250g.L* preferably 20-70g.L* and in
this example 50+15g or 504:10g.L"! matrix. Since this is a negative step, the
albumin is collected in the flow through and wash,

Following this cation exchange step, the atbumin is subject to negative mode anion
exchange chromatography. This step removes yeast antigens as measured by BLISA
and Western blot. The collected flow through and wash from the second cation
exchange step is adjusted to pH4.6040.10 with CS21, diluted to 1.05:0.ImS.cm?
with water and the rHA purified using the following conditions. The step uses an
anion exchange matrix such as DE-FF Sepharose (Pharmacia) at a flow path length
of 11.0:+1.0cm and the albumin is loaded to 50-250g.1"*, preferably 150+50g.L"
matrix. Since his is a negative step, the albumin is collected in the flow through
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and wash. The pH of the Flow Through and Wash is then adjusted to 7.0-+0.1 with
CS22.

Alternatively, as described in Example 9, pH-adjustment may ocour jn the Final UF
feed vessel instead of being performed on the DBAE flow through and wash.,

While Example 1 has been illustrated with reference to a pnz/ mutant, it should be
appreciated that the purification process of the present invention is equally
applicable to host cells which are not mufant at this locus, or indeed which are not
mutant at any other pmt locus . ‘

Example 2

Two assays were used to investigate centrate quality. The poorer the centrate
quality the worse the “robustness” of the yeast cells.

The two assays were:

1. Determination of the absorbance of centrate at 600 nm (A ).
2. Determination of the wet weight of particles in the centrate (WW).

In both the assays, the higher the value the poorer the centraie quality.

-

The centrate quality of three different yeast strains under two different pH
conditions grown in fed-batch fermentation were compared.
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Specific gene A WW (g.L! centrate)

deletions

Grown at pH 5.5 '

puxti-/hspl50-/yap3- | 1.39 (0.52, 24) ] 12.4 (4.9, 23)

hsp150-/yap3- 1.110.62,9 19.12.9,7 : -
yap3- 0.58 (0.34, 10) | 3.9(2.0, 10)

Grown at pH 6.4 or 6.5
pmti-/hspl156-/yap3- | 0.41(0.17,6) 2.6(0.8,6)
hsp150-/yap3- 0.47 (0.19,8) {4.6(14,7)
yap3- 0.41 (0.08,6) |2.1(0.8,6)

Table 4: A600 and WW values for three different rHA producing strains in fed-batch
fermentation grown at two different pH values. In the first column the specific gene deletions
are indicated. Values in parentheses are standard deviation and ng,ni'bcr of samples.

From the Table above it can be concluded that at pH 5.5, the multiply-gene deleted
strains yield an inferior centrate, whereas at pH6.4 or 6.5, the deleterious effect of
these forther gene deletions is avoided.

Example 3

This example was performed in the sams manner described in Example I, but
utilised a strain which is not pm#/ mutant. This strain was also grown at two
different pH control values, and the wet weight content of the centrate determined as
described in Example 1. The benefit of growth at the elevated pH control point is
also seen for this strain of yeast; demonstrated in‘ Table 5, where a significant
reduction in the wet weight content of a culture superhatant is shown when the yeast
is cultured in the pH range 6.3 to 6.5 compared to pHS.5.
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Fermentation pH Wet Weight Content of
Supernatant (g.1L7)
5.5 16.4
2.3, 4)
6.3 -6.5 4.6
(14,

Table 5: Relationship between centrate quality and fermentation pH for mon-pml strain.
Values in parentheses are standard deviation and number of samples.

Thus, rather than control the pH at approximately 5.5, it is beneficial to have a
control set point between pH6.20 and pH6.70, preferably between pH6.3 and 6.5.
At such a higher pH, the quality of the centrate is significantly improved due to
reduced cell lysis

Example 4

This Example was performed in a similar manner as described in Example 1, with
the following differences. The yeast Pichia pastoris, sitain GS115 ([avitrogen) was
grown using the same conditions and medium as described above, but using a pH
controller set at 5.90; controlled at 5.90+0.20, a specific growth rate of 0.10 't
with glucose as a carbon source. The batch phase duration was 28 h, and the feed
phase duration was 42 h. Recombinant human albumin was added once the feed
phase had commenced, providing a fina! concentration of 3.8 g rHA.L"! culture at
the end of the fermentation, The rHA used to spike the Pichia culture had been

purified but not in accordance with the purification process of the invention.

The tHA from the Pichia fed-batch culture medium was then purified in accordance
with the purification process described in Example 1.
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Example 5

This Example describes the analysis of rHA purified from Pichia culture media as
described in Example 4,

Immunoassay data

Immunoassays were performed on: (i) the rHA purified from the Pichia culture
media; (ii) the rHA used to spike the culture media; and (jii) on albumin produced
by Saccharomyces cerevisiae which had purified in accordance with the present

invention.

Western Blot Summary

Antibody Batch Number 129601

Gel Type 4-12% SDSNR NOVEX GELS
Milk Type UHT

Expomre Time 20 seconds

[g9601 was raised against a non-albumin producing Saccharomyces cerevisiae strain
and thus can be used to detect yeast antigens.

The western blot showed that the yeast antigen profile of the albumin derived from
the Pichia culture medium contained fewer and less intense bands than the material
used to spike the Pichia fermentation. The Pichia-derived albumin yeast antigen
profile was very similar to the Saccharomyces-derived profile.
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RLISA Blot Summary

Yeast antigen impurities in the albumin purified from the Pichio culture medinm and
for the albumin used to spike the Pichia medium were quantified by BLISA using
189601, | )

The yeast antigen content of the albumin purified frora the Pichia culture medium
was below the detectable limit of the assay (approximately 0.004ug.g™), and the

antigen content for the albumin used to spike the Pichia medium was 0.62pg.g™.
Con A binding material

Tﬁe Con A assay described in Example 9 was performeﬁ on albumin purified from
the Pichia culture medium and for the albumin used to spike the Pichia medivm.
‘The content of Con A binding material for the former was 0,22% (w/w) and for the
latter it was 0.57% (w/w).

The level of Con A binding material in the albumin purified from the Pichia culture
medium is similar to that of albumin purified from Saccharomyces cerevisiae in
accordance with thé invention (see Table 6)," when the latter is not produced from a
pmtl mutant.

The purity analyses confirm that the process of the invention can be successfully
used to purify albumin from yeast other than Saccharomyces cerevisiae (eg Pichia)
and that albumin of similar purity to that purified from Saccharomyces cerevisiae

can be obtained,
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Example 6

In Example 1 a negative mode amion exchange chrommatography step (DE-FEF2)
followed the second cation exchange chromatography step (SP-FF2). In an
alternative purification process the second cation exchange chromatography step

may be followed by a positive mode anion exchange chromatography step.

From the SP-FF2 eluate at pH5.3 approx. the pH needs to be increased to pH7,
There are two means detailed below, pH adjustment and diafiltration. The latter
appeared to give a better quality product,

DE-FF2 (A)

SP-FF2 flow through and washings were pH adjusted toHH 7.0 with 0.5 M disodium
hydrogen orthophosphate. This material was loaded onto a DEAE under standard
positive conditions to give a matrix loading of 40g rHA.L" matrix, the pH and
conductivity of the load were 7.0 and 1.29mS.cm™ respectively.

DE-FF2(B)

SP-FE2 flow through and washings were diafiltered vs. 10 vol. 10mM sodium
phosphate pH 7.0, concentrated and diluted with buffer to 50g.L'" and loaded onto 2
DEAE under standard positive conditions. “The pH and conductivity of the load was
7.0 and 1,43mS.cm respectively.

The albumin from DE-FE2A / DE-FF2B is suitably eluted by a 45-55mM sodium
phosphate buffer (pH7.0).
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Example 7

The kinetics of nickel removal from r¥A by (treatment with low pH were
im;estigated (see Figure 9). The results showed that between pH 4 and 4.5 both the
rate and extent of nickel removal were independent of pH, but that at pH 5 the rate
of removal slowed slightly. Both the rate and extent of nickel removal decreased

with increasing pH across the range 5-6.5 with little or no removal above pH 6.5.

Example 8 _

Purification of human serum albumin from a sample of cryo-poor plasma paste
(Centeon Pharma GmbH) was achieved wusing the purification process detailed in

Example 1.

Recoveries of HSA at each chromatography step were predominantly comparable to
the anticipated rHA recovery at the same stage, with the exception of the PBA
column. Here, the recoveries were much lower than expected which may have been

due to removal of glycated albumin,

Example 9

This Example illustrates the concentration, diafiltration and formmlation of the
highly purified rHA into a suitable pmdi.lct, in this instance 20%(w/v) albumin.
This procedure is carried out in two stages, namely final ultrafiltration (UF) and
Formulation. i

Final UF reduces nickel concentration by diafiltration at low pH .and presents rHA

in a defined aqueous environment, using water of an appropriate grade.
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continuous diafiltration phase where the rHA is diafiltered against at least 3,
preferably at least 7 retentate volume equivalents of water-for-injection, preferably a
50mM sait solution to remove ammonia. Following diafiltration the pH is adjusted
to 7.0 and, the secondary concentration phase further increases the rHA
concentration to 275-325g.L*. At the end of UF the retentate is transferred to the

bulk product formulation vessel.

Instead of pH-adjustment being perfomxed on the DEAE flow through and wash, pH
adjustment may occur in the Final UF feed vessel, preferably between the
diafiltration process and the secondary concentration phase. rPreferably, the
diafiltration retentate is adjusted to pH 7+0.1 with EX04. If the pH exceeds 7.1 but
remains < pH8.5 then the pH can be decreased with EX0S.
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uti | i seBXamplpl and darrawaied Aceatiing, B %Y as the ligand. The

am nophenyl boronic acid is covalently coupled via a spacer to an insol uble
matri x such as pol yacryl am de, agarose, cellul-osic or organic polyners. US
Patent No 4 562 251 _ descri bes suitable nmethods for making

di boretfiazi ne or nonoborotriazine agarose: (1) triazine is O-linked to
agarose first and then linked with 3- am nophenyl boronic acid (APBA) in a
second reaction. (2) Tria7itte is reacted with APBA first to produce either
nono or di borotriazine. These are then O-linked via the free chlorine on
the triazine to the -ONa activated agarose to produce either nono or

di subsitnted agarose. An earlier patent, US 4,269,605, contenplates a

vari ety of activation nethods, including epichlorohydrin activation of
arose, preferred herein. Commercially available matrices include Am con's
PBA30 and Signma's acrylic beaded am nophenyl boronate. It has been found to
be particularly beneficial to use a buffer containing glycine (10- 500mV
for exanple 25-200mM preferably 50-150naM in this exanple 100nmV),




53 NaCl (0-500nmM for exanple 25-200nmM preferably 50-150mM in this
exanpl 6100mV) and CaCl2 (5-250nmM preferably 10-100mM in this exanple
50raM, pri8.0-9.5 preferably, pH 8.0-9.0, in this exanple pH8.5, (CS20).
The PBA cohunn uses a flow path length of 11.01.0cmand is pre-equilibrated
with the buffer as described above, eg CS20. The colum is | oaded at |ess
than 1 columm volune, preferably |lesg4than 0.5 colum volunes, in this
exanple _4).35 colum volunmes. The FDA is run as a negative step and
therefore the albumn is collected in-the flow through and wash fromthe
colum. Al chromat ographic steps can be perforned at flow rates of

0. 005- @33 chEsh ¥PrHAM n. Preferably the equilibration and cleaning of the
col um € carrred out at a higher flowrate, eg 0.19 bed vol./mn, than
the | oad and collection of the al bumn solution, which is preferably

i ed it at | t f 0.01-Q. 05 bl 0.025 b | ./mn. Th
Col L A anicri) {05 Abrrard RIQtai: Hiscaion 1Bl FEEA Hoirifioduir seedpBmes ittt ((csoty
b e Bhhfch i ot subt EnbRGT lciRitd by KB ifi BROOSIRABRIBGERR | 1°
mode  CatHeORiaRhaNERasiTeP thelishle AahaGE peediRt (AP) Fothafiglydatdd prowsimep and

the negative node cation exchange chronat ography substantially reduces the
rel at i \by oxidationt ofithecd- lohydioxiyk groupssof AP wBA pdriodatelt (Bitei fonmalichyde

o b Pl G 615 i
oo SR FOEIS 35 S b Wbl L o

to pllhdP detetel eoi@hetricanyentmhet QehAey wede assh dhﬁéﬁée@mé%e&t&i%g grA L4

against at least 7 volunes Of CS19. At the end of dialtrati
equi preiffaringcindih4d (G265 Sdphadex)colin® ayddhen thé atbvEEiOinodid sdmplesrwasi red to
give a retentate concentration of 5010? rHA. 1: 1, Finally, sodium octanoate

i s addde-quaniaied by theBradiendcmethod: and, lpg Albmin masasyayedl sApiastesap| y
5- 10, . f ly 6-9, j ' le 6 CSi. i t
. L POSHpB Pl el igefiaefy Apb dod dbRorBHRER et Yook Om m Ssni A o
prot ei gy té@eﬁﬁiﬁﬁbtoniét&aﬁ'd P2t ! IPIrRerABbIS bP 1€46sd BnéRidle of PandidriMm n
solution is*then subjected to a second ‘cati on exchange step using, for

i nst angrod@RiFfor@edhar ose (Pharmacia), this time in the negative node, ie

the al bum n passes through the matrix, rather than being retained. The
conditions are such that nannosyl ated al bumin binds to the matrix. The

buffer is pre te-1 f‘fl (5=-t+OnM-acet ate, preferably
10-50mMM in this exa;%l“é‘pgnw), pH Sié-d. IS Oty her [buffers which can
buffer in theLappropriate range. oy KaodugtiMeoles Alhuniin it rat e phosphate
buffer. Suitably, the bAffer has alcanducti V79 of about [2nS.cm 1. The
columm has' a flow pathp ength of 11.01.0cnig ¢ th the alfbumi n | oaded to
10- 250g. L-1 pF@Tﬁ?ﬁﬁTV“EpT7U§Ttﬁ”§Td ' TN Sy Gfanpr & SuT3g or 5010g.1:1
matri x. Si ncepths—t -1 —t Aipr-a—i-e—eof| ected in the flow
t hrough and e albumn is

subj ect to nepative nodE ani on_exchange chr ogr aphy. This step renoves
yeast antigens as neasulked by ELI Sph ard West@p@a bl ot. The collected flow

D)

t hrough and wasS con Ton e ladj usted to
pll4. 600. 10 wrtir—€524 +otet—to ;:656.1ﬁ{;6?‘1 wi-t-h—watier and the rHA
purified using-the-follSwing condidions.—The '3 ep.uses an ani on exchange

matri x such DE- FF_Sefharose (Pharmmcia) a8.54 [ Tow path | ength of
11.01.0cm andi the al bumJn is | oaded to 50-250461: 1, prefgrably 15050g. Li
matri x. Sincef this Is agnegative sfep, the aglgymn s colll ected in the fl.ow
t hrough 55 ajrd—weastT Tte pH-of—th Fow—Tim 'il arrt—-Yash i s then adj usted
to 7.00.1 w t p—~CS22—AERr-Ratt-velys ¥ ; le 9,

pH adj ust mrent { May. occurMn the Findl uE feed0#8ssel instdad of bei ng
perfornmed on the DEAR fNow t hroughjand wash.QM#®i | e Exanplje 1 has been
illustrated wth reference to a pntl nutant, 1t shoul'd be appreciated that
the purification process of the present invention is equally applicable -to
host cells which are not nutant at this |ocus, or indeed which are not

mut ant at any other pnt |ocus,




Exanple 2 Two assays were used to investigate centrate quality: The poorer
the centrate quality the worse the "robustness"” of the yeast cells.

assays were:

The two

1. Determ nation of the absorbance of centrate at 600 nu

(A600. 2. Determnation of the wet weight of particles in the centrate

In both the assays, the higher the value the poorer the centrate
quality. The centrate quality of three different yeast strains under two
different pH conditions grown in fed-batch fernmentation were conpared. 56

(WA .

Speci

fic gene del eti ons A600 V\W(g.§541 centrate) r Gown at pH 5.5

pntl-/hspl50-/yap3-

Sample Moles Amadori
Product/Moles Albumin
0.41
0.18
0.24

0.04

r=llelis e

Samples A-Q are commercially available HSA products from US, Eﬁmpe and Japan
(mean = 0.49-+0.20). Sample R is rHA purified according to the invention.

Analysis of C-terminus

An important aspect of the quality control of recombinant proteins is the
conformation and stability of the pre-determined primary structure. Analysis of the
C-terminal tryptic peptide in commeicially available HSA and rHA purified
aécbrding to the invention by N-terminal sequencing "érnd FAB mass spectometry
indicated the presence of a truncated peptide, lacking the C-terminal leucine in
HSA. The Des-Leu C-terminal tryptic peptide was detected in commercial HSA at
approximately 5-10% (unot quantitative), but could not be detected in the tHA of the
invention, even after 6 months at 30°C. The Des-Leu peptide could not be detected
in the HSA 12 weeks at 30°C, and the péak for the full length C-terminal peptide
was very diminished compared to the other samples, indicating that perhaps this had
undergone further C-terminal degradation, ..

These results indicate that the rHA, purified in accordance with the invention, has a
stable and full length carboxy-terminus, whereas HSA previously available from

conumercial sources appears to be heterogeneous by comparison.



1.39 (0.52, 24) 12.4 (4.9, 23) hspl50-/yap3- 1.11 (0.62, 9) 9.1 (2.9, 7)-
yap3- 0.58 (0.34, 10) 3.9 (2.0, 10) Gown at pH 6.4 or 6.5
pntl-/hspl50-/yap3- 0.41(0.17,6) 2.6(0.8,6) hspl50-/yap3- 0.47 (0.19, 8)
4.6 (1.4, 7) yap3-

66

Nickel ion content of rHA prepared according to the invention

Measuring instrument:
SIMAA 6000, Perkin Elmer Furnace: CTT (Constant Temperature Tube) using
detection at 232nm, 2470°C.

Calibration:

The method is based on a three-point calibration (18/30/60 pg/L standard solutions
from Perkin Elmer). After the calibration, a blank of purified water is measured.
The control standard is measured after the blank and at the end of each test series
(Ni-Standard 20 pg/L, certified standard from Perkin Elmer).

Sample preparation:

Each assay is the result of a determination in duplic;ate which also valid for the
calibration and the control standard. Depending on the expected Ni concentration,
the sample is diluted in an appropriate ratio to work with a Ni-concentration that is
within the calibration range. Samples with a protein condentration of 10% or more

have to be diluted at least 1:5 in any case, Dilution is with purified water.

Rinsing solution for the sample capillary: 2L purified water mixed with 0.5 mL
Triton X100. Bach test series includes a §ystem suitability test.

Requirements:
1. Correlation coefficient of the calibration at least 0.99000. If not, the calibration
bas to be repeated ome time. If the calibration does mot comply with the

requirement a second time, an error analysis has to be carried out.



0.41 (0.08, 6) 2.1 (0.8, 6) Table 4: A600 and WV val ues for three
different rHA producing strains in fed-batch fernentati on grown at two
different pll values. In the first colum the specific gene deletions are

i ndi cated. Val ues in parentheses are standard devi ati on and " Aber of
sanples. Fromthe Tabl e above it can be concluded that at pH 5.5, the

mul tiply-gene deleted strains yield an inferior centrate, whereas at pll6.4
or 6.5, the deleterious effect of th%§e further gene del etions is avoided.
Exanple 3 This exanple was perforned™' n the sanme manner described in
Example 1, but utilised a strain which is not pnt! nutant. This strain was
al so grown at two different pH control values, and the wet wei ght content

of the centrate det.erm ned as descri bed.i.n anpl . The benefit qof growth
at the %l eVhrRGIeEBtE RS OMepBGH With 3 30 S Fhndagt s pdt ficesed, s
denonstr at L. i gl £ r i in the wet weight
cont ent of&g%‘{}}%ﬁ%&%g{)%%@{’%@%%@mﬁg agnﬁ?#%xlé}:gxg,st is cultured in the
pH range 6.3 to 6.5 conpared to pll5.5. 57 Fernentation pHWt Wi ght
Content of Supernatant (g.144) 5.510.0 (2.3, 4) 6.3 -6.54.6 (1.4, 7) Table
5: Rel Thanshisthetiasemcentrate quality and fernmentation pH for nott-pnr/
strain. Values in parentheses are standard deviation and nupgber of sanples.
That amount of the apalyte in picogram (pg) that contributes an absvrption of 1 per

cent. An absorption of 1 per cent corresponds to 0.0044 A-s (ampere seconds).

m, = volume Standard (mL) ¥ concentration (mg/L) * 0.0044A-s
absorption sample #* absorption blank

3. The measured copcentration of the control standard has to be within the

confidence range (2s/3s criterion).

Calculation:

The measuring instrument calculates the result according to the following term:

ey (AL AZY) L.
Result (ng NifL) = (slopeimslopc) ALY
A: absorption Y
slope: slope of the calibration curve (linear regression)
V: di[u_tion

A modifier is not used.



Thus, rather than' control the pH at approximately 5.5, it is beneficial to
have a control set point between pH6.20 and pl116.70, preferably between
pl16.3 and 6.5. At such a higher pH, the quality of the centrate is
significantly inproved due to reduced cell |lysis Exanple 4 This Exanpl e was
performed in a simlar manner as described in Exanple 1, with the follow ng
differences. The yeast Pichia pastorigg, strain GS115.(lnvitrogen) was grown
usi ng the sane conditions and nmedi um as descri bed above, but using a pH
controller set at 5.90; controlled at 5.90+0.20, a specific gromh rate of
0.10 I'i" with glucose as a carbon source. The batch phase duration was 28
h, and the feed phase duration S WA g P o1, T e arpum n was
added once the feed phai e had CO'mnce&N@W‘ﬂgE@@nal concentration of
3.8 g{rHAT*T CUl at the endjor tRgchg NENtat | Oy rHA used to spike
the Pijchia culture had been purified but not in accorcf:ance with the
purifilgA eshdor ocess of the I nvehtion.q B8 Exanple 50T s Exarrpl e descri bes
the ahal ysis of rHA purified frOnPichia culturle nedia as despribed in
Exanpl{PBA flosnthrowgisayd dasie | mmuhoassa@stivere perfor@ed43on: () the rHA
purifited fromihe Richia cultuelnedia (I} tHe rHA Used-to-5pi ke the

cul turfSBa’é'szkla(hnd (iii) on aI bupi n prﬁ&ﬁced by Saclea@@nzyces cerevisi ae

whi ch taad +t (e3eacacy) Ree il Bresat—t-av t Bl ot
Sulm(‘:rar ySPAﬁFﬁMﬁﬁS%ﬁnaNi}Wéﬁl 99:?60‘; G5 0?9&;4 12% sD%ﬁFQ /EX GISELgrR/I | ko
T JHE g - al bum
p?/gguc imﬂﬂgr@rﬁﬁgéén@y 'si agws)'tjrlgv{%b i dgﬁ’ﬁ[ = pn e Rame

Analysis of medium and long chain fatty acids

The fatty acids profiles of albumin according to the invention and commercially
available HSA were analysed by acidic solvent extractlon and gas chromatography
of the free fatty acids using a C17:0 internal standard, No abnormal fatty acids have
been detected in the albumin of the invention by this method although the profiles
for the rHA and HSA showed significant differences. As expected, both showed
large amounts of the added stabiliser, octanoate (C8:0). Apart from this,
commercial HSA was characterised by predominantly C16:0, C16:1, C18:0, C18:1
and C18:2 whilst the albumin of the invention contained mainly C10:0 and C12:0
and occasionally C14:0. Further experiments showed that the levels of C10:0 and
C12:0 in tHA final product correlated wigl the levels of these contaminants in the

octanoate used for the latter stages of the purification process.

Preferably, the total level of C18 fatty acids does not exceed 1.0% v(molelmo]e) of
the level of octaoate, and preferably does not exceed 0.5% of that level.
Moreover, in the albumin of the invention, the level of C18:2, C18:3 and C20 fafty
acids is generally undetectable. In commercial HSA, there may typically be about



and thus can be used to detect yeast antigens. The western bl ot showed t hat
the yeast antigen profile of the albumn derived fromthe Pichia culture
medi um cont ai ned fewer and | ess intense bands than the material used to
spi ke the Pichia fernentation. The Pichia-derived al bum n yeast antigen
profile was very simlar to the Saccharonyces-derived profile. 59 ELISA
Bl ot Summary Yeast antigen inpurities in the albumn purified fromthe
Pichia culture nmediumand for the alggnin used to spi ke the Pichia nedium
were quantified by ELISA using 1g9601¥ The yeast antigen content of the

al bumn purified fromthe Pickla culture nediumwas bel ow the detectable
limt df4tmeleasShy fitgppeidsipentradly of dbupdu.e)ln diedpraduchefithednventiamt for
t he al bum n used,

to spike t ichia nediu . 62 . n bl ndi ng
ot or | dhorsiagecnoaliadd 4o eatabl Chldup At £ et 07 mateticls afun n
purified.from 1.6l.8.cul ture medium and for the al bum n used to spike
" the Pi &%ﬁ%s:ﬁ%’hpﬁnﬁa%ﬂgﬁ%ntent of Con A binding material for the forner
was 0.22% (ww) and for the latter it was 0.57% (W w). The | evel of Con A
. binding material in the albumn purified fromthe Pichia culture nediumis
si m | arSHS rellatingipadydurpianidergel eleditbpbor&@icchar onzyces cerevisiae in

accordance with the invention (see Table 6); when .the latter is not
produced froma pint! nmutant. The purity anal yses confirimthat the process

ot ner (Y SsbE s BEo S ESCHRcld HL3PR AR Snrin S WL (R o
. HEEe™ Hray of'si mi | a
e o T TR i e

( DE- FF2) rddulchmy @bt (B-raacqndetbaidlp migredeags shiylo mhdqrrmbines) en. SISP- FF2) .
In an alternative purification process the second cati on exchange

chr omatreducipp podyaepylamidebelettorphonesis RAGE) vdiich insdicasad thatithe pespittioge
chromat ography step. Fromthe SP-FE2 e te at pll5.3 approx. the pH needs
to be iqtg@lémp{cgggﬁﬁ_a mARQIeL JSAtIgast hégqr?g detail ed bel ow, pH adj ust nent
and diafiltration. The latter appeared to give a better quality product.

Gel permeation high pressure liguid chromatography
: _ P
251l of a 10mg/ml solution of albumin purified in accordance with the invention
which bad been formulated to 25% w/v was injected onto a TSK3000SWXI. column
on a Shimadzu LC6A HPLC and found to contain less than 0.1% polymeric
albumin. This result indicates that the formulation as described herein has no

detrimental effect omthe polymer/aggregate content of the purified atbumin.

Two Dimensional Gel Electrophoresis i

2pg rHA. of albumin prepared by the process of the invention was sllbject to two-
dimensional electrophoresis using a Millipore Investigator system. The scparation
in the first dimension was a pH 3-10 isoelectric focusing gel and was followed by a
10% polyacrylamide/SDS gel in the second dimension. On staining of the gel with



DE- FF2, (A) SP-FF2 flow t hrough and washi ngs were pH adjusted totil 7.0
with 0.5 Mdisoditun hydrogen orthophosphate. This nmaterial was | oaded onto
a DEAB under standard positive conditions to give a matrix | oadi ng of 40g
rHA. 14-1 matrix, the pH and conductivity of the load were 7.0 and 1.29n6. e
respectively. DE-F132(B) SP-FF2 flow through and washings were diafiltered
vs. 10 vol. 10t oM sodi um phosphate pH éo, concentrated and diluted with
buffer to 50g.1, and | oaded onto a DE,Z under standard positive conditions.

The pH and condug}ivity of the ]| oad 7.0 and. 1. 43n6. cni | respectively.
The al buPATRTSENS FOBX PuoEbet 318, Wothie- IdiCatisie, e Bigsence, oF S0y &asii (im
phosphatﬁc}?&bfsgéﬁi&plllm. 61 Exanple 7 The kinetics of nickel renoval
fromrHA 't')y reat ment with | ow pH were investigated (see Figure 9). The

results showed that between pH 4 and 4.5 both the rate and extent of nickel
removal were independent of pH, but that at pH5 the rate of renoval sl owed
sl i ght | yM®Butosylated albumin/dCentdedssaf ni ckel renpval decreased with

i ncreasi ng ph across the range 5-6.5 with little or no renoval above pH
6.5. Exanple 8_ Purification of human serum al bumin froma sanpl e of

aye- poor t § ACHL ] ™.
purifi ca@hﬁ’ﬁﬁ%@g s&é§%?FQ@Qilﬁg%éa%W%%%§rpe@§€°my i’ehcgc

chr omat Ogruesﬁkaﬁés%l) MY Qeepicalpnidlaed | vestRiEar il ehé oCbheAankdag| PEbRIAr HA
recovery- at e sane stage, Wth the exception of the PBA colum. Here, the
recover i Sephatose n{Rbarmacie; Oatin Hmpedt?emr{)ﬂaﬂb]w affynityav ehbmeatogaphyo efenoval

of glycated al bum n. Exanple, 9 i S Exa e illustrates the centration,
di af i 1 1 1 EROBIDITANE SRR AL Gmmn@fpgﬁhmwﬁw tpggpin GESAY bS] o

e ot feshing W UAHPAR ot ot Rl B Bin. () ChFormu ation. 62

Recombinant human albumin (HA) is diluted t0 5% (w/v) tHA with 145mM
sodium chioride then 1:1 with Con A dilution buffer (200mM sodium acetate,
85mM sodium chioride, 2mM magaesinm chloride,f’ﬁmM manganese chloride,
2mM calcium chloride pHS5.5). 100mg rHA is then loaded onto an equilibrated
2ml Con A Sepharose column which is then washed (5 x 4mlL) with Con A
equilibration buffer (100mM sodium acetate, 100mM sodium chloride, ImM
magnesium chioride, 1mM manganese chloride, ImM calcium chloride pH3.3).
The column is eluted with 6mL Con A elution buffer (100mM sodium acetate,
100mM sodium chioride, 0.5M methyl-o-D-mannopyranoside pHS.5).

Monomeric albumin in the Con A load tdﬂuted to about 0.1mg.mL?) and eluate
(assayed n_eat) are quantified by GP.HPLC using a 0-0.2mg.mL* rHA standard
curve and the Con A binding albumin monomer recovered in the cluate is expressed

as a percentage of the load.,



Final UP begins with transfer of DRAB flow through and wash to the Final UP
feed vessel. As described below, the albumn is then concentrated,
diafiltered pH adjusted to pl17.0 and further concentrated. If DE-FF2 is
run in positive node, the DE-FF2 eluate nay be used- instead of, or in
addition to, the DEAE flow through and wash. Follow ng transfer of the
DE-FF2 fl ow t hrough and wash (or eluate if DE-1+2 is rimin positive node),
t he rHA-containing process streamis sequentially subjected to primary
concentration, diafiltration and seébndary concentration phases in. an
ultrafiltration systemfitted with cellul osic nmenbranes with a nom nal

nol ecul ar weight cut off limt of 10,000. The Initial concentration step

i ncr gases—thert+tA-tomcest ratiln: X] oy 100G. 1, and 1S 1hitial"
edi ately foll owed by theﬁéigﬁfbg’{g‘ééﬁigr%k% {)fﬁa%“ u%n phase where the rHA is
di af iftt eB?&haiga' St St b, Prgichrabl Y| at Raapl4 7 rjet ergapdies vol Yine
equi Yal ents of wdter-tor-injegtion, preferibly a 50naMisalt._solutioh to

r enoVe pEmoni @14Hol pRW ndodi@] i IRBAL | p0. 1She FBAS EﬁﬂlﬁsteﬁBﬂo T0052hd, the
secondary concentirati on phaselfurther}increases thie LEA concenfirati én to

275- 32BP&AW1 At |t F&&SWd|of T{ FEEIVr bt ent pIE&WV t | anstle B8 ¢ t he}bul k
pr odyct...fornpl-at i l hSst-eae—ab—att-aditat

: e © 13 e at--etng tformed on
t he DEHRFHZ20 ovgtFEh Wsngpﬁmd g%g@"]@? 08| PREEE I‘—%%%I UP
feed jv 1 prefle het wee di af i | | rig pr ocgs tthe s¢condary
concan?f‘g‘t‘al’on phas%ef erab iﬁm Hi af i t@#‘?@n retgnfate i4 adj yisted to
pH 7105t AT ST T eﬁﬁgjs . Ulmihame) o7 18imi t Neong he pH
can te%&%treag'e Wfkia X ?’Pﬁ‘S e fjrﬁnil?l At itF(;%ﬁst egsﬂproduces HHA i /m an

appr gppdodtsse £hem cplodievilr onngritrodnek it an| Frpdogy | at e jcBombtiati o
suitdble forivul Kk productl stedile filtratibhn . and flllj VR erred

Fi nal ‘Adblerés Cluwatmice of eonArfinding tHA shrougl the nracess nBatples 114 458 deivedfradi n,

sodi unrahohutet, arhestas batth § dedeyiyesh frop 2onymatang Kaainy (FD &aWeo diw Thigvedny
neces stk astingst her amounts of stock sodi um chloride and sodi um oct anoat e
exci pi ent solutions and appropriate grade water added to achieve the bulk
for mul %M%iﬁdlﬁg' fH & a0 furdidrearalysekl by lliettrospeaic amtss apectromairy bFig.
150-2509. L4 or 235-265g.1:1, with a sodium concentration of 130- :(Ilﬁom\/l Any
ot her §)eaThis indidatedritat,cinadditiont toon radyctinn Hndle amonay of copy-Rindng
exanpl e, a_mni num congentrati pon of gt,l]east WA rneferably 4-25 %
(W v) .tHor thg| %@%ﬁfi@@gﬁ%\l% o @Sl%‘%'h{?@% Fﬁ%ﬁ’a&f opri at e
conventional pharmaceutically acceptabl e excipients, such as pol ysorbate 80
or those specified in the US Pharmacopoei a for human al bumi n, and dil uting
wat er.Anagski‘;fe@omcentrati on of 0.08 mmol es sodi um oct anoate per gram of
al bum SiTabl e. The product is sterile and non-pyrogenic. There
may be up to 1% dineric albumn but no | arger polynmers or aggregates are

det ect abl e. Exanpl e 1Q Thi s [EX le iJlLustrates .the, an Si t carried
out t ol pbssrbanseofea iWVbF&HnBBHrﬁfJn'!‘]ﬁMiWP?F ’a‘l:é?r%%g‘é%v%métﬁg? he
present inventj Unl S | : e er f or med
on a1 DA Aope B ERmckY b et aPmatd iflorkld %‘aiﬁ%ﬁﬂ@i fﬁl at od
accor digih be a1 MGG T W BSHB. kit Yas T dlbomi pédhed

pr ot ei ag}?g own tﬁgfgptrzrl-@iihAglguri |t2 l?#ﬂa%?ogdaﬁgg with the invention is
not sujpgémiv Ialsl tie feltbwing dalmesnon- enzym ¢ gl ycosyl ation (gl ycation). The

m croassay neasures the stable Amadori product (AP) form of glycated
protein, by oxidation of the C1 hydroxyl groups of AP with periodate. The

f or mal dehyde rel eaged ri odat xi dat i IS, guanti by conversion
to a chronophore, aﬁ?‘ﬁ'@@“ﬁgﬁl hydroM i”ri’é"’(ggﬁ‘?)"f&bvafbgg‘@i‘ggn Wi th
acetylacetone in apngpia. DDL is t e@-lq:g,_rl- cted calorinetrically. The

sanpl es were assayed after desal tinhgusi ng a Pharmaci a PD-10 (&5 Sephadex)
colum and then thgggl bumin in thesgggpés was re-quantitated by the

Bradf ord nethod and 10ng al bum n was assayed. A fructose.positive control
was included, and #63 absorbances W% 1028ad on a Shi madzu UV 2101
spectrophot oneter at 412nm For evgry n8_ge of fixose one nole of Atnadori
product is forned. 3anpl e 4x1

-



Mol es Anmadori Product/ Ml es Albunmin A 0.79 B 0.76 C0.41 D 0.48 E 0.46 F
0.22 G0.41

72

Generally, the albumin of the invention does not exceed respective absorbances of 8.0
x 102, 3.0 x 10 and 0.75 x 103 at the said three wavelengths.

Assays of a number of commercially available HSA preparations revealed higher

absorbances at these wavelengths (see Table 7). ‘ .

SAMPLE . Asso A Asop
1 9.95 x 10° 4,10 x 10° 0.8 x 10°
2 9.25 x 10° 5.36 x 10° 1.1x 10
3 7.40 x 107 3.26 x 10° 0.6 x 10°
4 7.20 x 10? 3.60x 10/3, 0.6 x 103
5 8.68 x 10° 4.08 x 10° 0.8 x 10°
6 11.45 x 10° 6.26 x 107 1.2x10°
7 7.20 x 10 3.70 x 10° - 0.8 x 107
8 6.82 x 103 4.78 x 10° 1.8 x 10°

‘Table 7: Absorbauce (L.g*.cm™) of prior art HSA preparations

Endotoxin

A solution of drug product is assayed using Limulus amoebocyte ly's;ate by kinetic
turbidimetric measurement at 340nm, at a temperature of 36.5 - 37.5°C using an
automatic endotoxin detection system (eg LAL S5S000E). A standard curve is

constructed from known concentrations of a standard endotoxin preparation,



HO0.371 0.541 0.76 1C0.84 L 0.50 M0.43 N 0.59 65

pegative controls and test material solution spiked with a known quantity of standard

endotoxin are also included in the assay. The change in turbidity of the reaction

mixture is measured over time and a log-log regression. Any endotoxin in the drug

product is quantified -:;gainst the standard curve and recovery of the endotoxin spike

is confirmed. No endotoxin was detected.

Free Thiol

Ellman’s Reagent, 5,5' - Dithiobis - (2-Nitrobenzoate) (DTNB) is a specific means

of detecting free sulfydryl groups such as cys-SH (Cys-residue 34 in the case of

rHA). The reaction releases the 5 thio-2-nitrobenzoate jon TNB* which has an

absorption maximum at 412nm. By measuring the increase in absorbance at 412nm

and dividing by the molar extinction coefficient of the TNB> ion at 412nm, the free

sulfydryl content of rHA can be calculated.

Sample mol.anolt
A 0.82
B 0.77
C 0.77
D 0.85
E 0.90




Sanpl eMbl es Anaadori Product/Mles Al bumn 0.41 0.18 , 0.24 ' 0.04 Sanples
A-Q are commercially avail abl e HSA products from US, Europe and Japan (nean
= 0.49 0.20). Sanple Rig rHA purified &cording to the invention. Analysis
of CGterm nus An inportant aspect of the quality control of reconbinant
proteins is the conformati on and st aBiAiMSy of the pre-determ ned primary
structure. Analysis of the CGtermnal tryptic peptide in commercially

avai lable . HSA and rHA purified according to the invention by Nterm nal
sequenci g "ard dekBryotis sexppestconeeetyr | qudipriaingd at hecoprbésen cabwofinacedingcat ed

peptide, |acking the Ctermnal,leyci in FISA The Des-lLeu C-term nal
bryptic pept i Ao HEECAEPREIEAY i EBndr BearoRBR N ATaR FErer 5251806 (not
guant ist at i ve) ,cobiriseotiddomabrebie-fideteeicdrathtion stdpecaddAs adndt freferatemmiécon; even
after 6 nont hi at 30C. .The eu peptide could not be detected in the

X < Des- L
HSA 12 weeks AES50ENSIHGT IR B4 for the full length C-terminal peptide
was very dim nished conpared to the other sanples, indicating that perhaps

t hi s had ,under.gone further C-term.nal .degradatio .. e _These results

i cate % nat TReSHARE TEPPT o Mot oAU BIPL et Rk, BARTHRY HA o
stabl e and f uldodbengltoasanubiexyedorsm nus, whereas HSA previously avail abl e
from1%om"rerci al sources appears to be heterogeneous by conparison. 66

Ni ckel” ion content of rHA prepared according to the invention Measuring
instrunmert: SlITWaleuk800iic BegrkssiorElemer dfutiniac ¢ or QTN wWHidmsit lamdt ohe rgd eeaihur e

Tube) using detection,at 232nm, 2470C. i bration: The nethod is based on
a three-point %@m tﬁ?r}f'ﬁ%Sﬂ S%fgﬁo%?%ﬁ eﬁ@?ﬁ%adstfyaﬂgard sol utions from Perkin

Elnmer). After the calibration, a blank of purified water is nmeasured. The
control standag

dis nmeasured after th . ank ,an t .the end .of each test
ceri e (M5 Ax4BeTRRs e e dioBnaa i Pis PR ® rery | Sanpl e
prepamati on: Each assay is the result of a determnation in duplicate which
al so valid for thﬁ catlf.i brnati on .and Fhe gont{.ol st andar d. ., Dependi nrg og t he
expected N cShEERRVEYG 6R! PHEHAAHIR FU&ayPY G EER S N AN RSP Bpt Yal® Phti o to
work wi th a NGlaiesceft4.ation that is within the calibration range. Sanples
with a protein coneentration. of 10%or nore have to be diluted at |east
1:5in any case. Dilution is with purified water. Rinsing solution for the
sanpl e cdpi | | &hg:edRbryptic tdli e Claiat 2whichiealyegadsth O 5 nL Triton X100. Each
t est 2%eri es includes a i Ystemsuitability test.
7. The eukaryotic cell of Claim 6 which is a yeast of the genus Saccharomyces,
preferably Saccharomyces cerevisiae, or is a yeast of the genus Kluyveromyces

or Pichia.

25 8. A method of preparing recombinant albumin comprising:
(i) providing a transformed eukaryotic cell comprising the eukaryotic expression
vector of any one of Claims 1 to 4;
(ii} culturing the transformed eukaryotic cell as a cell culture for a sufficient time
and under appropriate conditions to permit expression of the albumin; and

30 (iii} recovering the albumin from the cell culture.

9. The method of Claim 8 wherein the transformed eukaryotic cell is a cell as

defined in Claim 6 or 7.

35 10. The method of Claim 8 or 9 comprising the additional step of purifying the

albumin recovered from the cell culture to form an albumin product.



Requirenments: 1. Correlation coefficient of the calibration at |east
0.99000. If not, the calibration has to be repeated one tine. |If the
calibration does not conply with the r&quirenment a second tine, an error
anal ysis has to be carried out. 67 2. Characteristic nmass neasured with
the 30 ug/L-Standard nmay not exceed the theoretical value of 20pg/0. 0044A-s
by nore than 20 per cent. Characteristic mass no: That anmount of the
analyte iii picogram (pg) that contributes an absorption of 1 per cent. An
absor pti dri. of Thep“eetho@nt Claom rlé spowdsing theDadditibdalstep pifopeuietigeibenttsinin i no =
vol unme St andar, neen L 4 S t anpl e
* absorption tﬁ#O&LC?Q& ﬁpe% e %é@ddlsg%ﬁé'gﬁérgathmpa Oz} eﬁl'ﬁ%[roﬁoaisb?’an%ard
has té be wit lireducher Racifg M@mtarmg@dc?@lm&maltemiamab. Cal cul ation: The
measuring instrunment calculates the result according to the following term
Al A2 Result (ug Ni/L) =I .2V slope slope



A: absorption slope: slope of the calibration curve (linear regression)
V:dilution A nodifier is not used. 68 [Nickel]/[rHAl (rig/g) Sanple
Batch 1 Batch 2 143A load 0.73 0.74 PBA fl ow through -and wash 0. 41

1717

Noti

pPAYE309

6562 bp

Figure 1



0.43 SP-FF2 | oad 0.06 0.06- SP-FF2 flow through and wash <0.03 <0.03 DE-FF2
fl ow t hrough and wash 0.14 0.28 Analysis of nmediumand |ong chain fatty
acids The fatty acids profiles of albumn according to the invention and
comercially avail abl e HSA were anal ysed by acidic- solvent extraction and
gas chromat ography of the free fatty acids using a C17:0 internal standard.
1(l o abnormal fatty acids have been detected in the albumn of the
invention by this nethod although the profiles for the rHA and | BA showed
significant differences. As expected, bptlr showed | arge anmounts of the
added stabiliser, octanoate (C8:0). Apart fromthis, comercial 1RSA was
characterised by predomnantly C16:0, Cl16: |, C18:0, Cl18:1 and C18:2 whil st
the al bumin of the invention contained nmainly C10:0 and C12: 0 and
occasionally Cl14:0. Further experinents showed that the | evels of C10:0 and
Cl12:0 in rHA final product correlated with the |evels of these contam nants
in the octanoate used for the latter stages of the purification process. S
Preferably, the total |evel of Cl18 fatty acids does not exceed 1.0%

(rmol e/mole) of the | evel of octanoate, and preferably does not exceed 0.5%
of that |level. Mreover, in the albumn of the invention, the |evel of
Cl18:2, C18:3 and C20 fatty acids is generally undetectable. In comrercial
USA, there may typically be about ’

Figure 2



69 0.4 noles C18 fatty acids per nole of albumn. In the product of the
invention: there are typically no detectable C20 fatty acids and only about
0.02 noles C18 fatty acids per nole of album n. SDS reduci ng pol yacryl am de
gel electrophoresis - This assay was perforned as described in WD 96/ 37515.
The assay showed that rHA of the invention consists of a single polypeptide
chain which when treated with a reduci ng agent ((1-nercaptoethanol)

m grates as a single band (nononer) on SDS reduci ng pol yacryl arni de

el ectrophoresis (PAGE) which indhgg%ed that the proportion of albumn
present as a nonomer is at |east 9% Cel perneation high pressure liquid
chromat ography 251a of a 10ng/nl solution of albumn purified in accordance
with the invention which had been fornulated to 25% w v was injected onto a
TS1C3000SWKL col um on a Shinmadzu LC6A HPLC and found to contain | ess than
0.1% polynmeric al bumn. This result indicates that the fornul ation as
descri bed herein has no detrinental effect nmare pol yner/aggregate content
of the purified albumn. Two D nmensional Gel Electrophoresis 2pg rHA of

al bumi n prepared by the process of the invention was subject to

t wo- di nensi onal el ectrophoresis using a MIlipore Investigator system The
separation in the first dinension was a pH 3-10 isoelectric focusing gel
and was foll owed by a 10% pol yacryl am de/ SDS gel in the second di nension

On staining of the gel with TO Coonassie Blue, only one spot was visible,

i ndicating the presence of only 8 protein species. Mannosyl ated al bum n /
Con A Assay Concanavalin A (Cbn'§§ bi nds nol ecul es which contain

a- D-mannopyr anosyl , a- Dgl ucopyranosyt~and sterically related residues. In
the Con A assay, Con A-8gpharose (Pharmafha, Cat. No. 17-0440-01) affinity
chr omat ogr aphy of reeonbi nant- Human Al bumdw\ (rHA) and/or Human Serum

Al bumin (USA) is uge o determ ne thepgont e ofPstnnosyl at ed al bumi n
Recormbi nant human/ aldsgg n (rHA) is diluted toNh\% ( rHA with 145mM
sodiumchlorideAhen 1:1 with Con A dilution buXer, 00mMM sodi um acet at e,
85nmM sodi um chlori de, 2nmM nmagnesi um chl oride/ 2 ngagepe chloride, 2mv
onto an equilibrated 2nL
e colum which is then washedgg(t5% AmiBamiik h Con A
equilibrationfbuffer (100naNpA¥®43® acetate, 100m\ sodi um chloride, linmMv
magnesi um chl ¢ri de, 1mM nmanganese chloride, 1nMsCaj ci um chloride 015.5).
The columm isteluted with 6ra405@dp A el ution buffer (100mMM sodi um acet at e,
100mM sodi um 0. 5M net hyl - a- D- mai nopyr andsi de pl-15.5). Mononeric

and the Con A bi
as a percentage 0

g al bum n nononer recovered

e |AJaplres

n the dilate is expressed

Figure 3



71 ConA-binding rHA was further anal ysed by el ectrospray nmass spectronetry
(Pig. 8). This indicated that, in addition to -a reduction in the anount of
conk-binding rHA, the extent of nodification of the conk-binding rlTA was
reduced. Analysis of Colour The absorbance of a 5% (w v) solution of the
final product in a 1 cmcuvette was neasured at 350nm 403nm and 500nm and
calculated in terns of absorbances per gramof albumn/litre per an
pat hl ength (ie ABS.L.w4.cm 2). The al bumi n of the invention has the

foll owi ng val ues: . Wavel engt hMean absodbihce (n=4 batches) (nn;)(L.g4.cm)
350 5.75x 103 403 1.7 x 103 500 0.4 x 103 72 Cenerally, the al bumin of the
i nventi on does not exceed respective absorbances of 8.0

pDB2241

e

4383 bp

Figure 4



x 10, 3.0 x 10" and 0.75 x 10 at the said three wavel engths. Assays of a
nunber of commercially avail abl e HSA preparations reveal ed hi gher

absor bances at these wavel engths (see Table 7). SAMPLE A3.50 Ad4a3 ASO0 IT
9.95 x 104 4.10 x 104 0.8 x 104 2 9.25 x104 5.36 x 104 1:1 x 10" 3

S/17

Notl

Bsu36l
HindIlI

pDB2242

4335 bp Notl

BamHI

Figure 5



7.40 x 104 3.26 x 104 0.6 x 10" 4 7.20 x 104 3.60 x 104, / 0.6 x 104 5 8.68
x 10-3 4.08 x 10-3 0.8 x 10" 6 11.45 x 104 6.26 x 104 1.2 x 10

6/17

pDB2243

6203 bp

% Bsu36l
?NotI HindIII

BamH]1

Figure 6



7 7.20 x 10 3.70 x 104 ' 0.8 x 10" 8 6.82 x 104 4.78 x 104 1.8 x 10 Table
7: Absorbance (L.e.cte) of prior art fLSA preparations End otoxin A
solution of drug product is assayed using Limulus anpebocyte |ysate by
kinetic turbidinetric neasurenent at 340nm at a tenperature of 36.5 -
37.5C using an autonati c endotoxin detection system (eg LAL 5000E). A
standard curve is constructed from known concentrations of a standard

endot oxi n preparation, 73 negative controls and test nmaterial solution

spi ked with a known quantity of standard endotoxin are also included in the
assay. The change in turbidity of thesygaction mxture is neasured over
time and a | og-10g regression. Any endotoxin in the drug product is
guantified agai nst the standard curve and recovery of the endotoxin spike
is confirnmed. No endotoxin was detected. Free Thiel Elltnan's Reagent, 5,5
- Dithiobis (2-Nitrobenzoate) (DTNI3) is a specific neans of detecting free
sul fydryl groups such as cys-SR (Cys-residue 34 in the case of rHA). The
reaction rel eases the 5 thio-2-nitrobenzoate i on TNB2- whi ch has an
absorption maxi rum at 412nm By neasuring the increase in absorbance at
412nm and dividing by the nolar extinction coefficient of the TNB2- ion at
412m, the free sul fydryl content of rHA can be cal cul at ed.

Nott HindI1i
ey TRBIP
FL
tHA
. Hindutt
mADHIt \).-ot
HindIIl ... pDB2244
14037 bp P

Hindlll ™

HindIil

Yigure 7



74 CLAIMS 1. A eukaryotic expression vector conprising a reconbi nant

al bum n codi ng sequence wherein the 3' end of the reconbi nant al bum n
codi ng sequence 5conprises two or nore in-frane translati,on stop codons,
and preferably three in- frame translation stop codons. 2. The eukaryotic
vector of Cdaiml in which tw of the in-franme translation stop codons are
consecutive codons. 3. The eukaryotic expression vector of Claiml or 2 in
which at |east one of the in- frame traggjation stop codons is encoded by
UAA. 4. The eukaryotic expression vector of Claiml, 2 or 3 whichis a
plasm d. 5. A eukaryotic cell conprising the eukaryotic expression vector
of any one of Clains 1 to 4. 6. The eukaryotic cell of daim5 which is a
yeast. 7. The eukaryotic cell of daim®6 which is a yeast of the genus
Saccharonyces, preferably Saccharonyces cerevisiae, or is a yeast of the
genus Kl uyveromyces or Pichia. 258. A nethod of preparing reconbi nant

al bum n conprising: (i) providing a transfornmed eukaryoticec cell conprising
t he eukaryotic expression vector of any one of Clains 1 to 4,

tHA from non-
pmt] mutant

L} L i § I L]

67500

L2 ]

&
87000

\

e
gy G
3'?1 s
g.g 9
22 §

100 -
% =

Figure 8



(i1) culturing the transfornmed eukaryotic cell as a cell culture for a
sufficient tinme and under appropriate conditions to permt expression of
the al bumin; and 30(iii) recovering the albumn fromthe cell culture.

9. The nmethod of Claim8 wherein the transforned eukaryotic cell is a cell
as defined in CQaim6 or 7. 75 11.The nethod of C aim 10 conprising the
additional step of formulating the al bumn product for

parenteral administration to a human, or sterilizing the al bum n 5product

or placing the album n product into a final container. 1117 Not, Figure 1.
2/ 17

9/17
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150 |
< -
0
< 100
[F] A
K \
z S
S04 ' 0 : )
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Figure 2 3/17 Notl Figure 3t 4117 Nod Figure 4 Noa ;

10/17

5-GATTGGCAGAAGAGGTATCTGCTTATGGACATGAGGGGCTTIGGCGGT
GATGCCAATGATGACTTTGTIGTGGAGATTGCCAAGGATCTTTCAACTAC
TGAAGAAGCTAAGGAAAACGTTAGGGCCATTCAAACTGTTTTTAGATTGA
GACATGCGATGACTGGTTGTTACTTGTTCTCCCACGAAGTCAAGCTTCCC
AAGTGGGCATATGAGCAACAAGAGGTTACTTGTGCTACTCAAGGTATCAA
ACCCTATCTTACTGGTACGTTGAGACCAACGAAAACCCATTCTTGGATAA
AGAGGTTGATGAAATAGITAGCTATCCTGTTCCGACTTTCTTTCAAAGGTT

GCCGACTCACGCCAGAATGTGGAAGATCAACAAGGCTTACTGATCATATG
CTATGAATCCAGTCCAGATCTTGG-3

Figure 10



Figure 5 Not! Figure 6 7/17 Ffind Figure 7 8/17

11/17

é'~Gm'r’rGCAGTTGTAGTCCCACWGAGTATCW&GAWCGTTGCATTGGT
CCTTGGTCCATCGTCCTGCATAGATCAATGGCAGAATATCTITGGAAGAT
AGAAAGCGCAACGGCAAAAAAGAGAACGAATATGGAGTAAGACACAACC
TGTTIGTITTTGAAGACATAAGAGTGAATAATCTCAAACACATGTCCGAG
AGCCAATATACCAAAGTACAATGATGGTAGATAGTGGTGCAAAAATAGCT
GACGGGCCATAAGGGAAAGATGGCAAGTAATGCAGTACCCATCCTAGGA
TGTAATGAAGCATTTGAACATTGAAGTTGAGCACAGTTGGGTCAACGCTG
AACCCAAAACCTICTTTGCCTCTCAGAATAGAGAAACCAAAAAGACAGAG

AACAAAGCATACTTGCGGTGACTGTCACCAAGTGACAGCATTCCTATGAA
ATAAATTG3'

Figure 11



9/ 17 200 150 SO0 020 pH 4.0 V pl14.5 pl1l15.0 5.5 a pl116.0 o. pH
6.5 pl17.0 10/17

12117

5*-TACGTTATGGATGTGCATCCACTTCCTGAAGCTTCTCATCGGCAACCTT
TTGAATCTGCAATTTATTATCTTCATTGAAGGCAAGCTTGAACACTTTGAC
GGTAGAAAGACGAGCGACAACCAAGAATTGCCCGTCAGAAGTGAGATCA
CAATGGGTGATGTTGTCCTCATCGCTTAGGACCAGTTTGGCTAATAGTTTT
CTGCCTTGCTGAGGAAGGACTTTCCATACTTTAATGGTTTGGTCTTGCCCA
TGA.'I‘CACCAGCTTCTGGGA‘I"I‘I‘ATI‘GAAAAGGACAGTITGATCGT’ITCAG

GGAATACTGACAGTCTTTGAATTTCGCAGTCTTGAAACGATTCAGCTITAG

AAACGGCTATGTCTGACAATGATGCTTCAGATAGTACAGATCGAGGTCCT
GGATTGG-3"

Figure 12



5 LGATTGGCAGAAGAGGTATCTGet ATGGACNEGAGGEGet  GGCGGET
GATGCCAATGATGACTTTOT TGTOGAGATTOCCAAGGATCcr r TCAACTAC
TOAAGAAGCTAAGGAAAACG TAGGGCCATTCAAACTGLL. n f AGATTGA:
GACATGCGATGACTGGTTA TAer r GTTCTCCCACGAAGTCAACCI TCCC
AAGT GGECATATGAGCAACAAGAGAE TACI TGTOCTACTCAAGOTATCAA
ACCCTATC: r r ACTGGTACGT TGAGACCAACGAAAACCCATTCTTGGATAA
AGAGE TGATGAAATAGI TAGCTATCCTGETCCGACTTTCMCAAAGGTF

0cc CACTCACGCCCAGAATGTGGAAGATCAACAAGCCTTACTGATCATATG

Cl ATGAATCCAGTCCAGNECTI GG 3' Figure U@3/1A1/17

5' 1- GTGTTGCAGI TGTAGT CCCACTTGAGTATCTTGGATTCGT TGCATTG3T
CCTLI GGTCCATCGT CCTGCATAGAT CAAT GGGAGAATATCMGGAAGAT
AGAAAGCGCAACGGECAAAAAAGAGAACGAATAT GGAGTAAGACACAACC
TGTTTA T1TI GAAGACATAAGAGT GAATAATCTCAAACACATOTCCGAG

AGOCAAT ATACCAAAGT ACAAT GATGIST AGAT AGT GT CLAAMATACLT
G ESPECEA CAIAT CEAFAGATOEMECAAGGAGGTAAAGACC

% @% GATTACCCTCGICGTC

19117 SN M

TTWTCWM@AW@AWW@M%C@GGA@THC
dGT. AGAAAGACGAGCGACAACCAAGAATTGCCCGT CAGAAGT GAGATCA

ACABAAKT CACBETAAGABATIGEGIAGGE TGTGACAATGGAA
Cr GCCT TGCT GAGGAA

TGATCACGRGTAGH WT@%@WM@M

ARACCCTABIC Q&WWMWM%% AL

13/ 17 516 GGTGACTTCTTGC1GOAAAAT GT GCTACAAGGAGOTAAAGACC
GIOTCATTGAGGGECCTGGTITTGGTCTAC rr ATGACGA' | TACCCTCGTICGTC

TG i TTCCATTGGEGGTI COACTGTGATGACCGAATGGEGATATTGCTACCG

GTI'1- 1GCCCTTAAACAACTACGATTGTAACTCCGGTATCACCTGGAGTATC
AGCATCAACACAACT CAGGATAAGATATGCGTAGGCTGTGACAATGGAA

CEGTAGTCU TATTGACATAAGT GGTGGACCGGGATCTCTAGTATAAGAA
AATTGTATCCOGATGT TCl VATGCCCGATAAGGATATGGAATACGAGGAA G- 3' Figure 13

Figure 13



14117 5 . 1. - GTATTGCAGITGTAGICCCAGAATGAATTGat | TTTAATTGITC111i
GGCTGGAGAAGT GCTCGTATGTCTTGATCGATGAGATACAGCTGAGATTT

AAGTTGT TCTAGGT TGATAGT TGAATGT TCAGAGT TGAGGEGEGT TCCATGG
TCAAGTATAGGAGGATCCAGCTCATCTAGOGAGT GGAATTGAGTACTGAC

ACr CATTACMGAAGAAGTAGAAAGAGTACTGA Tl TGTGGTAAG TCCA
TATTTCAGATCM GTAGATGGT CGAGCGAGE VAACATTTCATAGGAGA

| TTCAGAGGAGT | VGACTI TGAAAATGGT GACAAAAGGTAGACAGAAGA

AAGE TAGAGAGT GCAGTGATTCAAGGT GGT TGCA CC-T Figure 14 15/17
55- TTGAGACATGCTATGACGGGTCAAMTT TTAGA GGACTCTTG
GGCATGAGCGCATCCTCACAT CGGCCATAGCAGATAAACGGTAGCAG T

Tr i TGAACGAGGCTGTAAGATAGGGGAATCTCCA TI TAGGCMCAGT G

ACTTGI TGCATCGCAATOGGTAGATATGETCACCAGT GGCAAAAGCTCTG
GATGCTATGAAACT GACCAAAT GTGGATTAGAACEUGGAGT CTAACTATT.  TGACT.

ATGRACM BATN G TARERREAGAER AR A TR EIC T FEAMERGRICTIR Y, .

13WWM é@R@@ﬂm&@K@CTGAGAm
A ATGAGCAACAAGAGGTTALr I GT GCT ACTCAA
CCGTATCAAGTRGTATTA GGTTF ATAIFERGHA , g

TCTTGGATAAAGAGGTTGATGAAATAGTTAGCFATCQ | GT ‘
AR CEATRT. w%&%@@GAmGAGTACTGAC

WMTWE%%W%@QW@M@KWCAMG&GA
TTTCAGAGGAGTITGGACTTTGAAAATGGTGACAAAAGGTAGACAGAAGA
AAGGTTAGAGAGTGCAGTGATTCAAGGTGGTTGCAGAAGTCC-3*

Figure 14



5- GIGl1 GCAM GTAGICCCACTTGAGTATCTTGGALL GGTTGCATTGOT
CCTTGGTCCATCGT CCTGCATAGATCAATGCGAGAATATCY1TGGAAGAA
GAAAGCGCAACGGCAAAAAAGANAACGAATAT GGAGT AAGACACAACCT

G Tral | TI TGAAGACATAAGAGT GAATAATCVAAACACATGT CCGAGA
GCCAATATACCAAAGT ACAATGATGGTAGATAGT GGGT GCAAAAATAGCT
GACGGGCCATAAGGAAAGATGECAAGT AATGCAGTACCCATCCTAGGAT
GTAATGAAGCATTTGAACATTGAAGT TGAACACAGT TGEGTCAACGCTGA

ACCCAAAACCTCMECCATCr CAGAATAGAGAAAACCA%?ACAGA GAACAAAGCA-3 ' Figure 17

5" TTGAGACATGCTATGACGGGTCAAGTTTITAGATAAAGTITGGACTCTTG
GGCATGAGCGCATCCTCACATCGGCCATAGCAGATAAACGGTAGCAGTTT
TTTTGAACGAGGCTGTAAGATAGGGGAATCTCCGTTITAGGCTTTCAGIG
ACTTGTTGCATCGCAATGGGTAGATATGTTCACCAGTGGCAAAAGCTCIG
GATGCTATGAAACTGACCAAATGTGGATTAGAACTTGGAGTCTAACTATTE
TGACTCTAAGAATTTCCAATTTTTGCCTTCTACTAGCCATTITCTACTTTC
ATGGGACATCATCACTTATTTGCTCCCCAACCTGTCAAATACCCACCAAT
GTTCAAGGTCG-3"

Figure 15



16/17

5. AGATTGAGACATGCTATGACGGGTTGTTACTTGTTCTCCCGCGAAGTCA
AGCTTCCCAAGTGGGCATATGAGCAACAAGAGGTTACTTGTGCTACTCAA
GGGTATCAAACCACTATCTTACTGGTACGTTGAGACCAACGAAAACCCAT
TCTTGGATAAAGAGGTTGATGAAATAGTTAGCTATCCTGTTCCGACTTICT
TTCAAAAGGTTGCCGAGCTACACGCCAGAATGTGGAAGATCAACAAGGS
CTTAACTGATCATCATGTCTATGAATCCAGTCCAGATTCTTGGCCCTTCCT
GTCAGAGGTATAAGCTACTGGTCAAAAAATCACTCCAAATTATTTCATAG
GTAATGCTGCACTTGGTGGACAGTCACCGAAGTTTG-3'

Figure 16



1117

$-GTGTTGCAGTTGTAGTCCCACTTGAGTATCTTGGATTCGTTGCATTGGT
CCTTGGTCCATCGTCCTGCATAGATCAATGGGAGAATATCTTT G‘GAAGAA
GAAAGCGCAACGGCAAAAAAGANAACGAATATGGAGTAAGACACAACCT
GITIGTTITTGAAGACATAAGAGTGAATAATCT CAAACAC ATGTCCGAGA
GCCAATATACCAAAGTACAATGATGGTAGATAGTGGGTGCAAAAATAGCT
GACGGGCCATAAGGAAAGATGGCAAGTAATGCAGTACCCA‘I‘CCTAGGAT
GTAATGAAGCATTTGAACATTGAAGTTGAACACAGTTGGGTCAACGCTGA
ACCCAAAACCTCTTTGCCATCTCAGAATAGAGAAAACCAAAAAGACAGA
GAACAAAGCA-3'

Figure 17



