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WO 2004/ 057068 PCT/ EP2003/ 014786 APPARATUS AND METHCD
FOR STORING PROTEINS Field of the Invention 5 The

WO pwesioss rel ates to an apparatus and a met hoRICT/@8P20081@14786

storage of proteins. Prior Art 10 One of the problens
associated with the long-termstorage of proteins is
that they lose their biological properties over tine
as the nolecule is degraded. Prior art nethods of
storingﬂgroteins have been devel oped to overcaone thiﬁ
pr &0 BAR A USx AP M EAILALL & @Rt 84O RIN GcER QT EINS
JP- A-63- 092671 (Kanebo) teaches a nethod 15 for the
storage of proteins in which fibroin or collagen is
Rigld ebthe nventiomn aqueous sol ution. A hydrol ysing
enzynme is added to the solution foll owed by a

chel ating agent. The pH of the mxture is adjusted in
Thaénveargerethtds té an Fpparanrsdnd hencthol tier thastéiape efppdteinkr ough
a filter having pores of around 1 mor less. Finally
the solution is dried to give a polynmer with an
BmiveAgge degree of polynerisation in the range of
200-600. 20 It woul d be desirable, however, to be able
to store the protein inits natural state and w thout

GRZFTR JrbQ&hEBRbcifed Wit Al TBIH teWh §3raaB 8F potet iBi@IthSy lose
I'n nature, several nethods are known for the stora

their piplyeisprropaxies.Avar ting psde aplecylp ficlegrded. fgipy ﬁaglethgc?s of
Sl BHRAL s RARAUGPELBISpLIYS oFerk SO ottty mor i and

I nvertebrate species roma stored protein dope
or feedstock. The silks offer advantages conpared with

he synthetic I I r t
bt R0 oPEate TRt RBER B o005 PEaR ) Miches a et
foeths slofdga df ptdins itl i dhefibir@nl obgollgengs tizsalvesitio aaggueotis solution.
he otein dope Wthin the. organi snms nd. For
A RSorplamE erte mienaqded Y e acliion SR G pedaf e pH of
e AR es &ig/l J&l iRfheIBngeor s BI7T5 il thlesotutartiiRidarpdugthafilter
of KevlarTMfibre, the toughest and stnongest man- nade,
havineeoresof eropndibugor Ires- Sinelg thyselgtippis SEed agiyhe pHYRFRYIh an
Bl hidrde of YR Meishion iR iR rag8 8f 240-6stegr adabl e and do

not “persist 1 the environnent. They are recycl able
and are produced by a highly efficient | ow pressure

ﬁ%uidq%\é'dteﬁﬁgg?eg g%‘%"%f’ RS Qé:ﬁestoléﬁjrgﬂle gsﬁlté/in Wb Ehar@s ate and

sol'ven ural” spirnning process 1s renar able In
whiadut enzyagueeusens ol traainpamt oith chelating agents.

In nature, several methods are known for the storage of proteins. Natural silks are fine,
lustrous filaments produced by the silkworm Bombyx mori and other invertebrate species
from a stored protein dope or feedstock. The silks offer advantages compared with the
synthetic polymers currently used for the manufacture of materials and their properties
seem to be substantially unaffected by long-term storage of the protein dope within the
organism’s gland. For example, the tensile strength and toughness of the dragline silks of
certain spiders can exceed that of Kevlar™ fibre, the toughest and strongest man-made
fibre. Spider dragline silks also possess high thermal stability. Many silks are also
biodegradable and do not persist in the environment. They are recyclable and are
produced by a highly efficient low pressure and low temperature process using only water

as a solvent. The natural spinning process is remarkable in that an aqueous solution of
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L WO 2004/ 057068 PCT/ EP2003/ 014786 protein is
converted into a tough and highly insoluble material.

wab@4psmeess in spiders and sil kworns producePGI/ER2003/014786

t hreads has been outlined in an article "Liquid
crystalline spinning of spider silk"™ by Vollrath and

Kni ght, Nature, vol. 410, 29 March 2001, pages 541-8.
pFétein iseonfieted mt@taéoughaamd higblynwlublempigrige Thezporss nrspiders and
REp TSk RtiBLaR SR pEG! GuRRE Pl AU g Bleififc sinning
cﬁ‘tspldﬁgﬂk'hb}e‘adlsl;ratthné Kanight, N agure,ewl. ¢, 290Hdarely P.Qﬁaln p&es hét-8. The

e na nni nls |n spi.detr s |n ol ve
apri SR B R e pRrS8 it Hhin sRUSk AR it omms
dg&éfﬂl‘éﬁ Emﬁém goph mmegmmana%mf& t1$qm el S‘tg)lng ﬁgeadip Etmﬁch le
own the spinnin uct n an article t a
eV the fVid grcs s ?f@zﬂatuml ammnm&aa}mﬁrlég@&%é‘? é’E‘V%S b Sltion

genF> Bhd and Jotass¥ iord-andhé rerd St 363 d{uADRAS as th&1gpinning dope
ors Eglnt out that the assenbly of spidroin and

W$%$QNW1 6Pianing 8¢ f or m t ough t hreads depends on the
fact that the chief structural proteins of silks,
fibroins in silkworns and spidroins in spiders, are

larap Iattighai Hyi Kniglgped Viollvath Hidlogicaldapuod Eistad Etpistoniees"t Trpres. Phil.

RO R BRI SRR ISAT L Db B nd
ﬁlﬁbllﬂqi)rqtﬁni tocfosh adugh thrddde déendstonsthafaet thst the elaéfstrattorabgeteins
Sy bR T B 6B i B S B g o
&)E@@ﬁi@rsmk&(lyb@z&BAﬂl @hére N RpRscts SIBideiphbbic Ploek @hdB aildts
this flrst state have a predom nantly 20 random coi

pbipaps.cal secondary structure. The second state
is asolid state wwth a predom nantly beta
crystal line secondary structure. This second state is
Spidratvond Bibrdin are founshyp b%¢ states: dba fizst plategs as#ie sfrage sikie i which

{h% @ﬁég%@{ fé%g iz’»ﬁ{]één LR a@%‘[ﬁ?{\%’h@ td deSroriBR Eﬂ%&(gﬂi‘?t‘, Rlier SomPH rod-

Ranof are oriente
slmbe;itmoitchﬂ&sl YhepBlprainl oglspithwint Preteins mythasdirst stefte hawve a ptr@iqghnanﬂy

read are..t hought t nt g0 all.ar
oG el S hard B SR Tl o Bt e B} el Voo
Wedﬁﬂilnmftly&bmﬁrysﬁdlmmdorﬂa@ sanctargBds sachsd ﬂatb fised ﬂlayloﬁbrlllar
arallel to the axi,s of the nanofibril.s.
e PR pag HGURCk S Ssitm ok oot S spaagtely 5
Rt fikter. AME nhitFibeilkaré Oridn@dubIRMERY pArxlidd €3 the Bhelakie of the
nanofibrils. The first, storage state is netastable.

fough thined apd pigihaught thsostaia 3H @r mariexithsrheta caystalliigs.olhe betgg
%QHIQWS hh d \mﬁ‘ﬁ{ YEbBA nPrhd AR RYELd s‘ﬁBstQJtlatlp Barallel to the long

' ecul es and a change 1 n conformation of
axis of the nanofibrils. Small quantities of a less crystalline and more disordered material

are thought to form the matrix between the nanofibrils.

The first, storage state is metastable. Its conversion to the second nanofibrillar state is
thought to involve both an aggregation of the molecules and a change in conformation of
the secondary structure. A change in conformation is thought to occur in the most
hydrophobic of the block types of the repetitive block co-polymer which transform from a
‘random coil’ / alpha helical to the beta crystalline structure. At least five factors are

thought to be involved in the aggregation and conformation transition which forms tough
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t he secondary structure. A change in conformation is
t hought to occur in the nost hydrophobic of the bl ock

wo yed3568 t he repetitive bl ock co-pol yner whi cPCT/EP2003/014786

transformfroma “randomcoil' / alpha helical to the
beta crystalline structure. At |least five factors are

t hought to be involved in the aggregation and

tiereads /@ﬁ Vgl mdﬁdn/aﬁ of thie @?I thia iaddluf)mdsﬁtmtatsauglhoﬁs, to wa protem the
2004/ 057068 PCT/ EP2003/ 014

IErRNaL o4 3881“8* 109?1@"‘6»21?‘6 Rfﬂfé"‘aﬁ'ﬂ ?‘ESF 8E""8‘Fr ?ﬂﬁ’ttg"‘s @?Pu‘ﬁ?t °8r‘i’§ to
Iﬁéaﬁarmaogtﬂlmto th@ Eormf ds. Bifadaieh W dofVigsibt MEY bbSromoted by

rot ei n; | oss of water and the application o

hramrt%ﬁ pobtql%arﬁ segaqiangs. Fige r‘ﬁ%&“‘ilﬂ%léh‘a’és withyloyoryrfpsesmersy
1ﬁ hﬁgy OPAET oFt B Ip{{ﬁlYngQﬁlcﬂ'i %ﬁd@% m ?hl%lpstg FdhdtOthe Qfmvef]smn

ol s and actants [ ongi udlna ridges wt

olf w psaieifidope Brreroli¢ tgeddn inqe Shqrtrmm@ml@ haye fermed dhsiseymiay get as
[ |

sS4 it 1 PR PR G T i, g
e@mmnghlmrdverﬂnafelolﬁtheltsanhame f or nmed these may act as
seeds initiating further aggregati on and confornation
change of the protein, thus enhancing the overal
If l@ioak of IR fikrdt Sfogdgk s@te. of HBrolif orsspldudih arede® tintkdacedftheystansform
storage state of f|E#0|n or spidroin are |eft

SEPRERERE By TP B R AOIR SR DU P ey fqsping insoluble

ﬂd3§ 64 s tﬁatb:‘ﬁﬁﬁbt ‘BE Eﬁt@eh b$us trdd Bsetil) Usreds © MRS Hhkdfmation can
orn1n§ﬁ|nso ub | ocs or gels that cannot be

hexemyieddy swid yemﬂw ﬁtkéﬂ&ﬂsé flapis Terfompipsion Tihlis is a problem when
- g{ﬁiﬂﬁ% 8{1%&323/5&?@% fr{;:}g rsr% g?fegﬁ blbé’ct{rﬁp#n‘éteo%fréglé éf)lay a part in
thix Manktfdnngttion irsyiira by ngftingproteds ifitp shortsr peptydpfoﬂleﬁ qhgnge in

<‘t af tﬁrglfrltlo% or.C %a?hse%?or? reng‘ﬁry %l?%a%vﬁ? B&)t S%S g{}ﬂ;%rgmote the

ormat | on I n
tednefotredtiopptrerdedng hmtecnif&admgmms rwhlcﬂnnfubtt laggrb @ation pr

cryst LIi adi | Al ternati.vel r.ot epl.ysj
Gl E g b SRR PRALTS TRy Srapig RHE R e

B O formitbe Rlsbd B@bﬂ@kﬂote’dg)?rs%ﬁigi With @bteriglQRETytRinkfofmed into

change. Transformation of a native fibroin or Spi droin

the beit plats- Freeaippor mehamealy sheagingnathis sglutinsyllsisereu dn

@%sﬁ%&ioﬂ% Yﬁetﬂ'étar@&s%ﬂh@ st 'R%Eé;ﬁérattérdaﬁb?&ﬁ AR ShilBinsoRMons
the beta state. Freeezing or nechanically shearijng

praparedebysdissotvirgeilkWheadszn & shaolrepir agenh suchag Hehiuwn h@rméﬂn lithium
b
tgxgxlc Gte &)td nfr:l %ﬂ%ckgxlna!té 8ci acg;ﬁ)gldgg:gggﬁé ﬁlﬁl‘gg ai%o%ﬁé?fuﬁ‘l]ﬁﬂﬁergo

rolh s prepare Vi ng
arhmelagsusi fnmaatmh aba flop mcgeag'hm ths dldotragic Iagftnh istrampyedrhydiéalysis.

tﬂﬂ% g%aﬁlilrg]%regeg slo Cﬁlro gl%xlev%heggd i mstc% Qpl(jroa dﬁgﬁ%ﬁl ma&:galg fr%m re%enerated
¢émal ogous formation of a floc or gel mhen t he
chaotropic agent is renoved by dial ysis.

The first storage state is found in the posterior and middle divisions of the gland in
silkworms and in the analogous A-zone in spiders. In these regions of the respective
glands the protein is stored at remarkably high concentrations (20-40% w/v). In spiders,
the protein is thought to be stored as a highly viscous liquid crystalline sol that persists
through the first, second and most of third limb of the silk gland’s duct. In silkworms, the
protein is stored as a gel within the posterior and middle division of the silk gland in

newly moulted final instar silkworms, but is transformed into a sol in the duct (anterior
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25 This again presents a problem when seeking to spin
or extrude materials fromregenerated silks. The

WO 200805B6®r age state is found in the posteri or PENEP2003/014786

m ddl e divisions of the gland in silkwornms and in the
anal ogous A-zone in spiders. In these regions of the
respective 30 glands the protein is stored at

ﬂaﬁﬂﬁ tHeadnteyiohdigisiond sitoeﬂ}t edidre dwsar@tﬁﬁ-iﬂ@%lﬂ heyeafterrthe

ers, rot S tho be, st or
gt et 4 P ey R e S e pienty Btufy o
dnible 'tlﬁal'ktdr&ﬁmﬁieﬁﬁltm tianiadld andposemist diofsidnlia ﬂbvl/ farwardfdown so

the silk gland s duc In. sjl kwor inis
el @ D ST B THE BHEN S n@?ﬂ%ﬂ&f‘?ﬁé@? §“°t
division of the silk gland in newy noulted fina
instar silkworns, but is transforned into a sol in the
Sunemary fithediygntion WD 2004/ 057068 PCT/ EP2003/ 014786
part of the anterior division) shortly before the
protein is spun. Thereafter the transformation from
Dled otfjert ebthe prveptingas wprévddkaneapdsratio wrd whibod & ihetstrrgee of
ﬁggymay to enable the stored material in the mddle

'ﬁoSterlor di visions to flow forward down so that
it can be drawn down to a filament in the anterlor

di sta r the du
T8 aeq oReblecBigt Dibamgrton e slyahibt v o Ahvosfer g
SBRgE at AsroRitconipismg affRst comparfhait &4 etodihg therpadteinaad a dddond
These and ot her objects_ of the |nv§g§|on are solyv

mrmﬁrmeﬁbfoaﬁoa%%n alkalige peifer, Wahe Rerisg embydi 15\6%&6#@.%"4\“%

gpdrohé 'c&ﬂ én'i é&ntﬁ%adiﬁaﬁﬁ@suffe‘i’ orthiffn @Qlcﬁlﬁfchﬂ)cfr% eTe
seco qg?rtnent or storing an al kaline

Enspﬁlﬁcbfromnamnehfels i@ firee Hquidrpoghiseaya) cogrmyricatipm it thedist
5&1& SEEA0nG BfoRéh LBRAy 62 g&&' @ﬁ%ﬁ%ﬂ KahdrliErdIl b Scaline
CO

alning C cium chl ori secon conpartnEnt
benditionfdottathir(g cateiunh iogsliingden wh@hsemhw)ns dfdnmidcablymore stable

o B SRR S5 oS PR Do S8ttt e
6ﬂﬂ51€petrd:d)ﬁ01ﬁ BR deskoliing sgidbrir willkw @mssilk ilettaotabyic hgents The
conditigons it is co S|derag % E gﬁ@% thanfh b
AFROPPATEER STRTEMBIET 1BIAI0R PHR behitel BID TPrggR gf the beta state
df e phdisin S BERB @ eRGBAIRAE' gl ands or prepared from

by dissolving spirder or silkwormsilk in chaotropic
agents. The

In one embodiment of the invention, the alkaline buffer is selected from the group of

alkalis consisting of ammonia, ammonium acetate, ammonium formate, ammonium
citrate, Tris/HCI, HEPES, PIPES, sodium carbonate, potassium carbonate, sodium

phosphate, potassium phosphate or a mixture of these.

In an embodiment, sodium azide is added to the protein in addition to the alkaline buffer.

Alternatively, phenyl thiourea, sodium cyanide or potassium cyanide might be added.

Also in an embodiment, 100-700 mM of calcium ions are added to the alkaline buffer,
preferably as chloride. Under these circumstances, the alkaline buffer may not contain

carbonate or phosphate ions.
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20 deconposition or premature formation of the
bet a- sheet formformation of the beta state of the

wWEe@iosT968 S t hereby greatly retarded. In one ePGDEPI0831014786

of the invention, the alkaline buffer is selected from
the group of alkalis consisting of ammonia, amoni um
acetate, amonium fornmate, ammonium 25 citrate,

Yihies c#lcium ipERESadded Ede akelineamifen theyratse copetizatsd sotution of

: ' 0 assi um phosphat. a

SR R0 By ot dhdlBRyeR RO A e ORI, B9 TR Bty e
stalole thah ¢het dobstpte sblefionsiofisitkdatbieinorTHegel diste fldkeddiin €his way can be

buf f er ternatjve henyl thiourea, sodjum X _
RRaPagF b SeleRiok kot oxaee PSpma sl This
Ean Wmckigaidiy@alysis AR0sTOBalyb flutiol c‘éhﬂdﬁi‘iﬂg]omsl@ﬁﬁl\dadded Q

to the al kaline huffer referably as chl oride. Under
?‘ﬁé@’éﬁd&WEWE@%ﬁE“e@%‘d (R4 s atipw adipiedt te PHTRY-7rfoith ammonia or

SedMrA hidro%iaé ROMMETRIS Bl ks @RSiundy %ng] A
PCT/ EPg%OS/ 014786 \,N%en. caﬁ?%?nve:sgﬂgmgégygéde {lo t’(l’%gl%mm
Kk 31 begemayaddyy, diglyrds ageingisien-fien watst. A cidier sask polyethylshe glycol
o iy 6 B0t ROELSOSEL il O] o e o
pigteis edncettmtion bpteytisodislysif. si |l k proteins. The gel

state induced in this way can be converted back to a

sol state before extruding, spinning or otherw se

irﬂhﬁbm@erteﬁgnﬁ)bﬂimenﬂ'dﬁ ilTﬁsﬁ)aﬁaalﬁ tHeenie Rireice of fy ggilﬁbﬁ/tﬁé Sirst

ai nst a dialysi.s solution contajining 20-1 nvi

S Rer el RS (SrPa SEm T Sode] Wit BpATARHh Erbnace cnergy
ath 4s pelshtetraflybrbethydené _§§T PE). 5128800 bndpddethyi@diod Bblycarbonate
hydr oxi de solution. This treatnent renoves calcium
V%WB alspihelgs fo-prpyeat prematyredormation of the bata sheet fasmf e tagtein.
di al ysis against ion-free water. In either case

E&Ihyet hyl ene gl ycol or another water sol uble polynmer
¢ pirpagpiteictie alkalingdutfemis yeither £ grserais fisrm or agplutine r Hatsie used in
' : L O reye di sis..ln .
Aol dpth RES b SRNGERIGAL Ioe R PLAGe S IR Susion
sirah e ellofed thaiffigb so tfthrolgh o parats or sémirprgecbqehiarHithe
forped fraomor, coated wth terial wth | ow

i Ba R b o SOOI o e bl ForB A5t porous or

§efipdrjneatsle inafidrans yt fepaaedl (el HBHuEBELsoRItioR @hy BAKIAB@IGhe flow
ich al so to prevent premature formation of

15 wh I el ps f ) :
PO SQIURR é‘l“r ?“bﬂ?%“_%‘?ﬂyﬂﬁ”él Bregiornibe syiface el the pentem gajution. If
inealalikebusfee isan b lofdeohSohh itRhh BRfusAAiBRAE BHS the PEIRiRSolftion to
solutign. If it is used in

render it alkaline. If the alkaline buffer is separated from the protein by a porous or
semipermeable membrane, then both buffer and calcium ions it may contain can diffuse

through the said membrane into the protein solution.
In a further embodiment of the invention, the protein is mixed directly with an alkaline
solution as this helps keep the protein in a sol state. Calcium ions can be added directly to

the alkaline solution.

In one preferential embodiment of the invention, sodium azide is added to a buffer with a

pH greater than 7.4. to give a final concentration in excess of 0.0001 M.

5



10

15

20

25

30

a gaseous formit can be applied directly to the
surface or surfaces of the protein solution or can be

w@bdoamemes o di ffuse into it through a porous OPCT/EP2003/014786

sem - perneabl e surface. If the 20 al kaline buffer is
used in solution it can be separated fromthe protein
by a porous or sem perneabl e nenbrane or a separate

Thecswmf prb‘@fnf aan b gither @htu@éﬁfol@ﬁéﬂ elyipinede doregample, ) tBo/disgsetion
& ag retlz’:hfngﬁa E)QOKS.’IH hBR %%é(ne#l@aﬁﬂl A¥RYerfleYPar&Rnerated
sur a e ’0 eln so ut IO al kal'i ne
dillsfsblation p:repanechb;gcassebmg sﬁkkwmm or glkrfibaésfin asba@op@@gw that is

S Rut RS PR R B, bRl DEY bl Bl
HAIOQUS. Dhe faﬁerﬁleﬂhwsejeeﬁ dineé toiendsefahin, the ttmagdwﬁ ﬂibrbmfofr epidroin

and calciu |on con fuse

RIS QF BOTRRBHES MSTo0R e%ﬂ’gr%‘?%cf’f’ﬁ’l%ﬂ“ss {13 s p PR

further enbodlnent of the invention, the protein is

m xed directly with an al kal | ne sol u thjs | :

Merqgengialdy) thea Oﬁsmé slored arqrepetitiyp awphipltlio %Cg ] ﬁP‘YBW‘é‘C proteins

Hid}arS PlePire@By cleical

e()tgfrﬁe?31 ggg&tt %g%%%%g%élﬁlt%g%yatﬁ e nlhﬁé\,/ ecglﬁ oﬁ[l iEJsodl }l,.lm

amﬂdss psg@dmmmelang)uf fer with a pH greater than

7.4. to give a final concentration in excess of 0.0001

M 5) WD 2004/ 057068 PCT/ EP2003/014786 The stored

mheadslﬁédn oftha ilventintih also solvraithymvicﬂin@a en'ethOd fordhasidrags ofa

SEBRe 5R Yy FARR g comparmen

gdé@iadkﬁ@', :tHb@raEmas &xpgssdas ah elttalimibukfes(@tefiratiin cpitaipmg ealcium

i ssolvin il kwormor silk fihbres L0 a chaotr.o

éﬁéﬁ‘% oHgm fr%d %%é)@ﬂ%ﬁfi fige. r‘%ﬁﬁ\&fg&mﬁ the; protsr fssmalatgmgd n an

M BvRdnnidReindh O HRMRBhLEOaRshaRiRALI NS or protein 5

anal ogues. The invention has been found to be useful

in the storage of fibroin or spidroin proteins or

I 'ﬂg?}grggiﬁgssa dl'bﬂg [e%'lfsto?e{ o'sEREOE fo?tsl oiiddbt 8% 280 %ﬂe@ LR N
/'or spi § generally, the proteins stored

aﬂﬁnmaptmﬂ¢mWEmamphlphlllc bl ock co-pol yneric proteins

or protein anal ogues both containing charged groups

and which are prepared by chemcal 10 synthesis or

@eseiption efihe Desvinggg The obj ect of the invention is

al so solved by providing a nethod for the storage of a

protein conprising a first step of placing the protein

IFg.a firsBéwsi Whageticasianon® fitst ehbodimers @€ o sbratatys, suitdtde for

protein is exposed to an al kaline buffer (preferably

cont ai nithRsteEETeiEeEiBs ons and sodi um azi de) for a

R§g 00d Qhold MohehRtiAdihdthm s 8 5@Bnd EdiBodih&Ht OF i Aparatus suitable

mai ntai ned 1 n an
for the storage of proteins.

Fig. 3 shows the results of effect of alkaline buffer and sodium azide on storage times

for concentrated native fibroin solutions.
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al kaline environnent in the first storage conpartnent.
This provides a long-term storage solution for silk

w@e@uesTes8 or t heir anal ogues and regenerat ed BCT/KP2003/014786

solutions. 20 Description of the Drawings Fig. 1 shows
a schematic diagramof a first enbodi nent of an

apparat us swtabl e for the storage of proteins. 25

[Feita iptien of the leventionc di agram of a second

embodi msnt of an apparatus suitable for the storage

of proteins. Fig. 3 shows the results of effect of

Fag. Kdk & sehematid dingramdilsspetinga it eisbodiment of ag@pht'aﬁnso stiitable

concentrat e e fibroi ol uti ons.

SO BL A pE 2D £l ira s A B TP S BmAme 20
viiéh they@din 20isfpl@ed. IThle proteif SlORIFB bohipAin@GE 30Ms connected by
illustratin a first enbodi nent of an apparatus 10

nagans oA Ripe ¢rgpbest WP agelkal sigrase spmpatmRnt 40 e Al siorags
coRphafeR 49 rsf&e%'aﬁ a%ﬁﬁ@&%t&ﬁ@@afﬁe'}ﬁ&gm%%rég% cBmphiuEbht B0 Bas
protein 20 is placed. The protein storage conpartnment
regierably doparbert s sta;ylallmﬁ impepalls viigheare magde em3s coatedayyith a
rﬁzlté@al kthtﬁta%\@gl%fag:tg gﬁ%&§ gﬁg)ﬂgf é&yteﬁgﬁlé)gt} lﬁﬁhéne %%'gﬁ@gﬁolyethylene
qnpolyearhorateorage conpartnment 30 has preferably in part
or substantially all inner walls which are nade from
or coated with a naterial with a | ow surface energy
Eiéphoteia zlpeai the %tdtﬂfl kmwgﬁ ebipareiat B(P%a‘ﬁ&:)e a rﬁﬁir@lqmmhem is
0.or ycar e Teproteln in the protein
é‘faé‘fe&g %8&% dissgetonof paa mﬁﬁ?ﬁ?’%ﬂ’l%‘?fé?%‘? Petglproteins
ih8luded Bﬁt%ké‘ﬁﬁ! ,hnfl@fl t& %ﬁﬁﬁh@pm@% Sognddi fﬁﬁ@ﬂfe'n@i’oﬂhfm;ﬁﬂate gland
ani mal . Exanpl es of such natural proteins include,

o seiders ef thegenusNepip erdfibreipipniein Abiained Epwm RspmhyrEgrifor etker
t
skb s a by *fhé &%&r%ﬁ@ﬁs&%gﬁéabﬁegﬂg %?fn%m‘gg socl?ngl;%@ﬁ%ﬁms or

br0|n proteln tal rom
r9¢ond:tnlra@t prommb@@ledfoy@ehétmnmeeﬁm Theveveniignisifertizr spplicable
) Q%O%%QIQ(II ? s%hR%HP {;] %gar%? %)Félss&pvuig si r Ot s%iurtll%nso contalnln%

nan prote ene engl neer
c'ﬁhcﬁrdpllwmﬂﬂs (Monesgeﬁeram;h étris thpydhit dﬁbihe 1nvent10n is applicable to the

storage of any proteins or protein analogues that are repetitive amphiphilic block co-

polymers and which contain charged groups, although these materials are not limiting of

the invention.

In the alkali storage compartment 40 several different types of alkaline solution can be
used. For example, the alkali can be ammonia/acetic acid, ammonium acetate,
ammonium/formic acid, or ammonium formate. These buffers are volatile and create in
the protein storage compartment 30 an alkaline atmosphere. Tris/HCI, HEPES or PIPES
can be used instead but these buffers are not volatile. In one embodiment of the invention,
the alkaline buffer is selected from the group of alkalis consisting of ammonia,
ammonium acetate, ammonium formate and ammonium citrate buffer. Potassium
phosphate and potassium carbonate may also be suitable. In a preferred embodiment of

the invention, the alkaline buffer contains 100-700 mM of calcium ions, preferably added

in the form of calcium chloride.
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to regenerated silk solutions prepared by dissol ving
silks in solutions containing chaotropic agents. Mre

w@emensioby, it is thought that the invention iBCI/EP2003/014786

applicable to the 20 storage of any proteins or
protein anal ogues that are repetitive anphiphilic

bl ock co- polynmers and which contain charged groups,
Rl thprefdhred babelimedteddiamsazalk és dotaddédriotthaygrorin 20 iehe first

t I n the al kal i t 40
RSB B A Py Bl A I U B poginent o

0 iefkbn, FithyEkRdiRaSsodfucydhida bt poid@siubecyania® i addare the
acid, annnnlun1acetate - ammonium form c acid, or

BRI Am f or mat e. These buffers are volatile and

create in the protein storage conpartnent 30 an

al kal i ne at nosphere. Tris/HC, HEPES or PIPES can be

I thenentediment pf thi dnsenting shome in Fig. Aohe pofein stprage gompartment

P08 SGERRR IR0 il Work e ¥l 4h BE nta bt B Herpfebte or

mrmlmhanbrsﬁb @hiTbe senm-moetahtesr pammbmhraho 6®ra1ﬂcaNHhejpassage of

BOE BeTRn b, 0 bE s hore) 20 kAR b o B REPIRR ;S PAinent 30. 1o

e el ait fada ssligiimeddle Iﬁémbl’édihﬁls usedepdlyetinlerelptycal danlbe raeded to
uf f er. co ai s 100- 700 cal ci um.i ons refer i¥

g@ Eﬁ{ln {e ?t&ﬂn,ﬂfélp Q. 5(5@4 MIRFOSETBYS w@er 1'1;0 € protem solution in

QIR 40RB e Corhp &R0 BY Bl Eré8Bialykis. ThiRr oS @Fct@tances, the

enbodi nent sodium azide is al so added to the roteln

pylgoplar weight of dhe podyeryigge shispipued mavibe pbovadhg WP‘GPPli‘deelght
\ﬁ%ﬂ%fﬂﬁé §eﬁﬁ%&ﬁ‘1§z§b%’ rn]ellrlpﬁlﬁg C?cilér‘f)t)ﬂiﬁ{ehvcﬁn %QJH&QI' 1H?rﬁ§ WQ}t provided

e I nventl I ourea, sodium cyanid
pot thewdna wiatsy awiuue an@ arg oflefficienttsize to peong thqmzﬁmm Bassmg through

?EQ&%&HH%&R@Q Jrent of the invention, shown in Fig. 2,
tein storage conpartnment 30 is separated from
the al kali storage conpartnent 40 by neans of a
oro nenbr ne 60.
IBH SEEPRERE Endfe npRnRY T ErEAe soual By igment in the first

PREFARGEnOI0 for @ PeridPofahBEehé0es dhelnGhutt bex ;ﬁéi@faﬁlyrfoﬁlﬁbnods of at
stored in the. protein storage conpartnent 30.

In 10,
Toagt 2Bwhttes s Peried i tipefeead o hegHspaof the Hﬁgt@?} 20, its initial
EH' Rkt ?eﬂrﬁ)eﬂlltl}f@ Qhe ﬁﬁﬂc@ﬁe@@l{qﬁ@p&féln ﬁd'@(paéelﬁ% tHeQjkaline

fer solution of up to 70% wW v to renmove water from

uf
tbh%erpﬁh@ distancasbrapeh sindhiihe alkpding bufferiinregrisndeg diffuse to reach all of
:}}?@téﬁl% ha B% bﬁﬁf\éﬁﬁgsgapgéiﬁésyo% kl%‘pré‘égiq(?b ah88Bfe alkaline buffers.

cunst ances,

In a preferred embodiment of the invention, the protein 20 is mixed with an alkaline
buffer solution such as ammonium acetate or ammonium formate having a pH higher than
7.4 and a concentration equal to or greater than 0.1M. In the preferred embodiment of the
invention, the alkaline buffer solution contains 100 to 700 mM of calcium ions and in

excess of 0.0001 M sodium azide.

The suitability of different alkaline solutions for promoting the stability of the protein 20
was assessed in two ways: First, small drops of concentrated protein solutions were
dialysed against different alkaline buffer solutions for time periods of up to four weeks

and the gel or sol state of the protein solution determined at intervals. Typical results are
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nol ecul ar wei ght of the polyethylene glycol used nust
be above the nol ecul ar weight cut-off of the

wa@ espsToseabl e menbrane. Ot her pol yners can bePCBHEP20051014786

this way provided 15 that they are water sol uble and

are of sufficient size to prevent them from passing
through the dialysis nmenbrane. Thus the protein 20
gamniieFigrie isnewtly, tireovaligiteofthis pppreashgrds gonfomed py attempting to
%plrn?rrgﬁrgg Bbmls St ahl IQ/glufrﬂes %ﬁ?m&ﬁ{%gﬁﬁﬂgﬁéfé&mg ct’l‘ien?fo[iJ %{ffe(gglt gengths
of tirad in caﬁ)tatt@aﬁt alEﬂmmbnffére,sIn tHis scs:opab appmhchf a lmonmenenc spinning

t LI t t tial
ARl T Rhewa v ek el sthct AP B v s foq i Bea
fhie &aChifgs2dT vehigloge Ehcb@)ofalt& }ﬁféfrﬁlby ﬂ&&r&ﬂdé F®sts whth&he biomimetic

dlstance throu h which the alkaline buffer is requiyed
FRinrRg Jeyics heyr %%eg{eﬁhaéme pEgtein 2 §oddR gpTHack yith g afpsphere

basirhiea it @emea&mca{ IMQ%IMnﬁﬁﬁhfhr&Qd@Mutﬁfn chi alu be spun fo

al kal i ne buffers. a preferred enbodi nent of the
makenthresd, fikrpar %llame@i arﬁtexz«zneu veelsi Thedengith of tine or karagp ean be
I G ppacetate or ammoni um
Pﬁefﬁ%{aéﬁ g%gﬁ%&g ﬁlﬁ, %ﬁ%%ﬁélhj 7.4 and a
concentration equal to or greater than 0.1M In the

ef er ' ti.on
A e o e S
ﬁﬂbd:msnlt ey Qs de afeddo @ﬁﬂﬂreé&n@ﬂtﬁd&ﬂuﬁdﬁsdff fibddin dlespidroin both of
b|||t of dggysre t. al kal i ne_sol utions for

H ‘f ré:pgrte 15§ v18$ S én £ Stpgxl this ?Hatm%@ an appropriate

&ﬁﬁtﬁﬁﬁﬁﬂtai dgta/\shaw@mﬁc (Hylfostn bend®dakiAE PO One example of such a
concentrate rotein solutions were dialysed against

GO e AT KL Y6/ B IR RERE 06 BTIWTA HEriymm bromifeandeAbselu ethanol.
of up to four weeks and the gel or sol state of the
rotein solution determned at intervals. Typica
sauple & Bitens®n ofStrep4Vios 7068 PCT/ EP2003/ 014786 shown
in Fig 3. Secondly, the validity of this approach was
confirmed by attenpting to spin fibres from snal
Vrothe i wiig qaopl, thespirageition inétt@rled fovpraign sbletiods @bmprising

different lengt.hs. .of tinme in.c act wi th al kal.i

sl pERERora P eSL af Al TR slBec B et daed Bombyx

am{hrmirmg soldgon Gecoatentrtied gEd@mEolutiyh ebidRSE Froahk inBjoPSapuliate
&%H?gk' n No. WO- A-01/ 38614 was used, 5 the teachings

§a Eep %“*%%%rporated herein by reference. Tests

with the biomnetic spinning device have shown that

the protein 20 stored in contact with an at nosphere

it fishtterithairdien apBtion e rapaigred o dialy Snbas (MO 5-8 kDa) and
Y pidifn Sl dbd ARS8 ReaRist A LotltonTBHRintdg 20% wiv PEG (MW 15-20

kDa) and 0.1 mM ammonium acetate puffer of pH 7.8 for five hours at 4°C.

The protein is gelled by dialysis against a solution containing 500 mM calcium chloride
solution and 0.1 mM ammonium acetate buffer at pH 7.8 for one hour at 4°C. Sodium
azide can be added to the dialysant to a final concentration of 0.001 mM to prevent

bacterial growth.

The resulting gel can be stored at 4°C for at least four weeks.
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make a thread, fibre or filanment after one week. The
| ength of tinme for storage can be increased if sodium

w@z2i0dms70s8 added to the protein 20. 10 The appaPEl/EB20a5ei4786

met hod can not only be used for storing natural and
reconbi nant proteins, it may al so be used to store
regenerated solutions of fibroin and spidroin both of

Thbteshitihged chebacqivepartadk oy Bl Bdihlysie ggfnst Bﬁnnaﬂ\eatéﬂc@m
this ot ins.in an orlatg solution containin
ograBt PSR RYJEe EERRD BitectF A SHGOMRR Lo RRSIoB PhfBpvise
f@{mﬁsgmaogea& chaotropl c agent is a 50:50 v/v mxture

of saturated lithium brom de and absol ute et hanol .
Exanpl e 1: Extension of Storage Time In the follow ng

ERXAPRheDehbRta i ﬁg@ﬁﬁr&% ét@re@ﬁst £8498fof BlspRhak & QBombyx
E R ob

sol utions conpri sing wor m pr ot ei al ned
nforigitkwhen.si | k gl ands of Borrbyx nori, regenerated
Bombyx nori fibroin solution or concentrated spidroin
sol ution obtained fromthe major anpullate glands of
Tie pthiclodl tredfitde@in sn the posterfiary middistaed podteiop pert eg'landalalr)utfithm

f d.t ba
ool diBRh PLIBCEG &Rl u A Renatsest oL hy ifession
uﬁdmfaébhrmcﬁllgr ﬁlﬂﬁ/os&bpe a}??@fe(rdw\éti%s %Dtéle lfsiﬂa&c%rﬁﬂﬂdeﬁelbpﬂi%t Glands
S R S By e et e oo 7
f&cdbgsrva{amcm BhtRFAGn e Quridd stath mm éf)?éeﬁ’i fodR 1n1§5’l|lyJ;§rb§éHt asa
and 0.1 nM amoni um acet at e bu .8 for one

sl 1l slpgesap vshhithg Analgusta 2 fee dwrbeﬁpée a‘tf@@’él snlmunm@mmences
fa

lgaai il oy ARBANIEH APl S

cuttiog & dact (Aﬁ,teﬂmrpagttof thecpmteribodivisioe pacsoss afd wiChing whether the

iﬁ)gg)lrdf / %35/ 7\9(512% Béﬁv’l//ogtﬁ ?tQ&Q %/do r}lﬁgsgrgteg Ihaf thg?‘z)rclgﬁ gvgggxt%sent asa sol n
thiis Sivisidneichnvediately prior taghdditing ];ﬁhﬁnmg/l @ﬁd@)ﬁbﬁﬁﬁg dommiefies, sol

%ﬁ%ﬁ&ﬁéﬁg&rs&% I}:)%}.p%%’alte%I }it)f!ggrgﬁ ngr aclgw tﬁﬁﬂ C SCH{ dope as the size
DGR tgraaa dpminished d\frin@ kihing. srhsst déhfbﬁstﬂﬁes&hﬁ gkl @frha@bn was
Spi nni_ng nmori sil kworm The state of

th
FIBRR P W@%&éﬁ%ﬁl%ﬂd Sqlnf%maeora?ﬁa%@k@é e dloviefistlk dope
doShandslcafol sgihnibfe

Example 3: Effect of the addition and removal of calcium ions on the sol/gel state of the

stored native fibroin

Solutions of fibroin dope were obtained by diluting the pooled contents of the middle
division of the gland with 1 ml of 100 mM ammonium acetate buffer containing 10 mM
sodium azide and 100 mM EDTA adjusted to pH 7.8 with concentrated ammonia solution
or acetic acid. These solutions could be rapidly gelled by addition of 1volume of 1 M
calcium chloride to 1 volume of the fibroin dope solution or by dialysis against 500 nM
calcium chloride aqueous solutions. The protein could be returned to the sol state by
dialysis against distilled water or 100 mM ammonium acetate buffer (pH 7.8) or more
rapidly by dialysis against 100 mM ammonium acetate buffer (pH 7.8) containing 500
mM EDTA. This suggests that the sol /gel transition can be induced by the addition of

10,
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anterior division of silk gland of the Bonmbyx nori
si | kworm was assessed by dissection 10 under a
wbrewaosioss m croscope at different stages in tPEI/EP2003/014786
sil kworm s devel opnent. d ands rapidly renoved from
silkwornms were transferred to sil kworm Ri nger sol ution
(pH 7.8) for observation. The material in the |unen
caddiurh iensghdifie gappedresatsod toarevari tpitlzd doY stpte by egrnovang the caleihim
.at all .stages up.until the fin i nstar f
eargy 180 SGRE B g Skl O Ryt Bl e for ays
ail i0d«d wasksindled gel pordditicand during the initial stage of
cocoon spinning. By 15 cutting the duct (anterior part
of the anterior division) across and watchi ng whet her
Ekdifple i IXFQ: Bf i@ WHHdditoh B tefidal dntthe\@Srage AL ¢ Ao
that the fibroin was present as a sol in this
sdptiansi on i medi ately prior to and during spinning.
Once spinning conmences, sol formation appears to
propagat e progressively backwards through the silk
Adopesnisted fibrogh sdutionfwastobtaipiefl Rndygediad byl theiadiisire af HiYk sahdum

cﬁlgli’ié]en%siqlg fies}m)g'd iﬂ?ei‘i@?fe%%%é Ie bof %ﬁle iﬁ %%ttféég#l ¥R Bstored

essen or sa orage o he sil
sthblly M4 state tkes seult be turficirinto haof byoemotal of tdcidmpens wisgsted. To

the duct far, spipnjing., EX 3. Effect .of the
s Bt B O et ok e R e o LR, e tken
a§c_1 %ﬁrﬁqdikft%ly Realyssd @g&%t nag hﬂduegmhign?mﬁﬁtmkmt @(Bll’fs 8d)afontaining
i broin dope were obtaine y diluti t ool e
SHORMEEDE AP heHeo At s PHCpRG Gt Ui SR ROERhEeuld e safely
t1%hsfOimed Gito AN RIIEP RbMBY BF 8f 184s€ fRb vk &ls. BPEnRastithdsol oriidd in
sodi um azi de and 100 mV EDTA adtj usted to pH 7.8 with
thecbeane pieadaiuraiansPeld salyibeisered for S-S dlays # 4depeforethiggaed a
ittty it Mhichoh Pl bolooiferdid Pol 34el by 0 atiion of further
HO'Tx. ofimildopeultsovant plgained using regeakratsdsill sl ity prefgoedin

al.ci chl or | : . ti. fhe.. ' S
GRS AL U B SRB ERAPORy OB L R ion
adow mdldcalir waight cud bf didsisbhgiSpeouiopon HCEDa) agatnsif« sotutibpH
7.8) . or re..rapigdl i al ysis against 10 .
chiibinetel adaish 6% bl o fefiess B fitaotRinag et e et
15RDA) . Thé Sel peg@RALS atifliag cAEiBmS6ds ak gBdvetts alisiohiton waidRowever
be induced by the addition of_ 10;" 2004/ 057068
ersiienivsy Bifhthasthatehtaingdhyisshive 2pEva EoPel can be
caused to revert to the sol state by renoving the

calcium ions again. The cal ciuminduced transition
appeared to be reversible after storage for days

11
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and i ndeed weeks in the gel condition. 5 Exanple 4:
Effect of calciumion addition or renoval on the

watanagwedf native fibroin solutions. A concePCT/BPBA3/014786

fibroin solution was obtai ned and gelled by the
addition of 1 Mcalcium chloride as in described in
Exanple 3. The length of tine in which the gel could
be stored 10 stably in a state that could be turned
into a sol by renoval of ceBAdMS)ions was tested. To
do this sanples of the gel that had been at 4 C for

dAﬁ;fa%es%r 1heBEkARS 00k plotdiB(20REEnirRkR ﬁramrﬂpmems@lm
di al ysed agai nst 100 nM anmoni um acet ate buffer

ﬁt@)ngdbwra (8 amsizosepandcompartnggid £0) Sy stripgep 611%1“13 buffer
@6) filsebnliRek Fsﬂaﬁelﬁ oy bifly f M@ b&nasﬁlcﬁwv@hmﬁe gately
transfornmed into a sol "after storage for at least four
wealpgrtment (80t rast the sol formed in 15 the absence of
calciumions could only be stored for 5-8 days at 4C
before it formed a polymerised material which could
nAppaosucanvdingeo caon &, wekeie thealkaling heffea (hdi) torvaino¢alcium ions.
further EDTA. Similar results were obtained using
regenerated silk solution prepared by dissolving
deppamarerhcsodding to cRind 1 M 2,ivitekeinmibb hikaliskebudfed () &l sglbd from
the resultant sol .na | oqw nol ecul ar wei ght cut
ot groap v plkalied fg{?é’&“@‘u‘dﬂtﬁﬁ‘m&?ﬁ‘k 5“103@&%@“&1136%}?4 on
2neemhal 1Bintde, HOHONMHEPER] PIFES %Mﬂcaﬂﬂinﬁﬁt ésﬁl'ﬂﬁl carbonate,
gl ycol (nom nal nolecul ar wei ght Da) . The gel
piodiit pltpsphipie @iapiiine ghaspleais ?rmmage a’btéa@s@ to this
sol uti on was however considerably less stiff than
that obtained by gelling native fibroin. WO
2&@1@#@687@6&(1?@1% ERPOBY 47 Bl8imsCivAe1B the alkgimabaffery(SO)or
{ELn (20) conprising a first
Onmﬁég&%%%i@ﬁﬁhémg(?'storlng the protein (20) and a
second conmpartnment (40) for storing an al kaline buffer

( t he second co rt.men 0) . bei ng fluLd
BRI SHE PG ELp e PEGe FIEPE Plab o ROSiE CHEHEA S B rer450) also
Apnadiad sedivacaadedi Ng to claim 1, wherein the al kaline
buffer (50) contains calciumions. 10 3. Apparatus
according to claim1 or 2, wherein the al kaline buffer

( ﬁg%ariltﬁs SRbREIEE ohy Qﬂt)he Eﬁlﬁle OaRhPw e 2 1KARL %eﬂ'ﬁoft%h’é fuBfase of the

i ncl udi ng amonil a sol uti ons, anmoni um acet at e
atnvervalls of grenfirstecompaitegné0) aHF_fPE@d fmrPEB:oa@ddvltlm material with

CQ%R&gg&gmmgggaSS|un1carbonate

Apparatus according to any of the above claims in which the alkaline buffer (50) is in a

gaseous form.

Apparatus according to any one of claims 1 to 6 in which the alkaline buffer (50) is
separated from the protein (20) by a dialysis membrane (60).

Apparatus according to any one of the above claims wherein the protein (20) is mixed

with an alkaline solution.

12
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sodi um phosphat e, potassi um phosphate or a m xture of
these. 15 4. Apparatus according to any of the above

wa@b@umsioevher ei n t he al kaline buffer (50) conP&i/EB2003/014786

10.

11,5

12.

13.

14.

15.

16.

17.

18.

50-700 nmM cal ciumions. 5. Apparatus according to any

of the above clains, where the al kaline buffer (50)

al so 20 contains sodium azide. 6. Apparatus according

t O\@Bﬁﬁn@facédﬁ@ng I:w:he atlvaclanswiedrein de pre@at(2@ds mixefl withent least
surfahé?ﬁ ;){I n s wal I s of the first conpartnent

( 909 215HEC PR e alf”f or coated with a material wth

| ow surface energy. 25 7. Apparatus according to any

of the above clains in which the al kaline buffer

0)
i $PpHalys agpaEling @ clagp A, veheroip Bigrehleaty one @Balmerb@ffﬁrosaﬁt Ay sats
091@0 QJntzﬁhsab&@urﬁ ah@e Bhld) Wb EJ&@%%&% deRe Qﬂﬁsﬁlﬁﬁ cyanfik.
O separated from the profein by g di al ysis
rrerrbrane (60). 9. Apparat us accordl ng to any one of

i PROZEY S5eph T oBEF Bt DEROE ST 1 Gl o T4 sotuion i

P@T/Mﬁﬁmﬁﬁlmuﬁ&ldﬂ emmapuar atats, ammonidhrfgrrnaje taimmonium

"8 EHATrIES) REPE AP Siboup 2okt dn B St hidhA

Apmpaette@oaesim phesphite befifeionh hlixtunsh€ fRbdbiffee wath alpeBgtater
one al kaline buffer salt or salts 5 al so contains

Pt azi de, phenyl thiourea, sodium cyani de or
pot assi um cyani de. 12. Apparatus according to one of
any one of clainms 9 to 11, wherein the al kaline

s érpmm@ﬁ agcording tp agy angRfriheshons elris vhereim ewi ofthe alkaline
ag 60) iOPIRR} 4l 7 @r mat e, anmonium citrate,
tr?%/t}gld)l Pl PES, HEPES, sodi um carbonate, potassium
car bonat e sodi um 10 phosphate, potassium phosphat e
byf § tu acc ttolér {he ago%%%l l&lﬁ rrel\r/lmtltlehconcé%lllﬂra (0] tﬁe
1 par at us according o oné ’}
abllmhiecﬁuﬁeﬂﬁoy\bmmbﬂneﬂ fb&ffﬁl’s-lism‘quilhe oagrkaén than 0. MHM er
(50) is greater than 7.4.

Apparatus according to any of the above claims wherein the protein (20) is a natural,
regenerated or recombinant protein, a mixture of natural proteins, a mixture of

regenerated proteins or a mixture of recombinant proteins.

Apparatus according to any of the above claims wherein the protein (20) is fibroin or

spidroin or a homologue thereof.

Apparatus according to any one of the above claims wherein the proteins (20) are
repetitive amphiphilic block co-polymeric proteins or protein analogues containing

charged groups and which are prepared by chemical synthesis or genetic engineering

Method for the storage of a protein (20) comprising
- a first step of placing the protein in a first storage compartment (30);
- a second step of exposing the protein (20) to an alkaline buffer (50); and

- a third step of maintaing the protein (20) in the alkaline environment in the first

13
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15 14. Apparatus according to any of the above clains
wherein the concentration of the alkaline buffer (50)

woroogosiossied buffers is equal to or greater theeT/@PDASN44786

19.

20.

21.

22

23.

24,

25

26

27

15. Apparatus according to any of the above cl ains
wherein the protein (20) is a natural, 20 regenerated
or reconbinant protein, a mxture of natural proteins,
a shirxgelmompoeftment€d@®ner at ed proteins or a m xture of
reconbi nant proteins. 16. Apparatus according to any .
of the above clains wherein the protein (20) is
NIAh&d dbcordingap clin®il §) whierein the peliabifeinidfer maintaiidg thé protein
@ﬁgar%%%s accordl to any,one of the .above cl ains

Bt trﬁét%?%?tcg ? 0 2t lqagt e MR anphi phi | i ¢
bl ock co-pol yneric protelns or protein anal ogues
contai nin charged groups and which are prefared by

Aviethedagcomging:tp é@m@, 13pr Heibeich haglkrasufig G6) qogtains hlcium

hod for the storage of a protein (20) conprising -
a First step of placing the protein in a first storage
conpartnent (30); - a second step of exposing the

%{I S ?ccgl%o r}rﬁtg%nggﬁﬁilﬁgllk Z(P WFE% tﬁé 91%(%11&'11@1& 160 ilglsglgcted
Gfmﬂll ﬂﬁr@ﬁ(ﬁm}of |alkahﬂireblffferssdonmﬁ&g\ﬁ@aﬁﬁﬂﬂia&ﬁlﬁﬁ&& ammonium acetate,
PCT/ EP20Q3/ 014786 t

A RGHT COPL R PBRE S T80 rars: PR isdt cponate,

tdoiRsili@lcalbdhatt, asbwmg)hbma@rm@mm th3€hhaterdr b exfutd Flhese
storage conpartnment (30) is at |east one mnute. 5 20.

Bd according to claim18 or 19, wherein the
al kal i ne buffer (50) contains calcium ions. 21.
Met hod according to one of clainms 18 to 20, wherein
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