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WO 2006/125821 PCT/EP20061062628 -1 SCALABLE FERMENTATION

PROCESS FIELD OF THE INVENTION This invention is related to the

field of protein expression and fermentation technology. A process for the

efficient expression of recombinant bacteriophage capsid protein in a

bacterial 5 host is described. The process leads to high yield of

recombinant capsid protein which is capable of forming a virus-like particle
W/ RP8dIf-assembly. Furthermore, the process is scalabfé Hidif96/062628

laboratory scale to fermenter volumes Ihfger than 50 litres.

BACKGROUND OfCHIRABIME NEFOXENTRETEN PROOHEH strategies

make use of viruses or virus-like-particles (VLPS) to enhance the immune

response towards antigens. For example, W002/056905 demonstrates the

utilitrf LV ICRSTHE &oaENanaoipresent antigens linked thereto in a highly

ordered repetitive array. Such antigen arrays can cause a strong immune

respeRkanvenpahtic WaitanbagyidasEonses againstinad fekesantigesmacdgy. A

Ghcesy Tok %%pe % J&rﬁ%%s‘f'l%g B@%&B%H&PM&&%%%HQ&%#@E&@J%@@E% a bacterial

owards 15 self antigens. Such antigen arrays are‘therefore useful in the

s i reTibet-VEEAIHSS SortARtothagh el b F SRASIRIBYY eRtid Benteinphich is capable

dllengies aswredllds ferthle €icknlindbatiomiof sElirspeasific, fimmuness is scalable

£RRPRDSSRE i A IERIMAR,E! GARCRI BB RALoId arthritis and

various othér diseases. As indicated in W002/056905 capsid proteins of

bacteriophages are particularly suited as 20 antigen carrier. They have

beenBstdnirOLETItIZN AV ESFaEdaMBle into VLPs upon expression in a

bacterial host (Kastelein or al. 1983, Gene 23:245-254; Kozlovskaya or al.

1986R aaklvéskmatioN sitcBSSRIRBEIS- 40} dvidresiiks; raspdie (Bfioke)ns enhance

g hasiarorhadessHER s ARHNeH oMb P stidtls b RERCIR: wility of
Engineering 6(8)883-891), Q(3 (Kozlovska or al. 1993, Gene . ] o
573858 (3 IRRE BT AP ) PEb S TERAI SN oL Eelivs s S

49198n FESSche @S 25234 Mmuparspis:. 2 \p092/12c08 bofasticnses. akamnst the
1993 ~Japkn sh Ohe BRaral e btcadinddic SduRteakehad RO YRGEHIB towards
1§é251-258)§13ﬁ/e een produced.in bacterial hosts using inducible . .

Sl ganiigens. "ol aniecn ayS are nerciore us 1 1Ne pr CHOn Qr Vi 1Nes Jor e
promot{ 7S stCh as the trp promoter of a trp- u5|on§|n the case of it an

osyrenied infretiors ietatct SR IPESs 48 Wduwedrstip sthrise! fifipdra gfactfspecific
Mond): Theodse,of inducible wpeamatess taherneaficiatatod waidipossiblearious other
gggg gffects of the recombinant capsid protein and the 30 metabolic

urden of protein expression which both might reduce the growth of the |
bactetindsprd 8B AL 8, Ry al atirbapro deauirataly, suited as
kioigeverritheTbxp tessiorsystems uffed-sdy farl fosstndrXpre §3iBmpbeapsicsion in
RraisinaiafoRakigrpRNR0GRS 19RYeRaEn ARBleskin s MAILISEAIS: al. 1986, Dokl. Akad.

fermentations, i.e. in_laboratory scale, and smal] WO 20 /1256%1 ,
E@%‘/%%%%Wdé%é . Morcover, capsid protens of bacteriophages such as derived from fr

(Pushko et al. 1993, Protein Enginecring 6(8)883-891), QB (Koziovska et al. 1993, Gene
137:133-137; Ciliens et al. 2000, FEBS Letters 24171:1-4; Vastljeva ¢t al 1998, FEBS Letters
431;7-11) and MS-2 (WO92/13081; Mastico et al. 1993, Journal of General Virology 74:541-
548; Heal et al. 2000, Vaccine 18:251-258) have been produced in bacterial hosts using
inducible promoters such as the trp promoter or a trp-T7 fusion (in the case of fr and Qb) or the
tac promoter using IPTG as inducer substance (in the case of MS-2). The use of inducible
promoters is beneficial, to avoid possible toxic effects of the recombinant capsid protein and the
metabolic burden of protein expression which both might reduce the growth of the bacterial
expression host and, ultimately, the yield of expressed protein.

However, the expression systems used so far for the expression of capsid proteins of

bacteriophages have been applied in small scale fermentations, i.e. in laboratory scale and small
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-2 batch Mhures with volumes of typically clearly below 1 litre. An scale up
of these systems comprising volumes of 50 litre and more is expected to
diminish ins great extent the respective capsid protein yield due to
inamasedpramoter leakap or low p id . on. A fardier problem associated
with commeroially desired high-level expression and rapid 5 accumulation
of reocu2bintmt capsid proteins of bacteriophages is the formation of
WEHRIBHESEY folded protein species and the formation of so celfeaineiesiznes
bodies, i.e. protein aggregates, which%re insoluble and which may

bizeykedel Rk dsmsareampmgesmﬂﬁwwf@m@@%mm@% M%ése Systems

c&gﬁﬁ&g q@g%regt and of protei
which lost thelréglllty to se foe to%L S avgol%gﬁ%poﬁ %%ﬁ mgpmw
CHIASI RS S REsEasth BEmIAeT dsRtRer m@w@m@m@m

afteﬁlfmﬁ:r' pmhlcma(m&stgdthatb Wﬂguwmma@awomm rapid
Q&MQQQ'OMMW %f Bl »,'..-:. 4,1 ‘.'. E%&Q%L i%cerrecﬂ,y

mblnant ca rotein ma refore have a negative impact on t
f°‘%°|% gsa Lo %95 R P56 FeEBHB Rpfissnbs SHvER Agmegaes,
WW@ @mﬂm@m s@&ieWé@blrmth fimbestdivrsbimant ploassses. Thus, for

bﬁﬁﬁwwﬁmm?ﬁ&?%&m&ﬂﬂﬂﬁ)@&? : f%ﬂa? protein speces
ressli (0] ompin ca actcriophage goa
pr%%E@?%woﬁ%%ﬁ e e B BV e R e o proein wa
SYERSESERAmifY iPraRl ristheyMeyed v Thertemertiaien IR SO lnttetiva ctidngs tof pET
efmmh sigkipro(Biabsima mmmctwoa%@%ﬂ&@mmﬁ(m :ohigct of
the %Qﬁ!l!! t '[ SS 10 expression )
i reC(frﬂr%sinant cé%gsg%rgigﬁr% OL?SO% terloc?agemv‘v?ﬁ‘gh a\yo'%mor FhiBTRi 2 SEERIe
ingmrt R RR S RE ety g%w&%yé?@f%mﬂ@wawm%&’é&@a@w s
- cpereciE nealh rekises Chia '.‘:‘:-:a‘.'«- scalable
Prsuehbraslant iy and-the If-
: g*%mw a‘t%gn O INSO Ugﬁéﬁ‘f‘%]?rhﬁggf lcadmg

assemblance to VLPs, and wherein the form

3R POHES P FORERT SRR AL ST 0B e ngmabiine e salfepermbiine ke VLEs,
wiitrehyithsl Gyenesics lof dsabikicpheciws iftexpredsionut. & minimieih andvoided.

capsigRiaein o8 JB%@IQE' SR PSRRE OG0 on of =
ble f“for ing.a Vv self ssem %%/%sal rocess compyrising the
ecf’eps“m}w'pa VK Liiig ucmg an expre%p%% o SHGRrS af gegvantage or
digpdarairEenR] EePEgsh PRESHRS @ﬁwmm@qﬁaemmsmmbhmma commercial
saaﬂaemrsmlwam@rﬁs&wsﬂmaeﬁaw&ﬁ@ @h@ﬁﬁbﬂbﬁi@@&l%abmw of self-
ggﬂﬁg e re ant caps to
agmer%tﬁ%%%%%??ﬁ%?notcr elng?:llgsg%g%mf{' o;%fg ?ps‘dmmm

TRIRRPSE A5 R gigebacterial host in a medium comprising a major carbon
source; wherein said cultivating is performed in batch culture and under
congitigReaRe ervwhis s pieoter is 35 repressed by lacl, wherein
said lacl is overexpressed by said bacterial host; c.) feeding said batch
WO 2006/125821 PCT/EP2006/062626

The disclosure relates to a process for expression of a recombinant capsid protein of a
bacteriopbage, or & mutant or fragment thereof being capsbie of forming 2 VLP by seif-
assembly, said process comprising the steps ofi.a) introducing an expression plasmid into &
bacterial host, wherein said expression plasmid compriges an expression construct, wherein said
expression congtruct comprises (i) & first nucleotide sequence encoding said recombinant capsid
protein, or mutent or fragment thereof, and (ii) s promoter being inducible by lactose; b.)
cultivating said bacterial host in & mediuvm comprising & major carbon source; wherein said
cultivating is performed in batch cuiture and under conditions under which said promoter is
repressed by lack, wherein said lacl is overexpressed by said bacterial host; c.) feeding said batoh




-3 cuburc said major carbon source; and d.) . mducmg said promoter with
an ' inducer, wherein pmfembly said feeding of said bawb culture with
said major carbon source is continuetL In one aspect, there is provided a
process for expression of a recombinant capsid protein of a
bacteriophage or a mutant or fragment thereof being capable of forming a

WO P44/ 135824 -assembly, wherein said bacteriophage is an RIGAEP2006/062628
bacteriophage, said process comprisingthe steps of: a.) introducing an

it igrdnimi i I il ) Gtimuing il Sed Srinrind itlerein
or QN 888 CARIYRED B with SR BRI SYRFSRIRD i C ORRIRNEE
In 899&95%%‘?%}(&@1 It ﬁHQJﬁQBﬁﬁé? SIGD gfnzg é@é&ﬁﬁﬁﬁﬂ?ﬁ@ﬁ%mem of a

capsid protein, or mutant or fragment thereof, and (ii) a promoter being
bac"enopharﬁ?j‘i’fcarlﬂ’éw tactose; b.) cultivating said bacterial host in a medium
ﬁagumﬁrlmnmmgc&méhlsmfc@@m@m selePcitvaetcpssepeiprnvdetrein said
babieHajihgidiuie RING baceriophaiiosaiiplorswisingrisinl e etepdsr:
| rep{,ﬁgg&ﬁg Iacl whereig-saiddaghisaverexpiassed hyssaidnhhagtedial expressmn

host; edin sald batch culture with said major, carbon squrce; an

indd af? eVt T RS ce PR gin WA TEL AR o?}?gﬁf%%?c)ﬁomm
culteEPRAgs §xid @@}oﬁt@éﬁs@@%@ﬁzﬁ@@%%sﬁw@@a SEHicTeReENyise capsid protein,
providastant el isigesmcthtatiof) arddetsd ordhmexraagitmiofibledpsiatiose;
Prﬁﬁiﬁ&%ﬁéf%iﬁf'%éﬁﬁ‘;ﬂgiﬁh@ farttaamﬁt'%%&ﬂ t?gs ¥ carbon. source;
wherein the process is. scalableto a comme ction scale an

erein § Eu:to gﬁ"fl& 8 nl; fclr? é) %.W 5‘ ger &?%&Pﬂs under

whe e expressmn e e capsi pro e|n g i Improve
of sHRiBReSESORTARRETR PRSP atdumReERi SoIUIBY ih prsveepressed by said
repiessiaal dibtie promoter during the growth phase and high plasmid
c. yetemgtw@mt&a@uera@maﬁawm@aﬁem rther avoids
a.formation, fs&ﬁ %Q&o?é?kgi % &h”s%}&‘ ?%al batch culture
urlngt e pro ’uctlon )

xpressm rate ccurrlng ase nap erre
|5‘b‘ﬁ§6é5|§°§ﬁﬂiﬁ%actenophage More preferably,

- ga'q:ﬁ'\&éﬁbaﬁt &Qt@ggaaotgalﬁ@ﬁ%tm ghﬁag@m&gagtétm gt} -2%dpsid
acteriopnage. cler age er. elr,
PI%tg%rtenopﬁage acterlop a eaS E’BS&F Sﬁﬁ@ge J%g process is
mm&t@wm protein
wmteﬂa&ba@ey%wafbame ca,-amgpx%& aI'iﬂslm), aamtﬁwﬁaw% by improved

”Eé%%ﬁ%tulnant%{agrf.il;sﬁ%IA ofe n%é%)%%%ﬁ éor aF’M %@éﬁ%‘g Hroughout the

PIafFfih oL ae) GREERHIER SR ST &Y @FB@B%H%?&H‘Q‘%F SR RsEy@Es by
hﬁﬁ@ﬁbﬂﬁﬁuﬁﬁ@éﬁ:&dﬁa&o&ﬁ@&@ M@@@%&&M@fi@sﬁﬁnd SEQ ID

- BERIRIAD bhi B ERGAMBIAN SRASIL ALY Fefersbiy,
- SE I NO 5, most preferably said recombinant capS|d eln conS|
8 lected “from the group consisting of; bacteriop geQB b.)

bactenophag“ APCZOS ¢.) bacteriopbage fr; d.) bacteriophage GA, e.) bacteriophage SP; £
basteriophage MS2; g.) bacteriophape M11; h.) bacteriophage MX1; i) bacteriopbage NL95; )
bacteriophage £2; k.) bacteriophege PP7 and 1) bacteriophage R17. Preferably, said RNA
bacteriophage is QB. More prefersbly said recombinant capsid protein comprises or aiternstively
consists of ap amino acid seguence selected from the group copsisiing of SEQ ID NQO:5, SEQ ID
N7, SEQ ID NO:g, SEQ ID NQO:9, SEQ ID NO:1L, and SEQ ID NO:11. 8till more preferably
said recombinant capsid protein comprises SEQ ID WO:5, most prefersbly seid recombinent
capsid protein consists of SEQ ID NO:5.

In a further preferred embodiment said recombinsnt capsid protein comprises or
salternetively consists of an amino acid sequence selected from the group consisting of SEQ ID
NO:12, SEQ ID NO:13, and SEQ ID NO:14. More preferably ssid recombinant capsid protein
comprises SEQ ID NQ:12, most prefersbly said recombinant capsid protein consists of SEQ ID
NO:1Z.



In a further preferred embodiment said recombinant capsid protein
comprises or alternatively consists of an smi and sequence selected from
the group consisting of SEQ ID NO.}Z SEQ ID NO:13, and SEQ ID
NO:14. More preferably said recombinant capsid protein comprises SEQ
ID NO:12, most preferably said recombinant capsid protein consists of
~SEQ ID NO:12. 3a In another embodiment, said expression construct

0%‘! pre ergg] S&H%Ie 999&%3911"39:?&% gald first s codon is TAA,

N oo i LT AR

1ommamwmmmwnd stop codon, wherein said first
SIQR OIS |&Eﬁ&@$&ﬁ§sﬂ&-ﬁi§eﬁ§ﬁ£ﬁ‘%ﬁ%@@ RHCL AR WPesiBn and a

said secon to codon directly 3' 0 flrt I and
SW:FE%%QI €a one Wgsa fl‘gén?or ?g)cr:lo%go%t'%%io Gtk |S§T%‘,&Bﬂg ar%r potide
smmmmmm epftsyrifcloggadAnestiy dcliowibisafimrragon, snd
w@&%&%ﬂ%@@@ﬂﬁe@ww whernein Baid first nucleotides

&n%i-&{%@gﬁ Sk ragent Ség%équsm
%awhereln said SGCOﬂ%[EUC eotide sequence IS enco ng any ot

m%rétéﬁ“ﬁ’é@?%%%@%ﬁ? R oPHAREP GogRPPs Bpdetcs 5 cacoding o
2RRGM0GR6T mm&mummmmwwmm fixsteareckin said

sﬁﬁ@aﬁ%ﬁym%wa@%@& EAARLNE SRIPRAGE or &

stretch comprising at least one TAA stop colon. In a preferred

embodiment said wgnwsion construct comprises or alternatively consists

of the nucleotide sequence of SEQ ID NO:6. 5 In a further embodiment

said expression plasmid comprises or, more preferably, consists of the
"nucleotide sequence of SEQ ID NO:l. In one embodiment, said promoter

is selected from the group consisting of th va.) tac promoter; b.) =

promoter; c.) tic promoter; d.) lac promoter e.) lacUV5 promoter, f.) P,,.

promoter; g.) Ipps promoter; h.) Ipp-lac ramoter, i.) T7-lac promoter; j.)

T3-lac promoter, k.) 10 T5-lac promoter, and L) a promoter having at

least 50 % sequence homology to SEQ ID NO:2. In a preferred

embodiment said promoter has at least 50 %, 60 %, 70 %, 80, 90, or 95%,

preferably 98 to 100 %, most preferably 99 % sequence homology to SEQ

ID NO:2. In a further preferred embodiment said promoter is selected

from the group consisting of tic promoter, tro promoter and tac promoter.

Even more preferably said promoter is the The promoter. Most 15

preferably said promoter comprises or alternatively consists of the

nucleotide sequence of SEQ 1D NO:2, In one embodiment said major

carbon source is glucose or glycerol, preferably glyceroL
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In one embodiment said feeding of said batch culture is performed with a
flow rate, wherein said flow rate increases with an exponential coefficient
p, and wherein preferably said 20 exponential coefficient is below .. In a
further embodiment said inducing of said promoter is performed by
co- feeding said batch culture with said inducer, preferably lactose and
said major carbon source, preferably glycerol, at a constant flow rate. In a
WO bodiment said inducing of said promoter is perforide HRpe/062628
co-feeding said 25 batch culture with“said inducer, preferably lactose and

musait on dfegroenitersei e, phefemblid diptensl, saicasetcodemsiingtifo veeagummes are
sﬁ&ﬁ&@?%@&ﬂ Oéiiénw méegeéd&ﬁ@ag%w%feaﬂepmr §§&Qn Ina
lactose sald major carbon source are co-fed to sajd batctl cu ure in a% &
pmr%‘ﬁioE Eo W to W 051 R %uur%er%od%e%%‘f ©
nu&m\ﬁméﬁ? prSRQRABIVEiE concentration of said 30 IPTG sald medlum
is Q0DAxR:b sivhdarehe saldl ygreiibic kil coayespy efenablpRRRBIO chnsists of
. to 0.5 mM. In a very preferred
th%%%%‘? r&%salg égncerﬁlﬁ}gr? of IPTG is about 0.01 mM,
_ m-o’é‘tﬁf*éféﬁamlmsﬁﬁ\nfqmmesen}mrﬁrmnﬂsaarblmqmm?@@fpressed by
-mmmwmesmmmmﬁaomwssim jsmn&ed Py U5 momoter; £)
Rudagt i apecmbadimentsaid Bacieral; 3eNa5tmorer; k)

comprlses sa aC|4 gene or sald IacQI ene preferably sald laol4 gene

TP SIS Es SEQ 1D NO:2.
infa mmfmmmmw baeterlwahoéﬁ Comrisesigdic REI§Qeme 5%,

pr%eelg 48601 ogenandefRrablyySRid/ W@@M@g}l 5818, 1By /feraaly Ofdriher

LRI R ENEITE ] G n i ——
mmm@@m@aﬁd@mrmmwﬁMdemmmmw Most

proRelsk AbidgHbIRCES 06iaRkd e HEISNG B He-RHEID Seduafiiof SEQ
m@@%l E. coil DH20 and E. BoII Y1088 Preferably said bacterial host is

t RB791 _In one embodiment said bacterial host comprises

SERABYAAYY TG 8RR B E Ay ensivemplgrapferaiicely corol
feeﬁmfﬁﬁbﬁﬂl@ﬂt%ﬁg&ﬁ&ﬁdﬁdﬂ&ﬂ@ﬂfﬁm@ﬁmﬂm & flow mate,

whSHR S Gk L RRRIAL W %Q@Q&l@ W BERRUDR 'Q{&)Wﬂém];?gmfmbiy said

temperature of said_bacterial host. Preferably said temperature is between |
top b8 5i8¥ekemsly between 25 and 33 C, even more
prele rabiyize rrdedi@Foa sd GRAEsE i wsié prosksealdypdtweerbp Safreddl said

beteh EXRRNQIE RERTerABI-SAldiampatibie isakaUt30f Ras! Biele dﬁm%rably

said tem eratureéfsJ 30 C. In one embodiment said cultivating and sal

g‘?’&%&hﬁ‘ POSEB AR Biture is performed at a 15 temperature which is
beldweatFrstogstrmab@romtsaishipsiurang ref chidapiasteadbonad i reirfesding said
batch cuiture with said inducer, prefersbly iactose and said major carbon source, preferably
glycerol, 8t an increasing flow rate.
In a further embodiment said inducer is lactoss, wherein preferably said lactose and said
major carbon source are co-fed fo said batch cultirs in 2 ratio of about 2:1 to 114 (w/w).
In & further embodiment seid inducer is IPTG wherein preferebly the concentration of said
IPTG said medium is 0.001 © 5 mM, preferably 0.001 to | mM, more preferably 0.005 o 1 mM,
- still more preferably 0,005 to 0.5 mM. In 2 very prefemed embodiment said concentration of
IPTG is about 0.0]1 mM, most preferably 0.01 mb..
In one embodiment seid lacl is overexpressed by said bacterial host, wherein said
overexpression is caused by lacl® or 1acQ1, preferably by lacl®. In one erabodiment said bacteria!
bost comprises said lacl® gene or said lacQ! gens, preferably said Iacl® gene on its chromosome.
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preferably said temperature is between 23 C and 35 C, more preferably
between 25 and 33 C, even more preferably between 27 and 32 C, still
more preferably between 28 and 31 C, even more preferably said
temperature is about 30 C, most preferably said temperature is 30 C, and
said inducing of said promoter is performed at the optimal growth
temperature of the bacterial 20 host, preferably at about 37 C. In one
W HHBHRENt said cultivating and said éeeding of said batcH EOfthE 4§68
said inducing of said promoter is performed in the absence of an
Iraa tfhitic piefarsspacifidiantcdifkastesiaichestpressitagspiaisninel camp s saidiacQ]
gHLCHRGHR %iy ERA%IRIS gefn%; wlmgm_c'jd, fgrgﬁeuwﬁd_ fa@ 9&@2&@6@ :%l@blélr;ﬁ@ﬁ id Ina
or carbon spurce | rol, said feeding.of sai q«batch_culture |
T R O e s o Pt o 3B 1 TR BB g
Pefpene Pridiachcresarit B¢ SHICWHBEIRMEid exponential coefficient p. is
belawdrs, caatickingdciag Ghsaith psemoidedydobete acingospichhatthpafithsasrains
IS ReRereIed withaeansiprtdaw 1ake, wherall laciase. ARSI Al@Re791.

co-fed to the batch culture in a ratio of about 2:1 to about 1:4 (w/w),
pref&rayRpdiaren 549 MsiEiel PSR Aes Srsl st 2850 1:3 (wiw),
andiwhesctmbadieuitisaingiandidg feddinig dfsad batehdchithecalidrsaill said

inlBenG 9&1&@%&@&1%@@%&9&9%%@&4&@%@9 e tRRIWeRN BN Growth
32 C, preferably about 3 ost referably 30 C. In a further specific .
CEPRBEUT rf?‘?a% Gé%}'ﬁ#é’é’gfo PSR éomnﬁ%eses SPaTETERvaly” Bahiists®
vofitrbin Jetestit &S agdelic & SEQUImeNEl Bl s diehejor Camor séured! more
pisaaelnaidztesding of saieshatehweliing isperoipaesuwits dlawo °C, most

rate, wherein said flow rate increases with 35 an exponential coefficient
Pﬁ%‘%%ya %Vmgé?g}‘%e?gﬁ é%(%?)n%)ntial coefficient p. is below .., said WO
2008 rsgpRopETIEREObEe 0L Bihletg b radirprothiE: ipperformed at a
waepteading/brid haselawe ulireptarpe dormie dwilkraneorstant flovtedateost, wherein

perein J%SE%%%%}%?J%MQJ £REpQD SLuEe AlR COAad 0 {06, 0a168 4nd 33 oc,

culture in a rat about 2:1to about 1:4 (wiw), preferably about 1:1 to

SHBOBO AT ERCERA S0y abodt ] TRARIFEY Ve SR 31 - over
matt ipatineghbrelifeedipgaoirs didinat El/tunstameissaity imm*mgﬁmt@aiéi 80 °C, and
PMRIShiS Perfomehat & lempetaluaRWeRn SbRdRdiaieiei@bacrerial
about ?O : mggt :Eégf@ ably 30 C. DESCRIPTION OF THE FIGURES
Ry S TP RE AN ftation profile with pTac-nSD-Qb-mut (SEQ ID NO:1) in _
RB 781 dre XmikGimsny reai € entoedivg) ahdriifpforiingion pHédeigmsuliure and said
ipaiEaEeshiwithomasi H I GaRIAIN RgH AtkenglEFOiBh2) % lactose.
Shown are % cerol oncentrationeégil ircleds):' Iactgse con [a 'o&)'ég I8
. . t b 3 £ th

(trlari\f\ég;?e%’)e;c -X(fgftbgc IVItI)l/ [C'l?f/drr?fs% :{%%a?jﬂares nd ?C?DG(?O |ar%on'_s%4; ,e
e atanTaceticSEr BN i SR s SE IR PR DESTRIP PRoNTesng of said
BlEcHOME N T med with a flow mate, wherein said flow rate increases with an exponential
coefficient ., and wherein said exponential coefficient p is below Jip., said inducing of said
promoter by co-feeding said batch culture is performed with a constant flow rate, wherein lactose
and glycerol are co-fed to the batch culture in a ratio of about 2:1 to about 1:4 (w/w), preferably
about 1:1 to about 1:4 (w/w), most preferably about 1:3 (w/w), and wherein said cultivating and
feeding of said batch culture and said inducing of said promoter is performed at a temperatire
between 27 and 32 °C, preferably about 30 °C, most preferably 30 °C.

In a further specific embodiment said expression plasmid comprises or alternatively
consists of the nucleotide sequence of SEQ ID NO:30, said major carbon source is glycerol, said
feeding of said batch culture is performed with a fiow rate, wherein said flow rate increases with

an exponential coefficient p, and wherein said exponential coefficient p is below g, said
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Unless defined otherwise, all technical and scientific terms used herein

have the same meanings as commonly understood by one of ordinary

skill in the art to which this invention belongs. "about": within the meaning

of the present application the expression about shall have the 20

meaning of +/- 10 %. For example about 100 shall mean 90 to 110.

"promoter which is inducible by lactose" as used herein refers to a
WOPRERGEEFWhich comprises regulatory elements of the lac &j5érER208k{e47628

promoters are repressed by lacl and <&h be induced by lactose or the

igimeieti€ snidycendt®T Gy thréskillechidcbson siawaie thdtrmcdietiona ofmtant flow

Qéoml@{n%l:éé‘é%ﬁg §§9lﬁf &m%&%@&%%@%w {ﬁbtﬂﬁcﬁ%ﬁ%ﬂ@@gﬁno of

25 "locate N e seque is locat
SEF o AT A TR St 8 METEALAL T B ATFgably sbou 13
(wéa)aemtwhmm@meuhmfamﬂdw@nm pENd3bayeh crditreNing veid\NRdspéng of said
peiERsilly ;s Aseied andinaeenay akeddey arldilionakecgueneselmeNS C, most

ep%%e Stretch™: as used herein the term "sequence stretch” refers to a
ontlnuous hucleotide sequence which consists of less than 50,
preferably less than 20, more preferably less 30 than 10, even more
preferably less than 5 nucleotides. In a further preferred embodiment the

seqERERBIdtEN eBrighsdsBRBkernatively consists of at least one,
preferably one, TAA stop codon. In another embodiment the sequence

streftibuco mjitsesnttiattgmadiiy ejhoprsists ofhttea s BUOR 008126 FH791 m 21
B! E@@@Q@@a&%ﬁg PFRBSIRI SR8 NE ORI ARRAALIESSEOBStaining 20 %
efe ab9/28lr(]/e Tt sstmp codo Inf rther refer @hg ‘é%g r%gnt the rati
%‘éceﬁoence St t}‘aﬁ %ng n‘é’eisarorgaﬁ%erna?\% SBIR%, T |BENIES gPeeniration
[gﬁh&e@aﬁqb&@dsaee‘eﬁf hE il @R 1é mqu@aamnw féfaponds pplotied against

thagieral wfgamism which is hosting or capable of hosting an expression
plasmid of the invention, wherein "hosting" 5 involves the replication of
the expression plasmid and maintenance of the expression plasmid

durl [ e instant invention a
"cuIt e co%pﬁggs er|a %&%ma meg)um ("bacterial culture™),
whereln aIIys dmed| IS supportjn rowth of said bacterial
host[.JT}@ F\B&ﬂ Fe i é&é&“‘??é? %5‘ §a‘%%‘f€u?ée &5 ca“éYSrFBF same

thesitigs anveuimonlxvmsietrodalisl gemgfe}mméhia tlosadsydtiemthiemnvention
gy;gjfg@lly and preferably no addition or removal of medium takes place

dun cultivation time. Th efore |n contrast t acontlnuou u
o CahE SR 4 e AR et SRR B8 SO0RE B i Phave e

weaRie EortiHlGusRy Frerelssbevyi@l shalresify wutiifation time. Batch
culturgdiaes natiexdludehitivladgitianeed 1 5 comp uris rdeuitedifordieter which

¢ %%Eé% Orfe%l%ﬁ %??éen?éj GRS 1 JOLFXAMBI, BAUGRL Y 96 R A0 AR land can
be induced by iasmse or tig)c synthetic inducer IPTG. The skilled person is aware that induction
of a promoter by lactose requires B-galactosidase activity in the bacterial bost.

“located directly 3’ ”: a nucleotide sequence N2 which is located directly 3° of another
nucleotide sequence N1 refers to a continuous sequence having the conformation 5°-Ni-N2-3°
wherein N1 and N2 are directly comnected and not separated by additional sequence elements.

“sequence streteh™ as used herein the term “seguence siretch” refers to a continuous
nucleotide sequence which consists of less than 50, preferably less than 20, more preferably less
than 10, even more preferably less than 5 nucieotides. In a further preferred embodiment the
sequence stretch comprises or alternatively consists of at least one, preferably one, TAA stop

codon. In another embodiment the sequence stretch comprises or alternatively consists of at ieast
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"fed batch culture": as used herein is a culture which is supplied with

additional medium comprising a substrate, preferably the major carbon

source of the bacterial host (feed or co-feed medium). In the context of

the application this process is referred to by the terms "feeding said 20

batch culture” (medium comprises the major carbon source) and

"co-feeding said batch culture" (medium comprises the major carbon
WELUNEE 2888 the inducer, preferably lactose). Typically and preTErBHIE/ #1628

removal of medium except for analytic‘:zi’l purposes takes place during

autltratiomiyione, Ol fedi hatelsiculiypecféRbec utelrél /a soafteréorp ieffnstichypeeferred

s aultue Wiehisasdippreducaibe o liligs s aivese! a

arger volume, €.g. the culture in which the recombinant capsid proteinis .
prod RSB BatTCtith SR RS s XU PRCERR 0o AEFRISE ThiRESTSY organism
widrie isteystyyvherpibla oSbosing prespitsriensimoudlefén witktptidiygtherein “hosting™
Rresiiure slifideiposuse amullicie pilvIage d RRGHIMMRJO LINBRIALGHA plasmid
(gulture‘.ﬂ?e. first and/or subsequent precultures may comprise an

St 45 FBrove plasmid stability. 30 "substrate™: as used herein
referScuaedomBsneatertpieiuitsia vanten w s neaBHsSs fobagierial bost in
sREReN @pshenareysHPR|wRite hacttriakiioskdiie fespsosHhstaedwth of said
Eggrem%eostencompasses any compound contained in the medium

contr uting to the carbon supply of the bacterial host. T [ﬁga! substrates

for bakaishauracs g ared bisrel. fgitet v R SLEfsé Aty D RSt B pgagtipm, wherein
eoinpourcbukithieanchechefabol Zediyidabg tarioprEeitdfone  athiitteroy removal of

R s Eééé‘SIHQ\gStﬁE'%dﬁ@ﬁo&%(&&”{ﬁ%%,%t&lﬁ%s{% XM s culture,
lactose. WO 200@/12 821 PC /EP200£/06262§ﬂ -8,"Maéoracﬁirbo sourc%" i
6150 e BIRTERIYS 5 AR Eb P olRPIRITHB! ANRLIB MEdeHR oRigre contmuously

oontibutesimusgtesing celtheticanthendgshsappiye slodsenbhetehinienbst addition of

duiingRe FEeMED BhasConthe SAAI0HERIRONSAUEEFINURISHABEIRIAIEY, oxygen, and
sg(bgtrgte_ %ﬂthe galctL%rlz}L host. The major carbon source is typically a
8LiGAFSHRN BSEHE 05eF6r glucose, or glyceroal, and preferably glucose or 5
glycefsd Feuehtactogeseiighinptincpiirscriishdniepahehritredditipeal medium
terphagieriabhest, HethaEontexkif tasinsiantdnreniivirtasss (fajof co-feed
C&J(ﬁ% .SPnuﬁ?eeco%/t%lc%%@Xhac‘r&dg}ﬂ%%{%@gx gr%%éssrlﬂé%?l%@ %'ﬁﬂﬂé ?erﬁ:p a&%ﬁing said
of the process o “the mvent? n: The process of the invention Is .
BRishSHE 6M5Y U rePERTESSh RS auajoR AP ASEPUS DifRst PR BRI 3l bgich culture
condiiitansmirihe thactejialdadsthwithred Burobpenfitceiipglonaily dwbhe Typically and
5@{&?&59 N4 IRAUCLoN Slats D S PIRS RN GRARIEHCT G i dRAS Sultivation

"he growth phase is initiated by said cultivating said bacterial host in a
HreERlm f PaY i hhase is preferably characterized by conditions
undeftviridinthe prothateprdfeviny etelxpriivsiontithireused dorsiniiog the inoculum
GaPsiduRIAIEIR iSiFaRFesIedaRE e Aouih RhesRHShickBiRMRshwpSAigotn s
INAYSING S RIOMOIRL I BMLIAHESL TS APWHLPAARS SPER WA hercin o
second preculture is inoculated with a first preculture etc. to produce a sufficiently large
inoculum for the production culture. The first and/or subsequent precultures may comprise an
antibiotic to improve plasmid stability.

“gubstrate™; as used herein refers to a compound in the culture medium which contributes
to the carbon and energy supply of the bacterial host. The terms “substrate” therefore
encompasses any compound contained in the medium contributing to the carbon supply of the
bacterial host, Typical substrates for bacteria are sugar, starch, glycerol, acetate and any other
organic compound which can be metabolized by bacteria. Therefore, the term “substrate”

includes the major carbon source but also, for example, lactose.



10

15

20

25

30

35

15 divided in a "batch phase" and a "feed phase". Said batch phase is
initiated by said cultivating said bacterial host in a medium. The batch
phase comprised a "lag phase" during which the bacterial host is not yet
growing or growing with a non-exponential rate, typically and preferably a
linear rate. The growth phase further comprises an "exponential growth
phase" which directly follows the lag phase. No feeding of said culture
WRaReNS 2584 during the batch phase, thus the 20 exponentiat GFrRY|51Ha3EE
is terminated by the consumption of thé substrate by the bacterial host.
The gmymtl‘caah&s&fméh ef mﬂlhn’isﬁsﬁcrﬁeredhp haspbwlichiis difectlypedium which

f&, ﬁﬂ&% INeR860 phase. A %y%ngg@ruﬁa{@%ma'ﬂof&%qm@ afesgiiflvin phase.

atc culture with said ma or car on source. The %&ﬁ%ﬁﬁ??‘ b
%f%?éﬁgéﬁwmémwﬁ AL BEEFEHaPhE%: WRICH S Sifedly major carbon
seperidenticiiythefiensrstenftiefecd ghedignrrahrsiningrhemieghly glucose or

i?g%ﬂ FAMIER 12 RsPERHHGH QR AR At I@@ﬁawm@&am&fmmmtayal host, in

roduc hase which 1 |n|t|al;ed b mducm a|d mote
W‘h%‘t %‘é?’g B jﬂ?&%’a iy and T prl(% a%?/ W SRid° fe |ng o?fns rrerably does

tokietdtiaeoswith said major carbon source is contlnued "Conditions
underadaichrte prmoter ds.repeassedini jsdehatindersioniddiiataecterised by

St '%%s%é % %”}Qéef S 38 "&gg%t ﬁr@aﬁ&%&n&%gg&mw st with

€ repressor-o Erator 3 comple even stringently repressed
iﬂ%?ﬁb’fé%@ PSS CeresTIPRABIRCEALRS IS MRFSSUBSMNEE S their
inducerotephiere, Be ysedhvitaie ihérappkichticndheltermicentitorsal host in a

HQ&%W*P&%@HM5%9@99@5@%%9%59&&&!%&%%&@%9%&%@%pmmm

he end of the growth phase, i.e. directly before the addition %@ducer

B GBI R B ER GnER OGRS (PR R S0t A Phese i
doemsel exdoeil andorice tidtorminttheith adidrdvos2 0beraty B Bhasefera bRy further

¢RRMgH a%&%@i@ ally 10RMgH as%s detemrineshy thenitlRE vetoeitivating
%%xampl 006/1 582 P 0063.%?21%%? 9117 MOSt 4 ine which the
B t %chln%en(ira%n OF e re Om ||'$a. pr0t6|n | e ow t (%'l g

HetsoHbRoR Qs 05 ATETIRE DB DIRHFRPORETHE A% GBicHHE fd preferably
l@Hﬁé&'QﬁJhﬁaéegmwﬂmgh@e rﬁm&ataaﬁpfmyaxsw@tammm@mwmﬂy Wiiich directly

Ip ﬂlreCt{X mter thfg %m d S E&gﬁpeoiﬁgeg %LQ%EH% fﬁ‘é'“@éﬁ%bﬁsc thus the

expressmn m sa romo er, 1or examp e, In UCGI’S of "a promoter

PGl et e B SPIEHIBHSMER S SHesTBiT &Y faghggisrial bost.

and ailelacthse. fidhatdoraieint & “tapsptigeed tehith Thértetin idbatipg dteibdich phase

?ﬁ% gﬁ%ﬁgﬂﬁqg@@ §9Q£yd%§9n elammaq;a%ﬁ agaxﬁa @ﬂtmg;@ ﬁﬁ[ﬁ@%&@&'&ﬂw The
viral protéin, preferably a su of a patural capsi vjrus

S?E‘Wk&’ﬁﬁ/‘%?hﬁrﬁfﬁﬂ%%g%?l%iﬁﬁ%gﬁﬁ? i% %ﬁﬁg{? ¥ BEG %660% depeHdent on

ithedtporateds mhtxfcadﬂna@mapsmamr&w@maﬁmc@%aml@c@he specific gene

prOd &{Lmﬁnf:%&sep* otein @@%%tﬁ@%%@@ﬁ%%@éﬁ@rﬁﬂﬁs@ which is

eas the."coat capsi rot«ialn%
d preferabl id
8?2?, 0% sé1‘§l éf Uein sald gner({ﬂl 13%11\(/:\736“%%621 i ?0@' and preferably sat

feedmg of saxd batch culture wﬂh said ma_;or carbon source is contmucd

“Conditions under which the promoter is repressed™ it is to be understood that the
repression of a promoter is an equilibrium of formation and dissociation of the repressor-operator
complex and that even stringently repressed promoters may show a certain expression rate also
in the absence of their inducer. Thercfore, as used within the application the term “conditions
under which the promoter is repressed” relates to conditions, wherein at the end of the growth
phase, i.e. directly before the addition of inducer to the culture, the recombinant capsid protein is
expressed to a level which does not exceed a concentration in the medium of 200 mg/l,

preferably 150 mg/l, more preferably 100 mg/l, as determined by the HILPC method of Example
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"Recombinant capsid protein”: A capsid protein which is synthesised by a

recombinant host cell. 15 "Polypeptide": As used herein the term

"polypeptide” refers to a polymer composed of amino acid residues,

generally natural amino acid residues, linked together through peptide

bonds. Although a polypeptide may not necessarily be limited in size, the

term polypeptide is often used in conjunction with peptide of a size of
WaLEEmEd about 50 amino acids. "Protein™: As used hereiRCTAEPf8p62628

protein refers to a polypeptide generatly of a size of 20 above 20, more

Panick arbfcal-nh @vechikamitionagictheasidutsmdirpiotns gantrallicdmueiton level of
degingﬁlmgjree dimensional structure although they do not necessarily

hee to, and are often referred to as folded, in opposition to peptides and

polypEHERES VIR Jhe e st PYolsels wdatifedithiser dinlrgiongptes © any

sissatiacayioc dathdy caindidolt atargs withbemdidiffepemicordodthatibn Scilitates

%geﬁqgn %ﬁrgﬁq ﬁ%ﬁﬁt@ﬂ%@%@@:ﬁ@&&m Qm%%mgkgﬂﬁﬁdﬁﬁé{f@ﬁmsc”, such
whic

herein, the term "recomhipant host cell’ refers to a host cell into

BSHB P T BFPRTIR BEAT o lEEEt HN3RGS tion have been
introtidesdrotRgtofivbpsEmroe™: The tesrm Cratorplsinantd/thp intpechrymgably used
?ﬁﬁei&ﬂﬁcﬁ%ﬁﬁéi?ﬂ Mitﬁntéﬁﬁ @%ﬁa@qm%@@efﬁwwm WVLP I56Ssabunit of a
east.one step,of recombinan techno . term,"V.LE -
R BTRAF I oo Lot Hore ectaads) BHRT: e siplecgf bes
BpEPTEYs dEe ST ersshop st s atiehstoniics ihp BRFECORBINARTIINA the coat
ﬁﬁﬁﬁﬂ%&@ygfm Betepmpe @m&ﬂt@/ LW BnePH e rae aim b.imam&mins” or
%gpgr}ﬁcﬁeégaggﬁ nisishangeaiy used-eteinapdshauana e e Jeaical

3 NA-bacteriopfiage™: As used herein, the term .
"RNARSARIEHBTH S50 SFalit G PANAPSA RERIEtin bt ds BT Rt tsrbinant
tossitagile-stranded positive-sense RNA viruses infecting 35 bacteria. WO

200603 iRe AR B&Q%@%@%ﬁ%@?&iwﬂi@ RAHElR QVhdNm@Somposed of

used herein, the term "virus-like particle"” refers.to tructure rese

] ) a blin .
BTG PR A TR St & S P TRHEA S AL, ApEg R, peptice
bondn-Adbhvalivepalticnode imbctiguss sareasifyabtidiatied itorefsrsho grm polypeptide is
BRATIERI CRLMgRERRNrilbiRskiaw o Preie trhkha RARcTAPRIE 3D weMRD ids.
non-ifectious structure res r!:"%a'-:i{!}‘xg A "i%sré?%”i%%’ ﬁg%%%@b' LRSS, ize of

e article, .

of a virus. lfHeAiSeFm non-réplicative™, as used herein, refers ein

heap ablanercraphicaliy thatgEm s et isiisEa BiFna i, gpﬁﬁ%?é:f%ave a defined
theb-difestions sastiselthbelieincy efersitocbainglinoagdab)endfenteringethecd to as
E‘&ﬁ!&&%ﬂ-oﬁ%@{&m geg{ra&- like PATticle 0, assardanca vl INGIVentiaR.g tree-

IS non-replicative and/or non-infectious since it lacks all or part of the viral
JERATRN B YEASFAEP R e 2R A5IRRN ‘4ToR QLIRS SRR GI08 IPH i o are
offtvedli® septiddide and infectious components of the viral genome. A

virus-Hke, RAHIGIR IRQCERFIRNGEd herein, the term "recombinant host cell” refers to a host

cell into which one ore more nucleic acid molecules of the invention have been introduced,

“Recombinant VLP”: The term “recombinant VLP”, as used herein, refers to a VLP that 15
obtained by a process which comprises at least opc step of recombinant DNA technology. The
term “VLP rccombinantly produced”, as used herein, refers to 2 VLP that is obtained by a
process which comprises at least one step of recombinant DNA technology. Thus, the terms
“reeombinant VLP” and “VLP recombinantly produced” are interchangeably used herein and
should have the identical meaning.

“RNA-bacteriophage™ As used herein, the term “RNA-bacteriophage” refers fo RNA
viruses infecting bacteria, preferably to single-stranded positive-sense RNA viruses infecting

bacieria,



10

15

20

25

30

35

with the invention may contain nucleic acid distinct from their genome. A
typical and preferred embodiment of a virus-like particle in accordance

with the present invention is a viral capsid such as the viral capsid of the
corresponding virus, bacteriophage, preferably RNA-phage. The terms

"viral capsid" or "eapsid”, refer to a macromolecular assembly composed

of viral protein 15 subunits. Typically, there are 60, 120, 180, 240, 300,

W8e0taAZMbre than 360 viral protein subunits. Typically andfrefRHsHo2628

the interactions of these subunits lead % the formation of viral capsid or
viral*capsitikestactovreryithaniahexedibyapetitive Organilatipatividierelers to a
E%c%n%t%s%%ﬁn a%ﬁ‘é?'%&@ er{ﬂgalc%rt&@%ﬂrre%%a‘ﬁégmm&) IHE&%B@Q&%rabiy

RNA bacteri phage or HBcAgs have a spherical form of icosahedral
PRS- d&o’l‘iwéf??HPEi‘éléf"BFapﬁ‘%ﬂ% bAEEIEFae® AR patve or mop-
ihferginstimesferily i nsHika ipaintiched oba- RN ibactenivphageintieg s toras particle,
pisdike Parkigle @fogn%en%e&mf%@@mgeﬁ@mgs esseMially, GERFs to being
consjsting of Coat teins, mutants or, fra $ eof of a Rl}l
15%?85%’ %%ﬁéc Ao G SR gfle %’?ﬁ F?ﬁ% FerdR Shegigus™ as used
hersieprtshieng th@csnmeme?eabé? sfRNAIbadherisshage, Belghion Pe'pﬁééﬁveamclc in
RBsHALRORHRIsS iouaiand fRskingativasiiibendh-BeREcE ganes Reeading part of
,%%r"ggel reJJhcatlon maCh'nﬁmV;a fthF RNﬁ\ bacterlolﬂa ggnggqayglgﬁd% %oof the
acklng 20 gene s 8T g¢ genes encoding the proteln or proteins respon5|
TgRHgasa CRmBRCHES comasPRTs thEngEe Brefstfed VIR e MBS Wcmﬁﬂm
RiNALbactefibphagesoexhihiidetsalié draingfiom ety gacbeengisypéd 80d preferred

@9&&:&%&9%{{@%&5&%% nee&leg&evm like gﬁé{ékﬁ'%%ﬁoﬁ NA viral capsid

cterlophage non rep licative and/or non-infectious is by genet haoe. Th
ks UataR! SPYRACT ecoRRs RS (HEtePATETERMES P er“kélﬁ Rl}g-phage. The
tesed' iﬂrﬂﬁleamsﬁloswamﬂiwaﬁeana stadeastionétt esstordygompred eintéssprotein

%ﬁﬁﬁﬁw Qﬁ?t%éesﬁglé@g@%ldﬁl’@i'w%;_ﬁ@)a%@(&@&ﬁ&@%@@ viral protein
[ entj es.c e.determined conventiana

g’gﬁ%‘?’ #?é El.fc the 2t tﬁ‘r%g?gr%c%ﬁoebﬁ“n J}sélng ﬁ%gf'\%matmn of
‘a‘rg} erbidl Seqiereesidi ghmeﬁtﬁﬁreg@wnpr@@mbrym@wg Péstifatign, wherein said
mimwmr@a&ﬁ%ﬁiﬁmﬂ&ﬁ%ﬂm {or iaptaneE K5 Obacteriophages or

caltoar ere | the WO 2006/125821 ’

glgcé 6%%78 p%g%%%ef‘eré‘z%ﬁ'g gtysuch that the percentage of
|dentl‘V‘T§%‘é¥€lﬂ§f5éF@@éﬁﬂé Rattsivghaest the wstehetiie URTHE: agigs-tike particle
: SEQuENAeIﬁadrtblaiaga’p&femmmlmgy - pati Gedocnighenptat morfroditotonsisting

A FERIANGES (}b%feésg%easgueﬂ%er%@m@ﬁ&meereof of a RNA
aforementloned method in determinjng thﬁ%%ercenta%%of identit

BRI, PEATtR (U BSREABE TS 2 Rt Rt ReloRe UG fhe sirucure
friag RYAL bhereopiiscl bsied ivthisplivadntiond/ ¢S equarcdiponmiddkimhet least the

bamelognaf Auskeotite sequansas GaRfexamplerbe daterminec Dnthgpicatly
l:, a% bll%sme\x,avh{!;%h Isegn 0 n n%ﬁ&? t‘r;rltlt%l;:]l %f tqgtcl?nl'spf“gro%sgoqnligr Viral attachment

g SrefaBly usi & JetaUT'S ﬁgs of the softvare P
o or entry into the host. Prcfcrred VLPq derived from RNA bactermphages exhibit icosahedral
symmetry and consist of 180 subunits. A preferred method to render a virus-like particle of a
RNA bacteriophage non replicative and/or non-infectious is by genetic manipulation.

one, &, or an: When the terms “one,™ "a," or "an" are used in this disclosure, they mean "at
least one” or "one or more,” unless otherwise indicated.

“Sequence identity”: The amino acid sequence identity of polypeptides can be determined
conventionally using known computer programs such as the Bestfit program. When using Bestfit
or any other sequence alignment program, preferably using Bestfit, to determine whether a

particular sequence is, for instance, 95 % identical to a reference amino acid sequence, the
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"Fragment of a protein", in particular fragment of a recombinant protein or
recombinant 10 coat protein, as used herein, is defined as a polypeptide,
which is of at least 70%, preferably at least 80%, more preferably at least
90%, even more preferably at least 95% the length of the wild-type
recombinant protein, or coat protein, respectively and which preferably
retains the capability of forming VLP. Preferably the fragment is obtained
wioyzatdezstone internal deletion, at least one truncation or ZPaSLEKH62628
combination thereof. Further preferably the fragment is 15 obtained by at

pRask ﬂe@sgﬁ% R%héh ﬁfgﬂl@@b&céﬁtﬁlﬁ@%‘?Z&fﬁgi@qgcg&c@l}iﬁ@&r&tﬁé gmsé&gth of the
af most 3 or at most 2 inter eletions; t maost t,most 9, at mos
90 SR ST oo T EEt R hOoeP o0 0 ey el Befhcr of
apipe Aishssistuby iat WoEST e ASFABIFatih GYP P eth d3Es prieremspiipegd method in
@xastiyionescopkinaiiendhafeofiyMestaieiesabpides fiagmenbiscobtaibegtoteins,
by e ly one intel | tly. ation or by a

%% E?ﬁg%%%??h%éér%%{&%f&r%ﬁ%%%%?g}g%g%%#‘%&rgécombinant protein” or
"fragmeHeBic KERIpssteit s FaPRipeie PL et SSIERIGE L e, Kihrggmple be
hasrainkeia bl 8090 ppreteralihst® 08bjdyén amoreppretetstibly 95%e amiinS Tacigorithm,
ﬁ%ﬁ%ﬁsiﬂgmﬁ&t}{c%ﬁ ibg s dremenimlasecombinant protein®or
fragment of a coat protein”, respectively, as defined ahove and which is b
prefer AR P ERIR S B G R hiRe SAEETOE TR gfecombinant
patipaettine commsihbmtipr dtaivfingtd tie molrpephidtamt bayeteniindiils, preferably at
Q&@E%Mﬁ%o?@tﬁ{&hﬁ%ge@h&&%%j frwmsn&m@p;@aaap tﬁﬂﬂﬂrag%]ﬂf@-ﬂ'ﬁlgth of the
caat protein” or the term "mutant of a .coat protein”, as interchangeably _ .
e e A o re 2 B R 280 W 1008 orains e
ergbidince’ derriag o BrEwhly fp&raesintsinhinsfoniy, e1stent ipemsideieton,
sespective bunvitiereln theamine aeidisegmenceds auteaspBdBmbpreierabiyent is
LSRN RERR0 90207%, 86,30 92108 YSALIO N IR YR os 4. o st
sequence and preferably retains the’ability to assemble into a 'VLP. The
RPEREE e g e ons BRRGBRE P T REH Srep RSP Pafie (i ot most >,
af addL P, af adsadteriephage? Thegtoogssrisymprovedwitkhitedbeet toost 2, most
g&@i&@kﬂ@%L:Eé@ﬂ%%ﬁ@@ﬁﬂ@%@&ﬁ%@%ﬁ%@)@l ROGHEHAN $68IRained by

he process encompasses the expression ofgecombgnantw ) of
SHRGET 125897 00106 B B ST BPB A 5 phages
in a Baettarial Hosmenddiacordifiorsphitin Ao witmnesipyid cpropedieis’ shall further
seirapsarbigplpiany/ LiRsEnEBANRANHYY .S pRsHiseXamplesafl P srabighy 95%
C%III (l)) %d%%g u&a%%cbx)é txl;]tle 5&91%%\% Qﬁ%h%ég,}/ SH %q-géc%gingnlfp‘?’ot%&n” r “fragment of a
acteriophages, preteraply bac%erlopﬂa es. In one pg?‘e erred o
EPRDIBEIRE NTSPERIE by irfyertion 1hey ool RisThis preferat ihenabis i gprembiing into
EaMprisRS:eRNsists essentially of, or alternatively consists of, recombinant

coat QNG ~Mants hiAMPsRS il ffR RNALPIA0R SEHEAWtcin” as
the RNA-phage Is selected from the group consisting of a) bacteriophage
@fgmhangeahly used in this invention, or the term “mutant coal protein” or the term “mutant of a

coat protein”, as interchangeably used in this invention, refers {o a polypeptide having an amino
acid sequence derived from the wild type recombinant protein, or coat protein, respectively,
wherein the amino acid sequence is at least 80%, preferably at least 85%, 90%, 93%, 97%, or
99% identical to the wild type sequence and preferably retains the ability to assemble into a
VLP.

The invention is related to an efficient fermentation process for the production of a VLP of
a bacteriophage. The process is improved with respect to yield of the VLP and can be scaled up

to a commercial production scale. The process encompasses the expression of recombinant
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b) bacteriophage RI 7; c) bacteriophage fr; d) bacteriophage GA; c)
bacteriophage SP; f) bacteriophage MS2; g) bacteriophage Ml 1; h)
bacteriophage MX1; i) bacteriophage NL95; k) 10 bacteriophage f2; 1)
bacteriophage PP7 and m) bacteriophage AP205. In one preferred
embodiment of the invention, VLPs are produced comprising coat protein,
mutants or fragments thereof, of RNA bacteriophages, wherein the coat

WHroteai138% an amino acid sequence selected from the gro#pC8RHI&tkEg 628

of. (a) SEQ ID NO:5. referring to Q3 € tb) a mixture of SEQ ID NO:5
APEISIERID I Gidibrisphade® profeit)efe) BlsQuHANEIRI weiapSith¥Sthe capsid
p‘%o?é% Jsét})aé‘% x%é? r!%'o%%% 8&9@%93 otein); (c) SEQ ID NO: 18 (GA

el

capS| protein SP capsid proteln) (9) a mixture of

SE I B T T KesiooP iy SEeHE ROTBIE(HGS Ch fgrvention ar

PrOtedl bdd)eSrRe dos NO:R 2KV RINdapsidprotain),; ) @E@dférfd@c%c(ﬁiﬁ@t of the

1&@@1?12%1 f%é%%g(m&r%;&#&yngéeﬂ\%%%G 0 'néog@s§5%éalaﬂy of, or
| | |

R 1 A SO RSB AT e BRI, Bt RNA-

thee Reafanihb), meﬁﬁ}bﬁmi@gsf iQifleciad froeche |srmmm1y15¢émef/ebbe§}mP@ge Qp;

Bt Qéetelmgﬂﬁ!;ecﬂﬂﬁm c?@c%@p%age(kg7@)ba\ddeﬁoﬁﬂi§@@§d of Q&&@@ﬁage SP; )

teln rmlnal ine ot b VL
ga&cm Er“igg ami X% %Iac? rT}t&tlr(’)t(ragms wﬁe?eaﬁwe térrg‘) %mgbag ﬁi% )
W@W&W % &W@Wﬁ%ﬂﬁ@ﬁﬂ’%@@@%ﬁ? A°25 the scope of the
presanbﬂeysemi@m imanenpitiariedsnibo MERt ot thedmedntion:ithe VédPprotein,

5o RAROSAYEG Men E ARSI 89 ﬂQAaUQJ@ﬁBWJQ‘eQ el JE'&%“&&EEM‘ ﬁ%@%n amino

amino aci sequence, pre era Iy two amino acid sequences

PO ESTRTIRFHE LR TR IR SFIPHERS PSP S @A LN 5 Ff»‘éa&ﬂmﬂé CP; (b) 2
weryprefEgdR NOGtambREQHD WDR i(ﬁﬁpﬂkm@lteﬂmd@ Bonssi iGfeapsid

ﬁ%@i@o(ﬁ}%@f@b‘%@ét@@ 195?0!81%8%]( g @Pﬁ@gﬁ; B‘ﬁéé?d 8lin); () SEQ
oteins have an amino a sequenc

R BB e TR 18 A SEo A S RGAR ) see o
ﬁ@»@b@&%m)@ﬂ met@né.sfe}ﬁm@m@mwb?@dmédrwp)c@}ﬁﬁ&&m-% (MX]
sliratively) copsisteessantialy ofLes alirinativein SaNSEEROD NO:25 (2 capsid

feCOf,%b'(c}énop ﬁégf’e%?ﬁpgﬁtﬁ%% r%réi e é '% 1‘3@@{1@@ 12 (AP205 capsid

PEPFEP2006/068628 -13 In one preferred embodiment, the VLP is a VLP
of RNAephage:6ia The.capsitherNtshditenpaiteio ot Q(P shawseatgin is usually
%&%@Qfgﬁ%p@g& Iéke Paﬁ%'ld éH&&tLﬂ@ZWg@ @9'@% r %35 o@&g c;lézéﬁ coat

quasi symmetry, The capsid contains 180 copies of the coat protein,
WRIERSF BRI reR0a é?%%ﬂ?&h@érgoah%é%?ﬁ%%%%?ﬁﬁﬁ@mmg a mixiure
bfiQf esa{Guimiohaiwmaldi, \Ricetiakl Sttuiotume 15467 SBBEN(TDOEY) . are also within

Reefaredriisdika: Rarigles of RNA bacteriophages, in particular of Q(3

and ffn one preferred embodiment of the invention, the VLP is a mosaic VLP comprising or
alternatively consisting of more than one amino acid sequence, preferably two amine acid
sequences, of coat proteins, mutants or fragments thereof, of a RNA bacteriophage.

In one very preferred embodiment, the VLP comprises or alternatively consists of two
different coat proteins of a RNA bacteriophage, said two coat proteins have an amino acid
sequence of SEQ ID NO: 5 and SEQ ID NO:15, or of SEQ ID NO:19 and SEQ 1D NO:20.

In preferred embodiments of the present invention, the produced VLP comprises, or
alternatively consists essentially of, or alternatively consists of recombinant coat proteins,
mutants or fragments thereof, of the RINA-bacteriophage QB, fr, AP205 or GA.
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accordance of this invention are disclosed in WO 02/056905, the
disclosure of which is herewith incorporated by reference in its entirety.
Particular Example 18 of WO 02/056905 gave detailed description of
preparation of VLP particles from Qf3. 10 In another preferred
embodiment, the VLP is a VLP of RNA bacteriophage AP205.
Assembly-competent mutant forms of AP205 VLPs, including AP205 coat
Wiorotedi 28881 the substitution of proline at amino acid 5 to thSGiER@Hwesz628
also be used in the practice of the invéhtion and leads to other preferred
embpdimestsabihadp@mntion M/ O 20p4/00Po3dasaibe s)impartigeidior virus-
I%E)é ?&%Igf n% olxzv)éarr]}’]@cl‘.gsghe%roa\{v t@aocbﬁﬁianc\a{l‘sli:d%%@ “é'&%hAaP 'Qx%e_%&aéf 23 nm
grotelns_, and eregy In partlculgr the expression and the purification )
WIS IO TOnAT0 TER & REI4 SEBATS SER GImisens By 0alPotteerbiflargdinked in
@ne areferreteemibodicrentrilie \didaldnipidzes (Gdonbistsradia Rnutasit, Stucture
&g@_@ggﬁi@ég)g virus, preferably a RNA bacteriophage, wherein the
mutant coat protein has been modified by removal of at least one lysine i
residUS Py Hr b EAtiTEh Sn P bYPREPBP SR BN T S R it 20d T o
prefdaned @thibodimméion thedistiPsat th (hVaRB6R0Cotmprisdssorecdndists iphierowith
Hdiphheaal, RiefeiB.ah aviireRreiprahbl a:BNALACENeDhaaBWReRIR detailed
1She mtutan coatlpglotei?{)ﬁg be?rl r?rognig%j by addition of at least one
Ve T BEHE WAy of sti&itition anafor by way of insertion. The
delefioringtibsiatiord catiodiornbf te 1858t éne Vshetddidudaieipghage AP205.
NaRving thenslegicenaicouphng VKhas anipge kvt R oricansigroatOQfdt the
saaRitely displavse defipadnurbeh olivantd P aityes QNG SWIREE: of e
with a defined topology with three ysine residues pointing towards the
iRterfsR ot e etdin&id URRT iRTERIEn GrIRATHETR AR B dPIE0F Ythdf R/ <TRR1007538
desidhiesie xposeldrtn theexketiondithepiod) Sicy @(Srmutsiis cahpvivich AP205 coat
SResed YRS S IIHES AR ER AR YA GININES A& 8030 WO 2004/007538 is

,encompassed,b)@he present invention. Preferably these mutant coat
piis

PSR, SPHERURAy consist of an amino acid sequence
seledtechfrorfdhedgrobpiofa), QEV2R¢SEGAD N@siEIL ySi3amfarg f;ob) protein of a

 RRs2A3:RER dRNO B ASHHEE Yreh HS Heank L0 HEDIRs been modified by

Lys2-*Arq); (3-251 (SEQ.I 0:10, Lysl&6-*Arg); an 3-259
TR L 8 oot e A S B S B o g cecn. 1
PRI PR BH Fetas BV ind R el Wby 200BPR 58D PIBE FEPPBTS A5 628Nt coat

pHRA(3masan srEmBleIRN Mlantipideoatpraiain WuRsaoe: gaasitlsias been
%Sﬁﬁ&g t%'%d%&%ﬂ%?%'l?- g BN/ 9e§1@§9%g' QRACUIRIS ST S or by way of

referre Example 18 of above 'mentioned application. In a further ]
prefane d EpstmenbifiR e shidiiin P bt itiac sipsalotariying the
o¢hecté naphageR20btweying the amino acid sequence depicted in SEQ
IDNGQ; 32 9r Q?&E%?QAEE ?o!;PgF&an. ‘A‘%ﬁ% 15 £aRARIG QM FIRY:A Vskul0on their
example the proteins AP205P5T (SEQ | . o o

surface, with a defined topology with three lysine residues pointing towards the interior of the
capsid and interacting with the RNA, and four other lysine residues exposed to the exterior of the
capsid.

Qp mutants, of which exposed lysine residues are replaced by arginines are also
encompassed by the present invention. Preferably these mutant coat proteins comprise or
alternatively consist of an amino acid sequence selected from the group of a) Qf-240 (SEQ ID
NO:7, Lysl3->Arg); b) Qp-243 (SEQ ID NO:g§, AsnlO—Lys)y; ¢) Qp-250 (5EQ ID NO:S,
Lys2-3Arg);, d) Qp-251 (SEQ ID NO:10, Lysl6—Arg); and ¢) QB-259 (SEQ ID NO:11,

Lys2—Arg, Lys16—Arg). The construction, expression and purification of the above indicated
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NO: 13) or AP205 N14D (SEQ ID NO:14.). In a very preferred

embodiment said recombinant capsid protein is composed of the 133

amino acid coat protein C of E. coli RNA bacteriophage Q3 comprising or

preferably consisting of the amino acid sequence depicted in SEQ ID

NO:5, wherein preferably said recombinant 10 capsid protein is capable

of forming a VLP by self-assembly. In one embodiment, the expression
WwepHetruziseomprises a first stop codon and a second stop COHBBRPUHEselfm2s

said first stop codon is located directty ¥ -of said first nucleotide sequence

@pehiherain gajalﬁgqamdnmp eslgnisdocatedaliresiing refmaitldiystaiapscribed

m%%mﬁ%’? re'” ahxa?%sh §t§ loefgr%g e é%n €591 IR GRIBN S4B N cation.

For example, p akm plTac-n ID NO:30) comprlses e

natuF%IPy%%h?jrﬂ%%@@fﬁf}%@&&ﬁeﬁcgtﬁgg%ﬁ%gﬁ)%i%ﬁ capsid protein of
ladditignabd GRGtopvbadte direothyid'sofibedidbatop odtith INNOpreferseditation

ﬁ@%@dwﬂfcﬂt@&mﬁ%w%w campiisgsi@ dshMGIROKSRsPST (SEQ ID

and a second nucleotide sequence, wherein said first
lﬁﬁqﬁ%‘ffd@? S 0AARESE R - recombinant capsid protein, preferably
Q(3 &R, vraptitasd embedmranttiieraofobitest preficrabiigiz0sSE@BLd of the 133
MELS s donheEein said seconenuslRRtids:a86 Q%%ﬁﬂﬁiﬁﬁ@@giﬁgf&&{y consisting

other protein referablythe A mutant or fra

A AT o AT SR T O TA Nt WRLHEIR <A THRv o g
@é@rﬁﬂ%@l&@ﬁ@é%éﬁmar‘éié’eb‘a%lfeﬂésﬁ?ﬂéﬁactly one sequence

streteh geBRHSHEAL |aastoresiAAsiaRactdoRpHopdsmigdimneat said second

Agbé&&? egé?ll? Aér@?%br 'g%o%ﬁ? acing Hﬁ%&@%‘f AN Qe ! '1'519;1%983 sequence
(0]

n, pre era 25 sequence TAA. Alternatively and more
ﬁ?@f@‘?i’%‘l’;ﬁ%ﬁf@?ﬂ%ﬁ%ﬁﬂ%’a qeetrd iestih g PR SEThY oI e oy Rty herein at
resusningfstap Gadaen, spretdrably ch@A bylthé sEquenceEAAFGH (BRIDAP205

@@QE@ NS RMPIR. NS tedionPi QR AENe & caH esRANGS Qe NCRbn and an
nk Ace No. M99039 (J;]UC|€O'[Id€S 46-1062). Gene C contains a

Q‘[“ﬁﬂ?ﬂgb’tpd%m?e‘i?&%égc@%do‘ﬂiﬁb’?ﬁésﬁ‘? %5%ino acid Q(3 coat
proteim { SEQE NOEinmd hsexpnginuciestivs sagprsee Eritodilrgtide sequence
P @%%@qgc[&ﬁgém&ﬂ@&@r%@eﬁal REQH? B@i@o@&lé\l%@EQ3§ encoding a

1-399 of S 6- 444 of NCBI Gen

%‘gﬁ‘ m ca Sl %1?0 srglill %’%C eo?rc?emlsneaqlll\ien%egm ﬁlc%o ng hmlOSt pmfcrably
$B3- %ﬁ%@ éc?@dgw@nz Rﬁfbl@@ﬁ%@%@%@%@@@f@mmqﬁ@@ny other protein,
pakespend ke sieng FAAsion eodagandhuelEotide H4034040800ID NO:15,

R DilANe FRlaly JS%@H%%&%@Q”S&/{,‘%E% 15 LOUMEAPY, 5ty one

second nuc eotlde sequence (Q O 2006

BENTEER SOUBIGEPEIETL1% SEFPRSgh® AR08t ﬁ%%ﬁ@ﬂ&egﬂg@h@é@i FAA stop
ﬂwmmlmmmaeqﬂwmamngxmumdtmm@mlmWr}shfu@mm by the
R pagRerFNA il a0dudiUSel JRRIHEM x&@ddﬁ/&?@og RABH 1V ebndifted by

ggprlgcméetgetga%}r% l?rsécr:gucrtn\gg gtl;)%. r(]:{}g{gap}\alrgl%gd%?yn%‘%f t%retlgg esequence TAATGA (SEQ

D NO:32).

For example, the region of Qp gene C corresponds to the NCBI GenBank Acc. No.
M99039 (nucleotides 46-1062). Gene C contains a first nucleotide sequence encoding the 133-
amino acid Qf coat protein (SEQ ID NO:5) and 2 second nucleotide sequence encoding the 329-
amino acid read through protein Al (SEQ ID NO:15). Nucleotides 1-39% of SEQ ID NO:6
(nucleotides 46- 444 of NCBI GenBank Acc. No. M99039) correspond to said first nucleotide
sequence encoding the 133-amino acid Qf CP, Nucleotides 400 to 402 of SEQ ID NO:6
correspond to the strong TAA stop codon and nucleotides 403 to 405 of SEQ ID NO:6 to the
leaky TGA stop codon, which is followed by said second nucleotide sequence (QB Al
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The expression of a recombinant protein can significantly reduce the

growth rate of the 5 bacterial host due to toxic effects of the accumulating

protein and due to the metabolic burden caused by the protein synthesis.

In particular cell lysis and low plasmid retention may occur. Inducible

promoters provide for the possibility to separate the growth phase from

the production phase of a fermentation process. Inducible promoters are
wiephessedy a repressor molecule during the growth phas@of/#ree6/062628

bacterial host and are induced by expodsing the bacterial host to 10

h@ycwmamumggtﬁb%@@M@pmmaa@eﬁaslus@a@@r%a@% Al in the

therefore allow the cte n%’ t fast 8l eferably expgnential
e e R G

Wrﬁ@@e@armm%m@h‘m@q%mie%ﬁl@@%hdﬁ}%%ct atthe end of
the pmduﬁptempﬂase, rebenbfaie;, thecisagestfditdricible:pionibieréan he: of the

SRERSION Bl "SOMPLIANL RGNS RIQISHE el AU e«MQQ\M% FEAUNE burden

for an inducible promoter is the Ise promoter which forms part of the lac

%’B@%ﬁyaﬁﬁ WAER émﬁﬁnMW%%tigﬁ%ﬂgé%glm %‘ﬁ‘ﬁfﬁﬁ‘ may Oecur.
Byintiigt pimoeicepisoe dpyibhipefSHliyatastosie (R TEBmth hesgfbwtithe production
piE 5¥m§§f%mt Habhest: I@Q&E@ﬁ&ﬁ&b}g@%ﬁ%&é@e@ p)! M@Jp’u@;sor molecule
I on pl’OC SS 10r the expression
e e A R 3 T P e S5 I BEARE EB Y g ppceril st o
Rdviter @/eaﬁ!tple& @f-ﬁrm mumb@q@mmél@ps éméupf@m@ednmeuabmcm@fc aliow the
M&Kfiﬁ%&%@rwi%@bﬂﬁé%?@ 8@\3@&%@ &i&&gﬁﬁﬁbﬁﬁu@iﬁ% GANDAEEh high
ressi system ase n iInauc ote e leakine
B e 1 A R Bl a e

sitoé dirspodreintaiirsexphesdion frawet iBeuibis RemYrstdh Higrimgression of
thegbhwt fpdiaikds platsriypically leads to a 25 reduced cell density or to

p'as'ﬁi%@ﬁ@%ﬂ%ﬁ%&lé‘%&&%ﬁ&&ﬁ% %9&116?&?9&1%9&6%&&}%% fgrgnés) part of

recombinant protein Makrides 1996 (Microbiological Reviews, p. 5

AR BRARTHE BIE Pt WISy W‘Fé‘l&? iPSHFRBE FRpPECEIOM It inducer
Wépoopybnoefe Dvghiisttosd §Piéssedhenglewthigbdony g€ the badeiahBaanonavan et al.

m@q&&»‘@oﬂﬁm&ntﬁ%@tﬁm Fc@ﬁﬁh&&péﬁr%?o@dt%%‘@%pﬁc cxpressmn of a
rom ter eﬁg&ef rrede\t/}\éhill% 2 strln% ﬁ}é}g ressed In r% i f“
embodim AROLET iS represse SETTRE %%I%‘%?p e o
mﬂ@hi‘?}ﬁd@meﬁ@saré mmmiwwmﬁggwm{mlm@wl Reviews, p. 512-
888912-538), Goldstein & Do0i 1995 (Biotechnology Annual Review

1:105-128). H akrldes 1998 (TI CHl 60) and Ste en "
2000 1S S e S e ol BRI ks

& the @E?Bl@%y%ﬂé%é“%ré’ﬁ}‘é%%ﬁlﬁwé@é‘f@%‘f‘éﬂﬁﬁ?ﬁﬁcﬁﬁ%ﬁg&‘&ﬁﬁmﬁ a certain
camsisiingef leicthiaeddMitac:, pretck. Mulpp' 1135 ppidatadc -lads Fgilaly leads to a

and Le1as-Eapecially a?siﬁ{&‘%ﬂsi%l irngse ohi Hﬁ‘é@"{éo{édﬁc%ey‘f’éd@ of the
2006/125821 /P20 6/062628 -16 tae promoter ( rgiD NO:2) or a

FREREBIS AU BRERSH Wt%ﬁ?&‘%@@ﬁ&lo?‘fﬂé"fﬁw% i 38k i example of a

promoter which is prone to insufficient repression is the VHb promoter which is repressed under
high oxygen conditions and induced upon oxygen depletion.

For the purpose of the invention promoters are preferred which are stringently repressed. In
one embadiment the promoter i repressed by the repressor lacl. Examples of such promoters are
disclosed in Makrides 1996 (Microbiol. Rev. 6{:512-538), Goldstein & Doi 1995
(Biotechnology Annual Review 1:105-128), Hannig & Makrides 1998 (TIBTECH 16:54-60) and
Stevens 2000 (Structures 8, R177-R185). In 2 preferred embodiment the promoter is mducible by
lactose, more preferably it is selected from the group consisting of lac, lacUV5, tac, tre, Py, Ipp?,

ipp-lac, T7-lac, T3-lac, and T5-lac. Especially preferred for the purpose of the invention is the
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are mutants or truncated or deleted variants of the tae promoter having a

sequence homology with SEQ ID NO:2 which is at least 50 %, 60 %, 70

%, 80, 90, or 95%, preferably 98 to 100 %, most preferably 99 %.

Wherein the promoter strength of such mutated truncated or deleted 5

variant is comparable to that of the promoter of SEQ ID NO:2. The skilled

person will be able to determine the promoter strength of a given
WEeHent®y comparative expression studies using standaf§ HigtHBa49c1ms

a specific embodiment of the invention'fire promoter driving the

BXBraasienseliiie resompipantarpsiE RmiRiheebTTWEH Qlieaétﬁfﬂ atf\iedyinvention

a‘%-g iRk S?sot‘%rSTQcan\'Q Seld hﬂfﬂ?an%: IS %@H&ﬂ%% &éx%%c #8mology

’r%on (0] cUV5 promoter and e -35 reg |On of the 10 tr moter o
SETBINR eI BB o PO Io B % B OB RSP FEIGTRRHLSS o 100 %,
elementsabiithe tac piemntend decBoer etralgl088 skeh ABt80R2duR8ated or deleted

ARAMR 8 Akt BR3RERe4R: FodabiBhr SeyondRs I 01‘}%51&@%%@19@111 be able to

expressign rates and high pr te| ield while v0|d the formation of

FHEERIBT TS TRUBHECIRPYSIASY eSS HERIS Ste i HRIRH P EEESR WA ies using
strohgencoin dter spsifthcabelienT T pfdmibtemtitndhe orameadmidng the expression
w@@%@ﬁdﬂi%@&@ﬁt%ﬂpm@ﬁw 5asn@5;mwnog&ss@m$ilﬁ@mlesﬂhe fac

Thr?%djtgru{n l’uBf BIO|0 t:Ctt"’I‘%! (Ehhe%sn r IS %(1% :i gﬁf %ﬂ-ﬁ%lﬁl otor anc{"’é{lt %55 ra%mn of the

eferre € promo € group consisti

@p peomeeasad m@ﬂms e Righ StroeaBH O f&ﬁ%%}fﬁéggrah%%mew@medmm
PUHRASE Wb heimientanthe 1vmnrotasisoperablyiaked 4o 528 fieat 25:167-178).

f%U%J&%%% g&?(%&f&%&@“ﬁgg'@%&Q&%ﬁ%@@?'&lﬁ“h&% S@&&%@M%&M@aﬂ@om the

osome %%O hine- %arno sequence, SD), typicall
CoprSiai A BIe AP AR PRI oG B S RESHE SRR ‘Wéﬂ@%ﬁ?f ywith stronger
ﬁﬁﬂm&emdmamm flrposeof. thee tmaxitibn tbr eroreddarommutitderarions of the tac

é%mg ersh @ 1988, BAA 7(0)i39%:40p @m&%&éﬁw%&s&/@sw%) In a

1219-1229). In one embodiment of the invention the ex
BB Bt eEs BRIy é“b%é‘é‘ﬁ?ﬁ&e%‘f’ﬁ%‘fb‘%ﬁ% bﬁ%“ftﬁﬁ’ﬁ of tic, trc and

%6):399-405) which is depicted in 25 SEQ ID NO:4. In another preferred,
embm@tcmﬁtﬁ%ﬁéﬁﬁ% C&@?&!‘M@hm%@%a ﬁ'@i@@m&@'gﬁrﬂﬁ invention the

ence of Ri t er, 6:1219- 12 ID
B MR s D A e i ‘Q?ar.ye%ﬁ?%%agﬂt copid
fﬁ?‘m’é warpmwélqﬁmérﬁﬁ@rﬁ%@%ﬁesﬁ%ﬁwnﬁ%@a@ rSSEpRising an
levelssanddsapraiets yieldnaf Reambinrint-DapaidopicieincS BQ HBeNDiRois of the

%%%gga%"xré%ﬁ%%v@@ hARge IPESHRIRSSION PSAPERR CRESIG3MPI e st et al.

Ina re erred embodiment of the invention the expressmn construct

ég?ﬁppfggsl‘gxghﬁngiﬁé?&g n@é@&tﬁ@?ﬁ?é‘lw&c?é @?Owﬁeszb%% Bxprcssmn consiruct
comgisitnghof SEQal M3 alicb SEQ dD 1963 4DMoheTernby-4050 which is depicted in

f%ﬁ@ %@fg%mg éﬁ%@ﬂﬁ@f&%%@m& ﬂé%ﬁﬁ%éﬁ?&@@&lsi%&ﬂ% '8 Shine-
o aenen: SR Ui e st el o
Sogroeisgln & 88 plofetrddteTHBo MR ofteTirpntio Aadd fex freguimgse of the
GRRSIbC heamprisesadaminaiRe\h 2006612682 3k Gl fR200R10 62 628 mbinant
capsid protein. SEQ ID NO:3 is especially suifed to enhance the expression of AP2035 capsid
protein. In a preferred embodiment of the invention the expression construct comprises a Shine-
Dalgamo sequence sclected form the group consisting of SEQ ID NO:3 and SEQ ID NO4,
preferably said Shine-Dalgarno sequence is SEQ ID NO:3.

Transcriptional terminators are functional clements of expression constructs. The skilled
person will be able to choose a suitable terminator sequence form a wide range of sources. In a

preferred embodiment of the invention said expression construct comprises a terminator
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-17 sequence, wherein preferably said terminator sequence is operably

linked to said first nucleotide sequence, wherein further preferably said
terminator sequence is the rRNB terminator sequence, most preferably

SEQ ID NO:28. For the purpose of plasmid selection the skilled person

will typically use an antibiotic 5 resistance marker gene. Examples of
antibiotic resistance genes which are widely used in the art and which are

WeUitaEIa T the purpose of the invention are resistance genBSAG2atg (&8

antibiotics ampicillin, tetracyclin and Réﬁamycin. The use of kanamycin as
sequelestivecage piciarale damenahaqgpreqess:tas tiperpriydustidoohia HisPoigleotide
skgtpe% E:%,l %}%%ﬁ? %‘?ﬁlc@ %9(9%@9139 g&m&%&w@@@«‘iw@ip etk Y rminator sequence,

namycin as corgrijﬁ)arqd to alternative antibiotics and because of the
RoREr LAY eth Mr?sg'resulting thereof for the use of the VLP as a

vaccibe dieupthpem areplesmsinsgieitioprivideslb iiesplasifity peritiens 48 antibiotic
%QE%@E@%?@@E%&@%@@QQfg&éﬁ%i?g@%gﬁﬁzg %Hag@hﬂﬁ@w%ma{%@f@my %E]&d in the art
- otransferasg gene :29) which is derived from :
*l“?ﬁ?\g%%%oﬁefﬁsg&ﬁs? egfléafg%épé’%a?ﬁclﬁl}farlﬁ/‘)ﬁ%%%la’sreeléecstlg & riar ?'(EarggmSt ﬂ?e
aéhotiThempiditioriokeribiond SaepmcimddinmiefnsrarRuatde gieasiepgent in
BLOMPBIG kS Proadustipnineaess Jorqost gnd:-safaiykeaddnrsals tithe lower
Spatext oL ihe IMyerian anrbiolies,. BiSIERBRLKANRYGIL: AR RIBIGAINT e tower
an pref%r used Torthe sele ﬁj t

ably ction of the expression strain. Media used

T ReCpRERTDE fRH P8 deagoa e dbs antigfiyhf E-OARtABRHIES, T PEFReHiapanamyein
panmnyifc: Heweyereatdditisnahpmedntibictrodyprathittiesuded tonpicillin. The

RIS ?ntge-ﬂﬂé% H&%Jﬁ?a@egéa@(@%i% Ritese CREMRIQNR LIRS transposon

retention throughout the process (Example 10). 20 The skilled person will
E@%?ésé?ﬁ%%iﬁﬁmgmg@ﬁ?%fﬁiﬁﬁ e TP EE F constructs which are _
usefdliforthigiprooli etidratty/ LP shof hedteridpeagesibyy weatbahiagihe commercial
&%ﬁ@&ﬁ)@ lerpenRiseHascriRes dhqyeabiying skandatskmathiRds@dntion antibiotics,
molecula biologg}.tParticuI%rl ugelfe negpressé(%n Laoseigégspf(g}% he purpase -
3?%@‘31}?’\}%% PTAR Séd BT (SEQDNGAY 16 the production
Wfed)(3et o Abeipp Tt S PIAPE O%e (SEaH AN 36 PROP 1o ib datifslpidfanamyein.
AROR:V LRiids Tére Lonsipiciionohtbasrspesiic expressioniplasmidsns for the
aesrbecinde ol I NS EXAMPIGR.RRGH Aol HE.PHRY ARRIAN BlARRIC Popre

frans orme‘ﬁt%o aafgact%rla? ‘E:-xpressmn host by any method known'in the )
art, prefeTaby By ERBH bPs IR THERARI RN S SRS T th S RESHCB ABREIRE Which
the vexfprabsitn pradgmithard $8[Bctetibiotonaptisgad éxpreggiongofithgenetic elemenis
Eﬁﬁ%@d&%@%&%&%&g%ﬁa@&%@&&ﬁp& RAGRATRNGE) BsiruRaledisd expression
clones of the expression best comprising the ex S%?Oﬂtpgﬁg:'gf%bl for the
slaraifnddbe P &f cBfuRS &dloha %? é‘?%o Cah b&chosen fro
amgisaicteo08 VAR osndblens Db PIRa (M aRING A tairthegmsiertion of AP205 VL.

expressienmiasniddusngiselbdivision. Riafesed bactaralinastsione the Examples
Escherichia coli strains having the specific features described in the
f5i6%ing sections..

The expression plasmids are transformed to a bacterial expression host by any method
known in the art, preferably by electroporation.. Individual clones of the host comprising the
expression plasmid are selected for maximal expression of the recombinant capsid protein by
SDS-PAGE after cell lysis. Selected clones of the expression host comprising the expression
plasmid can be stored as frozen glycerol cultures.

Said bacterial host can be chosen from any bacterial strain capable of replicating and
maintaining said expression plasmid during cell division. Preferred bacterial hosts are

Escherichia coli strains having the specific features described in the following sections..
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WO 2006/125821 PCT/EP2006/062628 -18 The repression of the

promoter is improved by overexpression of the repressor by the bacterial

host. In one embodiment said cultivating of said bacterial host is

performed in batch culture and under conditions under which said

promoter is repressed by lacl. In a preferred embodiment the gene

causing overexpression of said lacl in said bacterial host is located on a 5
wplageidspreferably on said expression plasmid. AlternativeRf BERFeief3®

located on a seperate plasmid contaiféd in said bacterial host, wherein

said Bepefatespiasmitpieiacah|ysisnaigid eopyvaciplostiqlasndid.repressor by the

'?a‘%tt%n lakvslyin%q E@rﬂ)%k%grt? E@M%ﬁﬁ%‘&%ﬂ& '&4&) %@&Egmq rb&@ﬁs performed in batch

romosome of said bacterial host. One example of a gene causj

BT BRI SRRAERTE 1465 HH A ROEO S0 G b Mg Proered
aute Bioengineennpe2(Z Bee-81Hpwhidhsiila sihgleCib1ueTial dhstrigdogsicd on a

'I%Q‘rﬂfi H}gﬁgﬁ gﬁe{af@%ﬁﬁfﬁﬁléﬂt}ighﬁﬁm&@ﬂQaf@EHIE%QQ&%H‘OE%CA@B}“&’C@
expressmn A urthi{ exam le |sI Ildascock&Wel ke_fr: e:rla? I8 a%l%co
B 59nsajed iy saif) bacisy) d}fl ?ebres‘g%?l BH TR SSTar e g opy
yrobetpbivasd @mxwmm mramm;fré@ehﬁm Mﬂ%ﬁ%e‘i& éelchfomosomc of
density-amthadtimately, in improved protein yield. For example, bacterial

straips, Com%piﬁ”%the 13 lack Q%roe%e{ﬁ?sé %? the & "%‘L@pﬁ?&%ua et al. 2003,

molecu?ea ere?o?e revenf’format e recombinant tein

%@Fmenm@ggm@tﬁlmgewé?é?ﬂ%@&ﬁmw&%ﬁe%ﬁ&@ [fenge at -35 of
Wl dipe genasitn afpreferadhctanedimentitit gerescausingl expression. A further

&l ’éﬁ&?&%&?f‘(@hﬁ@é@ﬁ@%@éﬁ&'@ 59@ r d}%ﬁ%ﬁ f%@@lyzlﬂﬁl qn@&e& rcpressmn of

specifically preferred embodiment said bacterial host comprises the gahloher cell

BEREERPTES ERFBnBEoHRT B FIAD AR D ATREHES A, SRR

oo ted jsigedfcin sdintovan indeicericldhtremasald rritciel $ggine ompiiping the
ﬁ%ieqé@i@ TIRMBER qnd lactase.Rpshareiesably @@Qﬁﬁg%ﬁﬁd& formation of the
lactose.Upon exposure of the aeterﬁalnbestrtoe ek%exre&qrecg%ornlssm the
TReRRbAER % %ﬁ?&ﬁéﬁlﬁ?gn%oc[e? BREoRes attiVe. d’cf ? prsing
inidiiizes sREGTTe Hrfculirebaituinmbestlts 1san IRERIO TR sad bgis laclQl
Ua@aep«ppﬁﬁemyrew ohthenteRapipRRi-RMIsFBna-Righd Byabhe tassemprises the

1;,G dII’eCtléé enters tf the cells by diffusion and binds and inactivates the

Ve T repressor?a(? “Inactivated lacl repressor molecules dissociates )
from FmeTspERaeSamE AIOIRARTYH RABIdPErReIp PP Rcth & i BRigiicer. Wherein
Haill Goidu ot i etedonlite ddye tldefoell SMTthadrénsediptiont porfitiabigsswithnducer 1s

ﬁagsa%ﬁawzgoqweme&%eé&emme%ﬁeem&'%%eoﬁg RERUAREAnd the

before, high expression rates lead to the formation of |n§57muble 30

PRI AEFETORET AR RS NG B FING a i fjre modium results in
selfrassémbiycinsticlitn ofppsetel mawwémmmmamgim@m@eaﬁmhdn@bbccause

iB1& S RALICHREYLRIMS 9 Eﬂﬁu@%@@l@&ﬁs M@vﬁé@tﬁi@ adtheTRiESsor lack.
ductlon o] t e romoter |§ rle el?b%/ ach l;h\{the aqdltlon ofﬁllf‘;;l'%l R ievel
E?fﬁ%tl F%hre" e? OW the Conce n?{ to the £

Fare helow the conce n WhlBF] cause
mggj@p @:)@tém promoter. IPTG is not metabolized by the cell and the transcription

continues with high rates until other metabolic parameters become limiting.

As mentioned before, high expression rates may lead to the formation of insoluble
recombinant protein which is not capable of forming a VLP by self-assembly. Induction of
protein expression with high concentrations of IPTG is particularly prone to the formation of
insoluble protein., Therefore, induction of the promoter is preferably achieved by the addition of
IPTG in concentrations which are below the concentration which causes the expression to occur

at its maximum rate (Kopetzki et al. 1989, Mol Gen Genet 216:149-155).
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at its maximum rate (Kopetzki or al. 1989, Mol Gen Genet 216:149-155).

WO 2006/125821 PCb7EP2006/062628 -19 In a preferred embodiment

said inducing of said promoter is performed with IPTG, wherein the

concentration of said IPTG in said medium is about 0.001 to 5 mM,

preferably 0.001 to 1 mM, more preferably 0.005 to 1 mM, still more

preferably 0.005 to 0.5 MM. In a specifically preferred embodiment the
weoreemmation of said IPTG is about 0.01 MM, most 5 prefePEHBRFBEF1062628

mM. Alternatively, induction of the proA¥oter is achieved by the addition of

lactoges Imman&%é@mbgaﬁntﬂa@t@gnmesﬁmmma;eéﬁs@nﬁaqtmsms

tl?xat the baggggﬁ%'a 183 E) saf ﬁfq%}em stzﬁ%%% 1uk!xF 15%?}%%%H t? & ﬁc'%g}ﬂﬁ £.001
ac permease and that it comprises ﬁaetos ase acti

e Lo, 1o o
Jpineficthandie d0upiakeot BT Coyedifftsions kzitthglitiore stactos@ldmds most
I;}%ggﬁg;tgy infayact with the lac operon but is converted by

(3- galact03|dase to allolactose (1-6-0-(3 %)pyranos uco
whicfHUFEHE P iga o %Sfﬁfﬁg’%t%ﬁ% R
proteimexpressiortyste witfal mansgfrtamehss Hobvensterid dust reomakle itf taking

@@/faw&éh%mmm@mns@%wj ga%sa@ ression ;fa&@]&@gpagsmwm@;\é%my
ﬁ)? addltlon of the i ducer it re sk ofthe 1

s duc
e ST Sl e Ao e e 8,4 Kt inerc than the
TsateauriRgGHey &m.&al@m@eradwt@wﬂm%@%nnﬁwmﬁaﬁm ilgc operon
&ﬁeﬁg:ysﬂ%m:a Bﬁ@@dﬁhﬁl@i@d@%m%&smw@@h@m@ﬁbﬁgfﬁm -glucose) which

rovemg Vi3 5ORR! R 3USHON WIS Grofci BRI by ne

uctio actose a S to a certain extend the contro

@%@ﬁﬂ@%ﬁ%ﬁﬁtﬁfé BradeTegembiRaEhib RIS oheUmRs it dRSERIioh hhaggession
wie el aciosereoReentratoniiitkie of édilindutrd actiothisy lactdsedsthe risk of the

Mﬁg@g@ﬁgggﬁgl%%@rmaceutlcal production process because IPTG is

expensive and is believed to be toxic. Its removal needs to b

demoHpEiRs al‘?tﬁ’émé"ﬁ%l%“fdalfﬁe%‘?oﬁf&mﬁ PPSEELETR, éhf)rgfgﬂ%%on phase and

emibibdien embsaimbdndugintcohbsid ip fonbettaris! perfbatira Byithantdibovefribute

{QC&Q @Sﬁiﬁt@@t%&ztg&uesmﬁmam %ﬂ@@ﬁ@ghﬁﬁﬁ@;@%%&%ﬂﬁ%iﬁndmﬁon by
of taking u e from t edium and wherein furt

pre eré% Y &aid k%gnt%enaf%%?%o%%?%e%ﬁp alattosidase acftl%ﬁl%ngou %]nant proicin

Bwerﬁaa Sriprs eREhTSY \EX Si7 SIE0 B I EHE i Bhihe i ol Behei S Butgtose is

ﬂ&tﬂ&:'lﬁiﬁhcd W@E@m@m}c&n Badeiri adenbodimentiPsaidibactetdlc and is

DRSSOl ¢ r%‘m%%E%é@%@%ﬁm&%&%@%n%%‘%&% g SB}J&QI%UOH process.
group consistin 13791, DII20, Y1088, W3110 and

8
prefe%wcéa*fegtfa&%ﬁirawcﬁbﬁ%@u@aﬁ I e Pﬁﬁw Brdfs-pdgition of
ambedimant saichpramatewisthe tadqabimeséd dbammatithiber warasntithel edfing up

angsaid hagterialfest isanfersolaliin WhHieh furher 6omRHSesse 48RA%isces B-
causing overexpression of a re ressor of the tac rom ter gvgereln sai I
églﬁcema ra%wxfi%% Qﬁmﬁﬁtéﬁrglﬁ %%%J%?éamp beo tame om strain collections

such as ATTC (utp//wwww.atce.org). In a preferred embodiment, said bacterial host is an E. coli
strain, preferably an E. coli strain selected from the group consisting of RB791, DH20, Y1088,
W3110 and MG1655. Most preferably, said bacterial host is E. coli RB791. In a still more

preferred embodiment said prometer is the tac promoter or mutant or variant thereof and said
bacterial host is an E. coli sirain which further comprises a gene causing overexpression of a
repressor of the tac promoter, wherein said gene preferably is lacl®The pH of the culture
medium of the bacterial host can be controlied during the fermentation process and regulated by
the addition of acidic or alkaline sotutions using methods which are well known in the art. In one

embodiment, said cultivating of said bacterial host and said feeding of said batch culture is
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medium of the bacterial host can be controlled during the fermentation
process and regulated by the addition of acidic or alkaline solutions using
methods which are well known in the art. In one 35 embodiment, said
cultivating of said bacterial host and said feeding of said batch culture is
WO 2006/125821 PC /EP2006/062628 _20_ performed under conditions,
wherein the pH of the medium is controlled. In a preferred embodiment
wsalthpttiszbetween 5.5 and 8.0, more preferably between 6P BRHE2¥0/062628
even more preferably between 6.7 and70 and most preferably said pH
ﬁ}@ﬁi@&n@sﬁm&cﬁt&m%ajﬂa@anom@qm npedidmnBaayP e kepkenastanta preferred
duyring i W 1@ GEPR: %ri!\tvgnca Tolloyag, certain r%FOf'!; dgyrm E?é*}se difteeent en more
ases 0 rocess Withiri the fange specl ove
Iﬁ?éﬁ*@%dﬁ@fﬁ%@w@ﬁﬂs%ﬂ%mﬁ R@&re%ﬁs%ﬁﬁ%& of vaiimestieyitd §. Gaid pH of
fretasahly said pHdbidepihchisiaticairbos et pioc @St ef dhertiventiie during
&8 'HB%&?S& SrLawtly Rﬁ@%?oc‘ééée&%é%@ %@?W&'ﬂg@@%@%‘ﬁ@&n BOIRES & baa‘{ﬁ'afnmd

and a feed phase, wherein said growth phase and simultaneously said
PateHmret ﬁﬁ‘gs%}%ﬂ% WRTA BT 3% Viltfuik Ad daid orEP MGG AT o i kept

wireretint$did feed phase is initiated by said feeding of said batch culture
with @@édpea@égg G@@QGMH@% &%@e@@tlgﬁﬁap@ﬁg% ofyhacteriaigelidifn phase

limited an t ncen qélons fthesrgstrat ca se t %formf;mondb o
BIRGIEESD & [ REATaE TRIEA §§0‘gta ipd Saultancously said batc

lﬁ@ﬁﬂﬁ%@m@ﬁ m@#@@@&w&lﬁﬁjﬁﬁﬁf@@m%mﬁ \@hqﬁ'@l lsaidtéaed phase is initiated
Bihareferanthe hacteral hastds kb o dncarted-hateh culture on a

mini ”mx'}%aﬁéf%m W't 3 imited auantbyof syt %teh 1,008 SIROHMC otrare

3
said cu(itlvatln O acterla]i ?]OS'[ IS periorme a meaium comprising

BAYd CRREfORE t&%‘u ReeretiiTate rSHFE nikai lﬁ‘?ﬁtﬁﬁe@%ﬁ}y@f& IefithifRapndesired
seidticariopoe tesakdyian ehé micdliyedefined siiminbatmrdiliareftosthe bacterial host is

%{cﬁ&g r%bahfeﬁadg{éﬂ %91%@ é}% ng?nf&%g‘! %@dﬂﬁvxdﬁﬁﬁ rétlﬁglté@ @éﬂgﬂp!ﬂ @b@@aét In one

e end of the batch P ase, when the substrate contained in the medium

FEaiBSE saiatidtvat rReti o7 CBAES] Ahilgetrie PREBPEArSoh Bativee paegsing said
mgctimpis fedte.saitbatchiduldieratitvEsaincrateragtaé tedivgd preferably a

&(&W&Qm%ﬁﬁﬁfcmm&ﬂ%%& pheLmyWhd Aerkihe Rbagiesiah@lescribed
mlteg lgy the feed rate of the substrate. It is understood by the skilled

m SO that the decisive parameter is the actual mass flow of the
su bstrates srefeiabiy trshiise caRsripsurgate capdiethen futriepiym is almost
egguﬂﬁsad, tﬁxéﬁlﬁiﬂtaﬂﬂl@ﬁﬁﬁ\ghhss wgRr m@wﬁtmcg@@iaﬁeeﬁmmpmsf&@mo @hid batch

ﬁ!r}lraeag tm%grlrlilarrrl pne gg %rcg]ed\n&g?aﬂeoﬂ g?t%ac% }%8‘;% é%lum *’atc of the

€ medium. e same COFIS eration applies '[Ot e COo- ee |um

Pééféfﬁéiwi)lﬁ“ﬁﬁ@f@@d?fé tif &7 TainBb et Yo antlyaed by hciilied person
tultdredstibivegidrmeior Gabbanusdnese isvpefftrnetkwit) préferbiathe major carbon

%ﬂ&re? %&’ @{.ﬁleﬂ Nv:1akE qul&%g@Jﬁ%@!@ﬁ‘f&v@tgiﬁéﬁﬂi&a@cp Q‘%Eﬁ%%ositian
of the feed medium can be assumed, the flow rate refers to the volume fiow of the medium. The
same consideration applies to the co-feed medium (see below).

Therefore, in one embodiment said feeding of said batch culture with said major carbon
source is performed with a flow rate, wherein said flow rate is limiting the growth ratc of said
bacterial host.

During the feed phase the growth rate can be freely selected in a wide range nearly up to
the maximum growth rate (lim.,) if no inhibition occurs. The actual value of pme i1s highly
dependent on the bacterial strain, the expression construct and the growth conditions. The skilled
person will understand that the determination of pr.y 1s performed under con&itions under which

the promoter is repressed.
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During the feed phase the growth rate can be freely selected in a wide
range nearly up to the maximum growth rate (~,n) if no inhibition occurs.
The actual value of ,Y is highly dependent on the bacterial strain, the
expression construct and the growth conditions. The skilled person will
understand that the determination of p is performed under conditions
under which 35 the promoter is repressed. WO 2006/125821
WRCTHER2006/062628 -21 For a given experimental set up, PCaVEDRI06/062628
determined from the growth curve of ##g eulture by plotting biomass

CONCRIMEALIAM CkbahHaiarsaiRgd (o §0E9f:cal mw@g&mmﬁ\& the culture

mst ecultlvatlon time and determining t nt| Jro
B e S EeeER B Rl AR S B R oo agin
He i a@w@%@@tﬁrﬂﬁlﬁ% %%ﬁ%ﬁﬁ&%émwhﬁs@mﬁg b@f&ﬂéﬁ%ﬁéﬂaﬂon
in-thg béginviagwal theubatth phase-whencaasulsatedinitationfosCetsonentially

%%ﬁ;agm%w Dy of @ddlitional madinrby, éﬁ% ding; Jhe %%Mm&ﬁlanmm

etermine computlng the ratio of thé difference between natural
YSgRFhH: B o6 HHBRRAES A, AP HES AR Hfhap detcrmined by
togarithprief thie tdtab difinass YXitwensered htgtirmbnt, dttihetiieodiffe lEnoeasured

4250 PRSI AEADr 0 GefsRAtah sYltuiaallawsihe MaiRlenan a8rerence
fa ci‘png_tﬁgﬁégr t rzte é) In a preferred embodiment the substrate,

g‘“réf‘é a‘bli/{ Zrh?é?%ké P P}'source, is fed during the feed phase

accoFgineptd: thdteepdiverstidicinpiciesenot teabiomaass Lol derrgitie fepyfored

a&as&ﬁ»ﬁe& subsirateds ;ﬁ’éﬁ&ﬂﬁﬁl &Emﬁ;&ﬁ@&%@tﬂdﬁﬂ&cﬁ)ﬁ%ﬁlﬁﬂnMG fecd phase

e%{l:lgu e | %u g:?f!:}éla% Hl rcss;[ %tgf t%n% gsl“sls tg d%ll;%ljﬁl ageela pha%e the substrate 15
con |n US Ccu ecause piomass rformation an

soRiefipehsans 1%edbitcianBarsdebtalsp dtrite- ﬂé?élr%%ﬂé%@éﬁﬁ%ém to the
Yxts£hio massdglrusubstiate. [ghcdire Matemaatﬁyd(sﬁmeaﬂ raentifibtion are

éQJ&T?e & SHRPled é&o&éﬁ?&‘i@%&%@%&@%@f&zgﬁ &%%édfujl " YRSAR B, the

rein xo,0, Is the total biomass at feed star?l "nerefore, in a

e AR B Al Pre e ke SFRRiieR s atr cattdhes sorear i fomule ds/dt
carlan seLrCorseptrionmpdwitebbilowsateloahessin said flow rate

incregpgsayith;an &M@%e@&%@iﬁ@'%&&&%&ﬁ‘%@ﬂ Rrgfer @J?éiy said major
said ex onentlal coef%‘#] ‘fgéﬁ below ax Thus, the %ﬁ?wth rate 0 said

BHRIEASIE SRR the a8 % §ee‘[1 A R R BT A gsponential
headfipeatfen eedemibti m@n‘fﬁr@éﬁd seidpoimentivlat sethiceant ¢ is blout 18023 Tdus, the
£V FRQr RiRfesahlAl @b@tﬁlﬁ@g%@fcea@ba&a B SPacHiGaRINRBRIMEPSF 11, n a

the inventi etfo an absolut lue of 0.1 45 h", .mqre
T D R D S e gy

%@%éfb%wé Prockss EstiRheiat eyl din devarbBdioh A% 2R bty vaiue of

arﬁi ableaouit iseaprdderangesab diffeienthaubsteatesishoithe plypasedief that the

%W%c&ﬁé%[{&dtﬂé%’ésg%ﬁ%’s‘ YR @re glucose and glycerol,

pre rably glycerol. Although the maximum specific growth rate (max) of

the e?ﬁ?@&uﬁ‘ﬁ m}gga[ WFHEHSS%VHQ @ﬁgé\/%fddl erent substrates. For the purpose of the

" invention, preferred major carbon sources are glucose and glycerol, preferably glycerol.

Although the maximum specific growth rate (P.,.) of the expression host which can be achieved
may be higher with glucose than with glycerol, glycerol causes less acetate formation and
provides higher biomass vyield per substrate (Yis) and, ultimately, higher vicld of the
recombinant protein. Furthermore, the handiing of the liquid substrate giyeerel is easier than that
of soiid carbon sources like glucose which need to be dissolved in a separate process step.

As mentioned before, plasmid retention, i.c. the maintenance of the expression plasmid in
the bacterial host during the fermeniation process, is essential for optimal yield of the

recombinant protein. Plasmid retention can be assessed by spreading bacteria cells on a solid
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may be higher with glucose than with glycerol, glycerol causes less
acetate formation and 30 provides higher biomass yield per substrate
(Yxs) and, ultimately, higher yield of the recombinant protein.
Furthermore, the handling of the liquid substrate glycerol is easier than
that of solid carbon sources like glucose which need to be dissolved in a
separate process step. As mentioned before, plasmid retention, i.e. the
wihaintenasge of the expression plasmid in the bacterial hoStEUFPRYyhec2628
fermentation process, is essential for-@ggtimal yield of the 35 recombinant

REgaINoRIRS i keleRHeR SNdRe-a5885RRE RYISPRFcingbasielacRIBER .. For
6

asolild WO 2006/12 P2006/0

example, a plasimd 1¢ %%Z%ﬁ%f{ / b MEans a@%ggsu 21‘2 1-.()5“ teesi%rgﬁtlgnﬁggrgompﬁse the
smg?e tolj%_mes an nfesxflng individual colonies for their antibiotic

eSSt TeiqHe B BRTR W h b rABFAEPd Sie RS SFSE00 OlpfREGT TR RpPse of the
iﬁvﬁldﬁbxl@&iﬁﬁie&eﬁﬁlﬁfﬁeﬁxe@mmﬁsﬁtﬁﬁn@ﬁmﬁi@aﬂﬁhiﬂiimmﬁﬂi}ﬁaﬁc%, preferably
Shich goskerredhy gﬁ%%wmg thlesyid Gar NS RHERASHPHRE than 97 % and
Invention Iasmlg retention at the end of the fermentation process is more
TesHPEEeR B AR Fably 5 more than 90 %, more preferably more than 95 %,
everlinorgipreferaily tengreathan07 Wcend smostipiefcrabbyat00 Hoviitheit roaches

@p&gr}]é_km%t%m&%%w@gm bagteratsiainis RSHEMPELAIKE B most E. coli
whijch jt reaches |ts,h|%)

hes imal growth rate (m,).,.Under. otherwise . .

TS L S bt MR 6 B SR SR s the
Gpidvivevensgrsivain Bfethne tadlteten Str lmneririsivd) thébeoabsgsresaion selective
&Qilﬁy%ﬂé%%t fg@ﬁﬁﬂ@l@ég&ﬂﬂé&kﬁf@f&ﬁﬁﬁﬁ%ﬁh@ﬂdﬂi&m ﬁl@ﬁﬁii&@t&f‘iﬂm is generally
selective antipiotic may favour the loss o e expr ,' P i .

BREC LR SR B IOARR 1L KR PRI AT g, i
stoah Fsig e SEIEwREHIPRIalereT KRFOUGHTRE Ha A, (GPBRRRTs aelow its
eftihel expresaiepcaimins daneraiiie privensitain ipgralnatitemgeratirese yield

QF!‘Q(% ] mgrﬂtggb%!ig rﬁw%é%@tw&%t&g r&pﬁéelg&grgﬁ%éﬁé&é%e to improved

optimal growth temperature, the yield 15 of recombinant protein may be
talGF eV better at the lower temperature due to improved plasmid
retentiome rroneliemisodithe it oitie.invdntidtiyaag dukidatisgeobishégt and/or said

Rasigrial hoshapgdionsaid dresing.ghsaishaleh-cUMIB IR SRieMAIANd promoter

carbon, spurce gnd/or said.inducing said promoter with an inducer. is
Pﬁi&‘_}_ élf}o]'n %:SII: fS?ﬁ? 5 & gtc CF gc?ow\%e (ipttmgi row[h %cmperature of

g0t %efgon%eeratture SioW the optimal grow

feih feetirk b G aidisbstedianrostomias b fempe st sdhpiares i and 37 °C,

ieppResBtutas hetween 20 and3 ireieriyiefesalynistwaess 28, anch Iofs preferably
re prefer hetween 25 an ven I fe .

D & LR ot o B Sy s

SmactERp Bree s b aurtIrEerabiy seidrisrar aiire didYemperature is 30

'C. ThagsaeessooOfithainventicanpomps sesiacpoogbetioniphaseanherdirtion phase

stk pregyction RRASK %Rl RIRISC I Saithinducind. said premetes¥itiiation of
an Inducer. The time point for the initiation of  said production phase can
FRGRENR B BrdelRTvaR0 A & L S Py W E;%%Fr?g?&? parameters.

The growth of the bacterial host during the fermentation process can be assessed by
determining the optical density at 600 nm (ODg), the cell wet weight (CWW [g/1]) and the cell
dry weight (CDW [g/1]). These parameters can be used to define the optimal time point for the
start of the production phase by addition of the inducer, preferably lactose, to the medium. It is
apparent for the skilied person, that on one hand higher CWW at the beginning of the production
phase can be achicved by an cxtended feed phase and may lead to improved yield of the
recombinant protein but that on the other hand over-aged cultures may show insufficient protein
expression. The optimal time point for the beginning of the production phase, which is initiated

by said inducing of said promoter with an inducer, therefore needs to be determined for the
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The growth of the bacterial host during the fermentation process can be
assessed by determining the optical density at 600 nm (0D500), the cell
wet weight (CWW [g/l]) and the cell dry weight (CDW [g/1]). These
parameters can be used to define the optimal time point for the 30 start of
the production phase by addition of the inducer, preferably lactose, to the
medium. It is apparent for the skilled person, that on one hand higher
wWOWW esthe beginning of the production phase can be achiEH Y EA62628
extended feed phase and may lead to #proved yield of the recombinant

Miﬁ%@&h&lﬂ@ﬁ oshiieeihel- RRAS0Y €5 YR SIRUBSITRVIS ROV RB791 in a total
ARMIICIR! PO SXRression. ke onfima e Bolnt 10k e Reginnig.eho co.

e pro uctlbn ase, which Is intiate by sai

Induci Ssal
%rmmwmﬁw@hnﬁra@e@rs frereie AedBs RS edete i 5@ gl ety induction
2006/1125821:P CT IERR20 0806 Be2Bacd siegific. production conditions.

FOf %%@ﬁ%k% fior E&Qﬁ%%%%ﬁ%@&.&ﬁv&atﬁnc% F%ﬁa?ﬁ@'ﬂf%&f@%&oﬁ@éé%th said

ucflon IS started after ca. 14 h, when OD600 has reac bout
wé‘i%e p@a?BFféHb‘?;f"sliﬁﬁ&?‘ﬁa‘?ﬁ%@?ﬁ“&8ﬁé%&ﬁ%r@?§%ﬁ?ﬂéﬁ fy-atter 12 b
protéssincais@iidyaler Whate irfduy ation petareidyalfo abier dd. M akewihameferably
QQ% or %@sﬁrﬁﬁ&mg%%@mmﬁ%achcd about
?@g}ln uc:| of said promoter with said inducer is performed
frafep Pi‘é ginning of said growth phase, preferably after 12 h
to 151m,arﬁm@:p¢ef@q@mwafﬁeid1isdﬁeﬁ@a5f laigh gstpreferalyaidtidaess it parformed
Eﬁéﬁ/%r@ﬂé’e@&geﬁalypm@;dm&wﬂg@tﬁmﬁ wﬂnﬂ@@mgitbfs@dﬂ indHRRIiSvith said
rforme en.t as reached ab Y
e e e S IE  id fR  PUE BMbec i
meriesr I%eﬁ‘éﬂ?&frﬁ% Taffeiodd Bxtang @@%@%W&@é%@ﬁ@rww&% Rlpfgrably after
sbdid:inslp cinghof-haidpramotatdiitusaidoinsideetisope admed idhlvdoi?Pekformed

e &ﬁ%ﬁ%ﬂm@&éﬁeﬁ%ﬁ%%m@%ﬁc %@8&@@'@“ hostin a medium

preferab er 15 It to 18 It, more preferably after 16 h to 17 h, mos

prefcPABY AREPITSECLE'S HYRTEReIH bIRAETLBIy s5i6 RTENG ‘Bagp induoer i
pedinotst whith S&i@Thaduecerhis! perfbméds 1bo0hemithb!® D60 hasaeaetiedbly 30
?@9@%@&%@%&%&?@@@'%@@9% %ezkﬁbﬂﬂ%@éﬁ%@@@%ﬁﬁﬁ%&ﬁ@sm RHRMe of said

said |nduc| romo erw §%I gducggs performed when the
@fﬁ%ﬁtﬁrr‘g’é 3 \9 L& BT 251560, prefetibly 25 to 55, more preferably

30 tmom@m@i@aﬁlyfzhpt@weﬁm wigpedibmigl ﬁ@féﬁé@@ﬁﬁ%ﬁﬁéﬁéﬂw is
saithindueing of saifdarempiegsyitheattd 0dugaeisHee Hoted sh e 20, preferably
(S?gzl) é%og)ﬂ? %%rgvglt%%craggt%r i(e)n?gﬁ) dlm ér%tc;hﬁ nye ”t'% %Ig %%Hﬁ&gl? preferred

prorhoter said inducer is pe rmed after an exten
SFrRedingRcdharestecs Fedehatien wsiar Brend Fod PhrsrarmP ooty about &5,
bifdemvore preferably 80 to 100, most preferably 80 to 90. In a specifically

preferrad. £MRAHIBEA 116, %H%%ﬂﬂé@@fé%’ﬁf&%ﬁ&P%ﬁ%%%&k@ﬁ},ﬂ&dséﬁﬁﬂomomr
phasé when ODG600 Is about 85, prefer %yr%S
with an inducer is achieved by the addition o wherein preferably said feeding of the

culture with the major carbon source is continued. Since PTG is not metabolized by the
bacterial host, induction can be achieve by a single addition of IPTG to the desired
concentration. Alternatively, induction can be achieved by a continuous flow of IPTG to the
culture. In a preferred embodiment induction is performed by addition of IPTG in a single
addition or a continuous flow, wherein said feeding of the batch culture with the major carbon
source is continued with a constant or an increasing flow rate of said major carbon source

exponentially increasing flow rate of the major carbon source.

Induction with lactose: As described above, the induction of protein expression can

alternatively be achicved by the addition of lactose to the culture medium. In one embodiment of
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25 Induction with IPTG: In one embodiment of the invention said inducing

of said promoter with an inducer is achieved by the addition of WTG,

wherein preferably said feeding of the culture with the major carbon

source is continued. Since IPTG is not metabolized by the bacterial host,

induction can be achieve by a single addition of IPTG to the desired

concentration. Alternatively, induction can be achieved by a continuous
WHbWoefiPFERG to the 30 culture. In a preferred embodiment iTSUGHEH 6/062628

performed by addition of IPTG in a singfe- addition or a continuous flow,

whereiisaid feedingnefitherhrighodutiise mitb:the srejaecailforn spBrceulstrate is
%%%Cgké%dmwmc%ﬁﬁﬁé Mg?é'il@@M%rséga@ggiqma&m{u%m MRIREEB8RAMing 100

'Source exponenti Increasing flow rate of the major carbon source
%M&ﬂﬁﬁfﬁ%&@g&%@@%’sﬁ@@a"éf“’o%’%?é""tﬁ%“mﬁd&%FB??3 Bt Preforably,
tﬁxpmstsmmmmat%fa&mmatm poachiewtyl by fle additfoheshilattose the end of
%&ggcmedium In one embodiment of WO 2006/125821
PCTIE %6106 -24 the invention, atdthe begi mgdof thet :
prodtittiBFrisHad 56 RE R AP YSRLP B AL e TG TR b mducer
mmémshsméﬁh@d wmtaseowbm fiorsbindeictienomde fodicerddishgrulture
é@cé&lmgﬁs@rﬁﬁﬁél%hﬁ 100Q.0th lpctessasdheaale CarRom KM ¢Blture with said
actos feed medlum)‘i Prefeéably, the constant flow rate of lactose

VA aB%FS%?ﬁé eﬁl ﬁe flow rate of the substrate at the end of 5 the

feed Wpersadditien picRetesel Lo b stivent s itaeiatirsidien SEdThiaGERigsofactose is
é@idcﬁéﬂ moiesudiantit usaicds behie veshhyethe d dditonafilactosk; recombinant

wherein 18{%[ élypa?gﬂe a&ﬁ%ﬁmﬁgﬂ mg;%?m&a'w@ cmbum to the energy

ntlnuous uring and wherein preferably said feeding of said batch
&‘EHW@%‘H% %a&raﬂfh%ff& AT oM BT I ASTEHH OPUIP RmHIBH ¢ the
bilactessstenpiiorchytiire cthie Rug dlactosicabe agpivitioncreadés, daptogeciscactions

ﬁ%}(?cl&%g @1@'%@%%'&5%%?%&%@% REPRIOter 3RY UG the formation of
%%SS|on of the recombina T%U%PSId is II}ItIa dnln p?raclle alIOECtOg&fls}.’cé b
PO RISt 5 the e NSy Supply Yorihie bactonaped b
Hetstritiveg sty farlactr o fiabreaiodin i rdre witthie melustiofHedirsakd ilevioogen,

L@g&g%gonsumption by the cells thus determines the expression rate. The

enzylgglatlc reacftfll SITS |ng C%EEISIE%%S i%‘ge CI}. tO Cor}tré%&&h Tomoter with an

process in sucn a Way e orma Ion or Inc USIOH es is minimised.

Tt dpreiavet Wdé%ﬁ@ﬁ"ﬁfb@%‘%%ﬁnvﬁ‘@%ﬁffé?@@bﬁmﬂé%@ﬂ%ﬁFﬁﬁ@jﬂ?e‘"md bateh
&Bhgﬁi astosigasecactildty dorihe sultutereagpbicak(3-Gal Aeday Kitsaid batch culture

lé gg@wﬁ&gbﬁ -01).dn.amare. preferred embodiment of the invention
sal

ucihg of said promoter with an 20 inducer is achieved by the

addltﬁi%ﬂ%eﬂﬁgﬁ%f?%r&% SE SR 1S9 d o §g‘ii8%atf’chthe culture
didtuneimastohtinuensiéledddivring drdbadreraip pf diierablyusadd fdwding dfy a few

%@@cﬁ@éﬁh Qe with.sald MAler SR PRSOUSSIsGAREURdition of the inducer,

especially by a single addition is particularly suited when the inducer is IPTG since IPTG is not

metabolized by the bacterial host. Therefore, typically and preferably no replacement of
metabolised IPTG is necessary during the production phase. In one embodiment said inducing of
said promoter with an inducer is performed by the addition of said inducer, preferably IPTG or
iactose, most preferably PTG, to said medium, wherein said inducer is added to about its final
concentration at once by a single addition at the beginning of the production phase, whcrein
preferably said feeding of said batch culture with said major carbon source is continued. In a
preferred embodiment said inducing of said promoter with an inducer is performed by the
addition of TPTG to said medium, wherein said IPTG is added to about its final concentration at

once by a single addition, wherein preferably said feeding of said batch culture with said major
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Discontinuous addition of inducer: Said inducer can be added to the
culture discontinuously by a single addition at the beginning of the
production phase or by a few 25 subsequent additions during the
production phase. Discontinuous addition of the inducer, especially by a
single addition is particularly suited when the inducer is IPTG since IPTG
iIs not metabolized by the bacterial host. Therefore, typically and
wpredesabiyzmo replacement of metabolised IPTG is necessaty HBFHg#he624
production phase. In one embodiment ¥aid inducing of said promoter with

c%fbﬂﬁdslﬁﬁdei%p&fﬁﬁﬁmdﬂ&é%@@ﬁim @ﬁ(ﬁﬁﬂi‘ﬂg nEuGeT, REeiQERRIYHRR Gndficer is
nggl%%t%sbgtg% l%%? f%:c § szu L%lc(é;r’ t?‘e cra l qugsrieglggs I?‘e'l%%%?efac%sc to

concentr on at O ce b a sin ion at
BigiigoFiisepr ot fdiiph Ssecivraseiin 5?‘&@%?9%@@%@%@ éfw 5, more
mafckdragah Culiurenvstrshicdiigajol cathahsayticepsaantin pske] wherein preferably

aigterd cobpdment said inducing.gl salrbarampteruiian nducer s

performed by the addltlon of IPTG to sard medium, wherein said IPTG is

& R LR 6%*%%%*566‘?68(10 the medium
wh enetmmm‘ékahlyre&rabﬂeeumgmmd adohtioalhrecwitie saitirwajpaddion of the
%M%&tﬁa@ /@R&p@)§/@é3@§mt%ﬁ&ﬁf@ﬂ %Mé&iqgnﬂﬁuﬁ@tcnal host and

Alternatively, sai of said promoter. with n Indu er is ,performed
D PP B PR

tamawm@eerqéhesmﬂmemwh whereﬁqrset@e@rtm@wtrslpetreﬁrﬁeenﬁm ina

seneral siepainielarabidich b sarosRnReterablynimdue s Poskmed by foeding

I 3 d h
g rgdﬁlé%g Xullrt]urtfsstal dsqb tcr:lﬁ ae tﬁtﬁwphg g% é %@%{S&NX\/ 8&%&? Q rﬁ,f.eéa QMaéosc, most

said feeding o re wit major carbon source Is
BolE dpceem it ShsTatdiid ﬁ%@@ﬂﬁﬁé&ﬁ?’iﬁ&ﬁé‘eﬁ PRERIAS | o¥ Hheren forther
Haciieslyisaaidedite ithenhecid trdngaccotinuedisdlovphpreferably

th ro“@@?&éﬁﬁ*ﬂf & '95] QE'Q{H W&B&ﬁ %n&p %9 %@9&5@8&?&&9%@%&% prot{ein

is particularlysuited for Tactose, since lactose is metabolised byt e

A EPEPH OGP AT RHEREFBrel & BHEGHS SERIHRROTIEtHCE STy thE cxeessive
procagtion phédsendiiow$itambantainl ad0datiosecspmeantrationdnithe thereof, the
mﬁﬁtjym%a%ﬁetﬂusﬁ@&eta@%&tien;etat!aeﬁt%mge Kb &reteraedsome

mbodiment, said i ucrn of s romoter with an in uc r |S£erforgn
1%% TO uct q[1)1 aﬁ eTeIn i of inducer an é T carl oa SOurce is
k}r m% sai ure wi sard mducer Wherain prefer

HeeiEieet 95 rmsegraeﬁﬁeetﬂme@tmpréfét%mesée a’rﬁﬁwrreretrhase@e culture is

Eeept&ag:bﬂeeerfermmm at SoRtRueNs flonawhatdiowusia ey pRrefarghitesadithg with

feedl el_rafgrmed throughout the production phase. 15 Co-feeding of
oFuCer anglx maior carbon source The expression of the recombinant

~ gl 50BSS PP ST YRRFTOSE, ficHcing of said
mtg:lzﬁtdaemﬂmedﬁ);ccthe emfersmen}cwmmr cridbitd indlucewily thié inducer and

bagtern drat hastandJow expressign r@&&%resytyeetttﬁreﬁé the. &ty rﬁog@ﬁmferanly

be ad |onaIIy supplemented with substrate referablygi aJo 1 1 {
il RGO JTRAD PP SO PRI TR A $AIEShi ¥ iycerol,
arindr@n meimaa@ecatﬂg’mabb*tém@rs 26! constegitoraThoressing, M@r@blgiycemi are

consiant 1y bamduring the Madueliondhassidie GUHKIR {Scferably about constant. Tn

a further preferred embodiment said flow rate is chosen to allow feeding of said major carbon

source to said batch culture at about the same rate as at the end of the growth phase. In a still
further preferred embodiment said inducer, preferably lactose, and said major carbon source,
preferably glycerol, are contained in the same medium {co-feed medium). In a further preferred
embodiment said co-feed medium is fed to said batch culture with a flow rate, wherein said flow
rate is preferably about constant, and wherein further preferably said flow rate is chosen to allow

feeding of said major carbon source to said batch culture at about the same rate as at the end of
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supplemented with substrate at an increasing flow rate, the flow rate is
preferably increasing with an exponential rate. Co-feeding with constant
flow rate: In a preferred embodiment said inducing of said promoter with
an inducer is performed by co-feeding said batch culture with said inducer
and 25 said major carbon source, wherein said inducer is preferably IPTG
or lactose, most preferably lactose, and wherein said major carbon source
Wis glueoséor glycerol, preferably glycerol, wherein said in0BE@HEP2006/662628
preferably lactose and said major carb&hsource, preferably glycerol are

50 R P Said hatchesy Btﬂi@r@ﬁ%rﬂ@&ﬂlf@éﬁﬁ siaaraisalcidlaweraie dsid major carbon

oﬁ?égr%b%gaqu %’”Sta% N Aurher eéé% STpo é&“t%”&ﬁﬂ%tﬂl? Yilture in 2
rate is ChOSEN to allow fee Ing of sal or carbon 30 source to said

BEecH ehtbrelde AdH e same rate as at the end of the growth phase. In
a stilln fuAheeppefered ebhbadimert saithiadicek cprefend bhid acigseadnd source,

ﬁ@{&i%@% KE8 oRiRerAblY alEe TRl . 358 FORRIRGd &netmfé?rg%fcramy

Y
medlum% o-feed medium). In a further preferred embodiment said

9 ey Fs PRI O A RTER AR e it O a RO TG ERb g ratio is
ftowt Tatévisypréfcs aitfeabd anbodisterit trardtwhdraiohgr ted iy efelabiyrsaickource,
%@Y&rm& dpchesenia @J&@w fﬁ'é irqdip 9@&%@ dRBiRKEESHDED SaY r@ﬁlé@t@s’é'@nﬁ the
ate "éélft ure at abo(; cer ate Iée eggnggewlgfez 0%6/1805 ment said co-
86816825 g[ rOW n-a very preferre
@ﬁdb@@ﬁm@mmdww%a&d@@%w said Mo r%ﬁéﬁ%@h Ty gufiéld 1gore preferred
gheairkivierifesaiddactosenand.said glyeamtare e tfadt gaighateh

Cu“u@ M [49:0] ab%‘l . V\p r&e“’&ﬁ’%@;ﬁ%?%ﬁgg@ﬁ {)%Eegﬁgd romoter with an

DCET! Utl
emb actose an Sal major carbon sourc

e mnvent

Imen
iprBrsFAb RFERFESO DY fesdf%%i Wit hattnTe aﬁméa.ﬂ ipduers st ey fsamwbon
fouiny), pheferadaly iabeut R drdtralip ub THfidedsmoretpreferablyabee tabdwhercin

od: g;\‘}{/"éﬁrﬂ&?%&ra%f%aﬁl%&eJﬁg%&%:o@b&l&claﬁ@"\gfﬁ@c#& %@éﬁ{r&% inducer,

embodiment the ratio_of lactose and the major carbon Source, prefer

HS/EEY, feciofe @RVt ST BRe TR @ﬁfﬁ@%@ﬁf% ?zﬁ.aﬂofﬁia%&éi bateh
antkthe nfejergarhdnrsowce fpreferablyngiyasensl wisel® gdotnretameneincrease

%@g%rﬁﬂéaﬁd@%ﬁ%nﬁéﬁ%ﬁ%lllﬁiﬁ%%’ﬁ@i%&@&Eﬂgﬁ%%hg(}@hﬂﬂ flow rate is
close an cerol. In a still more pre e
%O%e&) 0 a ?OW %ecmgo 095% (? i(B‘dZ gﬁ UTCo WO ?{;‘%%b n‘ﬁn’ ycero tt tgc Same

1T CoMprises ¢a. Actose an
@@-ﬁééﬁﬁh@eﬂﬂﬂﬁf Hemashgmet rate: Alternatively, said inducing of said

promﬂlﬁﬁwiéh@:ﬁhﬂﬁdlycﬁidﬁﬂ&ﬁ@gmﬁﬁhﬁypﬁﬁrﬂﬁad%ﬁgﬁaiGhba:tﬂhﬁpl&tﬂ:iﬁned by co-

% Salgfér{) e %&?‘{ﬁi sraqgjgzléi&?c %%%? r"!g% G%I Qoﬁ?c'éj %H%&J&S é?’d inducer
IPTG o actose mo ﬁp erag actose, and wherein 15 sald
Fg

Fﬁﬁféf‘c Béﬁ%ﬂ?é@"@sblﬁ&%@r B}Xé%tPsﬁféFérﬁ’éf?WﬂaWh@Fgﬁ? source is
ghichinductycpobferabiybiactiyse dndisadth nadomdarbonrsbutde lpreferalibd to said

alGerolaLe,COHRAAGSRIL, RRIGHH U RIGh A QU URCHRIRSBI] HOWrol is fod
rate is_increasing, wherein s |d flow r te ma e with a linear or
R SOt 28 EAPRC RS 0BT BYSTATSEAY YHE T Y (D

preferably constant, and wherein said second flow rate is constant or increasing, preferably
increasing, wherein preferably the initial value of said second flow rate is chosen fo to allow
feeding of said major carbon source to said batch culture at about the same rate as at the end of
the growth phase. In a very preferred embodiment said inducer is lactose and said major carbon
source is giycerol, wherein said lactose and said glycerol are co-fed to said baich culture in a
ratio of about 2:1 to 1:4 {(w/w}).

The growth of the bacterial host as determined by CDW, CWW or 0Dy continues during
the production phase at a growth rate which is lower than that during the growth phase and

which is decreasing with the process time. In a further embodiment of the invention, said
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chosen to to allow feeding of said major carbon source to said batch
culture at about the same 20 rate as at the end of the growth phase.
Further alternatively said inducing of said promoter with an inducer is
performed by co- feeding said batch culture with said inducer and said
major carbon source, wherein said inducer is preferably IPTG or lactose,
most preferably lactose, and wherein said major carbon source is glucose

worgigeanstipreferably glycerol, wherein said inducer, prefeRBERRGSEI628

fed to said 25 batch culture at a first ft@%rate, and wherein said major

iGaEbap saursensiarablyolysaial is fedotamnis, hatehautureidhausacoRgerably
gy Jale, V¥Q§re'£‘ Sl frst tow rate '?cra%PStgﬁEml”%e&?é”gatéﬁr (G YNith an
constant, an wherein said Second flow rate Ts constant or increasi g
iBrETETBRB AP ek AHTgWnEibiA PreraTaneme MriRcraga rasase et firdlow rate

Houapate s dhosanadogioaliomtcfeédivgroihsal dimajandarpoefasadremtiodsaictt said
DAl Glire Rl ARG hie %Qzﬁ‘ﬁm{ﬁec%ﬁt Heen gr&fcé@lyﬂégﬁmt&@ baS8ined in

In a very preferred embodlmenyéald inducer is [actose

salgd ma
81581 i RO GRIEaPeT e PO SR R TAERS5e %aﬂ%%%ﬂ@i%ﬂef%ﬁ end giycerol
isodddtelsaid Bafohl cultiveinagrafiorofabboul: 2.0 to0104/ (i wiefFhelgrbouhy: 1 to

Mothe ! b%&t@fj% @ﬁ:&%@%ﬂﬂ@ﬂ by @@%/@Mﬁ@ﬁt@@@? SRR BSabout 1:3
@ E‘% the p °“° Bhas t%srgﬁ V}i ra§§¥¥1 igh is lower E%%%éﬂr%c referabl
P row 56 and whic ecreasmg Pwith the proce P Y
zibwanlam&wéﬁeﬁn@@@mﬁ@wmﬁﬁ%ﬁmi@m@m Baigiped 12@9@1@QM33 or carbon
6l %J?&&@ﬁl&%@;?&?{& is 275 (Wolicing said pegemetewihiaminaidaeEédmm (co-feed
éborr:}‘ed DY:€9 feedi Aid Ipduceh E&e%datc % 195 ﬁ[“i SR MR referred

sou ref erabl glycerol, to said ure with an

AL IATCE FolPPate WRetAdtre HEhedrezp!
increhse:@feth’eoﬂﬁmraw tte adapted toithadciug| drowtpratetof thié: an inducer is

?é%‘l@edl g f&ﬂ@%ﬁgeﬁ% e&mogﬁg%i?aﬁqc% ipduge rsa@ efeiablYabon source,

actose, and said r carbqn source, preferably glycerol, are contained

PR e SaEFRE aﬁé&%%%i&wea’&ﬁ%jﬂ SRSt B iR og god seid major
bebve sntectipsémhly glycend|vin saidimeé diepivocfosdimediimier sapgeately fed to
framyaheut 0:1 to 1:0 (w/w), preferably about 2:1 to about 1:4 (w/w), more

preferably abou 1 to st prefera IS

(W/W)&t'%% pr‘g S e g‘b é) étsfh%i ra‘% ; aﬁ)ac%/ose and’ tﬁ%n%nbé)}%amn R
edllirew, iprataidony oo igiyéﬁ%f?i&l%%qn (A% WipaAdtrerPrefedfeld to 130 is reached.
embedimenidherat polattosmandtie mpigiccarDaNasDOWY, parteratdyherefore

%&ggghgr 1%90335&%\5\@ gptgbn}( re preferred embodiment said medium

comprlse ea. 200 g/l lactose and ca. 200 g/1 glycerol.
In a SHIFYRRSTE FreterradbemBRsanstkitt thEamendimislitiiieotnphses & further
ﬂlﬁﬁegdidgctose and ca. 300 gll glycerol. In one embodiment of the

'”Ve ”?!Sl“téﬁ' GingHGing O SRR ABEMHR-RR IRAUSST il ByPEHOPREE or LDS
ing sald ind cer referﬁan%l% éose and S |d m?éor %arbor% ib
ey gy b e G RORETS PR S bl Apermined by
ﬁ@@pa"f‘jjy idettse endlessigrrasgdreapsid protein is dctermmcd by western blotting. The
concentration of assembled VLPs can be analysed by size exciusion chromatography (Example
18). VLP can preparatively be purified from lysed cells by chromatographic methods.

Scale-up of the process of the invention to large volumes is possible with only minor
adaptations. The invention encompasses culture volumes in the range of 100 mi up to 6000 L
Preferred culture volumes are 40 to 100 1, most preferably about 50 L. It is apparent for the
skilled person that larger culture volumes in particular require larger volumes of the preculture
which is used for inoculation. For example, a preculture may be performed in two ore more steps

with increasing preculture volume. To ensure plasmid retention in large culture volumes, the
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carbon source, preferably glycerol are contained in separate media which

are separately fed to said culture. At the end of the production phase the

cells are harvested by centrifugation. Typically, 20 cells are harvested

about 5 h after induction start, when a final OD600 of 90 to 130 is

reached. Further extension of the production phase leads to higher

OD600 and CWW values and therefore to further improved yield of the
weqmesgsaiconstruct. Harvested cells may be suspended i@ Stdaenc2628

buffer and stored at -80 C for further—gfocessing. 25 The total protein

fententoh e erllssis detesminadmaitenasih Msisdiicabd RAkEnEleBiSn pressure.

AGE. and comparison with a prot irn st 1ndard. £ nt%gtrof spluble s - e
iR e SR YRGB O, BRI SM avcng
BrobeTPeensrariann el By aseAH BRI, PhaesrtntsabApity. Therefore, it is
aAsacmbled Mlikswan be @mlys&d; laydsize Mdmmwﬁﬁmm aiggrafihiensities. In a
55@&9&%@@&%&aﬂim@m@m@p&%ﬂm'@%.fm&a.!acﬁg%&gl@ But 0.3,

chromatographic methads. 30 Scale-up of the process of the invention to

large Bt m%*@oﬁg%s% Rt G R RGP RES THE R YRR RF the step of
ishedimipasseisheoittipd voluimes: imtBiemantercin 1001 nvigguong08 @etformed with an
RISIRRE LI G NO NG S A 6 400 kA0 « PpREt RIRSGRBRY: abRIEAL ] sicp of
is a ljjoare_g for%)thei skilled person that IaSri eracqlé% ?O\éolugg%%hr}dﬂ%gla%la{n More
%‘Hﬁn‘%% TR M B e SR GHTIPE S i L T B R Gt AE BT S
exbmple, saip reviture PreepBePERTERnbE HPRW ol are i saddpstgmifignt I a first
nGreasiRanprasiltue Molime, TR-ensile kasidneteation.imiarge coftdreedium
yolumes, the, WO, 2006125821 PCTIER2000/062628. 528 PIEGUILYIER bty o
which ag_e used as inoculum may contain an antibiotic to maintain o _
Q8letirsripradsarand TS ERT e GSpRTedly Eeawhie tndbipiss ARl Tretntuli v said
fucthen besimproved by reducing the number of generations which is

neceﬁé&%&&%{@%%t gi)gt%ﬁicr?zg Wkﬁﬁﬂ@{?&%{ t};ge{l’?‘cf%ﬁngniﬁtion process of the

advantageous to inoculate the precultures and the batch cultures with high.
B it i8S ??Pé?é?ré’&‘%%ﬁﬁ%ﬁﬁ?ﬁ@ﬁﬁﬁ%‘ﬁrﬂﬁ%ﬁ% 586 ¥ g Dacterte in the
precultlihe scPidntdstdydoréibealistaalsbne0 B, intordirrvosdingntitprimrdesing cell
galdcultivationsien,-aaid precassfldther campiiaasiif-sI8P®E oxygen demand of
i trgdlg‘,d said bacterial host into a medium, wherein said é{g&rgdgggé}%iilswim air
SrI8FTet With an Shocu um, SWherein salganocutumn 1 ﬁro ucedina '
PrEcaAtiyRy p F5EBES WOrAASIn SRETESEY SialroviTiY Buiel DRsteril hestarceo! pure
e RGOMP HSIAGA) REtbiBticiD remabikananycioored Behnically pure gas

referably. said. preculture pr mpri i '
e

ReierfAleoR: 'AfRPUREING § & SRR PRACURITSEE MRS MGHAE Briteratifpli pressure
withedea@eand medium to an OD600 of 0.1 to 0.4, preferably about 0.3,

whergin spid Secant mediv e i5Sa5ama!ales ol A MR G BN dost and/or said
further cultl,vatln%l said bacterial host. | ) ) ) .
feeding of said batch culture and/or said inducing of said promoter with an inducer is performed

under conditions, wherein said bacterial host is supplied with oxygen, preferably by aeration
with air, most preferably by aeration with air in a constant flow, wherein preferably said oxygen
is supplied throughout the entire process, most preferably throughout the lag-, growth- and
production phase, and wherein further preferably the partial pressure of oxygen is monitored in
the culture medium and wherein the bacterial host is alternatively or additionally supplied with
oxygen by aeration with pure oxygen, preferably when the partial pressure of oxygen in the
medium (pQOy,) is below a certain threshold. In a specifically preferred embodiment said threshold
of pO; is in the range of 0 % to 60 %, preferably 10 % to 50 %, more preferably 20 % to 43 %
most preferably said threshold is about 40 %.
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15 Furthermore, it is apparent for the skilled person, that the fermentation
process of the invention is an aerobic process which requires adequate
oxygen supply of the bacteria in the culture. The oxygen demand of the
bacterial host is, inter alia, increasing with increasing cell density and
increasing growth rate. Depending on the total volume and the oxygen
demand of the bacterial host, oxygen can, for example, be supplied by
wiienigrgi 288el/or by aeration with air. 20 Alternatively, oxygen EaH/BR200pe62628

supplied by aeration with pure oxygen 4 -a mixture of pure oxygen with

any @kﬁcﬂ%ﬁpﬁ@e@f%}}{b@rw/fﬁf&i&p%ﬂx oasyg@ﬁfbefgtﬁetqsipgeﬁee&l migaiyin the
%&? 2 aSSC(%SCrT%OQ l%g\\f/f? I!sa zb(!%'nfo teC mgal E‘h Qosc:%ssq 0 égg\(?c tion, preferably
0SS Ry of supprfylng oxygentot the Bacterial host Is Increasing the

yEEHperiEp RissLiredifmefe AfERIOREY W@gm@%ﬁésmgém@mﬁ fhespecially
fesmesdter 12 3dined-prgieses embpdimsny af shevind@hiiensisaid cultivating

said pagtetial hostandiar.saig deeding:of said batch sl and(Qk Saldombinant

inducing of said romoter with an inducer is performed under conditions,

HRETRP S ba 1RBRI L5 a sptiatf \Rﬁtﬁa&%‘éﬁmﬁ?@ffé’%w‘ﬂ%r%@ﬁ’mg 2
With &jr, saibstpréferably byoassationprstieairdnstemonStant iffowiueie minexpression
ﬂ&%ﬁ%@%yosai%mmd§ suppHes througbrutithe aRine: pé@l%ﬁﬁ%tsmﬁlsrcxpressmn

referabl throu utthe la rowth- and 30 ro ction pha
g ﬂl? ¢ uc?e

iomrath ik SR SRR Of DGR R ApaHy i ocodioe
#hid Gmblmm@mmr@mwrénb&été‘ﬁamﬁ@fsmgrwfemdn(}élw dromoter belng
addiion agma%tu@@"te@l Mma@a@gﬁ& Bisaeelen WihRure-0xesmkiRr efergblarbon

when ep a”'a" S8, PG “E!St waﬁ%%h& ﬁ\]res A poder which

certain t res n a Sp le pre erre ment Ssal

Wkﬂ@%’fﬁé%ﬁ?&@sﬁ? Owirtd %mp%aéﬁe%w YEERETSO0Y Aiist&acterial host; ¢.)
frefepaialy 2OcYcitiddWith 3Gdnastpreteradaysaighthig sirblddg afibprod186 with an

W&@P%&-ﬁl §§i83fe€ %Ff%@%é(%&%& wAt QY 9eRsuRBl: &ﬁﬁt@fﬁ%umd

aeration with air and ure ox gen to maintain the_preferred PO2 a

RO AT SR ekiHcly SBHLETI & PIEReES BRI RBIrEr Bost by
pfefarshiymidivoutifire wollsbes B 2 lodidmprderadyaaionidittyomydemdrein further

g}@fgsﬁmaﬁd&ﬁemg issRach yerpisdersed in, therSRIRAHIRPIORRSS: of both,

tls erabl}/%%mfto 10(9 1 and above. 5 Therefore, one embodiment
Bt invention 1s 3%%&%%33”}? ex¥n‘eSS|on of a recombinant capsid
protein of a bacteriophage or a mutant or fragment thereof being capable
of forpHng@ ¥&.P by self-assembly, said process comprising the steps of.
a) introducing an expression plasmid into a bacterial host, wherein said
expressmn plasmid comprises an expression construct, wherein said
expre@'s’i%‘ﬁ tbnstruct comprises (i) a first nucleotide sequence encoding
10 saiflordeg Sthinsnticatisid proteiop Mauidpniec-kSGRRRttraBILE BNHEH))

a promates.beingindugible geﬁéa@%@gbc)omﬁﬁw&tﬂa&é@dghgg&@ﬁ 2 Daskia from

a medijum compr|5| ama or.carbon source; wherein said cultivating_is
B&W@&}R"Bﬂ?&ﬁﬁ eGP L PSSR RS eie ©f 2eme ¢ coding for

the 133-aa QB coat protein {(CP) and the 329-aa read through protein (Al). To prevent read-
through, nucleotides 445-450 according to NCBI GenBank Acc. No. M99030 TGAACA (SEQ
1D NO:31) are replaced by the sequence TAATGA (SEQ ID NQO:32).

The coat protein-encoding gene C from plasmid pSDQb-mut is amplified by PCR.
Oligonucleotide Qb-FOR3/2 (SEQ ID NO:34) with an internal EcoRI site and a synthetic Shine-
Dalgarno (5D, SEQ ID No:4) sequence anneals to the 53° end of the Qp CP gene. Oligonucleotide
Qblang-REV2/2 (SEQ ID NO:35) contains an internal Hindlll site and primes to the 3” end of
the noncoding region of gene C. The 1054 bp amplified PCR fragment includes nucleotides 46-
1062 of NCBI GenBank Acc. No. M99039 (except the nucleotide changes described above) and
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said promoter is repressed by laci, wherein said lacl is overexpressed by
said bacterial host; c.) feeding said batch culture with said major carbon
source; and d.) inducing said promoter with an 15 inducer, wherein said
feeding of said batch culture with said major carbon source is continued;
wherein throughout steps b.) to d.) of said process oxygen is supplied to
said bacterial host by a pO2 in said medium of at least about 10 % to 50
W 2pefesely about 40 %, and wherein further preferably sB§raRygfsr{§3628
supplied by aeration with air, pure oxygen, or a mixture of both, preferably

Y Aty @Oieqﬂeﬁd&dmfﬂmmgﬁc&qsﬁﬂ%‘émb&sﬁ t@@mmﬁoh@mm Hindlll/
%ﬁll}h 9}{ %errgs]u n Hr(%%sbo %;'%%HQ |1(sj c@t%d 1§t0 %R i/ (Esco on ]sétcs ofa

6 coat protein-encoding gene E. coll RNA actenop S

| Iaﬂéﬁirf?ef@}%ﬁ% mgm&%@@&a 5%@3@17\@ 38 P s DNO3Y). In

ReNRitsih @ KEOLRA cevlgRaakhriling fotatbe /£33 iaac)idedoatiprbtdimamycin
;(e%m@ggmﬁ 329:28 5B RrQpOR MOt EAD- Jamiavent reag: Eﬂf@ﬂﬂhsm 1

nucleotides 445-450 according to NCBI GenBank Ace. No. M99030

AACA (SEQ ID NO:31) are replaced by the sequence TAATGA (SEQ
ID N©:32) p30cHi&Qbatwr(RBin Bntédidy Gders Eofroveciskasfaib-mut in the Shine-
ﬁﬁ%@ E@ d&@”@ig'eﬂn@i B%@H&@!ah@e@tﬂ@ wm@iﬁﬁ%@auccd by
nternal E%ORl sit and a sy&thetlc %DDa ﬁ%ﬂﬂ% (Slf'%1 Qb-mut.

hBARREATE 10 %he5” erid 0f the ¢ ©

@k@m@iemad@n@bm@mm%g@@D‘Iﬂ@%syiébﬁlﬁaiﬁ@raﬁ |ﬁféﬁcia4m and the
Hincbbaitecaneaprinesite-hadnentheb)thenoncdingiiegion of ganethe Qp CP

The 1954 bpampliiad EGR (aomen insdesnusleaides 40,35 103%8 sic ung

039 (except the nucleotide changes
E@@E?uﬁé@%%oﬁi@)“éﬁ%“\ﬂf@cméﬁfﬁ% $2TFEPDDOBI0E2EIH LAy fi{eR Fagmont
synifieticuSEbSeguUERCesTThe IRCIR fagieht Asdijestdiboith Blaecaestﬁhctim}cotidﬂ

QQ%Q'EH‘HQA' ub F?)Igﬁldaéﬂg é?ﬁﬁ&%%%@ﬂeé&%ﬁo@ pﬁ@@’@@ 'H'd g%fjgestcd with

|nto he Hindlil/ EcoRI restriction sites of a modified pKK2 vector

frsrHcies, REBrCERBLN KK Ee RO TN SEBWD %“E“f)‘ﬁ g tnto the
Hodifie dpRK228i3igwcite th@aamqﬂniﬁmpféﬁaéﬁceeg@néﬁ@mpmmmmﬁmﬁmk
m.mammﬁgmiwwgﬁ@@@qM%Q lﬂﬁﬁi&ﬁ%h@ﬁi@ﬁ&@aﬁi&@lﬁin resistance

GenBank XO 404 SE ID NO:37). V tor -mut. ‘
%ﬁd%ﬁ ?5%3‘?%‘%6 Foim {éigto?ﬁ ceQﬁe}1 %Iﬁ ﬁ%ersﬁlne gg%%m’ NCBI
SeyBarcAccr hig %ﬁ%ﬁf&&ﬂﬁd‘%&@ence (nSD, SEQ ID NO:3) is

introduced by amplifying the Q(3 coat protein-encoding gene C via PCR
from Iasmlldszach mut. 10 Oligonucleotidc nSDQb-mutEcoRlIfor (SEQ
IDN with an internal EcoRI site and the corresponding s thetlc@?i

Shm&@%ﬁ%@ﬁ%@b‘@ﬁ@@ﬁ?@%@% M s aha Sithe

The coat protein-encoding gene of Acinetobacter bacteriophage AP205 is amplified from
plasmid pAP205-58. This plasmid contains the sequence of the coat protein gene (corresponding
to nucleotides 1908-2303 of NCBI GenBank Acc. No. AF334111) coding for the 131-amino acid
capsid protein of bacteriophage AP205.

The coat protein-encoding gene is amplified by PCR. Oligonucleotide nSDAP238-
EcoRIfor (SEQ 1D NO:38) with an internal EcoRI site and a synthetic Shine-Dalgamo (nSD)
sequence anneals to the 57 end of the coat protein gene. Oligonuclectide AP238Hindllirev (SEQ
1D NO:39) contains an internal HindlH site and primes to the 37 end of the coat protein gene.
This oligonucieotid introduces a second stop codon behingd the naturally occurring stop codon of
the coat protein. The 438 bp ampiified PCR fragment includes nucleotides 1908-2303 of NCBI
GenBank Ace. No. AF334111 and the synthetic nSD sequence. The PCR fragment is digested
with the restriction enzymes HindIIl/ EcoRI and the resulting 420 bp fragment is inserted into



10

15

20

25

gene. Oligonucleotide Qblang-REV2/2 (SEQ ID NO:35) contains an
internal Hindlll site and primes to the 3' end of the noncoding region of
gene C. The 1054 bp amplified PCR fragment includes nucleotides
46-1062 of NCBI GenBank Acc. No. M99039 (except the nucleotide 15
changes described above) and the synthetic nSD sequence. The PCR
fragment is digested with the restriction enzymes Hindllll EcoRI and the
wieseitingsd036 bp fragment is inserted into the Hindlll/ EcoR{ g8t idie2628

sites of a modified pKK223-3 vector (PHarmacia, NCBI GenBank Ace.

NOHMAT TAIRPESY AN Qg /dt inibisrarosiifiert PK K- SNaeidNRCRT GenBank

mpicilli t ced with th cin resistanc
A e o T S B S R S R By oo
SEQH DWW@X%ﬁ@%ﬁhﬁ@%@%ﬁﬁ@c@ﬂ%r{ﬁm& NCBI
PIaMSRARR 08RG H) NONB)7The coat protein-encoding gene of
Acinetobacter bacteriophage AP205 is amplified from 25 plasmid
pAP205-58. This plasmid contains the sequence of the coat protein gene
(corré&gBriBihg to nucleotides 1908-2303 of NCBI GenBank Acc. No.
AF33bitdsricadinQféitthedks tsammofdbidac apsideproterhrndbacteriophage
APZ%JA‘]%@%&B@W“&Q@E&%@ ifiesliby ana Qb-mut (SEQ ID

Olj tide nSDAP238- E NO:38 n r
S e B RN A Qe e %ﬁgﬁft@acﬁ Yéuénné)g R o (ain
thies: ardivhthéypaatl potailygerie s@|igommbtebligitinkrasmind (e fdEad was
NN epntal %mﬁaﬁlﬁé@al Hing Hgﬁiﬁt@ @gmzpﬁrﬁm a@:ﬂ&l&i& ©6d abibged for 4
tein gene. This ucleotid intro a.secan
ﬁzﬁmﬁao e na ugréfﬁy cc%%stég%% o# of umé:%?g:cr)pat S%%ell%u %:%g %mmd out

wifp e do P regiesg nfent .hcﬁra@snnme%ﬁ%é%@swz@w%méE$-PAGE e gel
chenBbnitbgepdioinAbB4aitl enddheiSyhikelfcaSD sequence. The PCR
fragment is digested 35 with the restriction enzymes Hindlll/ EcoRI and

the resulting 420 bp fragment is inserted into WO 20061125821

PCT P20 964062628 -31 the Hindllll EcoRI restriction sites of a modified

“FVector (Pharmacia, NCBI GenBank Ace. No.: M77749, SEQ ID
N(r) ﬁpwsm&%wﬁéé:ﬁ%@%@mfﬁﬁ%ﬁéﬂamﬁﬂrﬁr@%mﬂeﬂﬁ%ne

is replaged with the eglor. I

e DR A SR O A YRR sonoass o
ExeaRRsl o ikp sk io A P O R/EBYHIERENIO! %éi)tr?elci%iﬁﬁofma Sf-gRgAP205 but
poipdde the SaticslidinRBEglewa s HMeddviticplasiidf SEQ ID NO:3. Each

RIACRRRPMULSERID NRuh) (FHE AR VASIFAVRYRS hﬁdses flasksrol, see
Each flask contained 100 ml of R40 medium ( maln 10 cultureﬁn; lgng%&t o stact

AR 75810y KRRy R EREPIARS) W ATRARAIR &R S5 /MBS

ODgoo of 0.3 (for pTac-nSDAP205) or 0.4 (pTac-SDAP205). The shake flasks were incubated
for 4 h at 30°C and an agitation of 220 rpm. The induction was carried out with 0.5% of lactose.
Protein production was determined by SDS-PAGE. For all tested clones expression of AP205 CP
was significantly stronger from pTac-nSDAP205 than from pTac-5DAP203.



inoculated with over night cultures at a start OD600 of 0.3. The shake
flasks were incubated for 4 h (ODooo between 4 and 5) at 30 C and an
agitation of 220 rpm. The induction was carried out with 0.5 % of lactose
for 4 h. Protein production was determined by SDS-PAGE. The gel
showed a strong protein band which was identified as Q0 CP. 15 Example
4 Expression of AP205 CP under control of the tae promoter and SD vs.
waSDreelsaes of pTac-nSDAP205 (SEQ ID NO:30) and 6 clBh&d:Biits/162628
pTac-SDAP205 were screened in shakeflasks. pTac-SDAP205 (SEQ ID
N(r)-4Q)issidentical to pTac-nSDAP205 but 20 comprises the
Shine-Dalgamo sequence of SEQ ID NO:4 instead of that of SEQ ID
NO: 3 ERH AL R CHIRS A8 mI of R40 medium (main culture medium,
Hypépitds biedly ceroksamséampiabiduth #dmamycin (25 g/ml) and was
inoculated with over night cultures at a start GD600 of 0.3 (for
pTac-nSDAP205) or 0.4 (pTac-SDAP205). The shake flasks were
incudatda ! oPERYSiEseRE GhBE R Stitation of 220 rpm. The induction was
carried out with 0.5% of lactose. 25 Proteimproditetionias determined by
SDS-PAGE. For all testedefone Aress| %;% ﬁPZ&%‘@g}g&s Main |
significantly stronger from@[ﬂéc- 2 n fromy@ﬁ@g A%}H
WO 2006/125821 PCT/11P2006/062628 <32«#xamplézBo€ompositioaraf
Culture Media Culture megha were g@mposegdsas descrilpag in Tabled4s 5
Table 1: Gompesttion of Culture media. Concentrations in [g/L] Main Main
Feed Indictish Mdin Medidm Medidm -I- Médium + Mediim +20% 25
Medium + ¥¥¥pep Hypep’+ 50% C5§’I cerol +20% Bacto YE + Glycerséi
Glycerol La%fggeé Glycerol35.§6227 12410 1241 1242 1243 3if(é)mponentg_'86
Na21ff04 23126h2.5 2.5 2.5 2.5 2.54KI12P04 3 3 3 3 3 KIIIP04 5.2 5.2
5.2 5.2 5.2 Gikate 3.86 386 3.86 3.86 3.86 ¢htH4)250404024 4 4 4 VieBi

0.01 0.01 ©:0228:02 0.01 0.0147 0.0147 0.0147 0.0147 0.0147
MgS0, TH,0 0.5 0.5 9 g 0.5
Fell 6HL,O 0.054 0.054 0.054 0.054 0.054
CoCly 611,0 0.0005 0.0005 (.0005 0.0005 0.0005
MnCl, 4H,0 0.063 0.603 0.003 £.003 0.003
CnCl, 2H,0 0.6003 0.6003 0.0003 0.0003 0.0003
HyBO, 4.003 6.003 0.003 0.003 0.003
NaMoOy 2H,0 0.0005 0.0003 0.0003 0.0005 0.6005
ZnlCHLC00), 2H,0 0.0026 0.0026 0.0026 0.0026 0.0026
(lucose 3 o — - ——
Glyeerol - 5 300 200 3
Lactose anhvdrous s - - 200 i
HyPep 7455 5 5 - - e
Bacto Yeast Extract — - —- - 5
Example 6

Expression of (f CP in a2 Fed-batch Process (2 L. Scale}

The fermentation process was performed in a biorcactor (Applikon 5 L dished bottom)
equipped with 2 disc stirrer (& 6 cm), baffles (3x 16 cm), pH-, pO2-, and temperature control,
and fermenter software BioXpert Version 2.22

5 pL cryo culture of RB791 transformed with plasmids pTac-nSD-Qb-mut were inoculated
in 100 mL Erlenmeyer flasks containing 50 mL medium R40 (25ug/ml. kanamycin) and
cultivated for 14 h at 30°C and 22¢ RPM over night. After 14 h an ODgy value of 6.0 was
reached. For batch fermentation, 2 L. of medium (R40) were pumped into the bioreactor. In Table

2 the caltivation parameters are listed.
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CaCl2 2120 0.0147 0.0147 0.0147 0.0147 0.0147 MgS0O4 71200.50.59
9 0.5 FeC13 6120 0.054 2054 0.054 0.054 0.054 CoC12 61120 0.0005
0.0005 0.0005 0.0005 0.0005 MnC12 41120 0.003 0.003 0.003 0.003
0.003 CWC12 21120 0.0003 0,0003 0.0003 0.0003 0.0003 1131103
0.003 0.003 0.003 0,003 0.003 Na2MoO4 2120 0.0005 0.0005 0.0005
0.0005 0.0005 Zn(CH2C00)22H20 0.0026 0.0026 0.0026 0,0026 0.0026
WG LI86485821-- --- --- -- Glycerol --- 5 500 200 5 Lactose anhy&isER006/062628
200 -- tlyPep 7455 5 5 --- --- -- Bacto¥&ast Extract --- --- -- --- 5 Example

6 ExprersiopaphiCR: bakeshatehiBiacess (2 L Scale) The

fermentation ppeee?—waa—fe#e%med—msfa—b%aew%ﬁghkeﬁ—&t dished
bottom) 10 equippcd"WHitA% disc stirrer’ {076 €), baffles (3% 16 cm), pH-,
p02-, and temperatfifereontedl, and ferhighter software BioXpert Version
2.22 5 L cryo culturgipfRR¥91 transforgied with plasmigis/min]
pTac-nSD-Qb-g%gt W reﬁilra!oculta\ted in %OO mL Erlenmezgynﬂgfks
containing 50 m i RAD (25pg/mL kanamycin) and cultivated for
14 h at 30C and 226RP¥FBFer night. After 14 It an OD6J value of 6.0

was 15 reached. Fapbatalefiesmentation 42 L of medium{tR40) were

pumped into the bigjgactor. In Table 2dhe cultivation parameters are

listed. WO ZOMZCESZLBQSMEZ(MELB&meter

set points for batch phase. Parameter Setpoint Unit Stirrer speed 1000
[rpm]Th%ibiStqap_dgf ks fhémiinl0 28l pﬁﬂwmmbnm $hvhipicq_o§rb mberaturd 30 ODsoo
&&L&%&%ﬂ&%@%@% 176 ok G Balr ] FERE: DY GREIRE@ S AROCHIRIES Wil Yrozen for

100 mL inoculum, Samples of 2 mL W%re taken, ?D
er analysis. The biomass conceniration [g ula

ODgoo % 0.45 fg x L™ x ODeno”'] = biomass [g/L].

The {Jbeta content in per cent of the total protein content was calculated as follows,

0
| was calc tcg ugng the following equation:

assuming, that 50 % of the E. coli biomass is protein:
Biomass [gx L7}/2 = total protein [ g x Lt
Qbeta [g x L Vtotal protein [ g x L' ] x 100 = Qbeta/total protein [%].

In the fed-batch mode, which followed the batch mode, a fecding phase was added, In the
feeding phase subsirate is supplied to the cells in the reactor according to a defined profile. The
feed profile depends on the selected growth rate p, the yield coefficient biomass to glycerol
(Vweiyeerot)s the volume (Vf), and the concentration of substrate in the feed (cf). subsirate

conceniration. The feed was calculated using the foliowing equation:

Feed equation
mf=(u/Y, . +m) VixXfxeH
X/s
pump =(mi/cf+b)/a
mf =  mass flow [g/h]
1l = gpecific growth rate [ 1/h]
Yugieeot = Yield biomass to glycerol [g/g]
m =  maintenance cnergy [geg ' +h" ]
vf = Voiume at feed start
Xf = Biomass at feed start
cf =  Congentration of substrate in feed {g/ml ]
ath = offset/ slope of pump calibration equation

For the determination of the calibration parameters a and b, a pump calibration was carried

out. In addition, the feed tube with feed bottle was clamped into the feed pump and the pump
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determined and centrifuged at 14'000 RPM. Pellet and supernatant were
separated and frozen for 5 further analysis. The biomass concentration
[g/L] was calculated using the following equation: OD690 x 0.45 [g x L"i x
OD600’] = biomass [g/L]. The Qbeta content in per cent of the total protein
content was calculated as follows, assuming, that 50 % of the E, coli
biomass is protein: Biomass [g x L"]/2 = total protein [ g x L1 ] 10 Qbcta [g

wo zbds]itstal protein [ g x L"1 ] x 100 = Qbeta/total protein [V HiEPRS06/062628
fed-batch mode, which followed the baith mode, a feeding phase was

»@m%ﬁixdl@lthelaﬂ@&ﬁﬁ F%%b@%&%ﬂﬁﬁ%ﬁé@ iﬁs@'%ﬁﬁlgﬁﬁ fé}?fihﬁl@ﬁﬂ%&ﬁﬂﬁ was noted, In
reactar accordin a ned profile. The fee ile depe

e e B SR R R M B P I BB oo
W@mﬂ)ﬁ)tw@\mmmxewca% @?e“@éﬁe&wmn% %gwa@?éw {fie pa@gpeters in
Tab)e Suhstraigheaidcenttatitivaifie feed was calculated using the following
equation: Feed equatlon mf=(p/Yx/p+m) VixXfxepf pump = (mf /cf +b)/a

mf = mass flow [g/h] 20 = specific growth rate [I /h] Yx/aiyceroi = Yield
biomerReerd GRRBFITNOp P aiiteationdB BRBAPTg>g4a=h-] Vi =

Volume at feed starm(fme&romass at fe‘kd;:&ﬁart 25 cf = G:Imcentratlon of
substrate in feec-ghr: yoffs Siog - -

For the determination of the callbratlonfarameters aand b,’a pump
calibration was carrfd8S%BY In addition“the feed tube wﬁH*F@EbI bottle was
clamped into tie-fepslpumpreid the puinp WO 2006/125321dx]

PCT/EP2006/062628 ;34 Was run withyg, 14 and 21% p{u?
m[p? d

performance. The pumped feed volume 2D r time was In a resulting
diagram of the relatiSh* 8B performafice [%] to pu feed solution
[mL/h], the slope (a)Hand the Y- aX|s seét%on (b) was detéf}nmed On the
bioreactor theparan ST " ' rcUitivation. 5

Table 3.5 1%59151}%?%%5? ﬂ&@%ﬁrﬁ&l&éﬁ%@% ‘%J%%C&P%atﬁ’hﬁr@ﬁ‘%% 5&hp was

point Unit Stirrer speed
turned on automatically. After further ? cultivation, when the ODgoe reached 55-60, the feed

medium (for biomass propagation) was exchanged with the induction medium R42 (for biomass
propagation and induction). After 5 b feeding of R42 was stopped and the culture was harvested
by centrifugation.

Analysis of Process Parameters:

The following process parameters were routinely analysed. The pO», pH, temperature and
stirrer speed were measured online throughout the process time. The optical density was
measured offline at 600 nm. The determination of the B-galactosidase activity was performed
using a B-Gal Assay Kit (Invitrogen, cat. no. £1455-01). The activity was specified as units per
mi, ODge = 1.0. It is defined 2s the quaniity of Ortho-Nitrophenyl-f-D-Galactopyranosid
{ONPG) in nmel, which is hydrolysed per miputs and mi. baeteria suspension (0D = 1.0). The
accumulated product was analysed by SDS-PAGH, the iotal profein content {solublc and
insolubie protein) was determined and using HPLC analysis, the soluble fraction was measured.
Cell disruption of E.coli was performed in lysis buffer (50 mM glucose, 25 mM tris/HCI (pH 8),
15 mM EDTA (pId 8.0)} with and ultrasonic homogeniser (Bandlin Sonoplus, HDX2070). 250 ul
bacteria suspension with an GDggo of 50 were centrifuged with 14000 RPM for 10 min, The
peliet was resuspended in 250 uL lysis buffer (vortex) and placed at room temperature for 5 min.

Afterwards, the cells were disrupted for 20 s with ultrasonic at 10 % device performance (cells
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Air supply 2.5 [L/min] 02-supply, maximal 2 [LImin] Temperature 30 [C]
O2-saturation > 40 [%] pH 6.8 [-] After reaching a process time of
approximately 7 h (end of batch) the feed pump was turned on
automatically. After further 7 It cultivation, when the OD600 reached
55-60, the feed 10 medium (for biomass propagation) was exchanged
with the induction medium R42 (for biomass propagation and induction).

waftessd itdeeding of R42 was stopped and the culture was he#¥asteoge28

centrifugation. Analysis of Process Pafameters: 15 The following process
RAIANBIE BN S sV analyseenitie@2: PHNIERIBEraluFeraNte supernatant
GG hSsg e messed e Iaughgue process tme. The

ticardens ty Was meadure e at 600 am. The determination of the
(3-galactosidase activity was performed using a [3-Gal Assay Kit

( K1455-Q At if HSeRBledMom the
og/é%adgﬁ% g%lﬁrno it aé’s et qua %O'A’ué{ jdarRR o (IR AR VSR e Hom 1

eSO itee pRRAYHA- e§ P GantepRes éﬁ?‘é%% TRMRIEIRINARTS O At the
adsolysechiar, minlte #ndomindacie harsusspe ndien (@EI6QA o .0 Tiewing cell
&%&WWM@M%@%@?JX d RYRPRRAG %n%ﬁg&@wg@tq% 5 CWW; 2)

content (soluble and_insolub roteln) was determined and using
%@Ef&“ & st sé Wakioh gﬁfg’a@&rﬁe& ]Cge(ﬁWruptlon of E.coli was

perfdfimedhindy sisebtifie in( 56 rh My usese {2 JmaModisie s o8 )1 08 Simivbarvest.
@%ﬁ%ﬁ%&o‘ﬂ"&h@@ Q)Btl@fﬁ%%ﬂlﬁﬁqm @%ﬂﬁﬁth LB 'ﬂg%l SRORRIy estimated to
ac |a suspension wi
%‘F'ﬁjﬁé ﬁéjég‘(? mlﬁc cé“’n%e v%%o%sé Qgggf %ln

250 sL lysis buffer (vortex) and placed at room temperature for 5 min.
Afterwards, the cells were disrupted for 20 s with ultrasonic at 10 % device
perfo"?ﬁ‘\‘ﬁﬁ@e (cells WO 2006/125821 PCT/EP20061062628 -35 on ice)
and théntioe cblhsuspensrevdiscentriftiged at 14000 RPM, 10 min. The

supegiaiant a&?%?%@r&r%e@M@%&%&%&W&%%PM&&DQ BRAGERR: the growth

LC. Sa les re induc f production, (after Sb .
ﬁ!faﬁ%ﬂ%fnf & tgl 1ot 1%29%2@3? actor fgrc%ntgyss TP YRR Dask
erfalyPetshy SDSEAGE sitndurivedwWODS DumsHE2Ehanst wedivatromianing
gly%és&f{mQﬁlﬂBﬁwaﬁ haryasietbifies cemtrifagation hedetowingncellture was

re obt n thr, e endentreac rruns; 1, d.Qb6 .
o o T Y PR o0 SO by ey e e By e e
saxm{ngsz@v\ﬁwq‘ﬁ@ fﬂ@ér&hﬁ@ﬁe&%ﬁﬁmﬁ%ﬁ*}ﬁ%ﬁaﬁw YES %t%ffmﬂed and are
ingudctiomasiar. e 0w ahharve stottl @ Base dush gioraparisoddititinaiQ 3esulting

%ﬁc? 5@%@{%@ @;épégﬁé%ﬁ%ﬂ'gﬁﬁéﬁﬂm gﬁétigh%ﬁﬁllﬁpspeciﬁc growth rates

(Lmax) the yield coefficients (¥ s) was higher for glycerol.

Table 4: Maximum specific growth rates and the yield coefficients of the cultivation

c:xpenmcnts with RB791 and DH20 on glucosc and giyceml

i _ Vaiu\, afier 4:5h Cultare Time

Y 18‘1& cocff clent:

%mbo.n L RN L

Suain T Aoeimte T growthrate: (Yanh Dmmdkb from.
A A DD?EOQ’ 1y . @m}_ {h'f}“ ' s?bstratﬂ [mw

ol Shcose | 6.24 0.4 X
glycerol 4.04 0.21 0.62 .86

DH0 glucose 2.52 0.42 0.51 (.71

ghycerol 2.82 {125 0.50 (.81
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be about 5 g/l QP CP. HPLC analysis revealed a concentration of about 6
g/1 Q3 VLP. Example 7 Selection of carbon source and bacterial strain 15
Glucose and glycerol as carbon sources were compared. In order to test
the growth behaviour of each of the strains DH20 and RB791 on these
carbon sources, shake flask experiments were conducted with medium
containing glucose (R27) and medium containing glycerol (R40). Both
wmediewere supplemented with 25 gg/m1 kanamyein. EachPETIERHpAE2628
started with an initial OD600 of 0.3. Indfiction was performed by adding
0.5%:}agiase. The 20 maximum specific growth rates (m.) and the yield
coefficients (Y,) were determined and are listed in Table 4. RB791 grew
faster B Bot tf%grhf?dsspe“g‘ﬁg%ﬁym@eeﬁ'gf“m addition, the resulting yield
coeffibieituansee dAfi¢manctalit oo Mg fiveb SETaRBITe A gHeptaEdim Uy shake flask
&esificgrontburatesard) itbeoyieldcaetigientaq YorB )kashigney, iefr 5 was reached,
lyceral. 25 Table 4: Maxi ifi wih r t ' .
e e G LA TERHEE) v icubac
YRICESEAS giyecitinwaiu e Srdionsth Ehne Tre R glsddheigtgrossion levels
foefficient sEarbhoc Gt ata idgusce growtluratediicaibiobi &S sifibriio® Digbo cultures
ARSI LEL o) @ﬁ%mt&[a?éﬁ%@édg{%@@e 6.240.440.71
0.72 glycerol 4.04 0.21 0.62 0.86 D1120 glucose 2.52 0.42 0.51 0.71
glycerol 2.82 0.25 0.50 0.81 WO 2006/125821 PCT/EP2006/062628 -36-
Exa Qle qe%etermination of Optimal Temperature The influence of
temperaar?gre on product formation was investigated. Two shake flask
cultufedsgitsre bn Soukeestodlngthre apamsreted0C and 220 rpm. After an
OD6@0rafiswvamfesched, bythaCulumesieresntucedmyithtaaseand applied to
>ubsequently, one culture was continued: in :
R e B B e ek ew over
TE\ERSt BROAE RIS TARRROHE RaFRHFIGFRASM B ST Tty ceed at 13.5 D
& Ao Ogyofithmalithé poltindstifor 19 hehoweda Wegher Q Boletat.iGijverol did not

soltasndiced ah23Ge 0 Examplac %%%ﬂ%@%&%ﬁ%@ﬁd%ﬂﬁﬁh The f-
and glycerol A feed solution of 20 % %Ig/cero and 20% I%ctose

%ﬁ?ﬁ[ﬁ’é@éﬁf (ﬁﬂ?‘)’yafﬂieagﬁphgél{gﬂ and Ueereased thereafter.

fermentation runs 2.) lactose applied as a single lactose pulse at induction start, no feeding; b7}

a .
ompare v%th the previous

continuous lactose feed without glycerol, the activity was with 7 U/ml higher and the maximum

activity was alrcady reached after 2 h as compared to 4 hin runs a.) and b.).

Example 10

Plasmid retention

The effect of the following operating conditions on the plasmid retention was tested in the
process described in Example 6: 1.) Preculture starting volume, 2.} Kanamycin in the preculture,
3.) Growth and/or induction at 37°C vs. 30°C. The results are summarised in Table 5.
Precultures were started with volumes of 5 pi out of the cell bank vial. Inoculation of a small
volume allowed growth of a preculture over-night. The preculiure for QT0103_F8 contained 25
mg/l kanamycin, whereas the preculiure for QT0103_F7 did not contain any kanamycin. Both
fermentations were operated at 30°C and induced for 5 h. Judging from the plasmid retentions
before and after 5 h induction, supplementing the preculture with kanamycin has a positive effect
on plasmid retention. Plasmid retention remained at 98% before and after 5 h induction. In
contrast, plasmid retentions reached only values of 80% when kanamycin was omitied from the

preculture. For a subsequent run, QT0203_F7, the preculture was also started with 5 pl and
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fermentation as described in Example 6 at induction start. Figure 1

provides an overview over relevant process parameters throughout the

entire process time. Expression was induced at 13.5 h 15 at an OD600 of

about 55. Upon induction, the feed pump rate was set to constant.

Glycerol did not accumulate with feeding. Lactose accumulated to 4 g/l

and then it started to diminish. The fi- galactosidase activity rose to 10
wo/rhdendsdecreased thereafter. Compared with the previoug FEFFOAeAeE

runs a.) lactose applied as a single lactdse pulse at induction start, no

Ferging; aseai nunusiagtesaiierdviheuli glycoalctheiactivithorsisrvdtior was

et Qt'%*?fg A0d e naxim g%ﬁégbﬁgtw YaRALCANAGAIIH AR Basmia

s compared to 4 h in rtins a Example 10 Plasmid retention The
i oM M RIS perativny ‘ﬁ%lﬁ%ﬁsbe?%?ﬁfﬁE?ﬁldtrmﬁgﬁWa@ aftr S b
iﬁﬁt&ﬂﬂnﬁﬂm&&&oﬁmﬁ@h&iﬁea&hbw meEbiamepled 6k, ) B racutiatestartingg improve
ﬂ’x@ Grid ARG IR RS RIGCUlUES, %&&E@Q&W@ﬁhé@%@'@@oﬁh volume

vs, 30C. The results are summarlgﬁ edin Tab Jecul reswere 7
@?&?témﬁﬁ%‘bﬁﬂr‘h@g{o‘% B85 e R TP BENC DidT TnTtiation B ACEHSAfF™ wore
mm@ﬁaerWMMMmen@%mﬁwﬁme preceneeregdist at 30°C for

leT HnR8canaipethebemtid kanpiebavheras The Riecuiyestod stbilities
It 3?3 %79 % (g &Qot con é% ny Iaanamycm Both 30 fermentations were

L3
operate dfor b 1fludglng from the plasmid retentions
before and after 5 h |nduct|on, supplementing the preculture with
kanammﬁ:hmmﬁitm@aﬁmt r@mplasaidreciention sRiasmict-tietesiisned under

remained at 9% §'§ ga?iﬂg ARhRA Qqéﬁ%téod?’ o ERRIARL R B Hure, with and

retentions reac y valtes of 80% when kanamycin was omitted from
the precultur® oy kogemedg i iR s Foss YRS RAHTRORAS T
also started vittcEipx anqcﬂno 2006425821 RGT /FP2006/062628 -37
gg}gmi%ganammco ning nrewitien Tisteréisalting fermentation in the
bioregctor Wasc‘é%ﬁ’*ated B37C frisfthe b'%ﬁﬁﬁﬂng OperatiohFaess C
had a detriment3 'm 1 39 ﬂ Whlle the plasmld

ect @ﬁlﬁlﬁe pla stab

nplv.-- .

ADIE Prokess at 30°C

inuctlon In order to test wrhether a shorter preculture a\g F s, less
ggﬁ%]fgh%s would improv&’5 the plg%mld retéhtion after B9t H?ﬁ’ﬁ%’ (ajtn30 C
seTeFBrBEuUltureswere startéd with 300 | volufhe from atHsRAEY BBIMEAHK
vigh@ng grown idanamycim free medium. TWE fermentersaareceoperdted
ab30fe:fek the whale run. Am,additiongl two fefgmentersiwarg.eperateefirgtine
at 30C for cell growth and than switched to 37C for the proptustior pligse.
Theokesuiting plasmid stabilities werepall at 100% beforevane brdraftencec

|@%§6§op](§m Tablg 5: Sumypary of plgsmid retgntion before AN:s4t aftelr me
induction obtained under different operating conditions in tefsasf 30°C

P i H +la L skl 1
glricratuurio mrurc pJi clurnurc, wit'mdarta

Exampie 11

Variation in Time Polnt of Induction

In a process essentially as described in Example 6 the exponential feed profile was
programmed to start 7 h afier the inoculation of the bioreactor. Under standard conditions, the
scheduled time for induction was at 14 h process time. In order fo test the effect of variations in
the time point of induction on the final cell densities, one culture was induced at 13.5 h (resulting
in 6.5 h of exponential feed) and ancther culture at 14.5 h (resulting in 7.5 h of exponential feed).
One culture induced at the regular 14 h time point served as a control (7 h of cxponential feed).

Results are sumnmarised in Table 6. Cell density increased with increasing length of feeding.
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without kanamycin in the preculture, and growth and/or induction at 37C.
Preculture Kana Plasmid Plasmid Bioreactor Starting mycin in retention
retention Culture before after 5h Remarks run volume ulture induc. induc.

full ¢ Mlo] 1%] QT0103F8 5 25 mg/L 98 98 whole process at 30C

QTO0103F7 5 no 80 80 - whole process at 30C QT0203_F7 5 25 mg/L 99

0 Bioreactor run at 37C QT0603_F7 300 no 100 100 whole process at
WR0®NQTBZO3F8 300 no 100 100 Induction at 37C, rest of tH& plEEsEtsEe2s
30C QT0803_F9 300 no 100 100 whotd process at 30C QT0903F10 300
Mglz@(fr&ﬁ&mﬁhaﬁtt@g}e@ilw Ghalesit of the protads dt306Entd FokE Samh @8/, 2 lincar
rglg{]l&}ég& Time | eg{&t(pﬂ%ic}‘tlon In a process essentially as described

in Exampl % the exponential feed profile was programmed to start 7 It

after the inoculation of the bioreactor. Under standard conditions, the
schetrllled tim& fostipuntiomavagratof dohoptiose sEeitre, fimadrekdlr denséistithierms of
effect of varlamﬁ%slg,g@mtlme point of induction on the final cell

densities. ! A .;-lt-(-pesu-l-t-l-ng—-bn-@-s-l-t—e:f-—————
exponeﬁtlal feed?’%fﬁ? ﬂﬁl‘ﬁer cr%ﬁ?@!ﬁtgjm 5 2? in Bmd oWw
exponen‘flaf{feed) I@g&l&ylture ingliced T It tlme[gﬁiht

servedasa OL{2 I OT eXpOTETTE

Table 6. creased with creasmg Ie th of feedln
" 6/062628'}?) 8 Judged 0”1 a linear %é\%gsmn

analy' ) \ - S50 =
appears to eX|st (r2 0. 92) Table 6: Varlatlons in tlme pomt of mductlon
effecltaon Fla:ucell density in terms of 5 OD600 and CWW. Process Time
Duration of Final CWW Reactor Point of Exp. Feed Final OD600 [gam]

Indudtrniettiscl ) apip ARPHAEsE.5 83.4 116.5 F1 14h0O2min 7.0 82.4

122 5arvest of the culture in a process cssentially as described in Example 6 is performed

manually. Under standard conditions, the scheduled time for harvest was at 19 h process time.
The operation “Harvest” involves the manual ending of the bioreactor operations. Tn order to test
the effect of variations in the time point of harvest on the final cell densities, one culture was
harvested at 18.8 h {resulting in 4.8 h of induction) and another culture at 19.5 h (resulting in 5.5
h of induction). One culture harvested at the regular 19 h time point served as a control (5 h of
induction). Results are summarized in Table 7. Cell density increased with increasing length of

induction because the cells are still growing while induced.

Table 7:  Variation in time point of harvest: effect on final cell density in terms of

OD660 and CWW.,
Reactor  Process Time Length of Final ODgeo Final CWW
Point of Harvest  Induction [h] [g/L]
F5 18250min 4.8 91.4 122.4
F4 19h00min 5.0 62.2 127.5
F6 19h30min 5.5 %6.0 132.4
Example 13
Effeet of Temperature

The effect of fermentation temperature in a process essentially as described in Example 6

was investigated by running 6 fermentations at 5 different temperature setpoints. Results are
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F3 14h29min 7.5 100.4 141.1 Example 12 Variation in Time point of
harvest Harvest of the culture in a process essentially as described in
Example 6 is performed 10 manually. Under standard conditions, the
scheduled time for harvest was at 19 h process time. The operation °
Tdarvest" involves the manual ending of the bioreaetor operations. In
order to test the effect of variations in the time point of harvest on the final

Weelrtiéshias, one culture was harvested at 18.8 h (resultinf-HEZEB ¥ Ef2628

induction) and another culture at 19.5 B(resulting in 5.5 It of induction).

@ﬁﬁ;&lﬂéu re Masestenatiiaisaguardd:hdigigvpainhsderachatia conpeedibe with
]rﬂ%gtlj rﬁeﬂ&%%ﬁé@ summarized in Table 7. Cell density

|nc ased with increasing length of induction because the cells are still

growing while induced. Table 7: Variation in time point of harvest: effect

on fifableell dehsitpdrizermsitf @ DEPRHTeh@WANRegotus Protegsdrdensity in

Length of Fm%QQ@p@@M&WWWPomt of Harvest Induction [h] [g/L] F5
n . 22. 9 Q2 5k Oh30min 5.5

Examgjg 6 was |nve§§lgated by run@@g 6 fermentatiq@s at 5 different
tempegature setpointgg RResults are W§%200611.258243
PCT/BR2006/0626280-89 summariz&d4in Table 8. Final cell densities
were s%smve to the:féﬁnentatlon te%ﬁp@erature with &b optimum at a

13 SUMMA : ofiBffferent temperature
setpomts on flnal cell den5|ty in 5 terms of OD6OO and CWW.
Tem erature Final CWW Reactor IC] Final OIDboo (S~ 7 F5 25.0 37.8 62
F4 27880117 F330.092.8 123 F4 30.0 92.4 125

Scaled—Up Fermentation (30 I}

The process described in Example 6 was scaled up to a volume of 50 1 order to evaluate

]

scale-up capability from the 2 L working volume bioreactor system to a larger volume. Key

process parameters for the scaled-up process are sumimarized in Table 5.

Table 9: Process parameters of in 50 L bioreactor.

Culture Step Description Tgf}l © Olso0

300 ul from ccll bank vial are transferred
Preculture 1 | into 100 ml preculture medium contained in | -11% 5.0
500 mL shaie flagk and coltured for 16 h
Calcutate the reguired volume for fransfer in
order to start with initial ODgg of 0.3 in 750

Preculture 2 | ml. Tranfer calculated volume {(e.g. 50 mi) -5 4.0
into 750 mi preculture medium comained in
5000 mL shake flask
§ ati Pooled calculaied volume {e.g. 1.4 1) is
pogu ation transferred into the 50 L Bioreactor. Initial )
of Bioreactor .=
volume: =40L
Fnducti The exponential feeding profiie is switched
UCHOT 4 constant and feed is switched to induction 14 46
Start
feed
End of . . .
Culture Cuiture is compieted after 5 b of induction 19 128

* Relative to the time of bioreactor inoculation,

It was necessary to have two preculture expansion stops. In the first step, the cells were
expanded as established for the 2 L process (Example 6). After this step, cells were split into two
5000 mi shake flask cultures, containing 750 ml medium cach. Further expansion was performed
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F532.585.0 111 F6 35.0 79.6 107 Example 14 Sealed-Up Fermentation
(50 1) The process described in Example 6 was scaled up to a volume of
50 1 order to evaluate 10 scale-up capability from the 2 L working volume
bioreaetor system to a larger volume. Key process parameters for the
sealed-up process are summarized in Table 9. Table 9: Process
parameters of in 50 L biorcactor. Time Culture Step Description Tlh

WO 2Mie25880 gl from cell bank vial are transferred Precultur@¥inEatie0snaks
preculture medium contained in -11* 549 500 mL shake flask and cultured

fﬁﬁ*shlﬁ e alauiatenthe requiREMAbNRRIOpdrRMSERY WithardQadR Stattvati as in the
initial OD600 of 0.3.in ZR0 Preculture 2 ml. Tranfer calgul volum ) .

£ S B D T SN B BRI B
wfeaiianyak | o hefasnmyeten sddfiated hsiGrder{eytuae Ty gopgentration of QB
BroFetdtonttansieliied into: thel 20 uBicreastendititiattGnareiuimg! it SDS-PAGE,

Tadustion.Ihe sepnantiaieed ig&ﬁ&fﬁfﬂg isswilched, Siayt to constant and

feed is switched to induction 14 46 feed End or Culture is completed after
5 It of induction 19 128 Culture * Relative to the time of bioreactor

inoc atirgnl.c 1:I55 It was necessary to have two preculture expansion steps.

In they?‘flrsPstep, the cells were expanded as established for the 2 L
proc@sE¢oidinisiede] catrmertiiai deed, cells were split into two 5000 ml
shakerflaskeilities . GapiRinn g Rt alanegipneast fdstaRk @XPRASKIE: 6 or 14

was-perfory eg%WO 2006/125821 PC IER2! (/jp Zﬁ 8.-40 for 5 h, The .
WA PRI Rt ot O b ekher (AR P ARG R Thcleleg uing

nauprigrgo e iR EiaRpiE ey BB dPhaudisn Satewldensyiinal ODsow,
fingll«DBORWaIR S Blagmidntion at induction start and harvest and Qf concentration at

the end of culture are determined for reactor runs performed as described in Examples 6 and 14, ,
preferably as in Example 14, wherein the exponential feeding phase is extended to a duration up
to 11 b, preferably to 10 h,

Example 16

Effect of incrensed feeding during production

Example 9 demonstrates that the glycerol does not accumulate during production phase,
indicating that production might be limited by the feeding rate of induction medium. Effect of
exiended feeding rate of induction medium on final ODggg, final CWW, final CDW, plasmid
retention at induction start and barvest and QP concentration at the end of culture is determined
in reactor runs as described in Example 6 and 14, preferably as in Example 14, wherein the
feeding rate during production is increased. Alternatively or additionally, the ratio between
lactose and glycerol in the feed medium shified towards a higher glycerol and a lower lactose

concentration.

Example 17

HPLLC Analysis of Qf CP

QB CP was measured with an HPLC system as foliows: A sample containing Qf CP was
diluted appropriately in 1x reaction buffer (50 mM tris(hydroxymethyl)aminomethane buffer pH
8.0) containing 10 mM 1,4-Dithio-DL-threitol and incubated for 15 min at 50°C in a
thermomixer. After incubation the sample was centrifuged and the supernatant was stored at 2°C

to 10°C until HPLC analysis. 10 to 100 pl of the sample were injected.
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retention was 100 % before induction and 98 % at the end of culture. The
concentration of Q3 CP protein in the medium at the end of culture was
roughly estimated 8 g/l using SDS-PAGE, 5 The total amount of Q3 was
estimated about 300 g for this reactor run. Example 15 Effect of Extended
exponential feed The exponential feeding phase for fermentations
performed according to Examples 6 or 14 10 was 7 h. After this time the
weellggaatiied a density for induction, which increased duringCHRIERRGO GRS 28
the targeted maximum OD600 of aroufté-100 to 130 as final cell density.
FinayP RO adiral GV, ripat Lol Wil @smidwat@ﬁtéan@fdm;ge&h@msbaﬂe HPLC
And harvest.an af&?sconcﬁ”t%?&%? n% e endy %rs%g IBEe o‘?u%%tem'ﬁeg 19 4.6 x
hFéactor runs performe escrl in Examples 6 an referably
e A e L e . o
filuratierihmughSHosddtdm preferalihidedhsifing xd mpbdc it ec{lofinéefisedacetic

da8ding.during pierlGion Brampls Ascmansitales {Dakhe e eiel A08Siowing
not accumulate durin r%productlon pha§e 20 indicating that prodgg tion

STROAPE MPATRE ) SHe TERERPTARLES SF hdfert i BBt PSEstS 100107 © to 10 min

axededifBedidprite oiindeutidmrenedivi®onafidad O DECOTfimab WAL 40%.

final CDW, plasmid retention at induction start and harvest and Q3

concentra 'o%at the end of culture is determined in reactor runs as

descrbed ih Example 6 and 14, preferably as in Example 14, wherein the

feedPefeamiratiom gTiie8 didtion 1sakntien sieg epgtarienthenmatoaamisnally,

the rmz'heimiwmﬂ Rilacioseandiglyaesekinie ieechmegiwm shifteeformed using
Iﬁx/%gj 9 glyc roI a a Io L Iac%%e Soncen ﬁtlﬁn?ﬁ%fglpl%ﬂogﬁm)

YSIS O was measufed WI
asxmr@m mpéamlpﬁ@ @@ffmtﬁm@n@@@ mwdgaﬂwﬁﬁq?@pﬁéwf‘{ﬁm pH 7.2).
mﬁgﬁo@ala lﬂ»ﬁﬂbz&ﬁ&&'ﬂ%ﬁﬂ%&ﬁd@&m@mﬁ% amineraethaneuife opipR) buffered

58 Q{E:a I15 conc a%gxq 0 Dck‘ thrﬂre;Fltoé %nd I:Q zceu?eas %jnf oﬁgo%%smndards
N a therm mixer. ter mcu%’atlon e samp as centri uged an

sepstrata eI SrdtrER et HEWRMHPLC analysis. 10 to 100 pl of
the sample were injected. WO 2006/125821 PCT/EP2006/062628 -41
QD was quantified with a regression curve of known Q[3 standards
regréssEePtd lthe HPLC peak area. detected at 215 nm after elution from a

C4 reversad phaseeQbRentdP o 5m, 4.6 X 150 mm, Vydac Inc.,
Hespﬁgla Uo%é éciaftcclc\t;nétgﬂ%fég%§ ]i?rf %{{g}]sa I%F gmc 15 corgxfxg O}%ial-‘l; %s Gorid

flow rate tHrough the system was min consisting o
(@qj 9 Hifteiotbiacene the cells reached a density for induction, thch mcraased during

induction to the targeted maximum ODgge of around 100 to 130 as final cell density. Final ODggs,
final CWW, plasmid retention before induction and at harvest and OB concentration at the end of
culture were determined for reactor runs performed as described in Examples 6 and 14,
preferably as in Example 14, wherein the exponential feeding phase was extended to a duration
up to 12 h. In addition, the concentration of glycerol and lactose in the induction feed were
changed to 300 g/L. and 100 g/L respectively. The results are swmmerized in Table 10.
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15

5 acid in water) and mobile phase B (0.12 % trifluoroacetic acid in
acetonitrile) with the following gradient of phase B: 0 to 2 min constant at
40%, 2 to 8 min linear increase to 50%, 8 to 10 min constant at 50%, 10
to 10.1 min linear decrease to 40%, and 10.1 to 12 min constant at 40%.
Example 18 10 Determination of QP VLP by analytical size exclusion
chromatography Analysis of Q[3 particles by analytical size exclusion

wehrosatoigtaphy was performed using a TskgelG5000 PWREGEGIErH/ (50628

m, 7.8 x 300 mm, TosoH Biosep; Cat:MNo: 08023) equilibrated in
phosmwmw@mmaotmwammm@@% Haehiploiatel induction

B 4:3 Eienaangaiomed i a1 pRerale iadlantior 280 Ak ver
m /min In p eta concentratlon was

%%q ate b 15 salin
GEARhEdy T%WGE%W@BFW%QB standards regressed to

therHRtién peak areadgiected at 268/mm. Exanipilend Riteaisal Extersetxygen
expomemtial feed 20 The exponentitdideding phase fdbdermentation$fass Flow
paifedtiettlaccording to Examples 6 or 14 wastrhcAfter ehisfime the [vvm]

nsitv-for-indt |r~t!On which-ihcte Ua 49“%?\‘41&% Hction-1o
the targeted maximurm OD600 of arb d 10Q to 1 as flna%F"cell density: 2

Final ®@D600, ffinal OWAN, plasmid ret€ntion befote inductid®® andat ¢4

harvest and Q[3 congegitration at the;gnd of [CuUltijg Were dgierm|ned fof g

—Leacteuuns-papteﬁmed-asdeseubed-?aampleé-@a d-14.25p nfnralzly__mw
as in é@(ample 14, wﬁg?ein the expo%pr ntial feedi 8 phase v%%s extende 150

a durdtion up to 12 B0fn addition, tRéZconcentratiehh of glycétol and  >4.5

inductioy feed were c{rg@nged 0 3Wg o/Land g0 giC -4 3

re-summarized-in-Fable-10.-MO-2006/125821.

PCT/EP2006/062628 42 Table 10: OD600 and CW W at the end of
cultivitiordn® keshind-Ratdn o wsistole immotiioRbataccenunerasivg of all cultivations

skitivations asiwelkasthe pﬁa&@wmmaﬁﬁ@omsm@@ﬂ&ivgﬂmﬁm&cgammg

onduct [ ifferent duration ofe onentia fe atlon 0OD600
et o B e SR 0. T S ccing
Hesaefivis EhTB@R?Fé‘éﬁEF%fa[Wrﬂ‘P m&n%ﬁéw@mmﬂﬁc gm 6100 99 0.2

811218499980.4 913621710098 0.8 10164 22899 98 1.5 11 200

262 100 97 >4.5
Example 20

Sealed Up Fermentation (53¢ 1)

The process described in Example 6 and with ©.5 b exponential feeding phase with 300 g/L
glycerol and 100 g/L lactose as described in Example 19 was scaled up to 2 volume of 50 L in
order to cvaluate scale-up capability from the 2 1. working volume bioreactor system to a larger

volume. Key process parameters for the scaled up process are summarized i Table 11,

Table 11: Process parameters on the 50 L scale

Culfure Step Description T;;}:e
200 pl from cell bank vial were transferred
Preculture into 800 ml preculture medium contained in _18*
3000 mL shake flask and cultured for 18 h
{2 flasks)
Inoculation Pooled tota}l volume (appr'ox. LeL) was
of Bioreactor trangferred into the 50 L Bioreactor. Initial 0
volume: = 35L
. The exponential feeding profile was
Indg::ﬁon switched to constant and feed was switched | 16.5
to induction feed
End of Culture was completed after 5 of 915
Culture induction '

* Relative to the time of Moreactor inoculation.
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12 90 186 99 100 >4.5 5 According to LDS-PAGE analysis, the specific
Qbcta concentration of all cultivations except for the cultivation with 12 It
exponential feeding was the same. An optimum regarding absolute Qbeta
yield and oxygen consumption was found for 9.5 h exponential feeding.
Therefore, the process is preferably ran with 9.5 h exponential feeding
phase. 10 Example 20 Sealed Up Fermentation (50 1) The process
WEasesBBE2 Example 6 and with 9.5 h exponential feeding PhEEBAMeH S0
g/L glycerol and 100 g/L lactose as déscribed in Example 19 was scaled
up ta svaolurae e Scharpeahd erdoavalpatedoale-odaap avtitiat dm thgePreactor
FiQING MAUME NIRACIP LSS THO AUBFHEH dre YOI ERYDIREESS formed
parameters for the scale %upﬁ%rocess re summarjzed in T b J,l.']{3 { > o1l et
1?9 e na cell wet

"Tﬁ?‘ B SERs BRI PRUPFS GRS 50158 CERE & el t|on
WhigRO® A frotticelbivanks\i&s whre ﬁaﬁbﬁewéeiemmam%ﬁ%mtweat ﬂic end of

dnegiu %&%I@éﬂﬁadﬁ or3BcP &%Stélw{x?ﬂ%&@d'ﬂh} shakeflaskanegcwiyiegmincd

for 18 It 2 sks tlon edt olume rox. 1.6 |
BibtaSsK ansferreé%61 g! %Ef? gfct%r —%ﬂ%’% \f/((% ume: M@gﬁ%’“ 40
gridueso ACTheusxJoa e fé@@ﬁhgfﬁmwlwa@igtaw it reBct Tt hiprass was
208 fepdpscavdtahes P g ElaripiuctiomHe esh adeibCoftQpe Wags 19.1 ¢/L = 0.4
mpleted after [ e,time
oré%a?é%%(? ?ihocugajtrltg 15 Cé’%oe %%W@T/E%%%\a{?o% Pé% {T}Ls?tﬂ?ﬁeafgm the
VeRwddd sf thedRangietion Psetnis s Braice & ARRFP B0 o & Steniation broth
datgetrealtarvewith approximately the same cell density. The cultures in
the 50 L bioreactors were performed with the time profile optimised for
the 2 L scale as described in Example 19. The final cell wet weight for six
cultivations was 188 g/L 9. Plasmid retention was 97.3% 1.4 at the end

of 5 culture. The concentration of Q(3 CP protein in the medium at the end
of culture was determined
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by C4 reversed phase HPLC (Example 17) to 10.8 g/L 0.3. The total
amount of Qf3 CP was 540 g for one 50 L run. The crude extract of
approximately two times concentrated biomass was analysed for Q(3 CP
and Q3 VLP (Example 18). The concentration of Q(3 CP was 19.1 g/L 0.4
(C4 reversed phase HPLC), the concefitration of Q(i VLP was 18.8 g/L

Claimsl-1- Therefore, the 10 VLP-yield of the fermentation process is estimated

!\.)

to approximately 9-11 g/l fermentation broth at the time of harvest. -44-
Claims 1. A process for expression of a recombinant capsid protein of a
bacteriophage or a mutant or 5 fragment thereof being capable of forming

AaPRSSHy UHRISSIRTHR}, IRCPERLEARS CARREREREG i bar RIpRhage or a mutant or
fisguteniophragel duitprospddcomplisiminthesteps obya Jelftesshneiny awherein said
bexRrResiIaR AR inteahagiBiial, Rast prhergissaigisdpressiensRiasmid

a00MPFiRRR. AR LARresBlRaoNpltieliyvgre D %@&%@fﬁé&l,%ﬁg%ﬁw&td expression

com g%repg?(i) a first nucleotide sequence enco m&gqald recombinant

d .

cap _ eiﬁ?%l?)?sm%ﬁaﬁf%?%%@ﬂﬁﬂ&%of, ) SeistorBtes Pingonstruct
induefBRPBIETadios &ire. eievadin gesanpacrmiino seiA repeatiiingnt capsid protein,
comprisingue mdepcerhonesadrearl (iherpinsaidrdwtivatiniidbperiormrde;

bl bateh Aty esaRd MRASTCANIGRSURASE WHIEhSRLiREOD QRIS carbon source;
repres S%gi b%é?ﬁ.'m‘ﬁ’é‘% i SsaldfaI Irrlrsle(av.er 2 rgsgﬁgu?é/ Sacidunbaae%tggg&iﬁ ns under
host; 1& C.Sl eeding sal _%%fchpéu lre with Said maJor carbon source, ana’ .
d.) intRIEI b RIPROMBIE FetrPaas iRt Jeds, Whidkdthsaiddaeedinyesraarssed by said
batchactgtinlehasith said major carbon source is continued. 2. The process

cof C|§é€£ﬂmg€ﬁ@@iﬂﬂc§&iﬂ@ﬁ%%ﬁ%@ﬂ%ﬁj@g@dﬁaﬁ|§ﬁl&%;fm the ?roup 20

n ! e.Q: acter : . )

B 2 %?%%*%ﬁ@?ﬁi bl L pbalg bath e
bactgﬁﬁ’pﬁ‘?é BRE 2 I pRLER %ﬁ#&éﬁ}%ﬁﬁ; h.) bacteriophage MX1; 30
I.) bacteriophage NL95; j.) bacteriophage f2; k.) bacteriophage PP7 and

The process of claim 1, wherein said RNA bacteriophage is selected from the group

consisting of:

a.) bacteriopbage Qf;

b.) bacteriophage AP205;
¢.)  bacteriophage fr;

d.)  bacteriophage GA;

e.) bacteriophage SP,

f)  bacteriophage MS2;
g} bacteriophage M11;
h.)  bacteniophage MX1,
i.)  bacteriophage NL95;
i.}  bacteriophage {2;

k.)  bacteriophage PP7 and
1) bacteriophage R17.

The process of claim 1, wherein said RNA bacteriophage is AP205.

The process of claim 1, wherein said RINA bacteriophage is QB.
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1.) bacteriophage R17. 35 3. The process of claim 1, wherein said RNA
bacteriophage is AP205. 4. The process of claim 1, wherein said RNA
bacteriophage is Q6. 40 WO 2006/125821 PCT/EP2006/062628 -45 5.
The process of claim 4, wherein said recombinant capsid protein has the
amino acid sequence of SEQ ID NO:5. 5 6. The process of any one of
claims 1 to 5, wherein said expression construct comprises a first sto
WG aiE a second stop codon, Wherﬁin said first stop cocﬁﬁ?@%’é’g{&aﬂg
directly 3' of said first nucleotide sequénce and wherein said second stop
codon is located directly 3' of said first stop codon, and wherein at least
50N Tk SHttdiEShOERRE0N CuSigpie QeiaNrisolidvinatd chpdileRreBRehs: ohelaifho acid
1, V\éhcl%%ge%@ RR5iON construct comprises a flrs_t nuc_leo_tlde
sequence and a second nucleotide sequence, wherein said first
nucleotide sequence is encoding Q3 CP, or a mutant or fragment thereof,
sand Tub ereitesaidnsatond dsicle Otio 8, Sheumnosliskensooingdienf)SoAbrises a first
protgip, esﬁmaaﬂee&fmsp%eaéae&%eiei@@wﬁg{%I:QFS@AQOII@O%%SM@ 3 of
second pucleatide sequence are ea%astg‘gﬁby exactly one sequence

stref8ff 15 BBHTBALITSBETEE PO CERLICBoANB friscaed gireoty 3 of
claimi fimheseeirrdetidaas yregsipat densstnict com Hrises oraitetnptioddy is TAA.
consists of the nucleotide sequence of SEQ ID NO:6. 20 9. The process of

laim, 1, wherein.said expression plasmid comprises or preferabl nsists .
o AR S o e G EXsion soneRCt bormprictsd el hiceotide

whetIpeaeERtt Aerbitelntidacitaeenseichemy s drhpeeiaetigrotetnence is

of adasieaphaye .25 MutdheprReessoharnsORedwaladnSdidctond nucieotide
wherej i ter. lect isti he a. )itac. .
iR LR o AR A SRR RALIE i i
lacU¥5 BroATSrCIs BUstertbtetay ) px SFBRSHE DB 5 Ip P sequence stretch

prometerising at least one TAA stop codon.

8.  The process of claim 1, wherein said expression construct comprises or alternatively
consigts of the nucieotide sequence of SEQ ID NO:6.

9.  The process of claim 1, wherein said expression plasmid comprises or preferably consists
of the nucleotide sequence of SEQ ID NO:1.

10. The process of claim 4, wherein said first nucleotide sequence is encoding a nuitant coat

protein of a bacteriophage.

11. The process of any one of claims | to 7, wherein said promoter is selected from the group

consisting of the

.} tac promofter;

b.) ¢ promoter;

c.) tic prorooter;

d.) lac promoter;

e.) lacUV5 promoter;
£) P promoter;

g.) ipp® promoter;
h.) ipp-lac promoter;
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WO 2006/125821 PCT/EP2006/062628 -46-i.) T7-lac promoter; j.) T3-lac
promoter; k.) T5-lac promoter; and 1.) a promoter having at least 50 %
sequence homology to SEQ ID NO:2. 5 12. The process of any one of
claims | to 10, wherein said promoter comprises the nucleotide sequence
of SEQ ID NO:2. 13. The process of any one of claims 1 to 12, wherein
said major carbon source is glycerol. 10 14. The process of any one of

Wel2pg 258 13, wherein said feeding of said batch culture iFEEERAPRE2628

with a flow rate, wherein said flow rate*fricreases with an exponential
coefficient pi-aodgrsberein preferably said exponential coefficient 4 is

below . 15 15.,Th ss of any one of claims | to 14, wherein said
induzng ofjggal1 6?8%%%& is_performed by co-feeding said batch culture
withdaid inderd PRI FPajor carbon source at a constant flow rate.

16. The pracesswebamyiopetdfastditrs bdoudntevbhmriigysaifHRdICNe Hf said
promoter is 20 performed by co-feeding said batch culture with said

indycer and said major carbon sgurgg a}lgan.incr asigg%flow rate. 17. Thek i
IBroc e PEFRIAINTE GERARRTS, Whereik SHt iNuREPI TASBRI SHdre nucteonds
whesasivepredé FalshiDsHfek Tactose and said major carbon source are co-fed

to said batch culture in a ratio of about 25 2:1 to 1:4 (wtw). 18. The

rocess of any one of claims | to 16..wherein said inducer is | TCé
L2, 1
BB PR AR SR iR (o ISR SRGNOHERE (el 80 coro
0.001 to 5 mM. 30 19. The process of claim 18, wherein the concentration

1af s&iﬁblﬁﬁ%sérbsaiﬁr mﬁdhfmi_iﬁxabbui 16,Othetetn. 240 Tda&izmaﬂegﬁi ahah)c_ulmre is
one of L@a@aw% A9 Mhersinsaidlad is uetexnressed by é@dgmgagﬁeala@am

hosfw erein said qverexpression is caused by lacla or lacQI, preferably
by IdeFP< BERBPRIEEPD 815 FRRenED SH0BRIE28 3878 2= The process

of any one of claims 1 to 20, wherein said bacterial host comprises the
jaelspgene on it Sy UROPBGiML1 hE ProsRaHOLANYHRNS:Lf SHlMS fdRoter is
21, \;:)vgrf%rx%gd%%l gokzgegctlemngaéari]{? Ts)gt(c::g Ttﬁtgrsaes'm %a%g%%ucer and said major carbon source

at a constant fiow rate.

16. The process of any one of claims 1 to 14, wherein said inducing of said promoter is
performed by co-feeding said batch culture with said inducer and said major carbou source

at an increasing fiow rate,

17. The process of claim 15 or claim 16, wherein said inducer is lactose and wherein preferably
said lactose and said major carbon source are co-fed to said batch culture in a ratio of about
2:1 1o L4 (wiw). '

18, The process of any one of claims 1 to 16, wherein said inducer is IPTG and wherein
preferably the concentration of said IPTG in said medium is 0.001 to 5 mM.

19. The process of claim 18, wherein the concentration of said IPTG in said medium is about
0.01 mhd.

20. The process of any one of claims 1 to 19, wherein said lacl is overexpressed by said

bacterial host, wherein said overespression is caused by tacl® or lacQ1, preferably by lacI®.
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5 gene on a plasmid. 23. The process of any one of claim | to 17, wherein
said inducer is lactose and wherein said bacterial host comprises
f,-galaetosidase activity. 10 24. The process of any one of claims 1 to 23,
wherein said cultivating and said feeding of said batch culture and said
inducing of said promoter is performed at a temperature which is below
the optimal growth temperature of said bacterial host. 25. The process of

Wel2#Ae/ B Rkrein: 15 a.) said major carbon source is glycerofi3/FEHpe/ 062628

feeding of said batch culture is perfoT’rﬂ?ed with a flow rate, wherein said
AowThatedestedases withod nlexponenta| eoefficient paantiivitharedmprises the lact®
prefgggp&g said.expanential coefficient ps is below Ftm ; _ c.) said inducer

is lactose; 20 d.) and said lactose and said major carbon source are

co-fed to said batch culture in a ratio of 2:1 to 1:4 (w/w), preferably 1:1 to

22;3 Ftvprorasstireferaly dadrmivg;24.) waittibaete hattbaat iesEcwugirises the lack
RB724: andsiasaid cultivating and feeding of said batch culture and said
inducing of said promoter is performed at a temperature of about 30 C. 25

26. The process of claim | wherein: a.) said expression plasmid comprises

28r prérepsiskEcohaisere Pffdaindlédlidevdstir e iIviSE® IBiNe 38 phprein said
saidhaajer Gasbamsasice jeighweal afdhky said feeding of said batch

culture is performed with a flow rate, wherein said flow rate increases with

an exponential coefficient It, and wherein preferably said exponential ]
ZoeffReareGTsBEBPEMALAHT AP hdTRGEH TS R BERY A e 2if tsding of said
andisatl eohjer eadier salndey artsed-tedmoithés hatthmotdture nspeatiorofvhich is

35 2,440 diéo 395%@ erthriof shid WAML-EIQSLPreferably 1:3 (wiw);
WO 2006/125821 PCT/EP2006/062628 -48 f.) said bacterial host is E.

coil RB791; and g.) said cultivating and feeding of said batch culture and
FaidThelpreivegsof shith Sreheoter is performed at a temperature of about 30

C. 527. The Rrpseasef anv.enepfelgims 1 to 26, wherein throughout
ste pg.b.) é%{?' #:e i Saiq 8 ircPTgae Sﬁ g\xyi?(gegs isezsyo%gg«:? %& %aég“p ?a?tg?l;:ic%lepc?g tsaici flow
by a p)OZ Athe medium'o aEc east abo
rate increases with an exponential coefficient p, and wherein preferably said
exponential coefficient i 15 below flma; )
c.)  said inducer is lactose;
d.}) and said lactose and said maior carbon sowrce are co-fed to said batch culture in 2
ratio of 2:1 to 1:4 (w/w), preferably 1.1 to 1:3 (w/w), most preferably 1:3 (w/w);
e.) said bacterial host is E. coli RB791; and
f)  sad cultivating and feeding of said batch culture and said inducing of said promoter

is performed at a temperature of about 30 °C.

26. The process of claim ! wherein:

a.) said expression plasmid comprises or preferably consists of the nucleotide sequence
of SEQ ID N3¢,

b.)  said major carbon source is glycerol;

c.) said feeding of said batch eulture is performed with a flow rate, wherein said flow
rate increases with an exponeniial coefficient pu, and wherein preferably said
exponential coefficient p is below Ly

d.) said inducer is lactose;

e} said lactose and said major carbon source are co-fod to the baich culture in a ratio of

2:1 1o 1:4 {w/w), preferably 1:1 to 1:3 {w/w), most preferably 1.3 (w/w};



40%. P1049P000 /PS1 SEQUENCE LISTING <110> Cytos
Biotechnology AG Emmerli.ng, Marcel Hennecke, Frank PfrUnder.,
Holaer Rhiel, Martin Steiner, Philipp <120> SCALABLE
FERMENTATION PROCESS <130> P1049PCO00 <150> EP05011416.4
<151> 2005-05-26 <150> EP05106729.6 <151> 2005-07-21 <160> 40
<170> Patentln version 3.3 <210> 1 <211> 5579 <212> DNA <213>
WaAMeE8equence <220> <223> plasmid <400> 1 ggctgtgtal/ et
actgca_aat tcgTgtcgct caaggecgcac fcé gttcta 60 gataatgttt tttgogccga
catcat:acgid atggeblvatafcigpidRBtfdgetgtt 120 gacaattaat catcggctcg
tatagtatol AoaaHAGY ICYSRIRACArAHCBERE2AAR: SUASACARAAILCIAREEI Bbmoter
gaaaaaaaag%gg{ggaaatt a %gactg&g %cttt gta 240 acatcgggaa
agatggadas caaac 8’&6(55{%% ERE § 8‘%@%%9 4 aatcccacta 300 acggcgttge
ctcgctttca caagcgggtg cagttcctge getggagaag cgtgttaccg 360 tttcggtatc
5 ofcagueitpisegkoaGelacng AR dRER UEICTa gk asgateeagR A 2R o IaGED6! said
tgcaciocs acaolicl Ajaageeale &9&%%%%%&@?99C@%&%ﬁ*—”%ﬁ}%ﬁ%‘?ﬁ%%%ast about
ctittegic acgeagtata graccgaiga ggaacgaget tigticgta 540 cagagettge
ttctc'igéffc gctagtcctc tgctgatcga tgctattgat cagctgaacc 600 cagcgtatta
atgactgctc attgccggtg gtggctcagg gtcaaaaccc gatccggtta 660




ttccggatcc accgattgat ccgccgccag ggacaggtaa gtatacctgt cccttcgcaa 720
tttggtccct agaggagctt tacgagcctc ctactaagaa ccgaccgtgg cctatctata 780
atgctgttga actccagcct cgcgaatttg atgttgccct caaagatctt ttgggcaa_a 840
caaagtggcg tgattgggat tctcggctta gttat_accac gttccgcggt tgccgtggca 900
Pl @A@P000 PSI -2- atggtta-_at tgaccttgat gcaacttatc ttgctactga tcaggctatg
cgtgatcaga 960 agtatgatat tcgcgagggc aagaaacctg gtgctttcgg taacattgag
cgattcattt 1020 atcttaggtc gatagatgct tattgc_ctc ttagcgatat ttcggectat
cacaccgatg 1080 gcgtgatagt tggcttttgg cgcgatccat ccaatggtag tgccataccg
<Ifttgacttca Fl4G-ctaagittya taaaactaaa tgtcctattc aagccgtgat agtcgttect
cgtgq?ﬂggégitf{‘?bgfgéﬁaaggat gaaatgcatg tctaagcttg getgttttgg ccgatgagag
aagattitca 1260, 1gcctgataca gattaaatca gaacgcagaa gcggtctgat
aaa.atagaat=ttgectggcg 1320 gcagtagcgc ggtggtccca cctgacccca
tgccaAdttt agadgtjaaa cgeegtageq 1380 ccgatggtag tgtggggtet
<16gccatgega - 0agiaqagaq Gigseaggca tcatataaaa '1440 cgaaaggctc
agtcgaaaga ctgggccttt cgttttatct gttgtttgtc ggtgaacgct 1500 ctcctgagta
“lggyackaatee’gccgggaacg gatttgaacg ttgcgaagca acggceccgga 1560
-1990tggcg99, caggacgccc gecataaact gccaggcatc aaattaagca gaaggccatc
<116202@taacggatg gcctttttge gtttctacaa actcttttgt ttatttttct agagccacgt 1680
t%tgtctcaa aatctg:tgat gttaca_tgc acaagataaa aatatatcat catgaacaat 1740

ijjégaaﬁ&;tﬁféﬁta“cataa acagtaatac aaggagtgtt atgagccata ttcaacggga 1800

aacgtcttgc tcgaggccgc gattaaattc caacatggat gctgatttat atgggtataa 1860
<iatgggétcgce cataatgtcg ggcaatcagg tgcgacaatc tatcgattgt atgggaagec 1920
Ggatgcgeca gagtigtttc, tgaaacatgg caaaggtagc gttgccaatq atgttacaga 1980

tgagatggtc agactaaact ggctgacgga atttatgcct cttccgacca t.caagcattt 2040
<Xatccgtact cctgatgatg catggttact caccactgcg atccccggga aaacagcatt 2100
- cagdiatta gaagaatatc ctgattcagg tgaaaatatt gttgatgege tggeagtgtt 2160
<£6lgcaceaq tlgcaticgadticctgtttg taattgtect tttaacagceg atcgegtatt 2220

tcatctcgct caggcgcaat cacgaatgaa taacggtttg gttgatgcga gtgattttga 2280
f@gc "’1‘9392 aatggctggc ctgttgaaca agtctggaaa gaaatgcata agcttttgcc 2340

“attct aCcg gattcagtcg tcactcatgg tgatttctca ct_tgataacc tt_atttttga 2400
<qggaggggaaa ttaataggtt gtattgatgt tggacgagtc ggaatcgcag accgatacca 2460
SYGEHIEtg e BEctaty gH Hetget ey ttatiittcr ettrcattaecagaaacggcf 2520

Lalicaaaaa fatgatatig. ataatcelga tatgaataaa tgcagitic atifgatgee,; 2580
caatgagttt ttctaaacac gtgaccaagt ttactcatat gtactttaga ttgatttaaa 2640

gacaattaat catcggctcg tataatgtygt ggaattgtga geoggatasca ztttoacaca 180
ggeaacagaa tictaaggag gasaasaasa tggcazaatt agagactgit actttaggta 240
acatcgggaa agatggaaas caaactctgg toctcaatce gegtggggta aatcccacta 300
acggcgtige ctcogetitea caagcgggtg cagrttcocige gotggagaag cgightaceg 360
tttcggtate tcagecttcet cgeaatogta agaactacaa ggtcocaggtt zagatccaga 420
acccgaccge ttgcactgoa aacggtictt gtgacoeatc cgtitactoge caggeatatg 480
cigacgtgac cttttogitc acgeagtata gtaccoatga ggaacgaget titgttegta 5490
cagagetige tgctetgete gotaghtccte tgetgatcga tgetattgat cagetgaacc 500
cagogtatta atgactgete attgeccggbty gtggeicagg gtcaasacce gatcoggtta 660
Ltccggatce accgatitgal ccocgocgeocag ggacaggtaa gtatacctght cocttcogeas 720
tttggtecet agaggagott tacgagectc ctactzagaa cogacoglygg cetatcotats 780
atgetgttga actccagect cgegastttg atgttgecct caaagatett ttgogcaata 840
caaagtggcg tgattggoat tcotcggotta gttatazccac gitccgegot tgceghgges 800



acttcatttt taatttaaaa ggatctaggt gaagatcctt tttgataatc tcatgaccaa 2700
aatcccttaa cgtgagtttt cgttccactg agcatcagac cccgtagaaa agatcaaagg 2760
P1049PC60 /P5P -3 atcttcttga gatccttttt ttctgcgegt aatctgetge ttgcaaacaa
aaaaaccacc 2820 gctaccagcg gtggtttgtt tgccggatca a.gagctacca actctttttc
riegaaggtaac 2880 tggcttcagc agagcgcaga taccaaatac =_gtccttct.a
gtgtagccgt aattaggcca 2940 ccacticaag aactct.gtag caccgcctac atacctcgct

~Giaciaatce taitaccagt 3000 ggetgctgee agigacgata agiegiare . igeegggtg

,4

gactcaagac gatagttacc 3060 ggataaggcg cagcggtcgq ggtgaatggg
agggttegtgesacacagceca gettggagey 83120 sasicgacctactaccgaactga
~Jalacelaca qeo. gagela laadaasgen coaggelios, 31 caaraggaga
aaggcggaca gg%atccgg aagcgggagg gtcgggacag gafgagchtac" 240
sogagggageis-cocagggggaacacqcaiggtadctitatagt cetgtegggt ttcgcoacct 3300
.Ctgacttgag cgtcgatttt tgtgatgctc gtcaggg cggagcctat ggaaaaacgc 3360
ARty Gottiitas BoRCeISa Stitociog Batigets Aeatytiott 3120
astcetgeatta-tecectgati-cigiggataa ecgtiattage geettigagigagetgatae 3480
cactcgecgce agccgaacga ccgagegeag cgag*_cagtg agcgaggaal
*E aé%%g”“‘a‘%‘égﬂ%%ﬁ% €e aca‘?ﬁacggﬁg?a'tﬁ% tecttacy aei't"cgt]tb 6%%&%%1& tcacaccgea
giatggtgeac:3600:-icicagtaca ateigeloty algeecgeatagihaagecag:tatacactce
gctatcgcta 3660 cgtgactggg tcatgcctge gecceccgacac ccgecaacac
e GEIgACHC g YAt 37207 Gt ¢ fEcegyCatc égcttataga’
cLaagelgtga ecatetcegggagetgeatq 3 (80 tgt cagaggt Hiteascatesao
at.caccgaaa cgcgcgaggc agctgcggta aagctcatca 3840 gcgtggtcgt
“'§adgtyattt deAyAtATCr Hetigticat degthttéal ticytgEgt 3900 ttétccaaaa
sgegitaatotciggeticty ataaagcggg ceatgtiaag 4gegotttl, 3960 togtgtitgy
tcactgatgc ctccgtgtaa gggggatttc tgttcatggg ggtaatgata 4020 ccgatgaaac
“CAFAgHygat geicaclata cayuttacty atgataatd tycocagttara 080’
+ Slggaacallglgaggaiaa acaaclgacy-glatggatge 99cgggacca gagagaaatc
4140 actcagggtc aatgccagcc ctt cgt to a.t acagatgtag gtgttccaca
2 JYgtagecay-aZot: catjéatttig tyatgcagatceeggaacatacatggigcadiy
-A¢actgactt ccgcgitice 4260 agactiiacy aaaca.cggaa accaaagace,
attcatgttg ttactcaggt cgcagacgtt 4320 ttgcagcagc agtcgctt:ca cgttcgctcg
Tegtatedgtg atfcatetey ttalaeengraca380° agycatictce- grragcctagiéegggtecte
-Aaggacagga.geacgaicat gegeaceegt 4440 99ceaqgace caacgelgee
cgagatgcgc cgcgtgaggc tgctggagat ggcggacgeg 4500 atggatatgt
RAGeeaager gitgytitgegeaticacay ttctcegraasgaatigaty 4560 gétccaattc

- 119920199t gaaicegtta gegagatgee gecgqcettcs attcaggteg 4620,

ccaggtatta gaagaatatc ctgattcagy tgaasatatt gttgatgeoe tggoagtgrt 2160
cctgogoegg ttgecattoge ttectgrittg taattgtect trtaacageg atcgogtatt 2220
tegtctoger caggogoaat cacgaatgaa taacggtitg ghtgatgcga gtgatittga 2280
tgacgagegt astggctgge ctghtgaaca agtotggaasa gasatgeata agottttgee 2340
attctcaccg gattcagicyg tcactcatgy tgatitctca ctigatazcc ttattittgs 2400
cgaggygaaa ttaataggtt gtattgetgt tggacgagtc ggaategeag accgatacca 2460
ggatctigeoe atcctatggs actgoetcgy tgagttttct ccttcattac agaaacgget 2520
tittcaaaaa tatggtattg ataatcchtga tatgaatasa tigcagtttc atttagatge: 2580
cgatgagtit ttctasacoc gtgaccaaght ttactcatat gtactittaga tigatttaas 26490
acticatttt taatttaaszz ggatctaggt gaagatcctt trttgatasztc tcatgaccas 2700
aatccocitaa cgtgagtttt cgttecactg agegtcagac cocogtagzas agatcaaagy 2780



P1049P000 (PSI _4_ aggtggcccg gctccatgca ccgecgacgea acgcggggag
gcagacaagg tatagggcgg 4680 cgcctacaat ccatgccaac ccgttccatg
tgctcgccga ggcggceataa atcgeccgtaa 4740 cgatcagcegg tccaatgatc
gaagttaggc tggtaagagc cgcgagcgat ccttgaagct 4800 gtccctgatg gtcgtcatct
r@EBIgeCtgg acagcatggce ctgcaacgceg ggcatcccga 4860 ~_gecgecgga
aacgageaga atcataatgg ggaacgecat ccagcctcge gtcgcgaacg 4920
--GGRYGAAgRC glageecage geotegaced coatgecaac gataatggec tgetictege
4980 cgaaacgttt ggtagcggga ccagtgacga aggcttgagc gagggcgtgc
I-prmgattecfass 040t atacejcaagegacagyeey dteatcgteepegetccatféy
-3aagegatec tegccoaaaa 2100 Igaceeagag caclgeegqe acctatcela
cgagttgcat gataaagaag acagtcat.aa 5160 gtgcggcgac gatagtcatg
ctEECCHEYEET accgyaagyargetgactgggtigaaggetc 5220 a¢caagggedt
s2agicgacye toteectt . gegacteetq cattaggaag cageccagia 5280,
gtaggttgag gccgttgagc accgccgecy caaggaatgg tgcatgcaag gagatggegce
596340 ccaacagice eecggecacegrgggeatgeeca ecatacecaogecgaadca
,.Jegateatca 5900, gecegaeglq gegagtecta tetceeeat catgatgtc, ggogatatag
gcgccagcaa 5460 cogcacctgt ggcgcecggtq atgccggceca cgatgcgtce
coggegtagaggaiccgggett 5520 ajcgaetgca cggigeacea: atgetictgg o
C%}caggca | ccatc_ggaagtctgtggta}t_ 5579 p5t2%0> i%}}? 245 <2§sz%> DNA
EPIES AftiiCial Sequence <2205 <2335 Pronioter seguerice 400> 2
ciegactgeacg-gigeacecaat geti-ciggegiteaggeagec-ateggaaget gtggtatgge 60
_lgtgcaggtc gtaaatcact gcataattcg tg*tcgctcaa gﬂgcg‘catctcg" tqgttctg%at 120
“*gatgtittt Gegccgacdt catadtogit cigaehaata t9 cloadaty agctgtigac 180

t-agjtaatcat eggeicatalanigty_gga-aitgtgageg-gataacaat-tcacacagga 240

aacag 245 <210> 3 <211> 19 <212> DNA <213> artificial sequence
2

cg&iﬁzﬁr ¢ agecgaacgdas cogagegoag cgacteaghba agogagoaag cggaagageg

cctgatgegg tatiticice ttacgeatct gtgeggtatt tcacaccgea tatggtgeac 3600
tciragtaca atctgetcty atguegeata ghttasgecayg tatacactce getateogoia 3660
cgtgactggy toatggotge goecccogacas cogecaacacs cogotgacge gooctgacygy 3720
gcttgtotge teceggeatco cgottacaga caagetgtga cogtotccgg gagotgoatg 3780
tgtcagagot tttcaccgie abtcacagaas cgogegaggs agetgoggta aagetcates 3840
gcgtggtegt gaagogatitc acagatotot geetghbtcat cegegtocag ctogttgagt 3900
ttcteocagaa gogttaatgt ctogetictyg ataaageoggg cecatgttaag ggogghbtont 35960
tcectgttigg tecactgatoe ctecgtotaa gogguattte tetteatgygg ggtaatgata 4020
ccgatgaaac gagagaggat getcacgsta cgggttactg atrgatgaaca tgoccoggttsa 40890
ctogaacgtt gtgagggtas acaactggcg gtatggatoc ggcgggacca gagaaaaatc 41440
actcagggte aatygccagog ciiogtiaal acagatgtag gtgttccaca gggtagecag 4200
cagcatcotg cgatgeagat coggaacata atggigeoagyg gogetgactt cogegittec 4269
agactltiacy @aacacggas accgaagase aticatgtiyg tigetcagyt cgoagacyrt 4320
ttgcagoage agtegettca cgticoctog cgtatcggtg attcattctg ctaaccagta 43890
aggcoaaccce gocagectag cogggtocte aacgacagga geacgatcat gogoacccoc: 4440
gooraggace caacgelgee cgagatgoge cgegtgogge tgctggagat googgacygoey 4500
atggatatgt tctgoccaagg gttggtitgs geattcacag ttcteocgeaa gaattgattg 4560
gocteocaattc ttggagtgot gaatcocgita geogaggtgce geoeggettce attcaggteg 4520



<223> Shine-Dalgarno Sequence <400> 3 P1049P000 /PSI taaggaggaa
aaaaaaatg 19 <210>4 <211> 18 <212> DNA <213> artificial sequence
<220> <223> Shine-Dalgarno Sequence <100> 4 aggaggtaaa aaacgatg
I8 <210>5<211> 133 <212> PAT <213> Bacteriophage Qbeta <400> 5
rropbetn Ada Lys Leu Gin Thr Val Thr Leo Nip Asn lle Dip Lys Asp Dip 1510 If
Lys Gin Thr Len Val Leu Asn Pre #Arg Gly Val Asa Pro Thr Asn Dip 20 25
agaQgal éL@c%g&eucgﬁg%lg Ala.gly.Ala Val Rro Ala Leo Gin LysArg 35
40 45 Val Thr Val Ser Val Per GIn Pro Ser Arg Asn Arg Lys Asn Tyr Lys
<e50B560G-Vat Gin Val-Lys lie GirrAsh: PrevThire Ala CysTHE AlAASn Gly
C:C{E%,%g C65 QCZ& QC &l A C_P §B%r?:§/,lc & 'LGV a T Al Sp Val
’ThrgP%quPer%qg 90%‘5}/ t'tl'%\% TghgrgGIr‘? sr ggrérgk% Als@pt%?ngégn A@rgg?AO Ala The
g-Valk g The Gincle0-185t11 6leoAla AlackerviterrAlefer Préftéeu Leo lie
tgé%&églg AL%géggcj(;in 1J€85a1g%0g%25 Leo Asn Pr%CAIqC‘g r 130

ccagoeta q X%aacg

arca aaggeta 4920
ccoageaagac gtageoccage gogtoggoog coatgoogge gataatggee tgettcotege 4980
cgasacgttt ggtogogggas ccagtyacga aggctigage gaggycogtge sagatteocga 5040
ataccgeaag cgacaggeog atcatcgteg cgotccageg asagoggtcoe togocgaaas 5100
tgatccagag cgoigocgge acctgbeota cgagtigeoat gataaagaag acagtceataa 3160
grtgoggogac gatagteatg coccgogeco acocggaagga gotgactggg ttgaaggeic 5220
tcaagggcat cggtogacge tetcecttat gogactocctg cattaggasg cagoccagha 5280
gtaggttgag geogtigage acegocgecog caagaaatgg tgcatgoaag gagatgycge 5340
ccaacagtec coccggocacg ggocctgoca ccatacccac googaaacaa gegetcatoa 5409
geesgaagty gogagocoga tottocccat cggtgatghic ggcgatatag gegecagoaa 5460
cegracctgt ggogeoggiyg atgeoggeoca cgatgogtoc ggogtagagy atcoggygott 5520
atcgactgca cggigeacce atgottchbgg cgbcaggeag coatoggeag ctgtggtat 557%
<210> 2
<211» 24%
<21é>» DHA
<213> artificial sequence
<Z20>
<2Z3» promoter seguence
<400> 2
cgactgcacy gtgeaccaat gottotggeg tcaggoagoc atoeguaaget gtggtatgge &0
tgtgraggte gtaaatcact geatastteg tgtegeotcaa ggogeocactoo cgttotggat 120
aatgtttitt gogccgacat cataacgott ctggceaata tictgaaatg agetgttgac 180
aattaatcat cggctegiat aatotgtgga attotgagey gataacaastt tcacacagga 240
aacag 24%
<2i0» 3
<211> 19
<21Z» DA
<213> artificial sequence
<220
<223> Shine-Dalgarno Sequence

<408» 3



<210> 6 <211> 1017 <212> DNA <213> artificial sequence P1049PCOO
/PS1 -6- <220> <223> Expression construct <400> 6 etggcaaaat.
tagagactgt tactttaggt aacatcggga aagatggaaa acaaactctg 60 gtcctcaatc
cgcgtggggt aaatcccact aacggcegttg cctegcetttc acaagegggt 120 gcagttectg
rsggoiggagaa gcgtgttacc gtttcagtat otcagccttc tcgcaatcgt 180 aagaactaca
aggtccaaat taagatccag aacccgaeccy-cttgcactgc aaacggttct 240 tgtgacccat
- Sggifactag. ccaggcatat getgacgtga ccttttcgtt racgcagtat 300 agtagcgatg
aggaacgagc ttttgttcgt acagagcttg otgctctgct cactagtcct 360 ctgctgatcg
atgctattga tcagctgaac ccagcgtatt aatgactgct cattgccggt 420 ggtggctcag
““Ygtc gaacc cga'tccggtt attccggatc caccgattga tccgocgceca 480
<7gggaﬁaggta agtataccta tcccttcgca atttggtccc tagaggaggt ttacgagcct 540
<Itttactaagaatcgacegty gectalctat aatgetgttg aactccagec tcgecgaattt 600
-.gatgttgcce tcaaagatct tttgggcaat acaaagtggce gtgattggga ttctcggcett 660
<agttataccaegticcgead dtgecy--_ggc aatagttata ttgaccttga tgcgacttat 720
cttgctactg atcaggctat gcgtgatcag aagtatgata ttcgcgaggg caagaaacct 780
%ﬁ[’ tttcg Qctaacattga gcgattcatt tatcttaagt cgataaatgc ttattgctct 840
gcgata ttgcggccta tcacgccgat ggcgtgatag ttagcttttg gcgcgatcca 900
tccagtggtg gtgccatacc gtttgacttc actaagtttg ataagactaa atgtcctatt 960
zgéé>ag%§gtaa tagtcgttcc tcgtgcttag taactaagga tgaaatgcat gtctaag 017
1%7 <211> 132 <212> PET <213> Bacteriophage Qbeta <400> 7
<J}da Lysd-endGlyTirweMal Thr Leu Ely Ass lle Gly Arg Asp Gly Lys 5 10 15
Gln Thr Lau Val Leu Pan Pro Arg G1y Val Asn Pro Thr Aso Gly Val 20 25

< 4§0>
Met Ala Lys Leu Glu Thr Val Thr Leu Gly Asn Ile Gly Lys Asp Gly
1 5 14 15

Lyes Gln Thr Leu Val Teu Asn Pro Arg Gly Val Asn Pro Thr Asn Gly
20 25 30

val Ala Ser Leu Ser Gln Rla Gly Bla Val Pre Rla Leu Glu Lys Arg

Val Thr Val Ser Val Ser Gln Fro Ser Arg Asn Arg Lys Asn Tyr Lys
50 55 60

Val Gln Val Lys Ile Gln Asn Pro Thr 2Ala Cys Thr Ala Asn Gly Ser
&5 7c 75 8¢

Cys Asp Pro Ssr Val Thr Arg Giln Als Tyr Ala Asp Val Thr Phe Ser

Phe Thr Gln Tyr Ser Thr Asp Glu Glu Arg Ala Phe Val Arg Thr Glu
100 i05 110

Leu &lz Ala Leu Leu Ala Ser Fro Leu Leu Ile Asp Ala Ile Asp Gln
112 120 125

Lew Asn Pro Ala Tyr
i30

<Z10» 6
<2il= 10817
<212> DHA

<213>» artificial seguence



Ala Ser Leo Ser GIr Ala Gly Ala Val Pro Ala Lea Clu Lys Arg Val 35 40 45
TSr Vai Ser Val Ser G1n Pro Sex Arg Asn Arg Lys Asn Tyr Lys Val 50 55
60 P1049P0001PS1 Gin Val Lys lie Gin Asn Pro Ter Ala Cys Thr Ala Asn
Gly See Cys 65 70 75 80 Asp Pro Ser Val Thr Arg Gin Lys Tyr Ala Asp
rifakiflar The Ser Phe 85 90 95 Thr Gin Tyr Ser Thr Asp Gin Gin Arg Ala
Phe Val A.rg Thr Glu Len 100 i055110 Ala Ala Len Len Ala Ser Pro Len
Len -,le Asp Ala lle Asp Gin Len " 15120 125 Asn Pro Ala Tyr 130
<25210> 8 <211> 132 <212> PRT <2]..3> Bacteriophage Qbeta <100> 8
<zAla irsten@GireTHirval Tin Leu Gly Lys lie Gly Lys Asp Gly Lys 1510
.15 Gin Thr Leu Val Len Asn Pro Arg Gly Val Asn Pro Thr Asn Gly Val 20
mg&ﬁggﬁtag&ﬁar Len: SerGig:-Ala-GiAla:Yal Rra Ala:Leu &Gin LysArc Val
35 40 45 Thr Val Ser Val Per Gin Pro Ser Arg Asn Arg l:ys Asn Tyr Lys
IFAFBE 5B G GIn AHGE N SR ALH ProcThr KId CYEPRF Ala'Asn Giy
gcDRELYS B2 0.5 8Q: Asp.Pro-SefVal ThEAG: Gind.ys: Tyr Ala Asp Val
Thr The Ser The 8590 95 Thr Gin Tyr Per hr Asp Gin Gin Arg Ala The
2P EYG THF-GRITer 2100105 TIPMIE Ala Ter FeAt 1@ SéEXx Proi’en Len

cMe.Asp-Ala lle Asp GinLen.

ctgacgtga cettttegit cacgeagtat 300
agtaccgatlyg aggaacgage ttitgttegt acagagettg ctgctcoctget cogctagtect 360
ctgetgatcg atgetattge tecagetgaac ccagogtatt aatgactgeot cattgecgot 424
gotggctcag ggicaaaace cegatccgghbit attccggatc caccgattga toocgecgocoz 480
ggogacaggta agtataccty tecctitcogea atttggtcoe tagaggaggh ttacgagecot 540
cctactaaga accgaccgtg gectatotat astoctgttg aactcoccagece tegeogaatt: 600
gatgttgece toaaagatceh titgggesat acaaagtgge gtgattggoa ttcteggett 660
agttatacca cgttccgegg ttgcegigge aatggttata tigaccttga tgegacttat 720
cttgctactg atcaggetat gogtgatcag aagtatygata ttcgogaggg caagaaacct 780
gugtgcttteog gtaacatiga geogattcoatt tatcttaagt cgataaatge ttattgetet 540
cttagcgata ttgeggects teacgcogat ggeogtgatag ttggottitg gogogatcoca 900
tocagigoty ghgecatace gittgactte actaagtity ateagactaa stgtectatt gl
caagregtga tagtogtice tegtgcttag taactaagga tgaaatgeat gtotaag i0LY
<210> 7
<Z1i» 13Z
<21Z» PRT
<213» Bacteriophage Chets
<d0l> 7
Ala Lys Leu Glu Thr Val Thr Leu Giv Asn Iie Gly Arg Asp Gly Lys
1 5 ig 15
Gln Thr Leu Val Leu Asn Pro Arg Gly Val Asn Pro Thy Asn Gly Val

20 25 30
Ale Jer Leu Ser Gln &la Gly Ala Val Pre Bla Leu Glu Lys Arg Val
35 43 45
Thy Va. Ser Vil Ser Gln Pro Ser Arg Asn Arg Lys Asn Tyr Lys Val
5C 55 60



' 15120125 Asn Pro Ala Tyr i 30 P1049PCO09 /PSI -8- <210> 9 <211>
132 <212> PAT <213> Bacteriophage Qb <400> 9 Ala Arg Let Gin Thr
Val Thr Len Giy Asn lle Gly Arg Asp Giy Lys 151015 Gin Thy Let Val
Leo Asn Pro Arg Gly Val Asn Pro Thr Asn Gly Val 20 25 3'0 Ala Set Leo
ri@em@sn Ala Gly Ala Val Pro Ala Lev Gin Lys Arg Val 35 40 45 Thr Val Set
Val Ser Gin Pro Ser Arg Asn Arg-lys Asn Tyr Lys Val 50 55 60 Gin Val
Lys lie Gin lan Pro Tor Aia Cys Thr Ala Asn Giy Set Cys 65 70 75 80 Asp
c1Pre SepValkThe Asg Gin LysiTyrcMarAsp VakT hy,Phe Say Phe 85 90 95
55Thr Gin Tyr Ser Thr Asp Gin Gin Arg°Ala Phe Val A_rgThr Gin Leo 100
105 1i0 Ala Ala Len Len Ala Ser Pro Len Lou lle Asp Ala lle Asp Gin Let
2315120 125 AsnBraAlg Tys-130 2102 10, 2152132 <212> PAT
<213> Bacteridphage Qbeta <400> 10 Ala Lys LefGin Thr Val Thr Lau
Gin Asn lle Giy Lys Asp Gly Arg 510 i5

Thr Gln Tyxr Ser Thr Asp Glu Glu Arg Alaz Phe Val Arg Thr Glu Leu
140 105 110

Ala Ala Leu Leu Ala Ser Pro Leu Leu Ile Asp Ala Ile Asp Gln Leu
115 120 iz5

Asn Pro Ala Tyr
130

<218> B

<211> 132

<212Z>» PRT

<213» Bacteriophage Qbeta

<400= 8

i

Alza Lys Leu Glu Thr Val Thr Leu Gly Lys Ile Gly Lys Asp Gly Ly
1 5 16 15

Gln Thr Leu Val Lew 2Zsn Prc Arg Gly Val Asn Pro Thr Asn Gly Val
I

20

Ala Ser Leu Ser Gin Ala Gly Ala Val Pro Ala Leu Glu Lys Arg Val
35 49 45

Thr Val Ser Val Ser Gln Pro Ser Arg Asa Arg Lys Asn Tyr Lys Val
50 55 50

hey
i

Gln Val Lys Ile Gin Asn Pro Thr Ala Cys Thr Ala Asn Gly 3er Cye
6 70 75 80

Asp Pro Ser Val Thr Arg Gln Lys Tvr Alz Asp Val Thr Phe Ser Phe
85 50 95

Thr Gin Tyr Ser Thr Asp Glu Glu Arg Als Phe Val Arg Thr Glu Leu
100 145 11iG

Ala Ala Leu Leu Ala Sery Pro Leu Leu Ile Asp Ale Ile Asp Gln Leu
113 120 125

Asn Pro Ala Tyr
130



Gin Thy Lou Val Let Asn Pro Arg Giy Val Asn no Thr Asn Gly Val 20 25 30
Ala Per Leo Sex Gin Ala Giy Ala Val Pro Ala Lev Gin Lys Arg Val 35 90
45 P1049P000 /PSI Thr Val Per Val Per GIn Pro Per Arg Asn Arg Lys Asn
Tyr Lys Val 50 55 60 GIn Val Lys lle GIn Asn Pro Tar Ala Cys Thr Ala
robam@ly Ser Cys 65 70 75 80 Asp Pro Per Val Thr Arg Gin Lys Tyr Ala
Asp Val Thr The Per Phe 85 90 9% _Thr Gin no Ser Thr Asp Gin Gin Arg
Ala The Val Arg Thr Glu Len 100 105 110 Ala Ala Lau Len Ala Ser Pro
Len Lou lle Asp Ala lle Asp Gin Len 115 120 125 Asn Pro Ala Tyr 130
<24210> 911 <211> 132 <212> PRT <213> nacteriophage Qbeta <400> 11
;;ﬁg A_f@ Les Glu Thr Val Thr Len Gly Asn lie Gly Lys Asp Gly Arg 75 10
15 GinThrlewVal Leo Asn Pro Arg Or Val Asn Pro Thr Asn Gly Val 20
25 30 Ala Per Leu Per GIn Ala G1ly Ala Val Pro Ala Lew Gin Lys Arg Val
<485 40 45 Thr Val Ser Val Ser Gin Pro See Arg Asn Arg Lys Asn Tyr Lys
Y2k 053 GG, Gin: Val Lys e, Gin Asp Bro.Thr.Ala;Cys, Thr Ala Asn Gly
1 Ser Cys 65 70 75 80 Asp Pro Rer Val Thr Arg Gintkys Tyr Ala Asp Val
Thr The Ser The 8590 95 Thr. Gin Tyr Par Thr Asp Gin Gin Arg Ala Phe
GQ(Q%éxﬁéz-Egﬂ E%HWAsﬁkac Arg Gly Val 4sn Pro Thr Asn Gly Val
240 25 30

Alz Ser Lew Ser Gln Ala Gly Ala Val Pro Ala Leu Glu Lys Arg Val
35 a0 45
Thr Val Ser Val Ser Gin Pro Ser Arg Asn Arg Lys Asn Tyr Lys Val
50 55 &4

Gln Val Lys Iie Gln 3sn Pre Thr Ala Cys Thr Alz Asn Gly Ser Cys
a5 T 75 80

Asp Pro Ser Val Thr Zrg Gln Lvs Tvr Ala &sp Val Thr Phe Ser Phe
5 &C a5

Thr Gln Tyr Ser Thr Asp Glu Giuw Arg Als Phe Val Arg Thr Glu Leuw
160 105 116

Ale Ala

5
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2la Ser Pro Leu Leu Lsp Ala Tle Rsp Gin Leu
124 125

oo
o

Asn Pro Ala Tyr
130
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Bacteriophage Qbeta
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<489> 10

Ala Lys Leu Glu Thr Val Thr Leu Gly Asn Ile Gly Lys Asp Gly Axg
i 5 iC 15

Gln Thr Leu Val Leu fsn Pre Arg Gly Val Asn Pro Thr Asn Gly Val
20 25 30

Ala Ser Lew Ser Gln Ala Gly 2Ala Val Pro Ala Leu Glu Lys Arg Val
35 40 43



100 105 110 Ala Ala Lea Len Ala Ser Pro Len Let lle Asp Ala lle Asp Gin
Lou P1049PCO00 (PSI 0 125 Asn Pro Ala Tyr 130 <210> 12 <211> 131
<212> PAT <213> bact_eriophage AP205 <400> 12 Met Ala Asn Lys Pro
Met Gin Pro lie Thr Per Thr Ala Aso Lys lle 15 10 15 Val Trp Par Asp
rslProvkhir Arg Len Ser Tier Thr Pre Ser Ala Ser Len 20 25 30 Len Arg Gin
Arg Val Lys Val Gly lie Ala Gin Lew-Aso Per Val Ser 35 40 45 Sly Gin Tyr
Val See Val Tyr Lys Arg Pro Ala Pro Lys Pro Glu Gly 50 55 60 Cys Ala
Asp Ala Cys Val lie Met Pro Asn Gin P_sn Gin Ser lie Arg 65 70 75 80
IrTHpVatlig=SerPly. seacAtar Gin Asnieu Algd ThévkeéusLys Ala Gin 85 90 95
TrﬁJ Gin Thr His Lys /&Srg Asn Val Asp THF Len Pre Ala Ser Gly Asn 100
105 110 Ala Gly Leo Gly Pine Len Asp Pro The Ala Ala Tie Val Ser Per
clASp: 135 1261125 Thr Thr Ala $30Tk24:0>233 ek $4>131 <212> PRT
85<213> BacteriopRage AP205 <4005 13 Mee Ala Asn £Ys r Met Gin Pro lie
T'Sr See The Ala Am Lys lie

Asp Pro Ser Val Thr Arg Gln Lys Tyr Alz Asp Val Thr Phe Ser Phe
85 &0

2
-
2

[tal

Thr Gin Tyr Ser Thr Asp Glu Glu Arg Ala Phe Val Arg Thr Glu Leu
140 105 1140

Ala Ala Leu Leu Ala Ser Pro Leu Leu Ile Asp Ala Ile Asp Gin Leu

115 120 125

Agn Pro Als Tyr

130
<216» 11
<211> 132
<2iz» PRY

<Z13» Bacteriophage Qbeta
<400> 11

Ala Arg Leu Glu Thr val Thr Leu Gly

sy Ile Giy Lys Asp Gly Arg
1 5 0

i5

= e
e

Gln Thr Leu Val Lewn Rsn Pro Arg Gly Val Asn Pro Thr Asn Gly Val
-

25 30

Ale Ser Leu 8sr Gln Ala Gly Als Val Pro Ala Leu Glu Lys Arg Val
35 40 45

Thr Val Ser Val Ser Gln Pro Ser Arg Asn Arg Lys Asnp Tyr Lys Val
50 55 60

Gin Val Lys Ile Gln
65

~3 b
=3

n Pro Thr Ala Cys Thr Ala Asn Gly Ser Cys
75 80

hsp Pro Ser Val Thr Arg Gln Lys Tvr Ala Asp Val Thr Phe 3sr Phe
85 &a G5

Thr Asp Glu Glu Arg Ala Phe Val Arg Thr Glu Leu

Thr Glan Tyr Ser
100 205 110

Ala Ala Leu Leu Ala Ser Pro Leu Leu Iie Asp Ala Ile Asp Gin Leu



151015 Val Trp Ser Asp Pro Thr Arg Len Ser Thr Thr Phe Ser Ala Ser
Leo P1049P000 /PS1 -11- 20 25 30 Len Arg Gin Arg Val Lys Val Gly lie
Ala Gin Len Asn Asn Val Her 35 40 45 sly Gin Tyr Val Set Val Tyr Lys
Arg Pro Ala Pro Lys Pro Gin Gly 50 55 60 Cys Ala Asp Ala Cyr Val lie Met
sl Asn Glu Asn Gin Ser lie Arg 65 70 75 80 Thr Val lle Her Gly Her Ala
Via Asn Len Ala Thr Len Lys Ala Bin 85 90 95 Tip Glu Thr His Lys Arg
Asn Val Asp Thr Lou Pig Ala Set Gly Asn 100 105 110 Ala Gly Leo Gly
Phe Len Asp Pro Thr Ala Ka Tie Val Set Her Asp 115 120 125 Thr Thr
Ala 130 <210> 14 <211> 131 <212> PAT <213> Bacteriophage AP205
A¥<40D5'14 et Ala Pan Lys Pro Met Gin Pro lie TLS Set Tnr Ala Asp Lys
lie 151015 Val Tip Her Asp Pro Thr Arg Leu Her Thr Thr Pie Per Ala
Per Leo 20 25 30 Len Arg Gin Arg Val Lys Val Gly lie Ala Gin Leo Asn
**Asn Val Her 35 40 45 Sly Gin Tyr Val Her Val Tyr Lys Arg Pro Ala Pro
/)L_yﬁ nge Gin Gly 5055 60 Cys Ala Asp Ala Cys Val Tle Met Pro Asn Gin
<2Ash Ginderfde:Arge65 70 75 80 Thr Val lie Her Gly Her Ala Glu Asn lea
(4@9 'Ijlrzl_r Len Lys Ala GIn

Met Rlz Asn Lys Pro Met Gln Pro Ile Thr Ser Thr Ala Asn Lys Ile
1 5 106G :

Val Trp Ser Asp Pro Thr Arg Leu 3er Thr Thr Phe Ala 8er Leu
20 25 30

%]
%
[

Leu Arg Gln Arg Val Lys Val Gly Ile Ala Glu Ieu Bsp Asn Val Ser
5 40 45

Tyr Val Sexr Val Tyr Lys Arg Pro Ala Pro Lys Pro Glu Gly

N
=
051 el
w
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Cys Ala Asp Ala Cye Val Ile Met Pro Ren Glu BRsn Glin Ser Ile Arg
63 0 15 30

Thr Val Ile Ser Gly Ser Als Glu Asn Lew Ala Thr Leu Lys la Glu

Trp Glu Thr His Lys Arg Asn Val Asp Thr Leu Phe Ala Se
100 105 1]

GLly Asn

Ale Glv Leu Gly Phe Leu Asp Pro Thr Rla ARla Ile Val Ser 3er Asp
115 120 125

Thr Thr Ala
130
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<4450 13

¥Met Ala Asn Lys Thr Met Gln Pro Ile Thr Ser Thr Ala Asn Lys Ile
1 5 10 15

Val Trp Ser Asp Pro Thr Arg Leu Ser Thr Thr Phe Ser Ala Ser Leun



85 90 95 P1049P0001PS1 -12- Trp Glu Thr His Lys Arg Asn Val Asp Thr
Len Pre Ala. Ser Gly Asn 100 105 110 Ala Gly Lou Gly Phe Leo Asp Pro
Thr Ala Ala lle Val Set Set Asp 115 120 125 Thr Thr Ala 130 <210> 15
<211> 329 <212> PAT <213> Sacteriophage Qbeta <400> 15 Met Ala
ruokey@ole@t Gin Thr Val Thr Lau Gly Asn Sae Gly Lys Asp Gly 1510 15 Lys
GIn Thr Let Val Lau Asn Pro Arg @ly Val Awn Pro Thr Asn Gly 20 25 30
Val. Ala Sgt Leo Ser Gin Ala Gly Ala Val Pro Alg Len Glu Lys Arg 35 40
45 Val Thr Val Ser Val Ser Gin Pro Ser Arg Asn Arc Lys Awn Tyr Lys 50
55 61, Val Gin Val Lys lle Gin Awn Pro Thr Ala Cys Cho Ala Asn Gly Ser
Le65‘r“ﬁ0°‘2% 8o ‘@ys‘:%’&sbabrgﬁsséf\farw ARy ﬁfh ‘Ala"Tyr'&ia Asp Val Thr
The Se 85 9G 95 The Thr Gin Tyr Set Thr Asp Glu Glu Arg Ala Phe Val
Arg Thr Glu 100 105 IN Leo Ala Ala Leu Leo Ala Ser Pro Lou Len lle Asp
AR e ASE Gifi” “15 120712571 86’ Ash Pfo"Afa"Cyf Try Thr Lou Lou lle Ala
GIy Gly Gly Set Gay 130 135 140 Per Lys Prc Asp Pro Val lle Pro Asp
Pro Pro lle Asp Pro Pro Pro 145 150 155 160 G1_y Thr Gly Lys Tyr Thr

CEvSPIY F”haegﬂ(Fa”ﬁﬂé Frp F?erlléd‘GIE G Gin Ser lle v

Thr Val Ile Ser Gly Ser Ala Giu Asn L
85

Eii]

W Ala Thr Leu Lys Alz Glu

b
<
23
tn

Trp Glu Thr His Lys Arg Asn Val Asp Thr Leu Phe Ala Ser Gly Asn
106 105 110

Ala Gly Leu Gly Phe Leu Aksp Pro Thr Ala Ala Ile Val Ser Ser Asgc
15 124 125

Thr Thr Ala
1

<z1C> 14

<211» 131

<212» PRY

<213> Bacteriophage APZ03

<400> 14

Met Als BRap Lye Pro Met Gln Pro Zle Thy Ser Thr Ala Asp Lys Ile
1

Val Trp Ser Rap Pro Thr Arg Leu Ser Thr Thr Phe Ser Ala Ser Leu
24 25 30

Leu Arg Gln Arg Val Lys Val Gly Iie Ala Glu Lew Asn Asn Val Ser
35 43 45

Gly Gln Tyr ¥al Ser Val Tyr Lys Arg Pro Ala Pro Lys Pro Glu Gly
50 55 Sy

Cys Ala Asp Ala Cys Val Ile Met Pro Asn Glu Asn Gln Ser Ile Arg
65
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v Ser Ala u Asn Leu Ala Thr Leu Lys Ala Glu
85 40 95



165 170 175 P1049P000 /PSI -13 Val Tyr Gin Pro Pro Thr Lys Asn Arg
Pro Trp Pro lle Tyr Asn Ala 180 185 190 Val. Glu Len GIn Pro Arg Glu
Phe Asp Val Ala Len Lys Asp Lau Lau 195 200 205 Ely Asn Thr Lys Irp
Arg Asp Trp Asp Ser Arg Leu Ser Tyr Thr Thr 210 215 220 Phe Arg Gly
@y Ang Gly Asn Gly Tyr lle Asp Lea Asp Ala Thr Tyr 225 230 235 240
Lou Ala Thr Asp GIn Ala Net. ArgiAsp Gin Lys Tyr Asp lle Arg IN 245 250
1:255, Rl Lys Lys Pro,Glv,Ala Phe Gly,Ash lle.Glu Arg Phe lle Tyr Lou 260
265 27C Lys Ser lle Asn Aladzyr Cys Ser Let PerAsp lle Ala Ala Tyr His
275 280 285 Ala Asp Gly Val lle Val Gly The Trp Arg Asp Pro Her Set
+GLy,Gly, 290 295,300, Ala lle,Pro He Asp.Rie, Tier Lys Phe Asp Lys Tnr
Lys Cys:Pro lle 305 310,315 320 Gin Ala Mal lle Val Val Pro Arg Ala 325
<210> 16 <211> 129 <212> PRO <213> Bacteriophage BY <4CO0> 16
-Ala Ser Asn Phe Thr GIn Phe Val Leu Val Asn Asp Gly Gly Thr Gly 15 10
155Asn Val Thr Val Ala Pro Ser Asn Phe Ala Asn Gly Val Ala Glu Irp 20
25 30 lle Set Ser Asn Ser Arg Per GIn Ala Tyr Lys Val liar Cys Her Val
<2:,53\4(1545 Arg GIn Ser Her Ala Gin Asn Arg Lys Tyr Thr lle Lys Val Glu Val
<211i» 32¢

<Z212» PRT
<213» Bacteriophage Qbeta

<4GG> 15

Met Ala Lys Leu Glu Thr Val Thr Leu Gly Asn Ile Gly Lys Asp Gly
1 5 10 15

Lys Glan Thr Leu Val Lsu Asn Pro Arg Gly Val Asa Pro Thr Asp Gly
20 25 30

Val Alz Ser Leu Ser Gln Ala Gly alz Val Pro Ala Leu Glu Lys Arg
4

Yal Thr Val Ser Val Ser Gln Pro Ser Arg Asn Arg Lys Asn Tyr Lys
50 55 &0

Val Gin Val Lys Ile Gln Asn Pro Thr Ala Cys Thr Ala Asn Gly Ser
65 70 75 80

Cys Asp Fro Ser Val Thr Arg Gin Ala Tyr Ala Asp Val Thr Phe 3Serxr
85 5C 95

Phe Thr Gln Tyr 3er Thr Asp Glu Glu Arg Bla Phe Val Arg Thr Glu
100 105 116

Leu Ala Ala Leu Leu Ala Sexr FPro Leu Leu Ile Asp Ala Ile &sp Gln
L1k 120 125

Leuw Asn Pro Ala Tyr Trp Thr Leu Leu Ile Ala Gly Gly Glv Ssr Glv
130 135 140

Ile Asp Pro Pro Prc

Ser Lys Prc Asp Pro Val Ile Pro Asp Fro Pro
155 160

143 150

Gly Thr Giy Lys Tyx Thr Cyvs Pro Phe 2ls Ile Trp Ser Leu Glu Glu
165 176G 175



50 55 co P1049P000 /PSI -14- Pro Lys Val Ala Thr Gin Thr Val Giy Gly
Vat Gin Len Pro Val Ala 65 70 75 80 Ala Trp Arc Ser Tyr Lau Asn Met
Glu Lea Thr lle Pro Tic Phe Ala 85 90 95 Thr Asn Ser Asp Cys Gin Leu
lle Val Lys Ala Met Gin Gly Lau Len 100 105 110 Lys Asp Gly Asn Pro lle
ruprgiBaer Ala lle Ala Ala Asn Ser Giy -is 115 120 125 Tyr <210> 17 <211>
130 <212> PRT <213> Bacteriepghage fr <100> 17 Met Ala Set Asn PLe
Glu Gin Pha Val Lea Val Asp Asn G1y Gly Thr 510 15 Gly Asp Val Lys
vaVal AR Pre.Ser Asn Rie:AlaAsr: GlyVal-Ala=Gin 26r25:30 Trp lle Ser Ser
Asn Ser. Kfg Ser Gin Ala Tyr’Eys Val Thr Cys $&r 35 40 45 Val Arg Gin
Ser Per Ala Asn Asn Arg Lys Tyr Thr Val Lys Val Glu 50 55 Val Pro Lys
vaUabAlaThr-Gin lad Gin Gly GlywWalkGluhewProVat: 65:70 75 80 Ala Ala
Trn Aig3Ser Tyr Met AsnMet Gin Lou Thr If¢Pro Val Phe 85 90 95 Ala
The Asn Asp Asp Cys Ala Leu lle Val Lys Ala Lau GIn Gly -hr 100 105
c1110:The Lys Thr Gly:MntRradle Alazt; heAkadleAlasAlasMn Ser Gly 115
120925 lle Tyr P1049PG101PS1 220

Phe Arg Gly Cys Arg Gly Asn Gly Tyr Ile A
225 230 2

w g

Leus Asp Ala Thr Tyr
240

[Vl

Leuv Ale Thr Asp Gln Ala Met Arg Asp Gln Lys Tyr Asp Ile Brg Glu
245 259 255

Gly Lys Lys Pro Gly Ala Phe Gly 2sn Ile Glu Arg Phe Ile Tyr Leu
260 265 27C

Lys Ser Ile Asn Ala Tyr Cvs Ber Leu Sey Asp Ile Ala Ala Tyr His
271z 2890 285

Ala Asp Gly Val Ile Vel Gly Phe Trp Arg Asp Pro Ser Ser Gly Gly
290 285 300

Alz Ile Pro Phe Asp Phe Thr Lys Phe Asp Lys Thr Lys Cys Pro Ile
305 310 315 320

Gln Ala Val Ile Val Val Pro Arg Ala
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~

<210> 16
<Z11» 128
<212> PFRY

<213» Bacteriophage R17
<400> 16
Ala Ser Zsn Phe Thr Gln Phe Val Leu Val Asn Asp Gly Gly Thr Gly

" 5 14 15

Zen Val Thr Val Ala Pro Ser Asn Phe Ala Asn Gly Val Ala Glu Trp
20 25 340

Ile Ser

w i

[

r Asn Ser Arg Ser Gln Adla Tyr Lys Val Thr Cys Ser Val
40 45

Arg Gln Ser Ser Ala Gln Asn Arg Lve Tyr Thr Ile Lys Val &lu Val
54 55 [y



-15- 130 <210> 18 <211> 130 <212> PRT <213> Bacteriophaae GA
<400> 18 Met Ala Thr Lou Arg See Phe Val Lau Val Asp Asn Sly Sly The
Gly 151015 Asn Val Thr Val Val Pro Val Son Asn Ala Asn Sly Val Ala
Gin Trp 20 25 30 Leo Ser Asn Asn Se.r Arg Sex Gin Ala Tyr Arg Val Thr
rodddensm_r Tyr 35 40 45 Ara Ala Ser Gly Ala Asp Lys Arg Lys Tyr Ala lle
Lys Leo Gin Val 50 55 60 Pro Lyg lle Val Thr Gin Val Val Asn Sly Val Glo
Leo Pro Gly Ser 65 70 75 80 Ala Trp Lys Ala Tyr Ala Ser lle Asp Lou The
lle Pro lle Phe Ala 85 90 95 Ala Thr Asp Asp Val.. Thr Val lle See Lys Set
rrp dosAlal SeLeo Phem k00105120 Lys Val Sly PsriiPro'Hle Ala Gin Ala lle
5°Ser Son Gin Ser Gly Phe 115 120 125 Tyr Ala 130 <210> 19 <211>
132 <212> PRT <213> Bacteriophage SP <400> 19 Met Ala Lys Lau
r1ASARGiy Val Thr LeurSertysierSlytbysAstrSht«125:1045 Asp GIn Thr
Len Thr Leo fiar Pro Arg Sly VafAso Pro Thr Asn Sk 20 25 30 Val Ala
Ser Leu Ser Gin Ala Gly Ala Val Pro Ala Leu Glo Lys lag

Thr Asn Ser Asp Cys Glu Leu Ile Val Lys Ala Met Gln Gly Lev Leu
100 105 Li0

Lys Asp Gly &sn Pro Ile Pro Ser Ala Ile Alaz Ala Asn Ser Gly Ile
11s 120 i25

Tyr

<Z10» 17

<211» 130

<zZ12» PRT

213> Bacteriophage fr

Met RAla Sexr Asn Phe Glu Glu Phe Val Leu Val Zsp Zsn Gly Gly Thr

3
(8]
ot
=
=
i

Gly Asp Val Lys Val Ala Pro Ser Asn Phe Ala Asn Gly Val Ala Glu
20 25 30

Trp Ile Ser Ser Asn Ser Arg Ser Gln Rle Tyr Lys Val Thr Cys Ser
35 4G 45

val Arg GIn Ser Ser Ala Asn Asn Arg Lys Tyr Thr Val Lys Val Glu

TI
50 55 60

v Val Glu Leu Pro ¥al

Val Pro Lys Val Ala Thr Gln Vel Gln Gly Gl
75 80

65 Bt

Alz Ala Trp Arg Ser Tyr Met Asn Met Glu Leu Thr Ile Pre Val Phe
85 80 95

Ala Thr Asn Asp Asp Cvs Ala Leu Ile Val Lys Ala Leu Gln Gly Thr
106 105 118

Phe Lys Thr Gly Asn Pro Ile Ala Thr Ale Ile Ala Rla Asn Jer Gly
118 120 125

Ile Tyr



P1 49P0007PSI -16- 35 40 45 Val Thr Val Ser Val Ala Gin Pro Ser Arg
Asn Arg Lys Asn Phe Lys 50 55 60 Gal Gin lle Lys Let GIn Asn Pro Thr
Ala Cys Thr Arg Asp Ala Cys 65 '70 95 80 Asp Pro See Val Thr Arg Ser
Ala The Ala Asp Val Thr Let Ser Phe 85 990 95 Thr Ser Tyr Son Thr Asp
r@iu@u Arg Ala Len lle Arg Thr Gin Let 100 105 110 Ala Ala Lea Len Ala
Asp Pro Lau inc Val Asp Ala lie Asp-Asn Lea 115 120 125 Asn Pro Ala
Tyr,d30 <210> 20 <211> 329 <212> PRT <213> Bacteriophage <400>
20 Ala Lys Len Asn Gin Val Thr Len Ser. Lys lie Gly Lys Asn Gip Asp 15
1015 Gin Thr Lau Thr Lea Thr Pro Arg Gly Val Asa Pro Thr Asn Gly Val
i;?ﬁ 2$§§0 Ala Ser Len Per G1u Ala Ply Ala Val Pro Ala Leo Via Lys Arg
<2Mal 3540 45 Thr Val Sex Val Ala Gin Pro Sec Arg Asn Arg Lys Asn Phe
<2Lys Vatt5055:6056in lie Lys Len Gin Asn Pro Thr Ala Cys Thr Ara Asp
..HMaGys Asp 65707580 Pro Ser Val Thr. Arg Ser Ala The Ala Asp Val
Thr Len Ser The Thr 8590 95 Ser Tyr Ser Thr Asp Gin Glu Arg Ala lea lle
veArg & eGler Lﬂgem Ada ?1@@&10@E1I§)1 P:04SP00O CIR)SCIN; Gly
1 1c

Asn Val Thr Val Val Pro Val Ser Asn Ala Asn Gly Val Ala Giu Trp

20 25 30
Leu Ser Asp Asn Ser Arg Ser Gln Ala Tyr Arg Val Thr Ala Ssr Tyr
3k 44a 45

Arg Ala Ser Gly Als Bsp Lvs Arg Lys Tyr Ala Ile Lys Leu Glu Val
50 55 60

o
=

Pro Lys Tle Val Thr Gln Val Val Asn Gly Val Glu Leu Pro Gly 8
65 0 15

[£2]
)

Alz Trp Lys Rla Tyr Ala Ser lile Asp Leu Thr lle Pro Ile Phe Ala
85 g0 95

Ala Thr Asp Asp Val Thr Val Ils Ser Lys Ser Lsu Bla Gly Leu Phe
100 105 116

Lys Val Gly Asn Pro Ile Ala Glu Ala Ile Ser Ser Gln Ser Gly Phe
118 120 125

Tyr Ala

<2310 19

<2i1> 132

<Z12> PRI

<213» Bacteriophage 5P

<4i0> 1%

Mer Ala Lys Leu Asn Gln Val Thr Leu Ser Lys Ile Gly Lys Asn Gly
1 5 10 15

Asp G8in Thr Leu Thr Leu Thr Pro Arg Gly Val Ren Pro Thr Asn Gly
20 25 30

Val Ala Ser Leu Ser Glu Ala Gly Ala Val Pro Ale Leu Glu Lys Axg



-17 Ala Lee Let Ala Asp Pro Let lie Val Asp Ala lle Asp Asn Let Asn 115
120 125 Pro Ala Tyr Trp Ala Ala Leu Leu Val Ala Ser Set Gly Gly Gly Asp
130 135 140 Asn Pro Set Asp Pro Asp Val Pro Val Val Pro Asp Val Lys
Pro Pro 145 150 155 160 Asp Gly The Gly Arg Tyr Lys Cys Pro Phe Ala
riedy@ Wyr Arg Leu Sly 165170 175 See lie Tyr pit Val Gly Lys Gin Sly Set
Pro Asp lie Tyr Gin Arg 180 185 100 Sly Asp Glu Val Sur Val TAr 'he Asp
Tyr Ala Len Gin Asp Phe,Lee 195 200 2055Gly Asn Thr Asn Trp Arg Asn
Try Asp Gin Arg Let Set Asp Tyr Asp 210 215 220 lle Ala Asn Arg Arg
Arg Cys Arg Sly Asn Sly Tyr lle Asp Let A 225 230 235 240 Ala Thr
Ve 1’I\/I\’é‘tl Gin I‘-‘S"e}nt Sp: Asp The VA LT S fgﬁl AR Tyt Giy 295 250 255
VaI Arg Lys Val Lys Phe Pro Gly Ala Phe Gly Set Ile Lys Tyr Let 260 265
270 Lou Asn lle Gin Gly Asp Ala Tr Len Asp Let Ser Gin Val Thr Ala 275
2280°285 TyrAtg; Set Tyr Gl MétV%‘g ISy PRETHS Thi- Asp Ser Lys Set
"290 295 300 Pro Gin Let Pro Thr Asp The Per Gin The Asn Ser Ala Asn
Cys Pro 305 310 315 320 Val Gin Thr Val lle lle lie Pro Ser 325 <210>
Aep FR¥ES 133?‘722%@2%@ PRT £2135 Sdttdtioptiage NiB2"€400> 21
P1644PC60 (PSI

Thr Ser Tyr Ser Thy Asp Glu Glu Arg Ala Leu Ile Arg Thr Glu Leu
100 105 110

&la Ala Leu Leu Ala Ahsp Prco Leu Ile Val Asp Alg Tle Asp Asn L
iis 120 125

(!J

Asn Pre Ala Tyr
134

<210> 20
<211» 328
<212» PRI
<213> Bactericphage

<4G0> 20 -
Alz Lys Leu Zsn Gln Val Thr Leu Ser Lys Ile Gly Lys Asn Gly Asp

1 5 1C 15

Gln Thr Leu Thr Leu Thr Pre Arg Giy Val Asn Pro Thr Aen Gly Val
20 z5 30

4la Ser Lew Ser Glu Ala Gly Ala Val Pro Ala Leu Glu Lys Arg Val

Thr val Ser Val Ala Gln
50

Pro Ser Arg Asn Arg Lys Asn Phe Lys Val

ire
FEL I
[+a1
[}

Gln Ile Lys Leu @ln Asn Pro Thr ala Cys Thr ARrg Asp Ala Cys Asp
£5 70 75 BO

Dro Ser Val Thr Axg Ser Alea Phe Ala Asp Val Thr Leu Ser Phe Thr
85 90 95

Ser Tyr Ser Thr Asp Glu Glu Arg Ala Leu Ile Arg Thr Glu Leu Ala
100 g8 110



Met Ala See Asn Phe Thy Gin The Val lea Val Asp Asn Gly Gly Thr 15
111 15 Gly Asp Val Thr Val Ala Pro Set Asn. Ple Ala Asn Gly Val Ala Glu
20 25 30 Trp lle Per Ser Asn Ser Arg Ser Gin Ala Tyr Lys Val Thr Cys Ser
35 90 45 Val Arg Gin Ser Ser Ala Gin Asn Arg Lys Tyr TSr lle Lys Val Glu
B BB60 Val Pro Lys Val Ala Thr Gin Thr Val Gly Sly Val Gin Leo Pro Val
65 70 75 80 Ala Ala Trp Arg SealTyr Leo Asn Met Gin Leo Thr lle Pro lie
21Phg.82.90,95 Ala The Ash SerAsp Cys Sitdeq lie Vallys Ala Met Gin
Gly Lets 100 105 110 LeooLys Asp Gly AsnRro lie Fro Per Ala lle Ala Ala
Asn Ser Gly 115120 125 lle Tyr 130 <210> 22 <211> 133 <212>PIT
»-5213% Pact eriophage Mll, <400>.22 Mg, Ala Lys Leu,Gin Ala lie Thr Leo
SeE(GIy lle Gly Lys Lys Sly 1510 15 Asp Val Thr Leo Asp Leo Asn Pro
Arg Gly Val Asn Pro TSr Asn Sip 20 25 30 Val Ala Ala Leu Ser Gin Ala

.0l Ala Val Pro Qla Leo Gin Lys,Arg, 35 40,45 Val Thr lie Ser Val Sea Gin

el ro A&D

11Pro Ser Arg Asn Aba Lys Asn Tyr Lyss 50 55 6C Val Gm; Val Lys lle Gin
Asn Pro Thr Per Cys Thr Ala Ser Gly Thr 65 70 75 80 P1049PCAO 'PSI

-1 .
Asp éﬁy Thr Gly Arg Tyr Lvs Cys Pro Fhe Ala Cys TIyr Arg Lsu Gly
183 170 175

[72]
h
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Tyr Glu Val Gly Lyz Glu Gly Ser Pro Asp Ile Tyr Glu Arg
180 185 180

Gly Asp Glu Val Ser Val Thr Phe Asp Tyr Ala Leu Glu Asp Phe Lsu

205

wo o

s
o
S 4
fame)
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Gly Asn Thr Rsn Trp Arg Bsn Trp Asp Gln Arg Leu Ser Asp Tyr Asp

210 215 220
Ile Ala Asn Arg Arg Arg Cys Ahrg Gly Rsn Gly Tyr Ile Asp Leu Asp
225 230 235 240

Ala Thr ala Mst Gln Ser Asp Asp Ph
245

Leu Ser Gly Azg Tyr Gly

4
(S
[ rRh)

[

Val Arg Lys Val Lyes Phe Pro Gly Alza Phe Gly Ser Ile Lys Tyr Leu
260 265 270

Lev Asp Ile Gln Gly Asp Ala Trp Leu Asp Leu 3ear Slu Val Thr Ala
278 280 285

Iyr Arg Ser Tyr Gly Met Val I1le Gly Phe Trp Thr Asp Ser Lys Ser
290 295

Pre Gln Leu Pro Thr Asp Phe Tar Gln Phe Asn Ser Ala Asn Cys Pro

305 314 355 320
Val Gln Thr Val Ile lie Ile Pro Ser
325
<210 21
<211» 130
<212» PRT

<213> BRacteriophage MSZ

<4G0» 21



Sys Asp Pro Ser Val Thr Arg Per Ala Tyr Per Asp Val Thr ?he Ser 85 90
95 Phe Thr Gin Tyr Ser Thr Val Gin Gin Arc Ala Leu Val Arc- Thr Glu 100
105110 Len Gin Ala Let Leu Ala Asp Pro Met Lev Val Asn Ala lie Asp Asn
115120125 Leu Asn Pro Ala Tyr 130 <210> 23 <211> 133 <212> PRT
e3P Bacteriophaae MAT <400> 23 Per Ala Lys Len Or Ala lie Thr Leu
See Sly lle Sly Lys Asp. Sly 1 5-10-15 Asp Val Thr Leu Asn Len Asn Pro
Arc, Gly Val Asn Pro Thr Asn G1y 28 25 30 Val Ala Ala Len Per Gin Ala
ueGip-Ala-\iah Pra Ala tenlwhysArg:135:40 45valThrtie Ser Val Ser Gin
} Pro Ser Arg Asn Arg Lys Asn Tyf Lys 50 55 6G Vil Gin Val Lys lie Gin
Asn Pro The Ser Cys Thr Ala Ser Sly Thr 650 75 80 Sys Asp Pro Sat
c1Vakd hiArg: Ser Ala Ty AlaAspMal E'hrePhe,Ser 85:9095 The The Gin
Tyr Ser THe Asp Gin Gin ArégfAla Leu Val Arg FAr G1lu 100 105l0 Leu
Lys Ala Len Let Ala Asp Pro Met Leu lle Asp Ala lle Asp Asp 115120i' 5
1rheNASH Bro Ala skbyr30:-£2102:24:R1049R006,/RS} 20- <210 330
35 40 45

Val ARrg Gln Ser Ser Ala Gin Asn Arg Lys Tyr Thr Ile Lys Val Glu
50 35 &q

Val Pro Lys Val Ala Thr Gln Thr Val Gly Gly Val Glu Leu Pro Val
GE T3 75 80

Ala Ala Tzp 2rg Ser Tyr Leu Asn Met Glu Leuw Thr Ile Pro Ile Phe
85 &G 93

&la Thr Asn Sar Asp Cyve Giu Leu Ile Val Lve Ala Met Gln Gly Leun
166 145 130

Leu Lvs Asp Gly Asn Pre Ile Pro Ser Ala Ile Rla Rla Asn S=r Gly
113 124 125

=
—
@

Tyr
130

<Zi0» 22

<21l» 133

<212» PRT

<213» Bacteriephags Mil

<40G>» 22

et Bla Lys Leu Gln Ala Ile Thr Leu Ser Gly Ile Gly Lye Lys Gly

&
1 5 10 15

Asp Val Thr Leu Asp Leu Bsn Pro Arg Gly Val Asn Pro Thr Asn Gly
Val Ala 2la Leu Ser Glu Ala Gly Ala Val Pro Rlz Leu Glu Lys Axg

Val Thr Ile Ser Val Sexr Gln Pro Ser Arg Asn Arg Lys Asp Tyr Lys
50 55 6o

Val Gln Val Lys Ile Gln Asn Pro Thr Ser Cys Thr Ala Ser Gly Thr
55 70 75 30



<212> PFT_ <213> Sacteriophage NL95 <400> 24 Met Ala Lys Len Asn
Lys Val Thr Leu Thr Ply lle Gly Lys Ala Gly 5 10 15 Ass Gin Thr Leu TSr.
Leu Thr Pro Arg Gly Val Asn Pro Thr Asn Gly 20 25 30 Val Ala Ser Len
Ser Gin Ala Gly Ala Val Pro Ala Lou Gin Lys Arg 35 40 45 Val Thr Val Per
neabvda Gin Pro Ser Arg Asn Ara Lys Asn Tyr Lys 50 55 60 Val Gin lie
Lys Lee Gin Asn Pro Thr Ala Cysifhr Lys Asp Ala Cys 65 70 75 80 Asp
Pro Per Val Thr Arg Ser Gly Ser Arg Asp Val Thr Lou Ser Phe 85 90 95
Thr Ser Tyr Ser Thr Gin Arg Giu Arg Ala Lou lle Ara Thr Glu Lou 100 105
Cyq ¥orAtar Ala Lol EaurtysAspAsSpLeu Her\Val Asp Ala #le Asp Ase Len
115 120 125%Asn Pro Ala Tyr Tfp Ala Ala Lou Lou’Ala his Ser Pro Gly Ply
Gly 330 135 140 Asn Asn Pro Tyr Pro Gly Val Pro Asp Per Pro Asn Val
Phb 8P Pro 4451150455 160: Gly Gly “Ehr&lyeThrikyeiArg Cys Pro Phe
Ala Cys Tyf Arg Arg Gly 1b5%70 175 AN Lou li¢ Thr Gin Ala Lys Asp Ply
Ala Cys Ala Lou Tyr Ala Cys 180 185 190 Ply Per GIL Ala Let Val Glu
1e?erGin Byt Ala ken GinrAspRheLou 195200205 :PlynAsn Glu The Trp
Ara Asit Trp Asp Gly Argteu Per Lys Tyr Asp 210 215 220
P1044PCQ6/PSI -21- lle Gin TSr His Arg Arg Cys Arg Gly Asn Gly Tyr Val

1=AsprLau Aspr223 230 235 240
130

<Z10» 23

<211» 133

<21Z» PRY

<213» Bacteriophage MIl

<4GC» 23

ey ooy

Metr Ala Lys Leu Gln Ala Ile Thr Leu Ser Sly Iie Gly Lys Asn Gly

Asp Val Thr Leu Asn Lew Asn Pro Arg Gly Val Aszn Pro Thr Asn Gly
20 25 30

Val RAla Ala Leu Ser Glu Ala Gly Ala Val Pro Ala Leu Glu Lys Arg
3k 40 45

Val Thr Ile Ber Val 3er Gln Pro Ser Arg Asn Arg Lys Asn Tyr Lys
B 55 6o

val Gln Val Lys Ile Gln Asn Fro Thr Ser Cys Thr Als Ser Gly Thx
3 7 15 80

Cye Asp Pro Ser Val Thr Brg Ser Ala Tyr Alz Asp Val Thr Phe Ser
85 30 95

Phe Thr Gin Tyr Ser Thr Asp Giu Glu Arg Ala Leu Val Arg Thr Glu
ioo 05 110

Leu Lys Ala Leu Leu Ala Asp Fro Met Leu Iie Asp Ala Iie Asp Asn
115 120 125

Leu Asn Pro Ala Tyr
130

<Z10> 24



Ala See Val Met Gin Ser Asp Gin Tyr Val Leo Ser Gly Ala Tyr Asp 245
250 255 Val Val Lys Met Gin Pro Pro Gly TSr Pie Asp Per Pro Arg Tyr
Tyr 260 265 270 Leo His Leo Met Asp Gly lie Tyr Pal Asp Let Ala Gin Val
The Ala 275 280 285 Tyr Arg Set Tyr Gly Met Val lle Ply Phe Trp Thr
riedesp /Rer Lys Ser 290 295 300 Pro Gin Let Pro Thr Asp ?he The Arg Phe
Am Arg His Am Cys Pro 305 31@@®415 320 Val Pin Thr Val lie Val lie Pro
-;9ee Lga 325 330 <210> 25 <211> 129 <212> PRT <213>
<zBacteriophage f2 <400> 25 Ala See Am The Thr Gin The Val Lea Val Leo
<2f%sp BiyGlyrTe Gy 5lu 15 Asn Val Thr Val Ala Pro per Asn Phe Ala
<.Asn Gly Val Ala Gin Tap 20 25 30 lle Ser Ser Asn Set Arg Se- Gin Ala
Tyr Lys Val Thr Cys Ser Val 35 10 45 Arg Gin Ser Her Ala Gin Asn Ara
vt Y&Tyr=Thr lte'Lys:\Vial Gin Val 56 55 60 Pto Lys MalAla The Gin Thr Val
* Ply Gly Val Gin Leo Pro Val Ala" 65 70 75 80 Ala Ttp Any Ser Tyr Lou
Asn Len Gin Lean Thr lle Pro Tie Phe Ala 85 90 95 The Aso Set Asp Cys
a=GiLetdlesVahiys=Ala-Met-Girs Gly Feob 1sea~200:165 1310 PIO49P000 /PSI
--22- LysAsp Gly Asn Pro li&Pro Ser Ala lle Afd Ala Asn Ser fly lle ii5
120 125

Val &la Ser Leu Ser Glu Ala Gly Ala Val Pro Rla Leu Glu Lys Arg
35 49 45

Val Thr Val Sex Val Ala Gln Pro Ser 2rg Asn Arg Lys Asn Tyr Lys
50 55 &0

val Gln Lle Lys Leu Glu Asn Pro Thr Ala Cvs Tar Lys Asp Ala Cys
65 70 5 a0

Asp Pro Ser Val Thr Arg Sex CGly Ser Arg Asp Val Thr Leu 5er Phe
8

Thr Ser Tyr Ssr Thr Glu Arg Glu Arg Ala Leu Ile Arxg Thr Glu Leu
100 145 119

1 Lew Lys &sp Asp Leu Ile Val Asp Rla Ile Asp Asn Leu

P
[0 i
o

[
L=t

-
L

Bzn Pro Ala Tyr Trp Ala Ala Leu Leu 2la Ala Ser Pro Gly Gly Gly
136 133 146

Asn Asn Pro Tyr Pro Gly Val Pro Asp Ser Pro Asn Val Lys Pro Pre
145 156 155 160

Gly Gly Thr Gly Thr Tyr Arg Cys Pro Phe Ala Cys Tyr Arg Arg Gly

i

igs 174 175

Glu Leu Ile Thr Glu Rla Lys Asp Giy Ala Cys Ala Leu Tyr Ala Cys
180 185 180

Gly Ser Glu Ala Leu Val Glu Phe Glu Tyr Ala Leu Glu Asp Phe Leu
195 240 205

Gly Asn Glu Phe Trp Arg Asn Trp Asp Gly Avg Leu Ser Lye Tyr Asp
210 215 220



Tyr <210> 26 <211> 128 <212> PRT <213> Bacteriophage P27 <400>
26 Men Ser Lys Thr lle Val Len Ser Val Gly Gin Ala Thr Are Thr Leu 15
10 15 Thr Gin lle GIn See Thr Ala Asp Arg Gin lle Phe Gin Gin Lys Val 20
25 30 Hip Pro Leo Val Gly Arg Len Arg Len Thr Ala Scr Leu Are Gin Asn
ru8hd @45 Gly Ala Lys Thr Ala Tyr Arg Val Asn Leo Lys Leu Asp Gin Ala
Asp 5055 60 Val Val Asp Cys-Sar-Tyr Ser Val Cys Gly Gin Len Pro Lys
ryalArg, 65.70.75.80. Ty The Gin.Val Trp Ser His Asp,val Thr lle Val Ala
22Asn Ser Thr 85 9305 Gin Ala Per Arg Lys Ser Len TyrAsp Len Thr Lys
Her Len Val Ala 100 105 110 Thr Ser Gin Val Gin Asp Len Val Val Asn
,1ke0. VAL RO Len Gly Arg, 115 120 125 £210> 27 5211> 4586 <2i2> DNA
<213> artificial sequence <2202x223> Cloning Vegtor <400> 27
ttctgtttce tgtgtgaaat tgttatccgce tcacaattcc acacattata cgagccgatg 60

,.allaatigic aacagqical ticagaatat tigeeagaag coftatgalg {cggegeaaa 120

aaacattatg;gagaacggga gtgegecttg agcgacacga attatgcagt gatttacgac 180
P104 WOO MI -23- ctgcacagcc ataccacagc ttccgatggce tgcc™_gacgce

Legal-ggaf%ga}gtggstg%%gcggZIL!;Q Val Asp Len Rls Glu Val Thr Ala

275 280 285

Tvr Arg Ser Tyr €ly Met Val Iis Gly Phe Trp Thr ALsp 3er Lys Sexr
250 295 350

Pro Gin Leu Pro Thr Asp Phe Thr Arg Phe Asn Arg His Asn Cys I

305 310 315 20

L

Val Gin Thr Val JIle Val Ile Pro Ser Leu

325

<23i0> 25

<Z21l» 128

<212» PRT

<213» Bacterlophage f2

<40d> 25

kie Ser Asn Phe

[
jn g
it

r Gin Phe Vel Leu Val &sn Asp Gly Gly Thr Giy
10 15

S

Asr Val Thr Val Als Pro Ser Asn Phe &la Asn Gly Val Ala Glu Trp
20 25 34

Tle Ser Ser Asn Ssr Arg Ser Gln Ala Tyr Lys Val Thr Cys Ser Val

14 45

L

(S 3n¢)]

Arg Gln Ser Ser Zla Gln Asn Arg Lvs Tyr Thy Ile Lys Val Glu Val
50 55 60

Pro Lys Val Ala Thr Glo Thr Val Gly Gly Val Glu Leu Pro Val Ala
63 70 75 g0

Ala Trp Azg Ssr Tyr besu Asn Leu Glu Leu Thr Ile Pro Ile Phe Ala
85 40 95

Thr Asn Ser Rep Cye Glu Leu Ile Val Lys Ala Met Gln Gly Leu Leu
100 105 116



gcagtcgata agctccgcat cctctacgcc ggacgcatcg tggccggcat caccggegec 300
acaggtgcgg ttgctggegc ctatatcgec gacatcaccg atggggaaga tcgggctcge 360
cacttcgggc tcatgagcgc ttgtttcggc gtgggtatgg tggcaggcecc cgtggecqgg 420
ggactgttgg gcgccatctc cttgcataca ccat_tccttg caacggcggt actcaacggc 480
risgfc@aectac tactgggctg cttcctaatg caggagtcgc ataagggaga gegtcgaccg 540
atgcccttga gagccttcaa cccagtcagaecttccggt gggcgegggg catgactatc 600
gtcgccgcac ttatgactat cttctttatc atgcaactcg taggacaggt gccggcagceq 660
LvEtetgggicastitteggegar ggaccgcitticgetogageg-egacgatgatcggectgtcg 720
cttgcgdtat tcggaatctt gcacgcccte getcaagecittegtcactgg tccecgecace 780
aaacgt_ttcg gcgagaagca ggccattatc gccgacatgg cggccgacgc getgggctac
840 gtcttgctgg cgttcgcgac gcgaggcetgq atggcecttce ccattatgat tettctcget 900
tccggceggcea tcgggatgec cgegttgcag gecatgetgt ccaggcaggt agatgacgac 960
catcagggac agcttcaagg atcgctcgcg gctcttacca gcctaacttc gatcactgga 1020
<z6egctgatcg tcacggcgat ttatgccgcec tcggcgagca catggaacgg gttggcatgg
<210800:sattgtaggcq ccgccctata ccttgtctge ctcceecgegt tgegtcgegg tgcatggagce
zgﬁillozﬁggralg&%%ctP%gacctgaat ggaagccggc ggcacctcgce taacggattc
accactccaa 1200 gaattggagc caatcaattc ttgcggagaa ctgtgaatgc
<4graaaccaac ccttggcaga 1260 acatatccat cgcgtccgcec atctccagca
wJecgeacacd gegeateteg ggeagegiiy 1320 ggtectdage acgogtgege
| atgatcgtgc tegigtegtt gaggacccgg,ctaggctgge 1380, ggggttgect tactggttag
cagaatgaat caccgatacg cgagcgaacg tgaagcgact 1440 gctgctgcaa
_.aacgcececegceg acctgagcaa caacatgaat ggtettcggt tteegtgtit 1500 cgtaaagtct
"3 g%.‘éé%@éjgg% %eég%é'g&éﬁé E@cfﬁéa%ééaf%%Eﬁc%&gi@fc%éﬁ%g 1560
caggatgctg ctggctaccc tgtggaacac ctacatctgt attaacgaaq cgctggcatt 1620
gaccctgagt gatttttctc tggtccegec gcatccatac cgecagttgt ttaccctcac 1680
Giéa%ﬁt@?a%a?a%\%é@g&% tgifcatiat Cagtaatecy tatcgtgage atcctetete 1740
gtttcatcgg tatcattacc cccatgaaca gaaattcccc cttacacgga ggcatcaagt 1800
gaccaaacag gaaaaaaccg cccttaacat ggcccgcttt atcagaagcc agacattaac
“1880 yettthgay %Y%ia@éf‘cé{éﬁj‘s&gﬁ@d"éi&@é“gg@%ﬁg%éch% gcagacatct
gtgaatcgct 1920 tcacgaccac gctgatgagc tttaccgcag ctcgetcgceg cgtttcggtg
~atgacggtga 1980 aaacctctga cacatgcagc tcccggagac ggtcacagcet
"1gtetgtadg ¢ygatgttoy 2040 PF049PQ00 7P SIF -24- Gadrdgacaa
gcccgtcagg gcgcegtcage gggtgttgge gggtgtcggg gegeagcecat 2100
gacccagtca cgtagcgata gcggag-gta tactggctta actatgcggc atcagagcag
2160 atfgtactga gaytycatta tatdcagtdt Gaahtaccyc Heatiatgegt

aaggagaaaa 2220

Glu Alz Ser Arg Lys Ser Leu Tyr Asp Leu Thr Lvs Ser Leu Val ala
100 1o 110

Thr Ser Gln Val Glu 2sp Leu Val val Asn Leu VYal Pro Leu Gly Arg
11z ize 125

<210» 27

<211» 458¢

<212> DHA

<213>» artificilal sequence

<223>» Clening Vector

<490> 27
toctgttice tgtgtgaasat tgttatccocgo tceacestitce acacattata cgagccgato 60

attaattgic aacageteat ttcagastat ttgecagaac cottatgatyg toggogeaas 1Z0

aaacattatce ceagaacggys gtgcgecttg ageogacacga attatgeagt gatttacgac 180



taccgcatca ggcgctcttc cgcttcctcg ctcactgact cgctgcactc ggtecgttcgg 2280
ctgcggcegag cggtatcagce tcactcaaag gcggtaatac ggttatccac agaatcaggg
2340 gataacacag gaaagaacat gtgagcaaaa ggccagcaaa aagccaggaa
ccgaaaaaag 2400 gccgcegttgce tggcegttttt ccataggctc cgeccccectg
ru@egagcatca caaaaatcga 2460 cactcaagtc agaggtggcg aaacccgaca
ggactataaa gataccaggc gtttccccetz2520 ggaagctccc tcgtgegcte teetgttceg
accctgccgc tt_accggata cctgtccgec 2530 tttetcectt cgggaagcegt ggegctcetct
crealageicac.gatgtaggtadeieagiteg 2640 gigtaggicgitegoicgaa gotgggctgt
gtgcacgaac ccccegttca geccgaccge 2700 tgegccttat ccggtaacta tegtcttgaq
SRR TRATA G CTAEYEEa 2P0  Ciggcigtay Eedttgatad
ac6aggalcage-agagegaggi-atgtagaegyg dgclacagag-2820.dtettgaagto
ggtggcctaa ctacggctac actagaagga cagtatttgg tatctgcgct 2880 gtgctgaagc
ceagttacctt Eggadaaags gitgotaget citfatceyty taadcasict’3940™
scRCCECigia gcaglgatittitigitoc aageagcaga; iacgcgean aaaaaaagga 3000
tctcaagaag atcctttgat cttttctacg gggtctgacg c¢_cagtggaa cgaaaactca 3060
cEgtasjg A gy fcatigagattafcdcaaaay gatet et ctagat tctittaaat 3120
.-\aaaagigaa atittaaa-c aatctaaagt.atatatgagt apacttggic-tgacagttas 3180
caatgcttaa tcagtgaggc acctatctca gcgatctgtc tatttcgttc atccatagrt 3240
I gectactEEERyichtatagataactacer atat JoTagty Gefadéatetggecétagt 3300
«.gciggaatga tacecgegaga cecacgelea ceggeiccag. atiipicage aataaaccag
3360 ccagccggaa gggccgagceg cagaagtggt cctgcaactt tatccgectc
cteateTagict 3420 attaxtgitigeetgatagt tagagtasyt dgcgetag ctaataattt
-Jegeaacglt 3480, .gligecatlg clacaggeat Galggiglea coglcalct tiggtatgge
ttcattcagc 3540 tccggttccc aacgatcaaq gcgagttaca 'taatccccca tgttgtgcaa
sgazafgoygit 366G cageteettog gtectetgat cytigtcaga dgraagttgg céacagtgtt
- alcacteate 3660 gitatggeag cactgeataa tetettact dteatgceat ccglaagatg
ct’t%tctgtg 3720 actggtgagt actcaaccaa gtcattctga gaatagtgta tgcggcgacc
cgjagtigotcta8780:dgccegycyt cadcacggyactdatactyay cracetagesr’’
aactttaaa agtgctcatc 3840 _attggaaaac gttcticagg gegaaaactc icaaggatct
) ta“é:gchcztggt% gaggc‘Iat’cca%gfi ?50% P1 %(13600 /%?fa%% ﬁ%%%gt_éac f:é:%a@ctcgtgc
atagceaactgadet>cageat ottt ttacttt-caccagegit 3860 rtetgggtgag ead@aaacagg
aaggcaaaat gccacaaaaa agggaataa cgacacqg 4020 aaatgtfgaa
ot SRS et St ot K e 050" Trctoaten
sgeggatacatattigaatgli-aittagaaas atagacaaaagagttigtage4d40 1260
aaacgcaaaa aggcccca_tccc tcagggc%ggc cttctgcttaLatttgcgtE%ggﬁtt%gcaig}étbta 4200

acatatcCat cgogtdTice atctccaged Zegeg gofcatetog c

ggtcctggec acgggtgege atgategtge tectgtogtt gaggaccogg ctaggotgge 1380
gagogttgoct tactggttag cagaatgaat cacegatacyg cgagogaacg tgaagegact 1449
getgotgeoaa azcghotgeg acctgageaa caacatgaat getcttoggt ttcogtgtiz 1500
cgtaaagtet ggaaacgogy aagtoagege cctgcaccat tatgtiecgg atctgeateg 1560
caggatgety ctggctacce tghtggaacac ctacatctght zttaacgaag cgctggeatt 1620
gacootgagt gatttticte tggteccgee geatccatac cgecagttght ttacccteac 1680
aacgtteocag taaccggges tgttcatcat cagtaacccog tatcgtgage atcetcteoio 1744
gtttcatcgy tatcattacc cccatgaaca gaaattccce citacacgga ggcatcaagt 1800
gaccaaacaq gaaaaaaccy cccttaacat ggecegettt atcagaageco agacattaac 1860
gcttotggag asacteaacy agetggacge ggatgaacay gragacatcl gtgaatcoget 1820
tcacgaccac getgatgage tttaccgeag ctgectogeg cgttlteggtyg atgacggtoa i%80
aazcctotga cacatgcage tcccggagac ggtcacaget tgtctgtaag cggatgecgy 2040



tggcgggcegt cctgeccgece accctcecggg ccattecttc gcaacgttca aatccgetee 4260
cggcggattt gtcctactca ggagagcgtt caccgacaaa caacagataa eacgaaaggc
4320 ccagtctttc cactgagcct ttcgttttat ttgatgcctg gcagttcect actctcgeat 4350
ggggagaccc cacactacca tcggcgctac ggcgtttcac ttctgagttc ggcatggggt 4440
PHGEGIYQgAc caccgcgcta ctgccgecag gcaaattctg t'tttatcaga ccgcttetge 4500
gttctgattt aatctgtatc aggctgaaaa-tettetctca tccgccaaaa cagaagcttg 4560
gctgcaggtc aacggatccc cgggaa 4586 <210> 28 <211> 425 <212> DNA
sasR3F-astificial sequenee: < 220x <323z FemminatosSeguence 400> 28
ctgtttiggc ggatgagaga agattticag cctgatac_ga attgaqlgcag aacgcagaag 60
2 EyotEtgatd Haatagast tgeciggcay cagtagégty Ytagtcecad ctgacgecat 120
-t gL6gaACien gaagigaans gecqtagegecyatgglagh giggggtete cceatgcgag
180 agtagggaac tgccaggcat caaataaaac aaaggctcg gccgaaagac
A fGRGECHRE PA0° G itttACH] Tt ea gigascate ittt aGEG Gacaaateeg
r6EQI9RICHE-300 alitgaacy! {6gaagaeaa:cogeccy9as geigacyggye
aggacgcccg ccataaactg 360 ccaggcatca aattaagcag aaggccatcc
s GRCGHRGG CR ity B Rt b HP0 LIt 42522 1539942112816
sc5212% DNA £213> attificial. sequence; s220x52232-Resistancegene
<400> 29 ttagaaaaac tcatcgagca tcaaatgaaa ctgcaattta ttcatatcag
“SfERtattaat 60 PTOLTPU0D (P $12 D6 * actatattit igaia=aqtT gtttcttaa
4-1daaggagaa aactcaccaa ggsagticca.120- faggatgaca,agaicctggiz-atcggtctge
gattccgact cgtccaacat caatacaacc 180 tattaatttc ccctcgtcaa aaataaggtt

t:afégﬁ§gtg%&§g&a%ﬂfﬁiéagﬂFEﬂi@fg%ﬁég%ﬁfgagcpctqtagqta tetcagtteg 2640
gtataggtog tteogetecaz gotgggctgt gtgcacgaae cceccogtica gococgaccyo 2700
tgecgecttat cegghaacta tegtctigag tocaaccogg taagacacga cttatcgeca 2760
ctgocageag coactggtaz caggattage agagegaggt atgtaggegg tgctacagag 2820
Licttgaagt ggtggctzaa ctacggetac actagsagga cagtatitgg tatctgogcet 2880
ctgctgaage cagttacctt cyggaaasaga gtitggtaget citgatcocgy caaacaaace 2940
accgotggta goggtgohit ttttgittge aagcagcaga tiacgogeag asazaaaggas 3000
tctcaagaag stoctttgat cttttetacy gggictgacy crcagtggaa cgaaaactca 30860
cottaaggga tittggtcat gagattatoa aaaaggatolt tcacctagat cctittaaat 3120
tazaaatgaa gttttaaatc astotaszagr atatatgagh aaacttggte tgacagttac 3180
caatgcttas tcagtgagge acctatctoa gogatctghbe tatttegtic atccatagrt 3240
gcctgactee cegtogtgts gataactacg atacgggagg goettaccate tggcoccoagi 3300
gctgoaatgae taceogegage cocacgechos coggotccag atttatceage aataaaccay 3360
ccagooggaa gggcegagcyg cagaagtggt cotgoaactt tatoogectic catccagter 3420
attaatigtt gocgggaage tagagtaagt agttcgecag tisatagttt gogeaacgtt 3480
grtgeocatig ctacaggeat cgtggtgtca cgotegteght tiggltatgge treatteage 3540
tccggttece ascgatcaag gogagiiaca tgatcococca tgitgtgocaa aazagoggit 3800
agciococtteg gtoctceogat cgttgtcaga agtaagifog cegoagtgit atcactcatg 3660
gttatggcag cactgeatas tictettact gtcatgeocat cogtaagatg ctittotgtg 3726
actggtgagt actcaaccas gteattctgas gaatagtgta tocgycgace gagttgetcot 3780
tgccegyegt caacacggga tastacegey ccacafagea gaactttaaa agtgeotcate 3840
attggaaaac gttottoggg gogaazactc tcaaggatct taccgetgtt gagaetceagt 3300



tgaatccggt gagaatggca aaagcttatg catttctttc cagacttgtt caacaggcca 300
gccattacgc tcgtcatcaa aatcactcgc atcaaccaaa ccgttattca ttcgtgattg 360
cgcctgagcg agacgaaata cgcgatcgct gttaaaagga caattacaaa caggaatcga
420 atgcaaccgg cgcaggaaca ctgccagcgc atcaacaata ttttcacctg
ricgrEtCaAdgata 480 ttcttctaat acctggaatq ctgtttcccc ggggatcgca gtggt_gagta
accatgcatc 540 atcaggagta cggatfiaaat gcttga'_ggt cggaagaggc
a_.aaa.ttccg tcagccag'_t 600 tagtctgacc atctcatctg taacatcatt ggcaacgcta
rcEGttgecat gitcagaaa £60. caactctgga geateggget deceatacaa togatagatt
gtcgeacctg attgcccgac 720 at'=atcgcga gcccatttat acccatataa, 9;gaccatcc
AR a s At CY P TEY " cEgAy caa TREATECC Gty aataty gctcat 816
5552102:30 £21:1>: 496 3-< 212> DNA <2133 artificial seguences 220>
<223> ..asmi.d <400> 30 ggctgtgcag gtcgtaaatc amctgi(;,ataat tcgtgtcgct
“UTEAYJegEARCEyELGTBT “hataatgt o tiRcHE Tateaasy gttctggca.a
saAtat tctgag. atgagcetgit k20, gacaaltaal calcggeted tataatgigt ggaattgtga
gcggataaca atttcacaca 1.80 ggaaacagaa ttctaaggag gaaaaaaaaa
ot ARafaa GCAAtYCas CEattacat 240 etat e A taadAttgtd {gteggate
«cSaactcgtit atcaactaca titicageaa-300. giclgitacg £eaacgigit aaagitagta
tagccgaact gaataatgtt tcaaatcaat 360 atgtatctgt ttataagcgt cctgcaccta
ccHacEyGaEgF tytcagat goetgtirea 420 Fidtjetyaa‘tgadasccas técattcgea
+-CAglgattic agggicagcs gaaa.actige. 480: clagcitaag.ageagaaigg s
gaaactcaca aacgtaacgt tgacacactc ttcgcgagcg 540 gcaacgccgg tttgggtttc
capttgacectacigeggctat cgtatedgiet gatactacty 600 cttaatgaag ctiggttgtt
,-llggcagalg. agagaagaft icageciga tacagatiaa 660 -ajcagaacgc agaageggte
tgataaaaca gaatttgcct ggcggcagta gcgecggtagt 720 cccacctgac cccatgccga
scagtcagaagraaaacycegiragcgecgatg gtagtgtggg 780 PID49PC&3%PSI -27
gtctccccat gcgagagtag ggaactgcca ggcatcaaat aaaacgaaag gctcagtcga
2840 aagactgggc ctttcgtttt atctgttgtt tgtcgg'tgaa cgctctcctg agtaggacaa 900
<Zatecgeéggg agcggatttg aacgttgcga agcaacggcec cagagggtgg cgggcaggac

<29’§\0 DHA
<213 artificial sequence

<220>
<223» Terminator Segqgueance

<460> 28

ctottttgge ggstgagagsz agattticag cctgstacag attasatcag sacgcagaag 60
cegtotgata zascagzatt tgoctggeyy cagragegeg giggtcoccac ctgacceoat 120
gecgasctea gaagigaaac gocgtagege cgatggtagr guggggtete cocatgegag 189
agtagggaac tgccaggeat caaatzaasc gaaaggotea gtegaaagace tgggeotito 249
gritiatctg ttgtttgicyg gtgaacgote toctgagtag gaczaatccg cogggagoegy 360
atrttgaacgt tgcysagceaa cggeccggag ggtggeggge aggacygcceg ccatazactg 360
ccaggcatca aattaageag aaggecster tgacggatgg cottttigog tttotacaas 420
cictt 425
<210» 29

<211 B8t

<212> DHA

<213> artificial seguence
<ZZ0>

<Z23» Resistance gens

<400> 29
ttagaazaac tcatcgagoa tcaaatgaaa ctgcasttta ttcatatcag gattatcaat 66



gcccgccata aactgccagg catcaaatta agcagaaggc catcctgacg gatggccttt
1020 ttacgtttct acaaactctt ttgtttattt ttctagagcc acgttgtgtc tcaaaatctc 1080
tgatgttaca ttgcacaaga taaaaatata tcatcatgaa caataaaact gtctgcttac 1140
ataaacagta atacaaggaq tgttataagc cata_tcaac gggaaacgtc ttgctcgagg
mdR@@siccgcgattaa attcca.acat ggatgctgat ttatatgggt ataaatgggc tcgcgataat
1260 gtcgggcaat caggtgcgac aatktatcga ttgtatggga agcccgatgc
gccagagttg 1320 tttctgaaac atggcaaagg tagcgttgcc aataatgtta cagatgagat
acggteagacta. 2380- aaciggeiga cggaatial:gecicttecgraceateaaga attttatccg
tactcctgat 1:440 gatgcatggt tactcaccac tgggatc%cg gggqaaﬂaca%Scattccaggt
FPERETARGEE SEE0 Fhteligatt Caggtaaan tatgttyat gegctggcag tyttectgeg
raCCggtigcat-1660: tegatteaty: tiigiaatia.dcettttanc agegategrg tattbegtct
cgctcaggeg -620 caatcacgaa tga.ataacgg tttggttgat gcgagtgatt ttgatgacga
e GTEBIGGE 1680° fGectuttg Sachagtctg Gaaagaasty atadgcetit taccattcte
1 OLEPYAtIGa: 40 gicgicagic.atggigatit Cleactigat aagctiattt ttgacgaggy
gaaattaata 1800 ggttgtattg atgttggacg agtcggaatc gcagaccgat accaggatct
“ItGerATECta* 1860 tggsHctjct feotjtgantt HEtCetEd tatidgadac ggitttttca
-gaaatatogt 1920 . attgataqlc cigatalgaa-taaaltgeag itca . itga tagicgatga
gtttttctaa 1980 acccgttacc aag-.ttactc atat.gtactc tagattgatt taaaacttca
trgfttigat 10U dasdgarct sygigaagarcettteyat @atcicatga ccdaatece
.- ltAacgtgag, 2100 ticglice Actgagcale agaccecgia. gaaaagatca aaggatctic
ttgagatcct 2160 ttttttctgc gegtaatctq ctgcttgcaa acaaaaaaac caccgctacc
tagie Ry GiE 2220 AGRIGECHY attaatagttaccaattttftitccgaiigg ta¥ctggett
--089€48920c0.2280 cagataccaa atagtgicet ctagigtag cegtagttag; gecaccactt
caa.gaactct 2340 gtagcaccgc ctacatacct cgctctacta atcctgttac cagtggctgc
attgeeagtguc 2400t gataattegt gtettatcyg yttggactcatatjaetitagt taccggataa
-.9959¢29¢98.2960 {eaggctgag cagggggtic gtgcacacag cceagetigg
agcgaacgac ctacaccgaa 2520 ctgagatacc tacagcgtca gctatgagaa
agcgccacgc tt_cccgaagg gagaaaggcg 2580 gacaggtatc cggtaagcgg
zc}%ggﬁbcgga acaggagagc gcacgaggga gctcccaggg 2640 P1049PCO00 (PSI
<2128 pggaaacgcct ggtatcttta tagtccrgtc gggtttcgcc acctctgact tgagcgtcga
<22700=1ttitgtgat goetegtcagg ggggcggagce ctatagaaaa acgccagcaa cgeggcecttt
<2%}7}60 ttacggttcc tggccttttg ctggcctttt gctcacatgt tetttcctge gttatccect 2820
-Jgattctgtag ataaccgtat taccgccttt gagtgagctg ataccgctcg ccgcagccga 2880
acgag;g;gagc gcagcgagtc agtgagcgag gaagcggaag agcgcctgat gcggtatttt
<9910

gactgtgeag gtogtazatc actgeateat togighoget caaggograc tocegttotg &0

gataatgttt tttgegocgs catcatasacg gttctggeaa atattctgaa atgagotgit 120
gacaattaat catcgygcteg tatastgtgt ggaattgigs goggatasca atttcacacs 180
ggasacagaa ttotaaggay gaaaaazzsaa tggcaaataa goccaatgeaa ccocgatcacat 240
ctacagcaaa tesaatbtgtg tgotcggate caactoghbtt atcaactaca ftttcagceaa 300
gtctgttacy cecaacgtgtt asagityggta tagecgaact gaataatgit teaggtoaat 360
atgtatetgt ttataagegt cotgeaccta aaccggaagg ttgtgeagat gootgtgtcea 420
ttatgecocgaa tgaaaaccas tecattcgea cagigabttte agogtceagee gazaacttgg 480
ctaccttaas ageoagaatgg gasactcaca aacgteacgt tgacacactc ttogogagog 540
gceacgoogg thtgggttic cttgacccta ctgeoggotat cgtategtot gatactactg 600G
ctizatgaag cttygetgtt ttggcggatg agagaagatt ticagcectga tacagattas 660
atcagaacyc agaagcggtce tgatassaca gaatttgoct ggoggcagta gogoggtagt 720
ceccacctgac cecatgoogs actcagaaght gaaacgocgt agegeoegatg gtagtgtyog 789



ctccttacgc atctgtgcgq tatttcacac cgcatatggt gcactctcag tacaatctgc 3000
tctgatgccg catagttaaa ccagtataca ctccactatc gctacgtgac tgggtcatgg 3060
ctgcgceeccg acacccgceca acacccgcetg acgegcecctg acgggcttgt ctgetceegg
3120 catccgctta cagacaagct gtgaccgtct ccgggagctg catgtgtcag aggttttcac
@i BGscgtcatcacc gaaacgcgcg aggcagctge ggtaaagctc atcagegtgg
tcgtgaagcg 3240 attcacagat gtctgtetgt tcatccgegt ccagcetcgtt gagtttctce
agaagcgtta 3300 atgtctggct tctgataaaq cgggccatgt taagggceggt t™_tttcetgt
o Hggieacty3360. atgeeteeghgianggggoa ditcigtien igggggtaat gataccgatgy
aaacgagaga 3420 ggatgctcac gatacgggtt actgatgatg aacatgcce
“>gatitas Coiotodon 450 HAAAAAC GICIRBIEE Sccage
a-2GcagrgAlds Aalcacicad geicaatges; 3546 .agageticgidaatacagatgtaggtattc
cacagggtag ccagcagcat cctgcgatgc 3600 agatccggaa cataatgcit
S EHGGGCOTT e Gyt it CAGHEN tAlYaaicac 3660 Giaadcegaa’
--gaccaticat.gitgttgcic ageicgcaga Latiigeag-cageagicge-3v20 iteacgticg
ctcgcgtatc ggtgattcat tctgctaacc actaaggcaa ccccgecage 3780 ctagccgggt
LReEAE AR AT Ay At YA TCAtgTYCAT Ve ggUieeaT gacttaatyc 3840
2i9cCCgagal 4C9CCocatd cagclactgg-agalggcgoa cgegatggat atgitetgec
3900 aagggttgTt ttgcgcattc acagttctcc gcaagaattg attggctcca attcttggag
<<39B0-tygtyHafce Aty egaay ety gt ticcaticag Htegaggtgy’ tteggceteca
4020 tacaccgcga cgcaacgeas ggaggeagac aaggtatagg,gcggcgesta
caatccatgc 4080 caacccgttc catgtgctcg ccgaggcggc ataaatcgcce
LigtyacgattagegttcazmoAI4o0 gattgasytraygetgotEa gaycégegatf
20AlecHaa agatglecet gatggicglc 4200 atctacctge ctggacaacatggectgcaa
cgcgggcatc ccgatgccqc cggaagcgag 4260 aagaatcata atggggaagg
sageatecagectegegtcytgzaatygceageaagacytagee 43209 edgtactey
- JCCYSCAtAE cogcgaaal gacclgetic Iegecgaaac qtigarage. 4380;
gggaccagtg acgaaggctt gagcgagggc gtgcaagatt ccaaataccg caagcgacag
t4440-gceygateateagtegogetet aycyaaaycegtecteycetf srastgacee
229000196, 9200. P SREA00 .01, 0 Sgacacelal GelacgRolt geglgatana
gaagacagtc ataagtgcgqg cgacgatagt 4560 catgccccgce gecccaccgga
t@ggageigaetgggitgaag=getctcaagy gecateggtcyg4620va@tyetctcee?
ot gg@%&%@”&%ﬁﬂ&g@&gggggg&%9;@&3@9%%%9%%99&%@80mo
gagcaccgc% ccgcaagga atggtgcatg caaggagatg gcgcccaaca gtcceccecggce
14740 caeggggect gecaceatac cecacgecgaazacaagcgeteretgagceega
- 2919gcgade 9800, ceoatetice ceategatga lgicggegat atagaedead,
Geaadcgcad ctgtggcgec 4860 ggtgatgecy accacgatge gtécgacgta
ag@ggatecggagﬁiﬁaﬁcg&ﬁﬂ;gca@ggtg@tﬂﬁﬁagct:gatga gttitttctaa 1980

acgcgtgace aagittactc atatghtactt tagattgatt tazaactica ttittaatit 20490
zazaggatct aggtgaagat cettthigat aatctcatga cozaaatcce ttaacgtgag 2100
ttttegttor actgagegte agacccogta gaaaagatca asaggatcttc ttgagatcct 2160
trtttictge gegtaatety ctgetigeoaa acaaaaaaac caccgctaco agoggtggit 2Z720
rgttigecgg atcaagagel accaactoti titccgaagyg ftaactggett cagoagageg 2280
cagataccaa atactgtcet teotagigtay ccgtagtiag gocaccactt caagaactct 2340
gtageaccyge ctacatacct cgetetgeta atcoctgttac cagtggeige tgocagigge 24060
gataagtcgt gtcttaccgg gttggactca agacgatagt taccggataa ggcgeagoyg 2480
tcgggetgaa cgggggottc gtgoacacag cocagetigy agogaacgac ctacaccgsa 2520
ctgagatacc tecageghgs gotatgagaa agogecacge ticoogaagy gagaaagycy 2580

gacaggtate cggtaagegg cagggtogga acaggagage gcacgagaga getcocoagyy 2640



accaatgctt ctggcgtcag gcagccatcg gaagctgtgg tat 4963 <210> 31 <211> 6
<212> DNA <213> artificial sequence <220> <223> Stop Codon <400>
31l tgaaca 6 <210> 32 <211>6 <212> DNA <213> artificial sequence
<220> <223> Stop Codon <400> 32 taatga 6 <210> 33 <211> 452E
rosRd@est DNA <213> artificial sequence <220> <223> Plasriid <400> 33
tcgcgcegttt cggtgatoac ggtoaaaaciet.gacacat gcagctcccg gagacggtca 60
cagcttgtct gtaagcggat gccgggagca gacaagcccg tcagggcgceg tcagecgggtg
0012044ty gegegtgdcggggetge:citaac -atg eggeajea.ga-geagattgtaroo
ct gagagtgc 180 accetatgcq qtgtgaaata ccgcacagag gcgtaaggajg
ga?ac@“tc WEHGEGEETAD ancetHEr caggiigegé-dacigteggy™
tt@ﬁﬂg‘@@gﬁtﬁ@@@@%@ﬁﬁiﬁmgﬁiﬁcm iacgeeagckggeganaggg ggatgtgctg
caaggcgatt aagttgggta acgccagggt 360 P1049PCOO/PST -30 tttcccagtc
SRyttt Addatyacyy chagtgadicahacafcattcaittii420 ayftactaag
acGaCgagoaacgactatcacy getigaaiag gacaltaglcitalcaaac 480 Magtgaagt
caaacggtat ggcaccacca ctagatggat cgcgccaaaa accaactatc 540

ctocttacge atetgtgeoy tatttcacac cgeatatygl geactcotecag tacaatchge 3060
tetgatgeeg catagitaag ccagtataca ctecgetate getacotgac tgggteatog 3060
cigogeoocy acacccgeca acaccogety acgegeoety acgggettgt ctgotooege 3120
catcegetta cagacaaget gtgaccgtel cogggagety catgtgteag aguttitcac 3180
cgicatcace gaaacgogeyg aggeagebtge gotassgete atcagegtygg tegigaageg 3246
attcacagat gtotgectet teatecgegt ccagoteogtt gagtticice agaageoghia 33200
atgtcbtgget totgataasg cgggocatgt taagogoggt trtttectgt tiggtcactg 3360

rgoctocgt gtaagggggs titotgttea tggoogtaat gatacogatg asacgagags 3420
ggatgctcac gatacggott actgatgaty aacatgoccg gttactggaa cgitgtgagg 3480
gtazacaact ggocggtatgg atgeggoogg accagagaaa satcacktcag ggtcaatgec 3340
agcgottegt tastacagat gracgigitec cacagggtag ccagoageat coigegatge 3600
agatocguaa cataatygto cagyggcgoig acttcogegt ticcagactt tacgaaacac 3660
ggaaaccgaa gaccaticat gttgttgctc aggicgcaga cottttgcag cagocagticoge 3720
ttcacgiteyg ctegegtate ggtgattcat teotgotaace agfaaggoaa cooocgooaco 3780
cTagoogget cotcaacgac aggageacga tcatgogcac cogtgyccag gacacaacgs 38440
tgcocgagat gogecgogtio cyggcetgctge agatggogoe cogcgatggat stgtictgec 3900
aagggtigat ttgegeattc acagttetes groaagaattg arttggotooe attettggag 3960
tggtgaatce gttagegagg tgccgecgge ttcocattcag gicgagotgy cocggotcocoa 4020
tgcaccgega cgraacgegs ggaggcagac aaggotatagg goggogococta caatccatge 4080
caaceogite catgtgotcg ccgaggegge atasatcgoec gtgacgatca goggtccaar 4340
gatcgaagtt aggetggtas gagecgegay cgatccttga agetgtecet gatggtcogic 42040
atctacctge ctggacagee tggectgoaa cgogggeoatce cegabtgecge cggaagegag 4260
aagaatcata atggggaagg ccatccagec togogtocgeg aacgocagea agacgtageod 4320
cagcgcgicg goccgecatgo cggegataat ggocigottc togoogaaac gtttggtgge 4£380
gggaccagty acgaaggctt gagogaggge gtgceasgatt ccgaataccg caagegacag 4440
gccgatcate gtogogetce agogazageg gtoctcgoeg asaatgacoe agagoegotge 4500



acgccatcgg cgtgataggc cgcaatatcg ctaagagagc aataagcatt tatcgactta 600
agataaatga atcgctcaat gttaccgaaa gcaccaggtt tcttgccctc gtcaatatca 660
tacttctgat cacgcatagc ctgatcagca gcaagataag tcgcatcaag gtcaatataa 720
ccattgccac ggcaaccccg gaacgtggta taactaagcc gagaatccca atcacgccac
PIo#8@ Mitgtattgc ccaaaagatc tttgagggca acatcaaatt cgcgaggctq gagttcaaca
840 gcattataga taggccacgg tcggtietta gtaggaggct cgtaaacctc ctctagggac
900 caaattgcga agggacaggt atacttacct gtccctggeg gcgga'tcaat cggtggatcc
<960 ggantaancy-galcaggiit tgaceceigag ceagcascgereaatgagcagso
t.cattaatac 1020 gctgggttca cctgatcaat agcatcgatc agcagaggac
G Ay HG gAY TO8U Tttt gant auaageica’ticécatcy’
=cglaglatact geglga. acen aaaggteaagt14Q: {cageataigrgeiggcgaato
aacggatggg tcacaagaac cgtttgcagt gcaagcggtc 1200 gggttctgg7a tcttaacctg
SGRCEHGtA T tEe §at tUEgagaaY Ctgalatact 1280 “gadatggtad
c=6aCQCLicle Gagegcagga actgcaceedeitgtgadagd-cgaggeaacy 1326k
cccttagtgq gatttacccc acgcggattg aggaccagag tttgttttcc atctttcccg ' 380
ccatettacets daftaE cagticteraaittt Heea chtit tacEtcty ietagdgtcd 1440
oGt gecatacatc.agiatggigt ageageactiatiata atct.tatgecte £500
ttaaaactta atccacatca aaactcaaat acttttaacc ccagcgtcct gtaagctctg 1560
aceattagtyaaTcqHeeascH eYcHgggEFa gy cdcttitge gtattgggeg ctettétget 1620
tcctegcetca ctgactcgcet gegct.cggte gttcggcetge ggcgageggt atcagctcac 1680
<Aeaaaggcqg taatacggtt atccacaqaa tcagggga.ta acacaggaaa gaacatgtga
22%37240 caaaaggcc agcaa.aaggc caggaaccqgt aaaaaggccg cg_tgctggce
é@@“‘i@l&?ﬁ@ gggeg@cgcc cccctgacga gcatcacaaa aatcgacgct
caagtcagag gtggcgaaac 1860 ccgacaggac tataaagata ccaggcgttt
<“@ecctggaa getcectegt gegcetcteet 1920 gttccgaccc tgcegcttac cggatacctg
“Ycégctttic 1Eettcggg aagegtggeg 1980 ctttctcata cetcacgetg taggta-cete
< Agitcggtgt aggtcgttcg ctccaagcetg 2040 ggctgtgtge acgaaccccc cgttcagecc
tqgascgctgeg ccttatccgg taactatcgt 2100 cttgagtcca acccggtaag acacgactta
tcgccactgg cagcagccac tggtaacacg 2160 attagcagag cgaggtatgt
-Aggcgg_gct acagagttct tgaagtggtg gcctaactac 2220 P1049PC6o [PSI -31-
<ggetacacta gaagaacagt atttggcatc tgcgctctge tgaagccagt taccttcgga 2280
<ﬁé§a§%§qgg gtagctcttg atcaggcata caaaccaccg ctggtagcgq tggttttttt 2340
<Lg¢tgt’tgcalz§lg?%“zig‘caﬁ%‘f’f{gceg(:gc:agaaaa aaaggatctc aagaagatcc tttgatcttt 2400
<ietacggggt ctgacgctca gtggaacgaa aactcacgtt aagggatttt ggtcatgaga 2460
“ttatcadanayfatcttcac ctagatcctt ttaaattaaa aatgaagttt taaatcaatc 2520

<A40d> 32
taatga 3

<210=
<211
<Zli>

LRt

<Liar

33
4525
DR&

artificial sequence

<223>

Plasmid

<400 33

tcgzgogitt
cageclighet
ttggegggty
accatatgcog
attcgesatt

tacgceaget

cggtgatgac
gtaagegoat
tocggggctag
gtgtgaaate
cagygctgcege

ggcgaaaggg

ggigazaacs
gecggaadoa
cttaactatg
ccgcacagat
aactgttggy

ggatgtgcty

tetgacacat
gacaagooog
cggecatcaga
gcgraagyay
aaggocgate

caaggegatt

goagetereg
tcagggeycy
geagattgta
aazataccge
ggrgegggec

aagttgggta

gagacggtoa
tcagegggty
ctgagagtac
atcaggegoc
tettegetat

2Cgccaqygt

180

240

300

360



taaagtatat atgagtaaac ttggtctgac agttaccaat gcttaatcag tgaggcacct 2580
atctcagcga tctgtctatt tcgttcatcc ataattgcct gactccecegt cgtgtagata 2640
acaacgatac gagagggctt accatctggc cccaatgctg caatgatacc gcgagaccca
2700 cgctcaccgg ctccagattt atcagcaata aaccagccag ccggaagggc
rr@EagBgcaga 2760 agtggtcctg caactttatc cgectccatc cagtctatta attgttgecg
ggaagctaga 2820 gtaagtagtt cgeaagttaa tagtttacgc aacgttgttg ccattgctac
aggcatcg_g 2880 gtgtcacgct cgtcgtttgg tatggcttca ttcagctccg gttcccaacg
rredCaaggega o4l giiscatgatececcatytt glacaaaaaa geggitagctocticggtec
tccgategtt §OOO gtcagaagta agct} \g:gﬁggc a%ggatgqﬁtﬁc?%gggctta t%%gagcac't
e hjcataatct 3665 ° ctiatigica igtcatcegt aagatg ettt tegigacty gtgagtgggg
t+ 86699909431 20 sgtgaggicty - celcgigaagaraggigtige igactcatapo
caggcctgaa tcgccecatc 3180 atccageccag aaagtgaggg agpcacg@g%%t
2 Hatgafagtrittigtaggfggaccagt®ss40 Yotgatttg aactiiget ttaccacgga
aac@glctgsa dtgtcgogaa gatgegtgal-3300: atgateetic. ageteagcaa aagttcaatt
tattcaacaa agccgccgtc ccgtcaagtc 3360 agcgtaatgce tctgccagtq ttacaaccaa
LS EEatt i iEy S HadT dfca 3470 Aecafcaadt fEaacycad thattcata
-Icaggattat caataccata titigaaaa 3480 agecgitet giaatgaagy agaaaactca
ccgaggcagt tccataggat gggaagatcc 3340 tagtatcggt ctgcgattcc gactcgtcca
“agatcaatac Battattag tce ey 3600 feaagaatadyottatcaag thdgaaatca
scECaldagtga caactgaals. cagigagaal 3660 .ggcaraaget falgeattic tifccagact
tgttcaacag gccagccatt acgctcgtca 3720 tcaaaatcac tcgcatcaac caaaccctta
cefEatehtg ety Hgeyagacys 78U amEEHtat Cotigttaaa agtfacaatta
s.caaacaggaa fcaaatgcaa cegacgcacg 3840, Aacaclgsca.gegcateaac
aatattttca cctgaatcag gatattcttc taatacctgg 3900 aatgctgttt tcccagggat
sCEERyty gt agtasceaty eafcatcayy Agtacyoaner 3060 azatgcttgas”
- {ggtegaaag aggcataaat fecgtcagec agittagict gaccatetca 4020 . tgtgtaacat
cattggcaac gctacctttg ccatgtttca gaaacaactc tggcgcatcq 4080 P1049PDO00
tHRSIta32 gyettcechtacaategatajatiljtcgea cogattgeeretracattate 't
«Jegageceat 4140 tatacceeal ataaatcaac giecatgitg gaafitaat.c geggeetega
gcaagacg_t 4200 tcccgttgaa tatggctcat aacacccctt gtattactgt ttatgtaagce
sragavagitt-4260- lattgticaty @atgatatatt titatctigt-geaatygtaac atcagagatt
-J0agacach 4320 acalgel cegeercege coalialige ageatliale agggtiatio
tctcatgagc 4380 gga acatat ttgaatgtat ttagaaaaat aaacaaatag gggttccgcg
agacatttece:4440:ccgaaaagiyc caectgacygt ctaagaaactatigttatca tgacattaac

ctataaaaat 4500
tratggttet

ttaazactta

gocatacatc

atccacatce

agtatgatagt

aaactcaaat

ageagoactt

actittaace

artataatot

ceagogtoot

ttattgeote

gtaagctcig

1500

1560

cattaatgaa tcocggccaacy cgoggggaga ggcagtttge gtattgggeg ciottcegot 1620
tectogotea ctgactoget gogeteggitc ghtteggotge ggegagoggt atcagotcac 1680
tcaaaggegy taatacgytt atcocacagaa tcaggggata acgroaggaaa geacatgtga 174G
gcasaaggoc agoaaaaggc caggaaccgt aaaaagygceceq cgitgetgge gtttttcecat 1809
aggctcogee cooctgacga goatcacaaa aatcegacget caagtcagag gtygegasac 1860
ccgacaggac tataaagats cecaggeghti cococctggaa gotococoteglt gegetetecot 1920
grtcogacce tgocgettac cggatacctg tecgecttte toectteggg sagegtggeg 19890
ctrteoteata getracgetg taggtarcte aghtteggtet aggtegtteg ctecaageig 2040
ggctgtgtyge acgaacccce cgttcagoee gaccogoigeg ccottatceegqg taactatogh 2100
ctitgagtcca acccoggtaag acacyactta togecactgy cagcagecac tggtaacagg 2160
attagoagay cgaggtatet aggeggtgot acagaghtet tgaagtgytg gectaactac 2220



aggcgtatca cgaggccctt tcgtc 4525 <210> 34 <211> 56 <212> DNA
<213> artificial sequence <220> <223> Primer Sequence <400> 34
gcgcgcgaat tcaggaagta aaaaacgatg gcaaaattag agactgttac tttagg 56
<210> 35 <211> 33 <2212> DNA <213> artificial sequence 20> <223>
rufiaer Sequence <400> 35 gcatgcaagc ttagacatgc atttcaccct tag 33
<210> 36 <211> 57 <212> DNAX213> artificial sequence <220> <223>
Primer Sequence <400> 36 gcgcgcgaat tctaaggagg aaaaaaaaat
scgigcaaaattagaaactgitasetttagey b <22 02:37c<21 122 39440 21220DNA
<213> artificial sequence <220> <223> Cllonin% Vector P!O4QI§%OO /PSI

BT G0SE OO BOOTHATTAC JGAANAc: tilyachtat geagciccog

- 9RGACYTIEa L0 -

gocgcagazaa aaaggatctce aagaagatce tttgatcotito 2460
tctacggggt chtgacgetca gtggaacgaa ascicacgtt aagggattti ggtcatgaga 2460
ttatcaazaa ggstcttcac ctagatcctt ttaaatitaaa aatgaagtit tazatcaate 2520
taaagtatat atgagtaaac tiggtctgac agtiaccaast gcttaatcag tgaggcaccot 2580
atctcagega totgtotatt tegttcatoe atagttgcct gactoccecegt cgtotagata 2640
actacgatac gggagggett accatctgge cccagtgoty castgatacc gogagaccoa 2700
cgctcacegg ctocagattt atcageceata aaccagocag coggaaggge cgagogoaga 27450
agtggteooctyg caactttatc cgectoccatc cagtotatta attgitgeocg ggaagcotaga 2820
gtaagtagtt cgecagttas tagtttocge aacgtrgbtg ccattgetac aggeategig 2880
gtgtcacget cgtegttiag tatggetbca ttcagetcoog gticcocaacg atcaaggegs 2940
gttacatgat ccoccatgtt gtgeazzaaa goggrtaget ccetteggiee tecgateogit 3000
gtcagaagta agtiggccge agtogttatca ctcatggtta tugeageact geataattce: 3060
cttactgica tgccatcegt aagatgcttt tcotgugactyg grgagtgyggy 9uggggggcy 3120
ctgaggtotg cotogtgaag aaggtgtige tgacitcatac caggoctgaa togooccates 3180
atccagocay @aagtgaggg agocacggbt gatgagaget ttgttytagg tggaccagit 3240
gotgatttty sacttttoct titgocacgga acggtctgeyg tigltogggaa gatgogtgat 3300
ctgateotte aacteageas aaghbteogatt tattcaacaa ageoogeogio ceghteaagre 3360
agcgtaatge totgoccagtg ttacazccaa ttaaccaatt ctgattagas aaactcatcg 3424
agcatcaaat gasactgeas tttattcats toaggattat caataccata tttttgaaaz 3480
agcogtiict gtaatgasgg agaaaactoa cogaggragt tccataggat ggoaagatce 3540
tggtateggt ctgegatice gactogicca acatceatac zacctattas titcoccctog 3600
tcaasaataa ggtiatcaag tgagaaateoa ccatgagtga cgachtgaate cggtgagaat 36460
gocaazagct tatgeatitco ttteocagact tgttcaacag gecagecatt acgcotegtes 3720
tcaazatcac teogeatcaac caaaccogtta ttecatteglg attgogeoctg agogagacya 3780
aatacgecgat cgcotgttaas aggacaatta caaacaggaa togaatgeaa coggegoacy 3840
aacactgeea gogcatcaac aatattttca cotgaatcag gatattettc taataccrgg 3900
aatgotgttt tcccocggggat cgeagtggtg agtaaccatg catcatcagg sgtacggata 35960
aaatygcettga tggtcggaag aggeataaat tecgtcagoe agtttagtet gaccatctea 4020
tetgtaacat cattggeaac getaccocittg ccatgttica gasacaacte tgyegeatog 4080



cagcttgtct gtaagcggat gccgggagca gacaagcccg tcagggcgceg tcagcgggtg
120 ttggcgggtg tcggggctga cttaactatg cggcatcaga gcagattgta ctgagagtgce
180 accatatgcg gtataaaata ccgcacagat gcgtaaggag aaaataccgc
atcaggcqcc 240 attcgccatt caggct.gcge aactcttggg aagggcgatc
rugeigegggcc tcttcgetat 300 tacgccagcet gacgaaaggq ggatgtgetg caaggcgatt
aagttgggta acgccagggt 360 tttceéagtc acgacgttgt aaaacgacgg ccagtgaatt
ccccggatec gtcgacctge 420 aggggggggg gggcegctgag gtetgecteg
golgangaaggh gitgeigacet gataccagge 480 -gtgaatcgce-eeateatcca gocagaaagt
“gagggagcca cggttgatga gagctttgtt 540 gtaggtggac cagttggtga ttttgaactt
t"“%défﬁétcé‘téi‘(‘:agtg"‘ﬁ%’cétgctcéfﬁctg‘"tt‘b T 60 t‘baggg%tg%cgé?éﬁc ‘ggat céttcaacte
Lcagcanaagitcgatitalicaacaaagecg 660 cegiccegteaagteagcgt aatgcetctge
cagtgttaca accaattaac caattctgat 720 tagaaaaact catcgagcat caaatgaaac
srigcaatttat featatcady attatcadta Y60 Ccatatifit Ghaaddiyely tcticaat
acgRdggagasa actcaccgag geagitecat 840, aggatggcas.gatectggias
tcggtctgeg attccgactc gtccaacatc aatacaacct 900 attaatttce cctc%tcaaa
ssyEAAY gt e Hagtgag e At attafy a0igEeg o6 6° Gastctygty
«-20aalggcaaaagetiatge atitctitcc agacitotic aacaggeeag 1020 segattacgct
cgtcatcaaa atcactcgca tcaaccaaac cgttattcat tcgtgattgc 1080 gcctgagcga
sopHtaHdatat gegatcyety ttaaaaggac aattacaaac aggaatcgaa 11740
tgcaaccggc gcaggaacac tgccagcgca tcaacaatat tttcacctga atcaggatat
<21200s4cttctaata cctggaatgc tgttttcccg ggaatcgcaq tagtgagtaa ccatgcatca
<§1§2:6056t.caggagtac ggataaaatc cttgatggtc ggaagaggca taaattccgt cagccagttt
Zg’,gzOZfé:gggggg_cggqgggggtctat aacatcattg gcaacactac ctttgccatg tttcagaaac
1380 aactctggcg catcgggctt cccatacaat cgatagattg tcgcacctga ttgcccgaca
<2380 ttatcgcgag cccatttata cccatat,aaa tcagcatcca tgttggaatt taatcgecgoc
1500 ctgagcaag acgtitceca ttgaatatgg ctcataacac cccttgtatt actgtttatg
<11b603s4aagcagaca gttttattgt tcatgatgat atatttttat ctt_gtgcaat gtaacatcag
9c§ 6202 agatittgyag-acaczacyty yetteterc ceeeticetge aggtcgacgg *°
atccggggaa 1680 ttcgtaatca tggtcatagc tgtttcctgt gtgaaattgt tatccgctca
-Gaattecaca 1740 caacatacga accggaagca taaagtgtaa agcctggq t
<{gectagtgag tgagctaact 1800 1850 cacattaatt gegttgegct cactgeccge
z;ﬁéécaﬁﬁqgiggaalagec%% cgtgecaget P1049PCO0 /PS| -34- geattaatga
atcggccaac gcgcégggag aggcggtttg cgtattgggc gctcttccge 1920 ttcctecgcete
<zactgactcgc tgegcetcggt cgttcggcetg cgeccgagceag tatcagetca 1980

<223> Primer Sequence

<400> 35
gcatgecaage ttagacatge atttcatcocot tag
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ctcaaaggcg gtaatacggt tatccacaga atcaggggat aacgcaggaa agaacatgtg
2040 aqcaaaaggc cagcaaaaag ccaggaaccg taaaaaggcc gcgttgctgg
cotttttcca 2100 taagctccgc cccectgacg agcatcacaa aaatcgacgce
tcaagtcaga ggtggcgaaa 2160 cccgacagga ctataaagat accaggcgtt

risfgco@etgga agctccctcg tgegctcetce 2220 tattccgacc ctgecgctta ccggatacct
gtccgccttt ctaccttcgg gaagcgtgge 2280, gctttctcaa tgctcacgct gtaggtatct

«;&agt-,cggtg taggtcgttc getccaaget 2340 gggcetgtgtg cacgaaccce

+ c£egHeages cgaceqeige gecttatecg glaactateg-2400: dattgagtcc agicccggtaa
gacacgactt atcgccact %cqgcggpcg ct gggacg%gc 2460 gattagcaga

B0 tg“gt%’iéaf’ﬁaagaégséctcg% Heagagt” tetigaagtgot ggcctaacta 2520

- 6gggiacactagaaggacay tatitggiat-cigegetety cigaagesag dtaccttegg 2580
aaaaagagtt ggtagctctt gatccggcaa acaaaccacc gctgﬁgtagcg otg Etﬁtttt 2640

“fottiday Cdgtagattd tycgecdgaas’ddadggatct caagaagatc ct_fttgatctt

- 2400 ticiacgagg dcigacacts agiggaacga-aaastcacgt taagggattt:iggtcatgag
2760 attatcaaaa aggatcttca cctagatcct tttaaattaa aaatgaagtt ttaaatcaat

LeomS P CtAAHGtATAR A A AR THGHIEta TAGtEE s W Ettddtca gtdaggcacce

2940 aactacgata cgggagggct taccatctgg ccccagtgct gcaatgatac
EHGAGAEEE BOOU FCAtCaECFYEiceabatt tateagcaatasdetagct
--§£699aagag.ccoageacaq 3060, aagtggtcct geaactitat cegoctccat ccagtctatt

aattgttgcc gggaagctag 3120 agtaagtagt tcgccagtta atagtttgcg caacgttgtt
stgEEattfctataAgeattgt ST80 Gytiddenc eyttt btatgycttc attéagetee
<Jaficceaqc gaicaaggeg 3240, agliacatga iecceeeatgldgigeanaaa s

agcggttagc tcattcggtc ctccgatcgt 3300 tgtcagaagt aagttggccq cag.gttatc
ccattestytattycag cat ttataatic 8360 tettadtgte atgetattcy taagatgctt
c.dicgtgpct agtgagtact caaccaagte 3420  attctgagaa tagigiatge ggegaccgag
ttgctcttge ccggegtcaa tacgggataa 3480 taccgcgcca catagcagaa ctttaaaagt
cqgettatcat-guaasacytt citegyggess 3540 2amaattelces wjyattttac Eyctgttgag
~2lecagiicg atgtaaccea ctegrgcace 3600  caaclgaict teageatctt ttggit=cac
cagcgtttct gggtgagcaa aaacaggaag 3660 gcaaaatgcc gcaaaaaagg
agastaaggyt-gacacggaaactgttgastacteatactet-3720:Pr049P000 #PSI -35-
Sefittteaa. tattattaaa geatitatea gogitatiot cicalgageg gatacatat 3780
? tgéa‘f tatt %agaaaaata aacaaatagg ggttccgcgc acatttcccc gaaaagtgec 3840
c@ccigacgtetaagaaacca-ttattatcat-gacattascc tatadastata ‘ggcgtattac 3900

gcgc%ga"%ggté'%cgaaggt.asl:g::Ij;é].gatcgctg ttasaaggac aattacaaac aggaatcgas 1146
tgcaacegye goaggaacac tgeocagogoa teaacaatat tiicacctga atcaggatat 12400
tcttcotaata cotggaatge tgitttcocog gggatogcag tggtgagtaa ccatgeatca 1260
tcaggagtac ggataaaatg chttgategtc gysagaggea tasattcogt cagocaghbtt 320
aghctgacce teteatetgt aacatcattyg geaacgoctac ctttgecaty tttcagaaac 1380
aactotgueg cetegggett cccatacaat cgatagattg togeacctga ttgoccgaca 1440
ttatogegay ceocatttata cocatataaa tcageatcea tgttggaatt taategegge 1500
ctcgagoaag acgtttcoceg ttgaatatgg ctcataacac cocttgtatt actgtitatg 1560
taagcagaca gitttatiot tcatgatgat atatttitat ctigtgeaat gtaacatcag 1620
agatttigag acacaacgig getittccocco ceccccctge aggtogacgy atocggggas 1680
trcgtaateca tggtcatage tgtttoctgt gltgasattgh tatccogetca caattccaca 1740
caacatacga geoggaagea taaagtgtaa agectggggt gectaatgag tgagetaact 1800
cacattaatt gcoghtgeoget cactgeccge tttecaghcog ggaaacctgt cgtgecaget 1860



<210> 38 <211> 57 <212> DNA <213> artificial sequence <220> <223>
Primer sequence <400> 38 gcgcgcgaat tctaaggagg aaaaaaaaat
ggcaaataag ccaatgcaac cgatcac 57 <210> 39 <211> 44 <212> DNA
<213> artificial sequence <220> <223> Primer Sequence <400> 39

riegEatgeaagce ttcattaage agtagtatca gacgatacga tags 44 <210> 40 <211>
9962 <212> DNA <213> artificiabsequence <220> <223> Expression
Construct <400> 40 ggctgtgcag gtcgtaaa _c a.ctgcataat tcgtgtcgct

scLAaggegeagstcecgticig by g ataatgittitgegecogacs catecataaeg gttetggcaa
a attctgaa atga gctgtt 120 gacaattaat catc ctcg tataat tgt gqaattgtga

GG Ata AT ACacatE T80 §Tasdcabas titagdagy aaaaaacgat

c: §gearatang-cecaatgeaaccgatcacaic, 240 dacageaantaaaattgtgt ggtcggatec
eactcgttta tcaactacat tttcagcaag 300 tctgttacgEc caacgtgtca aa gtttggtat

I CHAAC HATARGHEEEGOtCAATA 380 TGtatcttt fatAgEStc cfgtacctaa

+ :8669gRa00t Jglgcagatg cetgtgtcat 420 tatgecgaat.gaaaaceaat.ceattcgeac
agtgatttca gggtcagccg aa.aacttggc 480 taccttaaaa gcagaatgg

sEatiEachy wegtadcotryacacacict't cg‘é‘éc@cécgit?“Eﬁéébcccg?glzf’tgggtttcc

tftgagectac tagggctate gtatcgtetyg atactactge £0Q,P 1049R000 (RSk-36-

gcittctcaa tgeotcacget gtaggtatet cagtteggtg taggtogtte gotccaaget 2340
gggotghtgtg cacgaaccor cogttcagoe cgaccgobge gecttatecy gtaactatcg 2400
tcttgagtec szcceoggtaa gacacgactt atcogercactg goagoagecs ctggtaacag 2460
gattageaga gogaggtatg taggegobge tacagagthbc ttgaagtyggt ggcoctaacts 2520

ogctacact agaaggacag tatttggtat ctgegetcoctg ctgaagecag ttaccottegg 2580
aazmagagtt ggtagotett gatooggoaa acaaaccace gotggtagog gtggtttitzt 2640
tgttigoaag cagcagatia cgcgoagaaa asaaggatct caagaagatc ctitgatent 2700
trotacgggyg totgacgetc agiggsacga asactceacgt taagggatit tggteatgag 27¢0
attatcasaa aggetctica cotagatcecet tittasatisa zaatgaagtt ttasatcaat 2820
cteaagtata tatgagtaas citggtceiga cagttaccaa tgettaatca gtgaggcaco 2880
tatctcageyg ateortgtetat ttegtteatc catagttgeoe tgactocecg togtgtagat 2940
aactacgata cgggaggget taccatcotgg coccagtgelh geaatgatac cgegagacce a0do

cgcteacey gotecagatt tatcageaat asaccagoce googyaaqyy cocgagegeag 3060
aagtggtcoct geoaacttiat cegectecat ccagtctatt aattgttgeoe gggaagetag 3120
agtasgtagt togoccagtta atagttigeog caacgttgtt gocattgoiba caggeategt 3184
ggtgtcacge tegtegttty ghtatggottc attcagotceco ggtteoccaac gatcaaggeg 3240
agitacatga tccocoocatgt totgeazmaaa agcoggitage teetteggte ctocgategt 3300
tgicagaagt zagitggccg cagtgtiate actceatggtt atggragcac tgoataatic 3360
tcttactgte sigecatceog taagatgett ttetgtgact gotgagtact caaccaagic 3420
attctgsgaa tagtgtatoc ggcgaccgag ttgctcttge coggogtcaa tacgggatas 3480
taccgogeca catageagas cittassaght gotcatcatt ggamaacygtt cttcggggeg 3540
aaszactoctea aggatchtiac cgetgttgag atccaghbteg atgtaaccca ctogtgcace 3600
caactgatet tcageatctt ttactitcoac cagegtttct gggtgageaa saacaggaag 3660
gcazaatyee goaaaaaagg gaataaggye gacacggaaa tottgaatac teatactett 3720



ttaatgaagc ttggctgttt tagcggatga gagaagattt tcagcctgat acagattaaa
gaagc tggcyy gcggatga gagaag gccy g 660
tcagaacgca gaagcggtct gataaaacag aatttgcctg gcggcagtag cgcggtggtc 720
ccacctgacc ccatgccgaa ctcagaagtg aaacaccgta gcgccgatgg tagtgtgggg
780 tctccccatg caagagtagq gaactgccag gcatcaaata aaacgaaagg
risgtcagicgaa 840 agactgggcec tttcgtttta tctgttgttt gtcggtgaac gcetctcctga
gtaggacaaa 900 tccgccggga gecggmtttga acgttgcgaa gcaacggccc
ggagggtggc gggcaggacg 960 cccgccataa actgccaccc atcaaattaa
ccgcasaageee:atecigaeqag atggeeiti: 102 0-tgegitieiay caaactettt. tgtitatttt
_ [ctaaagcca. cqttgtgict caaaatctct ' 080 gatgttacat tacacaagat agaaatatat
O RAfCAtg A At haa Ny Etgtiaca T1%0 aatHtda tatskggadt Gtatgagec
scalalicancgggaaacgiettgetegag £ 1200- cgegatiaagtecaacata gatgetgatt
tatatgggta taaatgggct cgcaataatg 1260 tcgggcaatc aggtgcgaca atctatcgat
sefgtatgggad Geeegatgeg ccagagtigt 1320 ttctgaaaca tggcaaaget
accgctacca atgatattac agatgagatg gtcagactaa 1380 actggctgac ggaatttatg
<2getctiécga ccatcaagcea ttttatcegt actcctgatg 1940 atgcatggtt actcaccact
zggggqgégccg ggaaaacagc attccaggta ttagaagaat 1500 atcctgattc
<-aggtgaaaat; attgttgatg.cgctggcagt gttcctgege cggttgecatt 1560 cgattcctqt
ttgtaattat ccttttaaca gcgatcgcgt atttcgtctc gctcaggege 1620 aatcacgaat
:i@’?;atgggpggtsg gtntgmatg cgagtgattt tgatgacgag cgtaatggct 1680 ggcctgttga
“acaagtctgc aaagaaatgc ataaactttt. gccattctca ccggattcag 1740 tcatcactca
<qtggtgatttc tcacttaata accttatttt tgacgagggg aaattaatag 1800 gttgtattga
JeEgRygacga ieggaatcg ‘catfactydtaceaggatctt gecatectat 1 aactgcct
lcGa i . fraptct Hectat 1860 §9
cggtgagttt tctccttcat tacagaaacg gctttttcaa aaatatggta 1920 ttgataatcc
<stgatatgaat aaattgcagt ttcatttgat gctcgatgag tttttctaaa 1980 cgcgcgacca
<agtttaétca tatgtacttt agattgattt aaaacttcat tt'ctaattta 2040 aaaggatcta
jiég;gé@gqggigg_ttg%gcaetctcatgac caaaatccct taacgtgagt 2100 tctcgttcca
ctgagcgtca gaccccgtag aaaggatcaa aggatcttct tgagatcctt 2160 tttttctgeg
<’€gtaatctac tgcttgcaaa caaaaaaacc accgctacca gcggtggttt 2220 gtttgccgga
““traagagttaceaEc ettt ttccaaaggt aactggettc agcagagege 2280
<sagataecaaa tactgtcctt ctagtgtagc cgtacttagg ccaccacttc aagaactctg 2340
sctagcaccgtetacatacetegetetgetasrtectgttace agtggcetgcet geceegtggég 2400
ataagtcgtg tcttaccggg ttggactcaa gacgatagtt accggataag gcgcagcggt 2460
-P2049P000 /PSI -37- cgggctgaac agggggttcg tgcacacagce ccagcettgga
<grgaacgacc tacaccgaac 2520 tgaaatacct acagcgtgag ctatgagaaa
j;@?gcé%gct teeegaaggg agaaaggegg 2580

artificlal s¥a
<220%
<223> Expression Construct
<400» 40
ggctgtgeag ghteocgtaaate actgcataat togigteget caaggegeac tecogttotg 60
gataatgtit ttigegeegs catcatascg gttctggeaa atattctgaa atgagotgtt 120
gacaattaat catceggeteg tataatgtgt ggaatighga gecggataaca atticacaca 180
ggaazcagaa ttcaggaggl aazaaacgal ggcaastaag ceaatgraac cgatcacatic 240
tacageaaat aazattghigt ggtcggatcc aactegttta tcaactacat tttcagcoaag 300
tectgttacge caacgigtta aagttggotat agocgzactg zataatgttt caggtcaara 360
tgtatctgtt tataagogte ctgeacctaa accggaaggt tgtgoagatg cotgtgtcat 4240
tatgcegaat gassaccaat ccattcogeoac agtgattica gggtcagccg aaaacttgge 480
tacctiaaaa gragaatggyg aaactcacas acglaacygtt gacacactcet tegogagogy 540
caacgoceggt ttgggtttes ttgaccetas tgoggctate guatogteotg atactactge &00



acaggtatcc gqtaagcggc agagtccgaa caggagagcg cacgagggag ctcccagggce
2640 gaa acgc ctg gtatctttat agtcctgtcg ggtttcgcca cctctgactt gagcgtcgat
2700 ttttgtgatg ctcgtcaggg gggcggagcec tatggaaaaa cgccagcaac gcggcctttt
2760 tacggttcct ggccttttge tggcecttttg ctcacatgtt ctttcctgeg ttatccectg 2820
risgbtetgtgga taaccgtatt accgcectttg agtgagctga taccgcetcgce cgca.gccgaa 2880
cgaccgagcg cagcgagtca gtgagcgagg aagcggaaga gcgcctgatg cggtattttc
2940 tccttacgca tctgtgeggt atttcacacc gcatatggtg cactctcagt acaatctgct
t:3008k-ctgaigeege atrgtinage Lagiatacactecegeiaicg clacgigact gggtcatgge
_ 3060 tgcgceeccaa caccecgecaa caccegetga ggggccﬂcggatcg‘ggcttgg%
“EIREEEGE BTG AtCaRAS agacaagety igactatctd ¢gatagctyc atgtgtcaga
ccgotificace 3180 -glealtaceg; aaacgegcoa-ggeagetgeg glasaqctcan
tcagcgtggt cgtgaagcga 3240 ttcacagatg tctgcctgtt catccgegte cagctcgttg
CHtetecE GARGEHTAASSE00 tHRHTGRIE ataARcGTYECHTYtt adbggcygtt
=oHGELOl togteactga 3360 lgcaleaglg 1aagaoagat telgiicat gggggtaatg
ataccgatga aacgagagag 3420 gatgctcacq atacaggtta ctgatgat%a
eaEAget cGE tractggHaC gt todgaT $48(7 taaECAR SRy Yedytatgga™
--1gcagcoaga ccagagaaaa alcacicagg gtcaatgeea, 344 gogcett.cgit
aatacagatq taggtgttcc acagggtagc cagcagcatc ctgcgatgca 3600
tIgEtdCgyaat dtaatg iy aggyéhetd Ciety Cyti tccagaciit @caaad’tacy
+36800. .gaaaccgaag.accaticatg tottgctea. gatcgeagac gitttgcage ageagtegct
3720 tcacgttcgce tcgcgtatcg gtgattcatt ctgctaacca gtaaggcaac cccaccagcc
L3780 tagecygutt citaasiaca frageatgat Tatycgcaeceyiigecady
- Aggeaacact 3840, gecegagatg cqeegegtac ggetactgga gatggeggas
gcgatggata tgttctgcca 3900 agagttggtt tgcgcattca cagttctccg caagaattga
tHgyetccandictiggagt 8960 yditartcey ttagegagytetegecyqct-fetattcagg
-469299190¢ ceggeteeal 4029 geaccycgac.geaacgegag gaggeagaca
aggtataggg cggcgcctac aatccatccc 4080 aacccgttcc atgtgctcgce
acgaygeygra ttaaatcgeety tgacgatcagrggtccaatgrd B4 0-<ategaagtta
-Jagtagtaaq ageegedage gatcetigaa getgtecetg atagteqtea 4200, fetacctgee
tggacagcat ggcctgcaac gcgggcatcc cgatgccgcc ggaagcgaga 4260
aigaaatcatas iggggaagycteatccagoat-egegtegogasacgecageda gatgtagceec
2320 P1049PC00 [BS!,:38- agegegiega scageatoee ggcaataalg gectgetict
chccggaac% t?tggtggcg 4360 ggaccagtga cgaaggcttg agcgagggcg
sdgcaagattc caaataccgeaagegacaga 4440 cogaicatcg dogegctcoar
gegaaaacgg tectegeega aaatgaceea gagegetgee 4500, ggcacclgl

ITadgagtq Catgataday aagacagtca taagtgcage gacgatagic 4560

tcgtecactcoa tggtgattte tcacttgata acettatttt tgecgagggg zaattaatag 1800
gttgtattga tgttggacgs gtcggaateg cagaccgata ccaggatctt geoocatectat ZB60
ggsactgeoot cggigaghtt tcoctccticat tacagaaacyg gotttticaa saztatggta 1920
tigataateo tgatatgaat asaattgeoagt ttcarttgat geticgatgag ttitictaaa 1980
cgogtgacca agtttactcs tatgtactit agattgattt assacttcat ttttaattis 2046
aaaggatcta ggtgaagatc ctttttgata atctcatgac cazaatcccot teacgtgact 2100
tTtoghtcca ctgageogtoe gacccogtag amaagatcaa aggatctict tgagatccott 2160
ttrttetgeg cgtaatctoc tgcottgcaas caaaasaacc accgotacca goggtgghtic 2220
gtitgccgga tcaagagerea ccaactottt tteccaaget aactgoctic ageagagegc 2280
agataccaaa tectytcoccott ctagtgtsage cgtagitagy cceaccacttc esagaacterg 2340
tagcaccgee tacatacctc gotetgchaa tectgttace agtggetget gocagtyggeg 2400
ataagtegtg teottaccogy tiggactcaa gacgatagtt accggataag gogcagoggt 2460



atgccccgceg cccaccggaa ggagctgact gggttgaagg ctctcaaggg catcggtcga
4620 cgctctccct tatgcgactc ctgcatcagg aagcagccca gtagtaggtt gaggcecgttg
4680 agcaccgccq ccgcaaggaa tggtgcatgc aaggagatgg cgcccaacag
tccceeggec 4740 acggggcctg ccaccatacc cacgccgaaa ca.agcgctca
rutgagescgaa gtggcgagcec 4800 cgatcttcece catcggtgat gtcggcegata
taggcgccag caaccgcacc tgtggcgegy-4860 gtgataccag ccacgatgceg

tccggegtag aggatccggg cttatcgact gecacggtgca 4920 ccaatgcette

cggggﬁgaea@gg@@geea@ggaaagchgagghaﬁégﬁﬁa cgacc tacaccgaac 2520
tgagatacct acagogicag ctatgagaaa gogecacgot tcccgaagyg agazaggcgg 2580
acaggtatce ggtasgegoe agogtoggars caggagagey cacgagggag ctoocagyges 2640
gaaacgectg gtatcttrat agtecctgteg ggtitcgeca cotctgactt gagegtogat 2700
tittgtgaty ctogtcaggy gggcggagee tatggaaasa cgeccagoaac geggectitt 2760
tacggttoct ggeocttttoge tggecttibig cteacatgtt cttftoctgog ttatecccotyg 2820
attectgtgga taacegtatt accgectttg agtgagotga tacogotege cgcagocgaa 2880
cgaccgagog cagegagies ghtgagogagyg aagoggaaga gegectgatg cggtattite 2%40
tccttacgea totgtgoggt atttcacace geatatggig cactcotcaght acaatctget 3000
ctgatgcege staghitaage cagtatacac toogetatceg ctacgigact gggtoatgge 3068
tgegooocga cacccgecas caccegebyga cgogooctga cgggottgte tgeteccage 3120
atccgettac agacaagctyg tgacegtotc cgggagetge atgtgtcaga ggtttteace 3180
gtcatcacecy sazcgegegs ggcagotgeg ghtaasgetcoa teagogtggt cgtgaagega 3240
ttcacagatg totgeoctgtt catcegogtc cagetogitg agittceteca gaagegtias 3300
tgtotggett ctgatasage ggoccatgtt aagggogytt ttttoctgtt tggtcactgs 3360
tgoctecgty taagggguat ttotgttcoat gggggtaatg ataccgatge zacgagagag 3426
gatgctoacg atacgggtta ctgatgatga acatgeoccgg tiactggaac grtgtgagog 3480
taaacasctyg geggtatges tgoggcggua ccagagaaaa atcacteagyg ghcaatgoeca 3540
gegettegtt aatacagatq taggtgttec acagggtage cagcageoatc ctgegatgea 3600
gatccoygaac abtaatggige agggogoelya cttocgegtt tccagactit acgaascacy 3660
gaaaccgaag accattcatg ttgttgeotea ggtegoagac gttttgeage ageagtoget 3720
tcacgttege tegegtateg gtgaticatt ctgocraacca graaggcaac cocogecagec 3780
Tagooggygtc ctcaacgaca ggagcacgat catgogcacco cgiggccagyg acocaacgcot 3840
geocgagatyg cgeocgegige goctgoigga gatggcggac gegatggata tgtbetgecs 3960
agggttggtt tgegeattca cagttcicecg caagaatitga trggctecaa ticttggagt 3964
ggtgaatcocg ttagegaggt gocgeooggot tocattcagy tcgagotgue coggcetocat 4020
goaccgogac goeacygcggd gagucagacsa aggtataggg cggegoctac satooatgeo 4080
aacccgitee atgtgotoge cgaggoggea taaatcgecog tgacgatcag cggtccaatg 4140
atcgaagtta ggctgghtaag agocgegage gatccttgaa gotgtccootg atygtegtea 4200
tetacotgoe tggacageat ggertgoaac gogggcatcee cgatgceogoo ggaagegagsa 4250
agaatcataa tggggaagge catccageoot cgegicgoga acgocageaa gacgtagosc 4220



PID4OPCOG /ST

agegegtegy
ggaccagtga
cegatcatog
ggcacctgte
atgoocoygey
cgohectooct
agcacogecy
acggggecty
cgatctiece
gtgatgeegg

ccaatgette

ccogecatgeoc
cgaaggetty
togegetece
ctacgagttg
CCCaCCggas
tatgegactc
cogcaaggas
cecaccatace
catcggtoat
ceacgatgeg

tggegteoagg

ggcgateaty
agcgagggey
gcgaaageyy
catgataaag
ggagctgact
ctgcattaqy
tggtgeatge
cacgcocgaaa
gtcggogata
toccggegtag

cagecatogy

—38—

geotgottet
tgcaagatte
tcotegocga
aagacagtca
gogrtgaagy
aageagocca
aaggagatag
caagegoica
taggeygecag
aggatooggg

aagergtggt

cgccgaazcy
cgaataccgc
aasrgaccca
taagtgegge

cictcaaggy

caaccgoacce

cttatcgact

tttggtggeg
azgegacage
gagcgotgee
gacgatagtc
catoggtoya
gaggcegttg
toeoeoggee
gtggegagee
togtggegecy

gracgglges

4380

4440

4500

4740

4800

4860



