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MATERI ALS FCR THE PRODUCTI ON OF NANOMETER STRUCTURES AND

USE THEREOF /E1MID OF THE INVENTION 5 . The prese®CTUIUIRHN
Ipertalns t o nanostructures, i .e., nanometer sized structures useful in
it he construction of mcroscopic and macroscopic structures. In

‘part i cul ar, the present i nmmm rtn! @mmmnttores based on -
bacteriophage T4 tail fiberBpANOMETE RUCTURESt ANDNT HERE

BACKGROUND TO THE I NVENTION - v%lle the strength of nost
metallic and ceramic_ - based materials derives fromthe theoretical

bondi ng str onponent nol ecul es and crystallite 15

surfaces, itgis SlgnlflCﬂﬂé|ﬁrhhéhteﬂnb!nihéﬂsph&thhﬁbrto nanbstIuctures,

gl ass- like s qu%ure gge flgms arﬁ g § PEeren%H n the . raw
material s the vesheP 8F opifed prrycrures, pses e, congtryction
expanded due t@f erjcrescopic andnmacroscopit strastares20 In particdmar
emerging fiel deyf Eﬁ% S tiona
materials nore crlélc % 8ﬂ¥i§3 Pg?ﬁ?;hgegp “L§§§E%P8§9% ghgﬂ
structures (i.pacteriophagechéttaili fib op:ptegas and vurian¢sn¢hereof. _
functions depends upon the use of appropriate materials that can be 25
rranlpulatedl d_reproduci bl e ways, and t hat have t he

properties reo.5‘ft: : Bl ML PN At | on. - Bi ol ogi cal
systens serve as a paradwutléothe stpehygthi 68t fdsBaneehlitEUARAS. cerdmic

lls fab 46 t t t
pertecty 1o roaped Matirian 8 Ret PUkE "Erbl Fhe EReSkEE ER1 RoRAThatne 1
some  cases, $¢R$n9£hsahetwscnrhheireconpenedtbyohepumeesandfcrystalllte
self-assenbl v giracds] ri‘@ié’”él&l‘i’ifi@éﬁ@lﬁ‘rfiﬁﬂ:ea bt 21508 in their

crystal or glass-like structures. These flaws are usually
inherent in the raw materials themselves or developed during
fabrication and are often expanded due to exposure to
environmental stresses. '

20 The emerging field of nanotechnology has made the
limitations of traditional materials more critical. The
ability to design and produce very small structures (i.e., of
nanometer dimensions) that can serve complex functions
depends upon the use of appropriate materials that can be

25 manipulated in predictable and reproducible ways, and that

have the properties required for each novel application.

Biological systems serve as a paradigm for
sophistlcated nanostruotures. Living cells fabricate proteins
and combine them into structures that are perfectly formed
and can resist damage in their normal environment. In some
cases, intricate structures are created by a process of
self-assembly, the ;nstructlons for which are built into the
component polypeptides. Finally, proteins are subject to
proofreading processes that insure a high degree of quality
control. '

35 C '
Therefore, there is a need in the art for methods

and compositione that exploit theee unique features of
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conponent pol ypeptides. Finally, proteins are subject to pr oof r eadi ng
processes that insure a high degree of quality control

Ther ef OW®,96ilk%47c i s a need in the art for nethods and ROTMESISMINBS t hat
exploit these unique features of © WD 96/11947 S
PCT/ US95/ 13023 proteins to formconstituents of synthetic

Panfnst r upiot@ins Eﬁhfoﬁﬁ?éohlﬁtﬁtu%tbg &Wﬁt . &bﬁiﬁéﬁﬁi&ﬁdﬁﬁ can be

ailore sui- e particul ar _regyirenments o er-s

technolgﬁé ebeeF gFﬁ 8t§% QGF ' %ﬁﬁ% &ﬁ%tural

mat eri al taiteredi to, snﬂtathe pabtdcnlareteqnimememtsabﬁn1the bondi'ng of

nanostr o] c t hout
[ Urhhibdibearh aaaga techfiB8168%' CHl %va}y B e SUHiie otk

flaws | mensi ons orm | mprove

and cohéﬂ%?%ﬁ!9°§93FEB°#ﬁ€FésPﬁﬁsréﬂésab§@§a§écﬂhemsﬁﬂﬂ@beﬁithﬂfenDre

regul ar @ed. paarenbasaatoﬁotaecbeaa&h ¥e' nafRostractendad suRmiidan | arger,
mor e het E.: | NVENTI In

one aspe = ﬂg g?@ggﬂP P%VQRPF8RrSPG9|EE§“¥§ s&#ﬂ%%ﬁbggﬁﬁq1§§ﬂIQﬁng
bl ocks fexactndimenslonssand undtprmitygshbdnaldﬁptawb EthGtﬂ@ﬁkﬂﬂﬂS of

vays 1o ShEEond standyafile RreBariLtRERpChRARES THL ritadball O
i nt erb@lapeprorie reguiarcandagancinteract morkogloselyf ovexi ag their
‘ability épedndeadapBaStRad i‘ifﬁatat ﬁoght Begefhgghéoﬁﬁt %%'eﬁtﬁ' A, Tiber

partners. Alternatively, th SO that t ‘interact
only with other nodified, and not native, tail fiber partners exhi bi t
t her nol cETMMAR ..t4;~C{;)4y goh their partners; or contaln addltlonal 4%

funct.i onal groups aén8”32£8c£h6€h£°pk2%8£ C1nvenQion provides
1S isolated protein building blocks for nanostructures,
comprising modified tail £iber proteins of hacteriophage T4.
The gp34, 36, and 37 proteins are modified in various ways to
form novel rod structures with different properties.
Specific internal peptide sequences may he deleted'without
20 affectirig their ability to form dimers and associate with
" their natural tail fiber partners. Alternatively, they may
be modified so that they. interact only with other modified,
and not native, tail fiber partners, exhibit thermolabile
interactions with their partners, or contain additional
25 functional groups that enable them to interact w1th
heterologous binding moieties. ' ' S
' ' The present invention also encompasses fusion
proteins that contain sequences from two or more different
tail fiber proteins. The gp35 protein, which forms an angle
30 joint, is modified so as to form average angles different
from the natural average angle of 137° (+7°) or 156° (112°),
and to exhibit thermolabile 1nteractions with its partners.
In another aspect, the present invention provides
nanostructures comprising native and modified tail fiber
35 proteins of bacteriophage T4. The nanostructures may be one-
dimensional rods, two-dimensional'polygonS'or open or closed
sheets, or three-dimensional open cages or closed solids.
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het er ol ogous bi ndi ng noi eti es. The present invention also
enconpasses fusion proteins that contain sequences fromtwo_or nore

di ff ersent WP 1¥ber proteins. The gp35 protein, which for RETASOARYRY

I30 joint, is nodified so as to form average angl es dlfferent fromthe
natural average angle of 137[err] (7) or 156[err] (12), and to exhibit
thernol abi | e R eOCRLE N OF THE ' NGS I n anot her

aspect, the present 'nvef'i $8Pep’ P §%B“§H8§t T B

and nodified taijl flber rotelns acterio
nanost r uct ur e LIk ® el exiophage partigle ﬂﬁégﬂrﬁeﬁbi onandpal ggbemagic

open or clos e(i-epﬁémwatmntdﬂf eehéli 1B NBastalri8pRAgEEAS 10F 1 BbPS Qd‘igﬁkbds
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BRI EF DESCRI OF THE DRAW NGS Fi gures 1A and 1B show a
schemati c represent ati orfFiguré 2 hshdusbacsehematigerepresentatfopuof aAunit
and a schematiggq, representation of the T4 bacteriophage tail fiber
(Figure 5 1B). Figure 2 shows a schematic representation of a
uni t rod. Figures c3A-<3D 3showoschenatiici repepsentataohsnefof

a  one-di mrersriexdindns ional huiOf-unifefod! faﬂﬁ ﬁhﬂgets (BLgure 3A)

cl osed sinple eet s (Flgure 3 c] osed |gure 30
and open gﬁ lﬁk}ﬂl‘rﬁeﬁ’y #‘blﬁL‘“&B sheets (Figureﬁgh, e°l°§ﬁ€vvs a

schemati ¢ r epasickuwioshdets\o(Figuire t 3C)Is eand OCopén sbf 6kwePk Oshedtd sol i d
sheets (top a %@uﬂ?t n) whi ch, when alternatively |ayered, produce a
mul ti - tlere et cages as shomn Figure 5 shows a
schemati c representati ofFkgure 4 shows a schematic representation of two

units used to construct porous and solid sheets (top and
15 bottom), which, when alternatively layered, produce a multi-
tiered set of cages as shown.
Figure 5 shows a schematic representation of an
angled structure having an angle of 120°.
Figure 6 shows the DNA sequence (SEQ ID NO:1l) of
20 genes 34, 35, 36, and 37 of bacteriophage T4.
Figure 7 shows the amino acid sequences (shown in
single-letter codes) of the gene products of genes 34
(SEQ ID NO:2, ORFX SEQ ID NO:3), 35 (SEQ ID NO:4), 36
(SEQ ID NO:5), and 37 (SEQ ID NO:6) of bactériophaqe T4. The
25 amino acid sequences (bottom line of each pair) are aligned
with the nﬁcleotide sequences (top line of each pair.) It is
noted:- that the deduced protein sequence of gene 35 (from NCBI
database) is not believed to be accurate. _
Figures 8A-8B show a schematic representation of:
30 the formation of a P37 dimer initiator from a molecule that
self-assembles into a dimer (Figure 8A); and the formation of
a P37 trimer initiator from a molecule that self-assembles
into a trimer (Figure 8B). :
Figure 9 shows a schematic representation of the
35 formation of the polymer (P37-36)n with an initiator that is
a self-assembling dimer.




angl ed structure having an angle of 120[err]. Figure 6 shows
t he DNA sequence (SEQ ID NO 1) of 20 genes 34, 35, 36, and 37 of

bact er i OWOSI19R7. Figure 7 shows the ami no a®CcI/ssssusses -
(shown in single-letter codes) of the gene products of genes 34 ( SEQ
| D NO 2, CRFXSEQIDNOS) 35(SEQIDNO4) 36 (SEQ I D NO 5), and 37

(SEQ I D ILE SNPON C0 phe ;udg;-{.to aci d -sequences (bottomfl I ne
f h W t sequences (top line o
cach paif ) 1118 g mteasdma?sasim ‘and,diteratugenc 35

(fromIWJieferehceﬂasbﬁedsinothbespecﬂﬂlcathanaarﬂrhheeby incorporated

i mor 1 i Y Aresadhel JB YHRLF SGRLFSED. TiR"rBe n8ReLoRn 0 5 ai mor (Fi our e

8A); arfl ingonsiskencies; thepresenti désclusuret, oinciudiagr.ml ecul e t hat

sel f - assqqE i tiond wli pr@vaifi gure 8B). G Flgure 9 shows a
schematic represent |on of thedgg formtion of t he 0I¥ (P37-36)n with
an'initiator that iAlthough the invention i#ndescribed in terms of

bE%AIL bﬂcﬁﬁ?fﬁﬁﬁﬂﬁeﬁT4 tei%gfiber proteins, it will be undEg%§E§a5/13023
appl i ca’?@'ngsﬂ anfoiqq:?%%% @I%rm{%c%?}%dt? ?gg gﬁéﬂ"f BEQFFE}HSare
her eby2@ Rforqihen Ri-everbyl iksé phage, m.ghelofel:her'ﬂyfahﬁl?h(fecgse Th, 5

i nconsi sRAG 2 SpurK)e, mArﬁhou %ﬁﬁj;s# eht.i.gldklgil gef éﬁht ons, wll

prevail . Foh 2 o253y Bha rms ~of
bacteri ophage T4 tail fiber protelns it will be understood _ (

DEPINITIONS:
“Nanostructures" are defined herein as structures
1s of different sizes and shapes that are: assembled from
nanometer- sized protein components. ' B
-"Chimers" are defined herein as ch1mer1c protelns
in which at least the amino- and carboxy-terminal regions are
derived from different. original polypeptides, whether the

20 original polypeptides are naturally occurring or have been
modified by mutagenesis. .

"Homodimers" ere'defined'herefn“aS”assemhlies of
two suhstantially identical protein subun;ts that form a
defined three-dimensional structure.

25 ‘The designation "gp" denotes a monomeric
polypeptide, while the designation "P" denotes homooligomers.
P34, P36, and P37 are presumably homodimers or homotrimers.

An isolated polypeptide that’ “consists essentlally
of" & specified amino acid sequence is defined herein as a

30 polypeptide having the specified sequence or a polypeptide
that contains conservative substitutions within that
sequence. Conservative substitutions, as those of ordinary
skill in the art would understaﬁd, are ones in which an
acidic residue is replaced by an acidiczresidue, a basic

35 residue by a basic residue, or a hydrophobic residue by a
hydrophobic residue. Also encompassed is a polypeptide that
lacks one or more amino acids at either the amino terminus or

—4-



that the invention is also applicable to tail fiber proteins 10 of other

T-even-1li ke g. of the T4 famly (e. g T4, Tul a, T2
famly (T2, Wlﬁﬁx etc ) Nanostructmsgéﬁgﬁ’

fassenbled from nanomnet er - S|zed protei n conponents.
"Chi ners" are Garbpxy kKerainuss P H& i tetalkiok five ptypither temminuse

ami no- and car gRgH- theNabilencediotThy ‘iaarti‘iﬁild&e(}ééﬂiﬁéﬁ f48 a9 ori gi nal

pol ypepti des, ether e 2 orlglnal ol des are naturally occurring
or have been bg grfechon "spe strifeedre or the, HJinctien of Lhe

defi ned herei npaiypeptﬁ:ﬂbl ei.n piractiicimes tini Pridsdrty imanition. protein

subunits tha forn1a sional_,st.,ructure.
The deS|gnat%on gp dend esgggﬁ§$ﬁ£;ﬁv é%?ﬁﬁ%ﬂﬁat%wﬁlﬂ?Yrﬁ}“’ of
desi gnati on gdnobud 1dimgo bilgcks whose Menli&nmrar@mwed in

presumabl y hO”ﬁﬂh&ﬂéﬁeQB hﬂﬁﬂbﬂ ﬁ?&susefﬁ; the d%hdﬁ?ﬂéﬂfﬂhfgﬁypept'de

t hat "consists essentlall speci am no acl d sequence is
defined herei n’“é@rS’SGPﬁGI ypépmmég tﬂ#@%ﬂﬁoed Widheute wighing to
pol ypeptide  behbbunanbgi ueeemeﬁtatusvm%wa Hhatthe Hagdid it is a

seauence SRBERLAYRAE, SREbied e dail, s g s
an acidic reS|dnessaﬁbeenfiaﬁratioduea&;hmub&shctmdmutﬂc structur dehaliso
e o pOAVLERIED g At AR i il U L
-4- - wd'hernodimer® or “dimerlzation" as used herein wildr/ivse®MY3023
instances be construed as also referring to a homotrimer or

15 trimerization. These long, stiff, and stable rod-shaped
units can assemble with other rods using coupling devices
that can be attached genetically or in vitro. The ends of
one rod may attach to different ends of other rods or similar

- rods. Variations in the length of the rods, in the angles of

20 attachment, and in their flexibility characteristics permit
differently-shaped structures to self-assemble in situ. 1In
this manner the units can self-assemble into predetermined
larger structures of one, two or three dimensions. The
self-assembly can be staged to form structures of precise

25 dimensions and uniform strength due to the flawless
biological manufacture of the components. The rods can also
be modified by genetic and chemical modifications to form
pre@c;grmihed specific attachment sites for other chemical
-entities, allowing'the formation of complex structures.

30 '~ An important aspect of the present invention is
that the protein units can be designed so that they comprise
rods of different lengths, and can be further modified to
include features that alter their surface properties in
predetermined wvays and/or influence their ability to join

35 with other identical or different units. Furthermore, the
self-assembly capabilities can be expanded by producing
chimeric proteins that combine the properties of two
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carboxy termnus, up to a total of five at either term nus, when t he
absence of the particular residues has no discernable effect on the
struct umO MW1194¥e functi on of the pol ypeptide in practi cPEeEUSSSH3M3esent.
i nventi on. 5 The present invention pertains to a new class of
protein building blocks whose dinensions are neasured in nanonet ers,

whi ch- ar @iffelrent meubered st rth:is c&w&s. fmﬁiﬁsﬁééig‘naﬁéaﬁﬁ?éoiﬁopl c

structures wi_shi_n nd t heory s believed
the basi Scriaved By Heiieiating Khe REmetute St ithe | osfes, BREPHingbun (s
havi ng atheser protiedms. confi gurat ion, although a trinmeric struct ure is

also ° possi bl e. Fuigeas iid 'b?fonffﬁﬂi&'@o@&éﬁf&ﬁ&%ﬁ& oalogedi mer”

or "dinerization" as use erein nces be construed as

al so r & &he present iaventian take madvantage of ckthe prepertigs efi the and
stabl e r gdtuiancprotediis,s £\ asawi&éwuih t&éfuéedﬁeysafe £€¥BEi Ng

?g\é' (r:rgfl RFF%hat cqn B %ache eneﬁf*fk'lrlﬁ/ &Wﬁ,%aﬁ%ﬁéad one
'Va“tﬁe: (r)ISSIiBI'Uam ,| angt lcaf wers?lfd&ted rbidaaemsbléof 20 rargehnent, and
struct ur uapEily o UL da v dbaidRdg eadliy U W e AIEIape.
sel f - assmermeprmmemf automation; rlnmaemumtbhégstoﬁ or three
di mensi Oprt £Nana stdasseni e duil B¢ stoxid dria f S&é%&éﬁ@é of

precise mensi ons and uniform streng due to t Ia ess
bi ol ogi cal manuf ac The: SeFUERCes R0 e ﬂoﬂ%b%ht%tl%’ée basged QR i e ‘J

by genet 'l:hea&émmnﬁ ofodind Qﬁiﬂmrﬁﬁér fd:r the T4 QskdEericpagecstlic

oL Laoheg, s B GiIY o Uhdpond Wit Din B A 0" ©

i nvenlsotechniqmlsacauhbqoranpdliredjmd stheartaidl (ﬁﬁbgmchmtm T+even

conpri se ds apt to
i ncl ude Pha?&rgés ?Lat TaeF:ere"%a‘tEnel rgsdt}ri'f ace '&?&ert | es |$lwe r%irjde{ erm ned

ways andfdili andferc £ibex stamatuxes.o join 35 with other identical or
different units.. Finehgtiicturidof tHR fraBEutddi sprede | €41 st Dsér be

expanded (04 RLOUEUT i WUgTRY 1P ales Bl Sl BT Ly 36 ©
20 follows (N= amino terminus, C= carhoxy terminus): N[P34]C -

N[gp35]C - N[P36]C - N[P37]C. P34, P36, and P37 ‘are all
stiff, rod-shaped protein homodimers in which two identical B
sheets, oriented in the same direction, are fused
face-to-face by'hydraphbhic'interactions*betwéén'the sheets

25 juxtaposed with-a1180°protatiohal axié*df'syhmétry through
‘the long axis of the rod. (The structiire will vary if P34,
P36, and P37 are homotrimers.) gp35, by contrast, is a
monoweric polypeptide that attaches. specifically to the
N-terminus of P36 and then to the c-terminus of P34 and forms

30 an angle joint between two rods. During T4 infection of E.
coli, two gp37 monomers dimerize to form a P37 homodimer; the
process of dimerization is believed to initiate near the
C~terminus of P37 and to require'two*E. coli chaperon
proteins. (A variant gp37 with a. temperature sensitive

35 mutation near the C-terminus used in théfoéseht invention:
requires only one chaperon, gp57, for dimerization.) Once
dimerized, the N-terminus of P37 initiates the dimerization
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di fferent nmenper this class. This design feature is ach

imani pul at i ng@ﬁe"%’s‘ﬁﬂct ure of the genes encoding these prot eﬁ@%ﬁ&l“”
:As detailed below, the conpgsitions and nethods of:».5 the present invention

take advantage of the propérties of the natural proteins, i.e., the
resul ting struefuF¥e gpdésmpppmers £or gnF36srod-c | e deints hatween khe

Ir SS' Zt ant - : g:} ?éeﬁéﬁninuﬁteéfiggat anagghean%rggmi%r %(tnlvsqg?gi ?Eian te. and“*

rg uant i its ri Si |

Furt her nor e, 5&I§ f“&ﬂFB PB% gﬁﬁb ip%@gu@?] 83&?%
subassenbl i es tanabgpSSonedmﬂ,uthdsaimtuﬁation stabilizes H3S samljamms
of the protegn b e S n t f

the T4 bact oF | Safiogiboy BE°rhZEH1T rangk® FIMIAT. bedle Attadlds 'do'tnd’
princi pl es andCtterminusqofsP34n (whighpuses op57hEoradimextigatisom)ot hghus,
T-even phageauoasaaﬁsiyr leathe Eashe!eam@q%s rbaﬁtla'wse %} ba' ar tail

and/ or fi ber stru&tur es, cteri ophage

he cture e
tail fiber Pre ﬁgﬁFﬂéBﬁdlﬁrﬂﬁﬁupg iPtGKE one BF §Bﬂé&f RIS |y as
20 fol | ows (N-whetreby tsmauaram—meumiohemaua) by\ifdzfla€ion of\itgie35] C

honbdi ners M EAFEE f%ﬁraé’ﬁ?flxaﬁgfai#” iheRrastd SEH%& a8 (Rl "
direction, aredigsadlowed)asubunitace Thisytespitsi dni ther production wkem
the sheets 25 ?ﬂfﬁé€ﬂ§5d0¥"E%aétlgagﬁ?$%cﬁﬁkﬂhboQ@Bma aﬁhaﬁyﬁgséé@%e of

t hr ough the Tong axis o e structure w vary
P36, and P37 athehsaBPPReBES.) gp35, by contrast, is a  nmononeric

It00| %/Eeptc i fle t hat attachesnsaeebiaaahbywaent l&ae pklatsahm et 1825 % igedes
(0] e ~-Le nus

d f t _bet t
During T4 i e%’l’?%‘ﬂlﬂg Ehesecggfr':ggg.m Ba¥7 Q%Dmﬁglfge& %é’rmiagg %mmé‘t%rn%z?%?f

honodi nmer; thedifferent lengths with different combinations of ends. The

properties of the native proteins are particularly
advantageous in this regard. First, the f-sheet is composed
of antiparallel f-strands with S-bends at the left (L) and

20 right (R) edges. Second, the amino acid side chains
alternate up and down out of the plane of the sheet. The
first property allows bends to be extended to form symmetric
and specific attachment sites between the L and R surfaces,
as well as to form attachment sites for other structures. 1In

25 addition, the core sections of the f-sheet can be shortened
or lengthened by genetic manipulations e.g., by splicing DNA
regions encoding S-bends, on the same edge of the sheet, to
form new bends that exclude intervening peptides, or by

_ inserting segments of peptide in an analogous manner by

30 splicing at bend angles. The second property allows amino
acid side chains exﬁendlng above and below the surface of the
f-sheet to be modified by genetlc substitution or chemical
coupling. Importantly, all of the above modifications are
achieved without compromls;ng the structural integrity of the

35 rod. It will be understood by one skilled in the art that
these properties allow a great deal of flexibility in



process of dinerization is believed to initiate near the ~GCtermnus of
P37 and to require two E. coli chaperon proteins. (A variant gp37 with a

t enper atwodeaes¥?i tive 35 nutation near the G term nus useddriy g,gﬁ%esen-t
i nvention requires only one chaperon, "gp57, for dinerization
di merized, the N-term nus of P37 i nltlates the dineri zatlon

1
neT/ USOS/ ‘}33;?"9% bt that can assemble into. 3 &f"‘drh"ea’f 50?‘?* ‘b%t ween
t he c-tsmﬁsyresmsemmeft minhtm m;:auflembelsom ght and stiff but
noncoval ent. The N-terminus of P36 then attaches ' to a gp35 nononer; this

i nteracti ilizes P36 and forns .5 the elbow of the tail fiber.
Finally, t he C—term nus of P34 (which uses gp57 for

di mcairi Z&tion). Thus',l.‘hfe roldb ofs thd pr@‘sddiﬁfittﬁdn g.d?ﬁrfurﬁ:ﬁmiﬁﬂﬂ'ﬁl@ by a
redet er e racti eci units ere

gtructurarq’gga? gtf‘og gggggd % s%&gﬁaﬁep ot Fh SRS icg'trbasls‘é

permts |me¢acthenswrtacssmgpr mc&i&yreprmh:hniﬂhlned)t shltmmd]secxﬂa:s

results ifeyes Qﬁ&dtﬁe}k{aﬂgoii%ted $ortabdcd rilc ‘aa}ﬁfatchm?ﬁ:' o § fl{ om a

random m xt ur ccor dance W he

present . |?Heﬂffﬁﬂreﬂﬁe“ﬁéﬁésrﬁse%‘-o&iﬁgdt B@é@%lﬂéﬁ%ﬁ-n&m sufiades] so
as to ymkare oatsofmoditiblctenbel ABFehoriiasdhiy il‘iQ:”b' Q‘@l'ddi%g‘)f

e Tt PLORTY bF pion r30, RRDCE B Sl . fosbor o
anti par albeilt ein] ferrepeeifichbindihghtodsthert haitel or( it amd 20 rlght of
() paocoineSPgatiacd Mot iguo6 bysl SBoRpiolepseell. iy ol o of
ext ended TRL (PG andndt schematigdofpthes llvi&t rodhavet idluetratededn t he L
and Re8I'fip8%e 2. The three dimensions of the rod are ‘defined as: x,
for the back (B) to front (F) dimension, y, for the down (D)
to up (U) dimension, and z, for the left (L) to right (R)
dimension.
One dimensional'multiéunitfrods'can ‘be most readily
zq assembled from single unit rods joined along the x axis
(Figure 3A) but regular joining of suhunits in either of the
other two dimensions will also form a long structure, hut
"with different cross sections than in the x® dimension.
Two dimensional constructs are sheets formed by
28 interaction of rods along any two axes. 1) 'glgggg_gimnle
sheets are formed from surfaces which overlap exactly, along
any two axes (Figure 3B). 2) Qlessd_hrimgrx_shs_ets are
fornod from interaction between units’ that have exactly
overlapping surfaces in one dimension and a special type of
30 overlap in the other (Figure 3C). In this case there must be
tvo different sets of complementary joints spaced with
~ exactly 1/2 unit distance between them. If they are centered
(i.e., each set 1/4 from the end) then each joint will be in
the center of the units above and below. If they are offset,
35 then the joint will be offset as well. In this construction,
the complementary 1nteract1ng sites are schematized by * and
**. If the interacting sites are each symmetric, the



as well as to formattachnent sites for other structures. In 25 addition,
the core sections of the [err]-sheet can be shortened or |l engthened b
genetixc mani YPA¥IVAL e . g., by splicing DNA . regicons encodi n§CT/USIS/30
i[err]-bends, on the sanme edge of the sheet, to f.orm new bends t hat

lexcl ude intervening peptides, or by I nserting segnents of peptide in an
lanal ogous nmanneltéyna@®ingl rowagcan hbntédractl withThkheserodsd i eddher al | ows

: i : ey b :
O sheey 1 oEhEScERGT B Al 1gra°REE BURRRETH, Uhebakiohad stract
|nportant |y, Nithiinteragbiagnsevsi facivgsinr the same orcoprposite

conproni si Ny tdfrééei6h) thei 8hadt #1121 mhd 3% GAddiretiohalbeodai@rst ood
by one skilled, in the rtoahas . igese rLoperties gllom/a reat deal ,of. :
erxibiIity? ayers Or rods 1n alterna il’lg dlreg’i_on. 3 (*)
PfCT/ US95/ 13023gheetgle¢bynhets) ni-ésulhawp]eantgais antits areo saphtmu a a:ly'qureS

o structur 0 _Whi ch,ar e

The rods of tﬁgpﬁﬁeéﬁﬁgﬁ?ﬁgeﬁFan?Fg§§?#o§BPerQwa8338§Z§g§;4§?%u g or

steel beans fovpeningsuloropores) depend upon, thecdistances (dx) seperiaring
repr oduci bl e h ' e n hgk It f hf 1
attachnents tgih%nf?gg*gﬁg%ﬂgi??géén%nen??% ?gggxg?bfkgg& P i??ﬁ&héF?§§9

The surfacek0 191%e8 seRarate thesusfaeegerc or | ess hydrophilic, including

POSi tivel %/ or b_negat i vel Wﬁi;@é_gcﬂmeﬁeﬂaﬁalaadnhef_ﬁcewté aiees _st_erliu:'_h!lllgi n
(O opect 1C ELOhpguhPo OLMERr 4Bk L 3ng! bt fudln, 13" LRKIR PRk EaF Qe bt
are illustratesblids. 1) Closed soljds can assemble from units that
overlap exactly in ail three dimensions (e.g., the exact
15 overlapping of closed Simple sheets). In an analogous
manner, closed brickwork sheets can form'closed solids by
overlapping Sheets exactly or displaced to bring the
brickwork into the third dimension. This requires an
appropriate set of joints on all three pairs of parallel
20 faces of the unit. 2) Porous solids are made by joining
open bfickwork sheets in various ways. For example, if the
units overlap exéctly_in the third dimension, a solid is
formed with the array of holes of exact dimensions running
'perpendicular to the plane of the paper. If instead, a
25 material is needed with closed spaces, with layers of width
daz (i.e., ih the U->D dimension), a simple closed sheet is
layered on the open brickwork sheet to close the openings.
If the overlap of the open brickwork sheet is e.g., 1/4 unit,
then a rod of length 3/4 units is used to make the sheet.
30 Joints are then needed in the z dimension. The two units
used to polymerize these alternate layers, and the layers
themselves, are schematized in Figure 4.
All of the above structures are composed of simple
linear rods. A second unit, the angle unit, expands the'type
35 and dimensionality of possible structures. The angle unit
connects two'rods at angles different from 180°, akin to an
angle iron. The average angle and its degree of rigidity are

-9-



15 Figure 2. The three dinensions of the rod are defined as: x, for the
back (B) to front (F) dinension; y, for the down (D) to up (U .

di mensi 4y oepitdyrz, for the left (L) to right (R di menspEIUS9s/13023
~One dinensional multi-unit rods can be ‘nost readily 20 assenbled from

~single unit rods joined along the x axi S (Fi gure 3A) but regular joining
of subu f al forma | ong
structurﬂg‘rlf iﬁt&hﬁﬁg cMmren cross sec% ons- lﬁfet;'%dl mensi on.

Two di rresml’eoﬂbmda Biguree5t shaesr nadabylﬁqfntlémctanﬂn of rods
al ong ar&’iﬁ“@r@f@ss?eéin@' 98¢fingTBlites a%hse aara% R n&*ikzi rom surfaces

whi ch over xact Z -~ any two axes. ure -Cl osed
bri ckworke? BRI REe expmPieg PfoRErNCENEes t hat have
exact s utimﬁhgpanggesgointss in one di nension and a specn al. type of 30

| th th 5= _ .his h t
3:/1?1[ e?gn!t nsetg gf ﬁ) ( : I C§§§| Pﬁgg%dgézsi@ﬂ% 1/2 un|t
di st ancestxengtinenédnin thet déyeetéonenbmd to @heerpdeaﬁlram:tlo]'i ¥ rom
th d t b d
€ en )ﬁd&ﬁ&%e@ﬁﬁléég ?&r{ﬂbh{:{%@ﬂ%af' tﬁe’tﬁﬁ shekE. Ogn & dagel Ve an

bel ow. of ] oI Nt . Wi 1 set as ‘we In

this corEh¥e®t %ﬂef‘Si?MlcEﬁﬁweﬁbnfaﬂsr nt éﬁ’-&éﬁhﬂgné'—l P@s 9% a§’<9r5k9rﬁalt‘7|‘3'zed by

and 10 théfende oPtEhECEbA8 Rakes ahcafigllé ALWBBL' ik thee plane of
VO 96/ 1 95/ 13023

U
21t er natti POREEC ALIAYAPE CDOY; FRAPA4A6H P, thoBR ART1es (BRI,
]Ehey ar anust lavecsome, piay oub oﬁljyhenp&aaet of thiet bmqﬁ.uaacshegd t;dms (

acCl e e o0
uni dlngelc %%S%R%rfj?ggﬁ éface % g&'ﬁ Fer na |ng #ngcg?’l ons. 3) Open
bri ckmrmralbebet%i'ebraneos}en'eetipnmmnmaneton iits appegeparr do¥erby nore

15 neighbor.

'2) Hexagons are made from a mixture of rods and
angle joints that form 120° angles. 'In'this Case;"thére are
two exclusive sets of joints. Each set is made up of one of
the two ends of the rod and one of the two complementary _

20 sites on the angle. This is a linear structure in the sense
that the hexagon has ‘a direction (either clockwise or
counterclockwise). It can be made into a two dimensional
open net (i.e., a two dimensional honeycomb) by joining the
sides of the hexagons. It can formohexagonal ‘tubes by

25 joining the top of the hexagon below to the bottom face of
the hexagon above. If the tubes also join by their sides,
they will form an open three dimensional multiple hexagonal

. tube. ) _ g

3) Helical hexagonal tubes are made analogously to
30 hexagons but the sixth unit is not jolned to the first to
close the hexagon. Instead, the end is displaced from the
plane of the hexagon and the seventh and further units are
added to form a hexagonal tube which can be a spring if there
is little or no adhesive force between the units of_the |
35 helix, or a stiff rod.if there is such a force to maintain
the close proximity of apposing units. | |
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than one-half unit (Figure 3D). The di nensions of the openi ngs (or
pores) dependmﬂé%,e di stance (dx) separating the interactpdusdsiises
y) b |

and the distance ( y whi:ch these 10 sites.separate the surfaces.
Three di nensi onal constructs require sterically conpati bl e interactions

between all three surfacgg i orm solids, 1 d i can
lassenbl e fromunits that EE "g%érf’ﬁp‘é’?a&' |t|? g?qe %ﬁaéée&sﬁ%%fﬁtetd‘at
the exact 15 cthel cpppogibionsoand methbdssbfectthe priesemt dmvesdrion also
manner, close &ﬁ#ﬂ@ K t S8 %&QEQS“E | igtsnP pi
sheet s exactlgegé spﬁagggsgoagﬁgﬁghgggh ric %ofk |n¥g ﬁﬁ?ﬁﬁﬁﬁgg v’
di mensi on. Thi¥e}tqa®repennsolidg,sushi asc tetrabedrons: and, igosahedronsirs
of pa[)a! ! El f(k)féﬁﬁééh t grohNeridhiles) aRarF Bu&e&OEbé&eal rgfadt x %d%}é:dé_at A
open brickwork sheets.in varjousS ways. _For ex e, If. uni.ts _overl ap
exactly in thér?ﬁF?ﬁgﬁFﬁEns?hﬁ,rangélPﬁ ptructures. is,limif é?ﬂﬁ&hyf%he
hol es of exacttypesnefoanglenunits anficthensubsitituentishthaltacanobe he
paper. If inst TRl efial 4l d_with _cl d with layers
of width dzg‘?@%é?g?%%e{‘b?e?‘#ﬁggﬂgeﬁg‘%nf? fhe rofunitel, Fer)©l S
| ayered on theexXpuple;ickherknaturally ocourring apglesgare found lia the
overlap of {gerbeRs b ChuBEE&r $8pRAGESTY, I ‘ndB! b 90° é (! H%fn t
l ength 3/4 units Is_used to ngﬁeﬁﬁﬁg sﬁeét?h%%hJoPnts are ?ﬁ n négﬁg |ne
the z di mensi ot THE« (¥Rl unBiQl. 29Q8 B82p36PacAPBB)rhese alternate |ayers,
and the |ayers t hensel ves, ‘are schenatized in Figure 4. - Al
of the above | Lecomnosed of sinple _o Linear rods. A second
unit, the ang| A=A e AR L A R A A
structures. The angl e unThe proteincsubumnitsotha&t aregueedditbl eonstrixctmthe
180[err], i N Enkl £ ' aver ' egrea.af
180Lerr] . 34 hifbodtruct@hlh®ol efe BPEsEHE’ IGeRRIbA 834 BhBed®SheEnd’ four
PCT/ US95/ 1302FP0olypeptides that comprise the tail fibers of bacteriophage
T4, i.e., gp34, gp3s, gp36 and gp37. The genes encoding
these proteins have_been cloned, and their DNA and protein
sequences have been determined (for gene 36 and 37 see Oliver
20 et al. J. Mol. Biol. 153: 545-568, 1981). The DNA and amino
acid sequences of genes 34, 35, 36 and 37 are set forth in
Figures 6 and 7 below.
' Gp34, gp35, gp36, and gp37 are produced naturally
following infection of E. coli cells by intact'T4 phage
25 particles. Following synthesis in the cytoplasm of the
bacterial cell, the gp34, 36, and 37 monomers form
homodimers, which are competent for assembly into maturing
phage=partic1es. Thus, E. coli serves as an efficient and
convenient factory £or synthesis and dimerization of the
30 protein subunits described herein below.
In practicing the present invention, the genes
~encoding the proteins of interest (native, modified, or
recombined) are incorporated into DNA expression Vectors that
are well known in the art. These circular plasmids typically
as contain selectable marker genes (hsually conferring
antibiotic resistance to transformed bacteria), sequences

- that allow replication of the plasmid to high copy number in
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built into this connector structure. For exanple, the structure shown in
Figure 5 has an angle of 120[err] and different specific joining sites at

a and atwbgénipar foll owi ng are exanples of structures thpernamgidoesned - 5
utilizing angle joints: 1) Open brickwork sheets are expanded

- and strengthened in the direction normal to the rod direction by

addi ng angl I’WI

di mensi onm'l Q%éut% K f oér:Lr#éﬁti Lkﬁiman fsz%)fl %%gf'gls'yt omggﬁgggnds of
the rods Sfaids %ﬁd?l@ amﬂmt% angt yibogome ' nqlimqsabte, aExampigsnew
r?dtshaddedf rcanmmmg} @di’ﬁlﬂe} veé‘%&?s ]t‘éWﬂt:&B:l[TE PoRYuset iff thée p! ﬁnet
o e o a in irs ace orm a new shee
al nost &%gllg\tl élqs'emttit?rhr?‘ Fhe PEHD ST (l‘%&!@%r IRCh over 15
nei ghbSr Madison, WI) ar® supnmmmcmfpsm;m nand UpSES8or ods and
angIe10|&tn$, egprlg {ggd{ Qﬁgl In-this ’'case, there are t wo

excl u3|ve sets Jdints. s made up.of one-of the two ends of

the rod and one of ‘The: styateg ishdie &)y Gmstruct khe hgenagbe. This is a
[Inear sinterdet ahd RoHIE 1n€&1f£hé %ﬁgigwg: Mol igglian (erther

clockmns% fo cog&oe | .ock It can nsi onal
open net Fné %ﬁa é}lﬁ)rﬁﬁc Qﬂ’!ﬁ- Riasmid; ) des of the
hexagusindut:ec&hef expressiom of tﬂiea:]hm&ﬁ ng) tthest ogoPf the hexagon

bl 0 b8 158, Boemgo ST oM amat ol B Ch 0"

hexagonathe foymation of function)al Mmadilmdnscagcrmlsdme)msesa, made

anal 0g0UBN1tSoRR1"GUAR"Rr Rl rca.'o"féd Bl hd Yand ek il ! (o

.S di spk ace fromt f the

close th I nst ea
hexagon gﬂﬂgfh “S‘GF&RPh’-&nJBHHliﬂP& for dimerdzatienief tthe mmteimmonal
tube 28 thteeeste arepr leitﬂmpflet hehen wild-t %ﬁhd&iﬁ&l?%@s{

Vo o i GEnoY A8l shBEegRal:  thp Backe3ilal, chanerion Sene 57 15 af‘sé oree
included, when wild-type or modified gp36 is expressed the
wild-type version or a modified version of the gp37 gene is
included. The modified gp37 should have the capacity to

20 dimerize and contain an N-terminus that can chaperon the
dimerization of gp36. This method allows the formation of
monomeric gene products and, in some cases, maturation of
monomers to homodimeric rods in the absence of other

phage-induced proteins normally present in a T4-infected
25 cell.

steps'164 of the above-defined strategy are

achieved by methods that are well known in the art of
recombinant DNA technology and protein expression in
bacteria. For example, in step 1, restriction enzyme |

30 cleavage at multiple sites, followed by ligation of
fragments, is used to construct deletions in the internal rod |
segment of gp34, 36, and 37 (see Example 1 below)
Alternatively, a single or multiple_restriction enzyme
cleavage, followed by'exonuclease digestion (EkO-SIZE, New .

35 England Biolabs, Beverly, MA), is used to delete DNA
sequences in one or both directions from the initial cleavage
site; when combined with a subsequent ligation step, this
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- 10 - WD 96/ 11947

PCT/ US95/ 13023 It will be apparent to one skilled in the art
that « the cB8%M ¥ ons and nethods of the present invention HGHUS9S3023
enconpass ot her pol ygonal structures such as octagons, as = well as open

solids such as tetrahedrons and icosahedrons 5 fornmed fromtriangles and
boxes formed fRRARERNES roduces acneshgdcsetThf dedgbionssofudnereasing

limted only iddw. sinPPsrDy, aeeﬁﬁaae?t ﬁeeﬁdaahsréunﬁaat 'esn&acb%&r.sa?m

be engi neered on the di ffereht . axe he_rod unit
ot her natur al I3PPREALS | FEem Eyed %f%q-'ﬁﬂﬁthhlt fiibey QPBEFs &P produce

bact er i ophage &iime:hicl'gm defGbding fdgien(pievainst (calika. "éhi%hr-" 1n

The pr ot of n SR |40FpElPEian),. oTh SaBRERFcERiA. a8t mAbber, da, pas

the present i proNids eltemtq Nm oheCfberminipanhdpthusdereatat novellr | se

the tail flbe&ggg g p 7
The genes encodin ese pr ot ej nséﬁaveggégnﬁgﬁ Rggé g gg 339'5%%8 8
protein Mm RPOWRRES i n%oremesgeﬁettzeaqa thisctypei oﬁr 20
et al. J. IVbI climdr, e AiPiérSet -)-35Th£sfwséfﬂhéa1 R Exaﬂ%lé 2.

seaiences Sy il miten Sabtl e BEnAGLeLoh e e aRSLcirg, 1o o
fol l owi ng i nf elet iBn el strdin BL2B(DP3) nand t BIZ1 (DEYLpLPsHR (avatiable
56, and 37 moscumerqthily SUENGE, Miaisofc ULl So1fbopap dEudfy
i nto mat uri ng compatidle reck|straimss, such cas | HES1 V4 (DE3) aandf f i ci ent and
conveni ent famwllf(‘ﬂi:ﬁl)ﬁﬂﬁﬁﬂ cél bé| iEéd ZalpPinSfolRStion with the
15 recombinant plaemid (Step 2) is accomplished by standard
methods (Sambrook, J., Molecular Cloning, Cold Spring Harbor
Laboratories, Cold Spring Harbor, NY; this is also the source
for standard recombinant DNA methods used in this invention )
Transformed bacteria are selected by virtue of their
20 resistance to antibiotics e.g., ampicillin or kanamycin. The
method by which _expression of the cloned tail fiber genes is
induced (Step 3) depends 'upon the particular promoter used.
A preferred promoter is plac (with a laci? on the vector to
reduce hacquound expression) , which can be regulated by the
25 addition of isopropylthiogalactoside (IPTG). A second
preferred promoter is pT7¢10, which is specific to T7 RNA.
polymerase and is not recognized by E. coli RNA polymerase.
- T7 RNA polymerase, which is resistant to rifamyc:.n, is
encoded on the defective lambda DE lysogen in the E. coli
30 BL21 chromosome. T7 polymerase in BL21(DE3) is _
super-repressed by the laci! gene in the plasmid and is
induced and regulated by IPTG. |
'rypically PR - | culture of transformed bacterla is
incubated with the inducer for a period of hours, during
3% which the synthesis of the protein of interest is monitored.
In the present instance, extracts of the bacterial cells are

- 13 ~-



30 protein subunits described herein bel ow In practicing the
pr esent invention t he genes ~encoding the proteins of interest (native,

nodi fie reconbined) are incorporated into DNA exp tors
t hat are mérl known in the art. These.circular plasn1d§E§?§$@%¥ﬁ§

contain sel ectabl e marker genes (usuaIIy conferring - antibiotic
Rt Ll B AR LEALT) 1188 S0t tne b2 alelP ™ 01,
_ CO‘I. eﬁ:?ﬁfﬁiﬁfM?SDs-polyacrylamide gelaflectrophoffgisPCTgEsgg/13023
|ndUC|bie pronoter. aﬁ%g Q%oghﬁgig#%g RﬁnEQPE ? gﬁ%ﬁgi gP barker &P&IIy
avai | abl eextxachs, siftim| vecessaxy ta aﬂeertaiaswhethereorlnotldtlude t he
PET sy orerm Hbﬁte hoﬁo&/ﬂﬂéf “( p 299 SyRge! | Bk%c&ﬂ?ﬂ%ﬁeﬁs'f%o

and pSE3§ itiald InV| San. %%& egy isto

1) const s i“?rﬁ%?ﬁ%?raﬁhecpﬁﬂﬁﬂiﬂ iﬁtﬁepﬁﬂnﬁﬁpﬂl p¥ean| oni ng

site; 2) antiseznui cspaﬁfmltoodne&natuhetdﬁmé?ﬁ&hl Pofh Beaehed, 3) 10
i nduce t ﬁéﬁieSSIOH of the cloned gene; 4) test for synthesis of the
protein uc and flnaIIy, 5) test for - the formation of functional

honndiners I'n sorka siﬁher-splhﬁficnnntgsera ar? preparednas lntofthﬁ
Same §H 1%‘1‘“&{' (E4 gaihe'ﬂ éur%p Oﬂié\ﬁau&ﬂg f &%gt%é %? 933? the

proteln gi ons
of gp37 &r%%xmaadséﬁ she Fadieh, aﬁi%apsfbhsgeh%wr | Briefdy, whedeuded;

annfvm ljm gy afﬁeﬂl\iseiﬂ & %n | FRRGEER £ lopt Hénal 1y 'énéyfssﬂf{:ih nor a
gﬁo:u hehﬁ% tl}ﬁ'ﬁﬁfﬁj #&%r‘(&@a@toﬁ?ﬁ?n"% %I—P%?F?-ﬁ&ﬁgthat cag
chaper on thius remtiving 2l @ntibgliis exdept natdsed aii-eoﬁeahegimsat ion of
15 the tail fiber proteins. In a subsequent step, different
aliquots of the antiserum are adsorbed individually with
extracts that each lack a particular tail fiber protein. For
example, if an extract containing only tail fiber components
P34, gp35, and gp36 (derived from a cell infected with a
20 mutant T4 lacking a functional gp37 gene) is used for
- absorption, the resulting antiserun will recognize only
mature P37 and dimerized 236-P37. A similar approach may be
‘used to prepare indiv1dua1 antisera that recognize only
l’ mature (i e., homodimerized) P34 and P36 by adsorbing with
25 extracts containing distal half tail fibers or P34, gp35 and
P37, respectively.' An alternative 1s to raise antibody
against purified tail fiber halves,.e g.; P34 and
gp35~!36-P37. Anti gp35-P36-P37 can then be adsorbed with
P36-P37 to produce ant1-gp35, and anti-P36 can be produced by
- 30 adsorption with P37 and gp35. Anti-P37, anti-gp35, and anti-
P34 can also be produced directly by using purified P37,
gp35, and P34 as immunogens. Another approach is to raise
specific monoclonal antibodies against the different tail
fiber components or segments thereof.
35 Specific antibodies to subunits or tail parts are
used in any of the following ways to detect appropriately
homodimerized tail fiber proteins: 1) Bacterial colonies are




nmononeri ¢ gene products and, in sone cases, maturation of nononers to

honodi neric rods in the absence .of ot her phage-i nduced proteins normal |y
present in a WOIMIMZt ed 25 cel |. . Steps 1-4 of th@CT/USIS/13023
above-defined strategy are = achieved by nethods that are well known in
the art of recombi nant DRA:t echnol ogy and protein expression in

ebafter:a. Fosazanqddafor1thaqe:bxpnnnsing|mﬁturﬁyneiBOftbenvpgetains by
mul ti esite gy\qgi nstruct
del et Pons in’ e | I"l{l rna msgfl@{ﬁs%%ntg%tco*gﬁw élé %gﬁgéﬁgfiggi anple 1
bel ow) . Al tﬂemalﬁa/a@ lyseqd rop em;lcyssd t¢tplmres.t rtetnimreqe;:lmlose

cl eavage, fol lsanchay, QMR 9058 sufeea:wp SE13 i end et Beefngkand
B!olabs, Bever 4 I's used to del ete {»#\ uences 1 n one or both

di rections G’tﬂy‘ﬁﬁ? ¥« jand & ng yith mﬂwﬂwiﬁsa
subsequent | i Formativre/of tinnune complexes is then detected by -mé€hods

WOOR6/ 11947 CT/ US95/.13023
procedure proa'uces‘:"y used dp the art(e.g .o Segon 20 ¥ gerjugated

Simlarly, st&edar ¢hromegenic enzyms or radidlabeIed Stapmyhosoécaln t wo

different tai. ' @enes, f
plrot ei ns (ca: :Pg?éé?hl meps flﬁé’gﬁ@tﬁf{d diesrcbdgl onﬁﬁ ‘gée?]@?jélr@b %éi-& n
net hod i s dcdarge numbars of tvami@m-a'-.c-ﬂms rprediced joy cEXQtSIZBy el

conbi nati ons deletdon A Y ibe® Wb L1 8 Bactdridl ¢d11s dexprésgingOd
segnents. Ar rese t|ve of, this type of chiner, the fusion o ﬂ?i?% 6,
e

i s described i n, of, dnierest are Lingkmetiholicallylabe}
proteins (Ste SE-)nethimiiﬁe,ccﬂalMed byBlptiedardt ior di AhtiFacts yasd

Covarob1 e o HEEBEEH g Ui Wil 3 thind SBEE B e
I 1S recovered by incubation. with immobilized Protein A followed
by centrifugation, after which they may be resolved by
SDS-polyacrylamide gel electrophoresis.
An alternative competitive assay for testing
whether internally deleted tail fiber proteins that do not
20 permit phage infection nonetheless retain the ability to
dimerize and associate with their appropriate partners
utilizes an in vitro, complementation system. 1) A bacterial
extract containing the modified protein of interest, as
described aboVe, is mixed with a second extract prepared from
25 cells infected with a T4 phage that is mutant in the gene of
interest. 2) After several hours of incubation, a third
extract is added that contains the wild-type version of the
protein being tested, and incubation is continued for several
additional hours. 3) Finally, the extract is titered for
30 infectious phage particles by infecting E. coli and
quantifying the phage plaques that result. A modified tail
fiber protein that is correctly dimerized and able to join
with its partners is incorporated into tail fibers in a
non-functional manner in Step 1, thereby preventing the
35 incorporation of the wild-type version of the protein in Step
2; the result is a reductjon in the titer of the resulting
phage sample. By contrast, if the modified protein is unable
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HVS174( DE3/ pLysS) can be used. Transformation with the 15 reconbi nant
plasmd (Step 2) is acconplished by standard nmet hods ( Sanbr ook, J.,

Mol ecul awo@eAm4ng, Col d Spring Harbor Laboratori es, Colp&rgNosfishasiar bor ,
NY; this is al so the source for standard reconbi nant DNA net hods used in

this invention.) Transforned bacteria are selected by virtue of their , 20

t t ' b

Wht ch gﬂﬁsﬁﬁ‘nﬂ’#‘o‘%"‘ hudl £oPbFbbbE ! oKADBIVELRerkIRs , (E°41G] OV
depends Rfh heydl wmqm%sd pintet phagecpartichesr dnesStep pr.oﬁmdelthus pl ac
th | whi ch
Cah be'r Jaq’[a?‘e‘ff S o SPLER ablend o%i"?ﬂsgf'a%ﬁfg?ﬁsé“ PaBtigeglin W 0

second f%ﬂr criter should) thus, pe-aquivalenti te thaty RNA
polyrrersaWed;Mrmmmyp&tamliﬁwdaehymrsﬁep 1 (a7 RNA

polyner22§¥§wg. é&h{€§1§$ant to rifamycin, is- ‘. encoded on the defective

| anbda sogen 1n coli 30 BL21 chronnsone T7 pol ynmerase in
BL21(DE3) is su@gnother mdimwhinhlt\ol@ost]wlgeﬁhernohhnepsaandd and is

i nduced anterefdil B Helutdd Kai fiher ﬁptﬁiﬂ?'fétsin éh&usﬁfift e to

t ransfor d bacteria 1s | ncubat ducer for a perio
hours, d \MHQﬂFQQRF%%FRrﬁ%#% %h‘@ﬁeaEPEQEFﬁBE$ Pﬂ?ﬁh@§§ is
mom { Qoedone i vidveo D ity tad gy AdéCactd €6 abPI1tPcobaghehi ehifkks are

PCT / USQS/‘P?O??]’ 6‘{)%5’9‘&’5 FRy Gompate t%?hf?mabrm%?ﬁspﬁmsdg?ﬁct ed,

for exalq!m,bllyy, msade&minmmhb Msﬁlsi:ze opfhoa ewidd-type phage Onie
0" a7 D ol A SOV i oo O o SR
This is gg sggye reoombinantly expressed. Thus, expression from
' 15 an expression vector: encoding the chimer or deleted protein
is induced inside a cell, which cell is then infected by a
wild-type phage. Inhibition of wild-type phage production
demonstrates the ability of the recombinant chimer or protein
to associate with the appropriate tail fiber proteins of the
20 phage. : '

: - The above-described methods‘are'used, alone and in
combination, in the design and production of different types
of modified tail fibér proteins. For example, a preliminary
screen of a large number of bacterial colonies for those

25 expressing a properly dimerized protein'will identify
positive colonies, which can then be indiv;dually tested by
in vitro complementation. :

' .~ Non=limiting examples of novel proteins that are
enooupassed by the present invention include:

30 1) Internally deleted gp34, 36, and 37
polypeptides (See Example 1 below),_ '

2) A c—terminally truncated gp36 fused to the N-
terminus of N-terminally truncated gp37;
3) A fusion between gp36 and gp37 in which gp37 is

35 N-terminal to gp36 (i.e., in reverse of the natural order),
termed herein "gp37-36 chimer" (See Example 2 below);

- 16 -



initially by testing whether the protein is recognized by an antlserum

specific to the mature dinerized form of the protein.

ifi ber--speci fi WQIWI18€r a ar es:;prepared as 10 described (Edgar, RP@"U%G””
|L|elau3|s |., Genetics 52: 1187, 1965; Ward et al, J. M. Biol. 54:15,
11970), Briefly, whole T4 phage are used as an i munogen; optionally, the

Fesul ti ng anti serum i )t hénfasionbbetween gp34 larsk gusfdmpahich gp3é is

thus renoving ﬁ%&ﬁ&hﬁgdt&s 4eR g digeehaid Y i (ider) ,

fiber proteins sequ er ent
antiserumare §G§EﬁﬁeberﬁéﬂvPsﬁéﬁr94wphﬁmer"dxtracts that each |ack a

palrt I ;:ul i’irftgl | fiber preyeig ngaam: &Xmlse iéinwm%r@W@@-Mﬁw”s nids
only al I per rNv ma ce

"ni ectod wi t 8 MoESERY, SheRshak, i, Jatk tha Hapaniiity, do. nteradt wigh
absor ption, th¢andsdimerdzentinstesponse tojcthe N-terminus g wia@aiypmd

di neri zed P36- Pk way be used to prepare individual
antisera that §§Zbgn|zebg‘bggeia gg&%* e., honodi nerized) P34 and P36 by

adsorbing with 25 extrac63 cbnvardnng Grfsspl37hé-ln‘ whiich ftihiee N-termHams disss

and P37, r e | ker e
purified talleiggtha Bﬁch éﬁai Ei Qﬁkhﬁ a §3botgap3g 537 @ﬂé:capiﬁﬁiﬂ€¥ to

gp35- P36- P3¥0¢ Fﬁﬁﬁtbgiﬁbs Ghses'ﬁﬁmm“PQG ﬁi%&maﬁéram%ém%ﬁid‘
anti-P36 can bexpgpdwced by 30 adsorption with P37 and gp35 Anti - P37,

anti-gp35, and anti - 4 can.also b ced d| tl usi uri f.j ed
P37, gp35, and P34 asl??rmgﬁﬁégﬂi °§n§?ﬁgu %‘at 9%“:0 ract
speC|f|c nDnocwbtheachlbtheEs byti not wﬂ&hdgbBGrethBm I flber
conmponents or segments tgere ~3651 e

Z Rusegﬁant Ny 30 3t6he§1%ﬁekq' q‘nq‘t %q'@h t%oﬁééapgcst

subunits or tail parts ar n any of

appropri at ety n°ﬁ9ﬁﬁdiﬁeﬂﬁ!éﬁe§afr°ﬂl§bﬁ yvaziantsas in Bgotéﬁﬁal(ﬂﬂliﬁﬁﬁ?"-
are (For 5-8, See Example’ 3lbelow.)

9) _A_variant "P37-36 chimer" in which the gp37
moiety is derived from the variant as in 6) above, i.e.,

"%p37-36". S . _

20 10) A variant P37-36 chimer, *P37-P36*, in which
the gp36 and gp37 moieties are derived from the variants in
7).

11) A fusion between gp36 and gp34 in which gp36

sequences are placed N-terminal to gp34, the dimer of which
25 is termed herein "P36-34 chimer";

12) Var;ants of gp35 that form average angles _
different from 137° or 158° (the native angle) e.g., less
than about 125° or more than about 145° under conditioms
ﬁheréin the wild-type gp35 protein forms an angle of 137°

30 when combined with the P34 and P36-P37 dimers, and/or exhibit
more or less flexibility'fhan the native polypeptide;

13) Variants of gp34, 35, 36 and 37 that exhibit
thermolabile interactions or other variant specific
interactions with their cognate partners; and

1 - 14) Variants of gp37 in which the C-terminal
domain of the polypeptide is modified to include sequences |
that confer specific binding properties on the entire
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screened for those expressing mature tail fiber proteins by directly

transf erggpgr1ida¢ col onies, or, alternatively, sanpl es ofpcy xﬁ?f} foh3 unl ysed
cultures, to nitrocellulose  filters, lI'ysing the bacterial S on the

filter if 5 necessary, and incubating with specific antibodi es. g
Formati o n npl ed b ho w de used in
the art g:q'f‘d;‘ﬂsgéc%nggry sg&r%q’seod‘%/é %%’ﬂ‘g%‘f %tom %vggi %ﬁeﬁ?ﬁ°€ﬁi§ﬁe or
radiol ab ngt asapences: derivedfyom Agnurkiglobul incheavyachainl arly

ful t I r by
EXO SI ZE?F‘::; ;’“, it & Wy Neing eefilifed ‘2%5?‘2%%. g

the prot njé’q ik tthaheayy chain o aoneclpnal
[err] Ssrmhhﬁ.bbdd.es fbd whideh lﬁhdirxewgﬁdmﬁ Mr m;aé;ﬁ.j_n i ncubat i on

Ymninb;{]?on%h§%b%ni%u}gua&%&% 'ﬁ(f ar%@n %P’b%f'ﬁi ¥Bﬁ' after

whi ch t hipmunpagtives seguénces tunsz;ndqgmlrgé aspedm antidvodiée) cors.

ain ??Lé?&"?‘é?%?ns . BARaT3pRCHfo witall dons ' Hiie TIGHA AladC ©

retain the Jized tojifasilitate qa QM tandiay rasgembly at e
partnges = uti I i ze:sa eUlf\i'd Wntﬂﬁ %M@f&f line bacteri al

extract onta ing t |f|ed otein of terest, descri bed above,
is ni xediﬂnvfﬂ g°§’e88ﬂ‘8 °#Q’;9 of Iaé" Aﬁ’e’c”( dheyifirst 14
phage th20 (¥-terainail) aheingelaeidbdof lmtﬁlm taid) ﬂflihar tja{ hours of
ubat i r act i e t.C t he ver5|
noubat | ned, Y i pepiieonk o e Mot Wl R 4k YT
add| ti onthenhdast. 19) (Fr#&mnatllie ami-maacids oft @ a!adand mnlnfﬁhemus
phagewapi-beéfﬁ.byrhaf e5rsRJahd G%bnan%au Fidiehl ol | e Co%li@q% » R Rgues

‘that result. i ber protel n that zed

ed tail
and abl 5288, BFnB ffﬁFPHt ?§°§&|’~Pﬁers Fs%oremmﬁft?:t éihe fibers in a
non- f uncchimekrsneonprise Sheaminot heﬁabpo&ltﬁ.b@lntimg:ﬁél&a?@d RFOrHHY ation of

{1 ot | L€, Y6750 CRpShe! QR AHBCEEHR B0 cR1TP £3pert ok, iand B an (e
nmodi f i ecapinecagidsportiipn in the range of the last 10-60 amino acids
20 from a second tail fiber protein. In_another embodiment,
each amino acid portion is at least 20 amino acids of the

tail fiber protein. The chimers comprise portions, i.e., not
full-length tail fiber proteins, fused to one another. 1In a
preferred aspect, the first tail fibér“pfbtéin pbrtién of the

25 chimer is from gp37, and the second tail fiber protein
portion is from gp36. Such a chiner (gp37-36 chimer), after
oliganprization to form P37-36, can polymerize to other
identieal oligomers. A gp36-34 chimer, after oligomerization
to forn P36-34, can bind to gp35, and’ this unit can then

30 polymerize. In another embodiment, the first portion is from
gp37, and the second portion is from gp34. In a preferred
aspect, the chimers of the invention are made'by insertions
or deletions within a § turn of the B structure of the tail
fiber proteins. Most preferably, insertions into a tail

35 fiber sequence, or fusing to another tail fiber protein
sequence, (preferably via manipulation at the recombinant DNA
level to produce the desired encoded protein) is done so that

- 18 -
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PCT/ US95/ 1302 dimerize and thus form proper N and/or

w.ll - not bﬁ%ﬂ%ﬁ’%f ated into phage particles in step 1, and F%gw’
not conpete with assenbly of-“intact phage particles“in Step 2; the phage

titer,should thus be equi,val ent to that 5 observed when no nDdlfled
protein i s add8eANANSes, in @, turnsyon the #aneedge of the f-sheebtake way

in which to tegbin@aiher chiners and internally deleted tail fiber
proteins retain the abil |ze and associate with their
appropriate partners is ;ﬂyﬁﬁaéq Qﬁﬁiﬂ?ﬁﬁﬁ ikeq ohimexs, ity of

such chiners naaoétutubtmqomt mhes memrm can tdlsm@&ipﬂmetm t 51 e

fhe same hosp BEPLETR"Ge1dt 18l Horbeincts Sle land Wrfiiiq at e and,
recombi nantly exgresdre. 18 vhing emesdsion dr cartoxr aqﬂe@sﬁ @tvmn 5 or
encodi ng the chpmamifb leigrsgddgr ﬁy%eo pehd‘ﬁé ndlrﬁ?%? e di.unm& at

cell is then i

g&ecte by

phage producti BHBF§FP&P8§rtﬁb9émqu yngated e&Rﬂﬂmrﬂ?ﬂ4xﬂ9#m9P%ﬁ:

pLot ein to eaaODe_all_?]xﬁew th F'(?Qpﬂpﬁr Qﬂﬂoﬁ&dc’ﬁh hdrd,| kindy, Oltdiid& 0‘; the 20

phage. e escr,l met.,hods are use one and i.n

conbi nat i on9; ﬁ“?ﬁ?&ggtaﬁ ¥ ¥ q‘(ﬂmp% m N oSYRHi £ ed

tail fiber pr omeileculesopreferpbay zomprlise @afragmentr afh aftadl dideer :

nunber of baCtﬁi-bﬁE?.ﬁthBk%gf gk 1033t e el 1 2dy Y60’ iR | 200
ich cdn “tHen

protein will identi posrtive col onies e 1 ndividual ly

tested by FeFPiﬂélcéﬂﬁﬂenéﬁﬁéﬁkon - Non-liniting exanples
of novel proteins that arp ordefCeoPehatdedthedegti ¥t the Hdd bonpdnEiit

15 proteins as desired, portions of the same or different tail
fiber proteins can be inserted into a tail fiber chimer to
lengthen the rod, or be deleted from a chimer, to shorten the
rod.

Expression of the proteins of the present invention
in E. coli as described above results in the synthesis of
large quantities of protein, and allows the simultaneous
expression and assembly of different components in the same

25 cells. The methods for scale-up of recombinant protein _
production are straightforward and widely known in the art,
" and many standard protocols can be used to recover native and
modified tail fiber proteins from a bacterial culture.

In a preferred embodiment, native (nonrecomblnant)

30 gp35 is isolated for use by growing up a bacterzophage T4
having an amber mutatien in gene 36, in a su°® bacterial
strain (not an amber suppressor), and isolating gp35 from the
resulting culture by standard methods.

| P34, P36-P37, P37, and chimers derived from them

3s ere'purified from E. coli cultures as mature dimers. Gp35 and
variants thereof are purified as monomers. Purification is
achieved by the following procedures or combinations thereof,

- 19 -



30 | 1) Internally deleted gp34, 36, and 37 pol ypepti des (See

Exanpl e 1 bel ow); 2) A Ctermnally truncated gp36 fused to
the N woogogps of N-terminally truncated gp37, usosizeds | f usr -0Nn
bet ween gp36 and gp37 in which gp37 is 35 NNtermnal to gpgg F?

_ reverse of the natural order), ter med herein gp37 36 chi nmer " (See

WO 96/ 11947

(0]
PCT/ Usgsﬁ‘fggbs%‘“d‘m methods; A ﬂrrm%qm:gp%m moleSREAT i 1 whi ch
tgp36 hshs omer.erlpngaxcholriggmamd/or hiydraphobsic giatiicen; uralgpggdler])\m' o
erne e
e S S B
W th i’n
t er nedshantiboddescdr; other s ocifi&bi&:di@iq A4 iéH)37 For Véi

N-t f,or cks the C abrlrty
to 10 | nEipoSrtarRihAl eRadn, o BRI &, S0, o pons Heznery fﬁ’
"*p37": of E. coli B.7) mmmsm@mgmma@bzmanmuﬁm

ith h t riant
WIP37 ggcgﬁﬁaneﬁthebu&ﬁii Mﬁkh&%@ﬁ; nol g"tsy slusch dé’r‘. ormé‘ﬁég variant as
in 5), iPpEoteipg7. Ajternati v.5 thec proteings hays chegn engineered )
A variento” Bic1ifeChiterolbgous abnhliﬁsgmt actiad mg% igged from the

3 A
\I;gr7l ggt cﬁiﬂé&‘gl ngeF’BGthel ﬁ’%?&ﬁ Parttner &12§6 mhj&#%r% |ae§y%|tJ:§iant

deri ved matrizhandaused: ni affinity purification. For example, such
a heterologous domain can be biotin, which binds to a - ('
'streptavidin-coated solid phase. '
1s Alternatively, several components are co-expressed
- in the same bacterial cells, and sub-assemhlies of larger
' nanostructures are purified subsequent to limited in vivo
assembly, using the methods enumerated above.

_ The purified components are then combined in vitro

20 under conditions where assembly of the desired nanostructure

- occurs at temperatures between about 4°c and ahout 37°C, and
at pHs between about 5 and about 9. For a given
nanostructure, optimal conditions for assembly (i.e., type
and concentration of salts and metal ions) are easily _

25 determined by routine experimentation, such as by changing
each variable individually and monitoring formation of the
appropriate~products.

; Alternatively, one or more crude bacterial extracts
may be- prepared, mixed, “and assembly reactions allowed to

30 proceed prior to purification.

In some cases, one or more purified components
assemble spontaneously into the desired structure, without
the necessity for initiators.' In other cases; an initiator
is required to nucleate the polymerization of rods or sheets.

35 This offers the advantage of localizing the assembly process

- (1.e., if the initiator is immobilized or otherwise

' localized) and of regulating the dimensions of the final



7). 11) A fusion between gp36 and gp34 in which gp36
sequences are placed N-terminal to gp34, the dinmer of which 25 is terned

herein " P36- WOG(11347 " ; _ 12) Vari.ants of gp35 that PCAYRMSNM{ge
angl es different from 137[‘err] or 158[err] (the+hative angle) e.g., |less
than about 125[err] or nore than about 145 under conditions wherein the

wild-type gp3stpunttrire f orFor cxauple, ctod&?émor}eﬂﬂsvmantceohtaﬁﬂ aith the

nati ve. pol ypetanneio ¥ ¥-Eetiils rdiifrdla Alctifial py)inibapyifts
exhi bi t th&mdlldlﬁil&!‘-ﬁ ad formation stmhmcamccm:fthus. altering
interactions W'fél@ﬁif&%\ﬁt@adf r!f‘:if‘?iﬁﬁsk%rird rod comp d\?l 1 ntS of

gp37 in which the C-termnal domai n ypeptid
i ncl ude seqﬁeﬁé@“"‘%éﬁ"%(ﬂﬁ%ﬁaﬁ&ﬂﬂmtﬂ OF% PR ’c'? esI%nt’(’ﬁer!FiPr is
- 17 - n, e /avidrage rod will be approxinately

PCT/ US95/ 1302 ecgil.e . e. g. e erived fromavidin that
recogni ze 3?3??3,%‘63%&%‘?%? \gj %?rﬁ‘m& Whul i n heavy chain

t hat recogni ze St aphyl od’m:caim p:thu' reamweumasfﬂml vmanostifucturaecisdab

portion of th ’m{zl |¥ ébaﬁt? ixﬁh&‘@ &§1£h§é£emb1e
respective Fab chaln “counter par cou

anti gen- bi 4 dé"tiéuallz mmx@mmaimmmm z@tlwee. IR
anti bodi es, Olthis RIS | it ddnut ¢&£&59h¢%l T&@ﬁebélgeaeé

d
Irrﬁyspecr)fl 1: l I rz?gr“"tseo tﬁa{gi;ﬁ%ggur I‘E#}?‘Eelg ‘f%?f'i%‘ig!pl%\%"%“ﬁ%rﬁ%ﬁ
consi sting ofEuaﬁpmeﬂsalheraw:m 10 (N-terminal) amno acids of a first
tail fiber protein  fyjad Uif St red i d fadbd 4 ' Qled Ot hdP DS’
15 desirable to remove the polymerized unit from the matrix
after staged assembly. For this purpose specialized
initiators are engineered so that the interaction with the
first rod component is rendered reversibly thermolabile (see
Example 5 below). In this way, the polymer can be easily
20 separated from the matrix-bound initiator, thereby
permitting: 1) easy preparation of stock solutions of uniform
parts or subassemblies, and 2) re-use of the matrix-bound
initiator for multiple cycles of polymer initiation, growth,
and release. '
25 In an embodiment in which a nanostructure is
assembled that is attached to a solid matrix via gp34 (or
P34), one way in which to detach the nanostructure to bring
it into solution is to use a mutant (thermolabile) gp34 that
can be made to detach upon exposure to a higher temperature
30 (e.g., 40°C). Such a mutant gp34, termed T4 tsB45, having a
mutation at its C-terminal end such that P34 attaches to the
distal tail fiber half at 30°C but can be separated from it
in vitro by incubation at 40°C in the presence of 1% SDS '
(unlike wild-type T4 which are stable under these _
35 conditions), has been reported (Seed, 1980, Studies of the
Bacteriophage T4 Proximal Half Tail Fiber, Ph.D. Thesis,
California Institute of Technology), and can be used.
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the last 10 (C-termnal) am no acids of a second tail fiber 15 protein.
The first and second tail fiber proteins can be the sane or different

pr ot ei nswo 9meanot her enbodi nent, the chi mers conpri se pgiusddisezci d -
portion in the range of the first 10-60 am no acids froma tail fiber

protein fused to an am no acid portion in the range of the last 10-60,

ds 20 f h
each am o aci d porEertd il cdofivil ¥k leolhaBigh 160 SHEPILET
pr ot ei n. (lpwesthenargydogiakie pﬁﬁQ@QﬁF}-’Y (2%), styuctureyof prekeins, |
fiber prar@ eallled Lhaperdife PrEtWins. 'n(@ften é‘éﬁééf&'ifipfﬁt the first

tail fiber prqtein on of. it he 25 chj ner, ro. p37, and the second
tail fi bgll"&"g'(’é' Yot eﬂd’ﬁ'l Fhis; stahd i°"S ﬁﬁ&ﬁ
Cgl mer B, s&rueture,ole.ganeEtaixizdtidm ot w‘]ﬁ‘tﬁ pahg;ngrl ze tof ot her
i denti ca ne at to, form
- P36- 34, gg%egg%ﬁo% &&?%ﬁﬁéﬁm a{‘;ﬁé{ ‘bjoﬁl %?’ei ee% anot her
embodi meNormaddyr ichaperoningn preventnintrashainimr tintexchain portion is
“from gp3 iBHﬁ ﬁﬁbd e made
by mserif‘gﬁgﬂd g‘t‘ailor‘lﬂs?‘ﬁ\;ﬁa I'n “‘%ueer'ﬁigturn éﬁ.é{&%@?qésmc ure of
‘the tail ptmrgn tHan delay) proper (foldingy o there |arsg

fi ber 19e¢wonkaowdy abam Q{s,t JpsT i ﬁ\lA elih théequence

dggleI 2;618‘8%8# a_nani %ulﬁ?t L@n g:atﬁameq:asntwh h are sometf é)r oduce the-

18 - calleuochapemins because they are essential for proper

PCT/ US95 t (
adf0Z3eion SRUUGL°Frdebi Glidaieks Wt g HEL FGRge R |

[err]-sheet are
chi ners, the finad: Fmeﬂ the invention can al so conprise tail fiber 5

proteas deletion cepet usual Chape¥ohin ‘systd! @:N° JFUERL/ES)
interact with certain oligopeptide moietiés of the gene
product to prevent unwanted interactions with oligopeptide
moieties elsewhere on the same polypeptide or another
peptide. These would form metastable folding intermediates

20 which retard or prevent proper foldinq of the polypeptide to

. its native (lower energy) state.

- Gp57, probably in conjunction with some membrane
protein(s), has the role of juxtaposing ' (and aligning) and/or
initiating the folding of 2 or 3 identical gp37 molecules.

25 The aligned peptides then zip up (while mutually stabilizing
their nascent B-struotures) to form a beam, without further
interaction with gp57. GpS57 gcts in T4 assembly not only for
oligomerization of gp37 but also for gp34 and gpl2.

Alternatively to starting the polymerization of
chimers with the use of a preformed chimeric or natural
oligomeric unit called an initiator produced in vivo,
molecules (preferably peptides) that can self-assemble can be

35 produced as fusion proteins, fused to the N- or C-terminus of
tail fiber variants of the invention (chimers,
deletion/insertion constructs) to align their ends and thus



e.g., are lacking an am no- or carboxy- end (of at least 5 or 10 am no

aci ds) of theﬁgg@(i%w Such nol ecul es truncated at- the' ripgt,ﬁédg}l%ﬁ

e.g., 'of trun gp34, or gp36, can be used to "cap"
nanostructure, since, once 10°i ncorporated, they will term nate
pol yneri zation, Such nol ecul es preferably conprise a fragnent of a tall'
fiber prot et@ facklitake FB&SF sHbsequent) ynaided, fodding dnto ternina

am no aCLdiS oligoneric,dhﬁabléeﬁ-fagabanQ&FF?%khﬁ QkhmgfgﬁﬁydWlﬁ ﬁ;tﬁo'
conponen P{Q s _desir ortions,o0 e.sa | ent_ta
fiber protelns ﬁh ‘sﬁEBFFeB ﬁ1V|EEF“éﬁFﬁ§#%ﬁE %éh

rod, or be del ¢eed. trgpﬁa)candehpstocendrmeubthae pro@&;ns.zo ASSENBLY CF

| NDI VI DUAL RgD COVPONENTg! MEO; W@@IWHREEonsiFe PRI Iaqgﬁ aq{

the proteins of the Eresent I'nventi on escrlbe

resul ts in theldihintersofigp37+asgoligomerization pndt@pﬂymgmiagﬂinm>the

si mul t aneous Noﬁi&lﬁ?s@ﬁoﬁaﬂ Qéiaﬂbyoff 37 eochl P39 THNI¢Iator HddfuiTUE
25 cells. The nethods gor S reconbi nant. protein production are

o untt or ward BIESS; HRPSSERG. LA RAUBEARS . and, BuR, hARETaRS PHALRITE o
can be used togp3goand gps7ve Inda prefdrieddemboldimeht, the tedd formgp3s

(nonr econbi FerEAf pe abinted by fed BE-arbERcIAc kidys 18 dnicanion
T4  having arp&n’bereqﬁduesOnusb downstteamnof thpctrpngition zione off gp37)
(not an anber gupEk esppresss g&ﬂéasbngggagg W gmtﬁeﬁd &aﬁ%&lﬂi & Vezm

by standard net hods a | mers

from them 35 FEOWEREF; 4994 on'EongTaid FibeEs:Gengsur Bratedns, ¢35 and
variants therestrﬁﬁeugu;|£ncdaa§eﬁnm9nnr§n ﬁglgtiggthﬂggggx_gghleved by
thigf?llomnfp [OF&alL _ ?blgatlgnsxgggﬁ?o itor) American SOclety_for

'Microbiology, Washington, D.C., pp 282-290). If a moiety
that self-assembles into a dimer or trimer or other oligomer
("self-assembling moiety®) is fused to a C-terminal deletion
of gp37 downstream or upstream of the transition region [the
20 transition region is a conserved 17 amino acid residue region
in T4-like tail fiber proteins where the structure of the
protein narrows to a thin fiber; see Henning et al., 1994,
"Receptor recogniﬁion by T-even-type coliphages," in
Molecular Biology of Bacterjophage T4, Karam (ed.), American
25 Society for Microbiology, Washington, D.C., pp. 291-298; Wood
et al., 1994, "Long tail fibers: Genes, protelns, structure,
and assembly," in Mmmgguuﬁgtg:mhﬂss_u
Karam (ed.), American 80ciety for Microbiology, Washlngton,
D.C., pp. 282-290], when it is expressed, the self-assembling
3o'moiety will oligomerize in parallel and thus align the fused
gp37 peptides, permitting them to fold in vitro, in the
absence of bther chapéronin proteins.
If P37 is a dimer (Figure 83), the'self-assembling
moiety can be a self dimerizing peptide such as the leucine
35 zipper, made from residues 250-281 from the yeast
transcription factor, GCN4 (E.K. O'Shea, R.Rutkowski and P.S.
Kin, Science'243:538, 1989) or the self dimerizinq mutant
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standard net hods: 1) chronmat ography on nol ecul ar si eve, ion- exchange
and/ or hyssalieyy c matrices; 2) preparative ultracentrig and -3)
affinity chr omat ogr aphy, using as the.inmobilized |igan speC| | c

anti bodi es or other specific binding nnletles For exanpl e, the

- C-term na : ccharide . . coli B.
Ct her T4- *’ ggfghag épgg ngggagﬁangu ﬁa (ﬂ%‘l%l ar&irface
conponent subst tuted withr ilsxeucipeoaadn theAd posdttiionsy wiith tleacpiras ei ns
have been(gagbé: rpd310 0 ZRahyJephet ekIOARES 'Idoﬁ‘i?@% t rﬁt”acta as |igands

or bi nd| t he . €09 natg par.t ner |s I-mrobi sol'ld

matrix arﬁ"ﬂg%'a Pﬁ ‘&F?Fn??’?"pum?&atn and Fpyr-stxamded Qg;*led Gpils
het er ol ®ghwscCheBLEuctiebEippeti Rutahtsh Boidace) 262:1%012A447)di nggoat ed

solid ph na ely. several ents
co- expfegfe"{j is ?ntﬂﬂega %&f?eb#ﬁ %’EPI igﬁﬁ ?&%ig'gﬂwﬂq%éyof’q’hrger
nanost r uR@r&sself ‘pninérédiaquut}antt leuctinei zdpper peptide,apIdiiny,

using th algo L onponent s
are thene%o ned I n V|tro % g er conastloﬁss\'fvﬁz?gtggggn%’ﬁ&hof the -
desi red n%ﬂ&? ‘En%l‘%r@“rbmu?SBat etnpds adbid} . beAlbernatdvely,emr | C and

ﬁgﬁgt tiﬂ[ccfﬁxriéﬁeﬂrﬁaptiggngkﬁ bﬁtuﬁea aBOﬁhe5saEQ-abQuhb§in50£nofie§yVe“ |

structu

concent r AYBh ﬁpé‘ég?sdﬁﬁﬁr#é?al gYoﬁ?}ilﬁr@teairl >(‘7255&3119r' nMne&akPirout i ne

exper i merB atBrodsky cindsH (. chergang 199eaCbry§taabhﬁdl Mdlecduarl y and _
noni t ori 0Qe O

~ Alternati ve{ y,%ée %? %Dééf%?%ﬁgggggge#%ﬁl ggcﬁ.gi Rﬁﬁﬁlﬂeim‘epar ed,

ni xed, arfiFkenesb|2261%t8bhs whichesels amignecbydapr insertedurification.

In sorgs £889NéR f@ééaﬂi'ﬁ?fiufﬁnfﬂapﬁaéfaﬁe nedzSEHB! gepgal ancous'y

into the desired structure e necessity tor. |n|t|ators
other cases, an inif9ktoassembl ?%q'ﬂ?i%ﬁ’-?ﬁ fan| ket usedctgonpker i zat | on of

rods or direkttiatd¥s Mo p&ipﬁerimwmnmgehefabeaabezwgthaenasﬁarol y
process  jnididtors’ ti%%'é&éﬁ&i&[ tg Ry é'5699n9£1a£33r¥%
_oligomerization and polymerization of the chimeric monomer,
20 gp37-36, gp37-36-c, can be used as illustrated in Figure 9.
(C; means that a dimer forming peptide is fused to the
C-terminus of the gp36 moiety.' This is used if the beam is a
dimeric structure. otherWise c,-w'a trimer forming peptide
| fused to the c-terminus --'would be used ) Furthermore, use
25_of the E. coli lac repressor N—terminus, e. g., which
associates as a tetramer,.with two coils facing 1n each
direction could join two dimers (or polymers of dimers) end
~ to end, either at. their N- or C-termini depending upon which
_ end the self-assembling peptides were placed. They could
30 also join N- to C- termini.: In any case, alone, they could
only form a dimer, each end of which would be extensible by
adding an appropriate chimer monomer (as shown for the
simpler case in Figure 9).,_
In an alternative embodiment, the self-assembling
35 moiety can be fused to the N-termini of the chimer. In a
specific embodiment, the self-assembling m01ety is fused to



| ocal i zed) and of regul ating the d| mensi ons of the final

- 20 - WO 96/ 11947

IPCT/ US95/ 130WP 96/1194% r ucture. For exanple, rod conponents t haPCHESSHAI3A

'f unctional P36 C-term nus réqw re a functional P37 N-terninus toinitiate
,rod formation stoichionetrically; thus, altering the rel ati ve amount of
initiator andatolieastpandot aminb acid m‘dmﬂmedfhe Devre-ligttail fiber
polynmer. If tBe £@§h0 iS n, the average rod will be approximtely
(P37-36)n-- N erm nus P37-P37 C-term nus. In still other

cases, the final nanostAuSedfcapsemblingrawietyr that @sseanhlesrintiem s

that cannot ssh{-.eaangbharleahndubdw hsedl! ¥ xanfp@) Mk i on wi th each
other. In s Si

51 ,on, .alterna cy.cl es of assenbly can be staged
to produce ?lﬂ% PEiERELOD; between, ‘g'éf ecked, Ry (é@e surface 9% &p
l(:j)el ow. I)I dimeric ﬁhessaﬂ sopgace), Zaddimibrﬁw a memd:dnn]gem thﬁltlg
esirable to v tr ter stage
assenbl y. For&?ﬁﬂsgrﬁ%rgggghéggébi?ﬂ §§ets Hoﬂ:%@? sr‘é"t&?&aneered sg t hat
the interactipelymenization wonidd bedverypuseful o cagerthe penuldiixate
therrmol abil e \(uife an?EiEﬁHB' 'Ee?ﬂﬁh’e&() gnb@iia‘@bn t h&fpg%z@%’ %I 13

easily 20 separ rom t ematrlxb ator, ther

1) easy pr%ﬁa‘?ﬁﬁ-ﬁﬁ segiopscofothe GSQ-fO‘PSGM a@rre mich more
subassenbl i esattpfictivectoseach bbhefbthat ieu Itﬁemsémlets attilerd @11MY1 itHe

I f I tLat I
C e o PO AT Rheh "V A3 b8! neEhRratners. " buch T3 tne’ 2ase gor. thay" o
solid matrix N+terpirnalodun aRd@4Fosoleucdne zipperhriegidmsach the

(eher ot oy | g&gpg;i N9 a rhbthBtad0hHithge &b Ack RetePiAlleric units is

€ ability to stage polymerization and thus build one unit
(or one surface in a 2D array) at a time. For example,

' suppose surface A attaches to B but neither attaches to
itself ([A<->B] is used to symbolize this type of
interaction). Mix A/A and B/B, (B, is attached to a matrix

20 for easy purification). This will form B,/B-A/A. Now wash
out A/A and add B/B. The construct is now B,/B~A/A-B/B. Now
add A/A,. The construct is now B,/B-A/A-B/B-A/A, and no more
beams can be added. There are of course many other
possibilities.

a5 _
APPLICATIONS

: The uses of the nanostructures of the present
invention are manifold and include applications that require
highly regular, well-defined arrays of fibers, cages, or '

30 solids, which. may include specific attachment sites that
allow them to associate with other materials. '

In one embodiment, a three-dimensional hexagorial
arr_ay' of tubes is used as a molecular sieve or filter,
providing regular vertical pores of precise diameter for

35 selective separation of particles by size. Such filters can
be used for sterilization of solutions (i.e., to remove
microorganisms or viruses), or as a series of

-'25-



can be made to detach upon exposure to a higher tenperature 30 (e.g.,
40[err]C). Such a nmutant gp34, ternmed T4 tsB45, having a mutation at its
C termywgleggigdysuch that P34 attaches to the distal taigerngdgsqsgagl f at
30[err] C but can be separated fromit “-in vitro by incubation at 40[err]C
in the presence of 1% SDS (unlike wild-type T4 which are stabl e under

Baotor i BRI glE oRE e L PRI EEReL OR thIR aBe, BB, Probiin,
| nsti t utcompgonants dHRhe pores maycbeseddified so as to provide

- 21 -
PCT/ USOS] 1??01{31%'%&6@%’”%%“& -@p Bvdrophilicity pr .

corr ect hydnorhghicidie, Ahility &0 s%d%l’?c it Grliywﬁucﬁﬁpe)ef prot ei ns
are c@ |aawbnghames qmamamof t‘.ﬁé esescmitiatmon aeveee! 3 Bhat €i ns,

of [orr P Y fndadied "k Bigles asd he hisnedbe B Ratzikcti on

W th [eunﬂﬁwﬁllces) hbrnally chaper oni ns prevent |ntracha|n or

i nt erchain i nt ey, 6%&% r HaL t oIdlng
I nt er medi at es and preve or delay ropg BQH§d° g8 g?ggggz ?gbgﬁ% known
'accessoFF‘p@&ﬂQ &er gpouiple, tinto pmnsphegeqeneatoorT4 phage t ai
fibeny mlafdtiai amat} Imfacﬁ&é%%m&almamca&eeaahewr e essenti al
for prope naturat n of the protein oligoners but are not present in
the fin : The usual chaperonin system (e.g.,
groEL/ES) |ntemnnswﬁ111anothar1eﬁhqﬁiuﬁnt;kﬂﬂﬁfatenc of the gene (
pr oduct :&%ﬁ%ﬁ!ﬁ. qpvﬂq{, h Leties _
el sewhel e Oh THe SammE po (ﬂéﬁ fﬁﬁ*é§ﬁh¥é§ iﬁ%%gﬁﬁﬁgé gﬁ?hggggﬁﬁu?ﬁ form
met ast algndifplcpuntens aagkexs wHinithis cvase; preimpleproper fol ding

of the Re1ReAlinked Antibody reaction (such as those commercially
available in kits) is used to verify the origin of the
material. Alternatively, such nanostructure arrays could
bind dyes or other substances, either hefore or after
incorporation to color the paper or fabrics or modify their
20 appearance or properties in other ways.

KIT8
The invention also provides kits for making
nanostructures, comprising in one or more containers the
25 chimers and deletion constructs of the invention. For
example, one such kit comprises in one or more containers
purified gp35 and purified gp36-34 chimer. Another such kit
compriaas purified gp37-36 chimer. S .
The following examples are intended to illustrate
30 the present invention without ‘limiting its scope.

In the examples below, all restriction enzymes,
nucleases, ligases, etc. are commercially available from
numerous commercial sources, such as New England Biolabs
(NEB), Beverly, MA; Life Technologies (GIBCO-BRL),

3s-Gaithersburg, MD; and Boehringer Mannheim Corp. (BMC) ,
Indianapolis, IN. ' ' "
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Its native (Iomer energy) state. Gp57, probably in conjunction
with sonme nmenbra protein(s), has the role of juxtaposing (and

al i gning) andW@r"’m"q nitiating the folding of 2 or 3 identical Hff4sos13023
nol ecul es. 25 The aligned peptides then zip up (whie nutually stab|I|2|ng
their nascent [err]-structures) to forma beam wi thout further

interaction with gp57 Gp57 acts in T4 aiiilih!itn onIy for

ol i.goneri zat i ogpeAtafD3 - : " . : L oSl

=

COVPONENTS FOR - VBLY U .=ﬁ.‘ N - ' : '
to starting the poIyner|¥5§|%ﬁ"ﬁfen°9ﬁiﬁiripﬁﬂtﬁ°PﬁéiB§etUP &iﬁﬁéfgpﬁéﬁhe
chimeric or nafegtarictidn oenzyn 1t1£altnd ﬁmrsﬂlblaheagaraéuﬁgéi wirter

e Tusi on prboMe b'ﬁﬁ!@é%ﬂ the B pesond, nrRRE BRciephiadraile’ (Fneir <

of the inventinucledtides, arednumberedi fromt the inmtﬁahors)ethlahdga bbdbn

ends and thus
PCT/ US95/ 13025'"'G ) T %1%1 I |%%?St%|°1%| ?fsublsne‘augﬁ WhED degc?d[igg\g églant 0
oligoneric, stBEAEL .[ere:}ci%iq@dof othej knterveningnfragnent; (nucleotidese

absence of thegr nBidy) riﬁd'f&dlf&i"éféﬁ“bf eaatsv “ind ge. ﬂragﬂaﬁﬁ éaﬂults
host cell nenb xiiwf [ ustration, :consi der _t he
t

P37 unit as*® tb?"g%ﬁBGiBFFEBﬁL;YZQ?;BﬁaﬁnEPaBP yﬁEFiiS&PFGﬁ
Normal I'y, pro@a®370lih nghiéh geginine-987isnjbinéarwithuserine-aophage

I nfected cell nenbrane, and two chaperone proteins, gp38 and gp57. In a
preferred enbodi nent, the need for gp38 10 can be obvi ated by use of a

mut ati on, ts3813 (a ®he inestumictionfdigestioncseactiononistcontaibnst he

transition zone of gp37)gp37 plasmid DNA (1 pg/pl) 2p1
15 NEB buffer #2 (10X) C1pl

RO 6ul

Bgl II (10 U/ul) 141

_ The gp37 plasmid signifies a pPT7-5 plasmid into which gene 37

20 has been inserted in the multiple cloning site, downstream of
a good ribosome binding site and of gene 57 to chaperon the
dimerization. The reaction is incubated for 1h at 37°C.
Then, 89 ul of T4 DNA ligase buffer and 1 ul of T4 DNA ligase
are added, and the reaction is continued at 16°C for 4 hours.

25 2 ul of the Stu I restriction enzyme are then added, and
incubation continued at 37°C for 1h. (The Stu I restriction
enzyme digests residual plasmids that were not cut by Bgl II
in the first'step,'reduCing their transformability by about
100~fold.) .

30 The reaction mixture is then transformed into E.
coli strain BL21, obtained from Novagen, using standard
procedures. The transformatlon mixture is plated onto
nutrient agar contalnlng 100 ug/ml amp1c1111n, and the plates
are incubated overnight at 37°cC.

3as _ Colonies that appear after overnight incubation are
picked, and plasmid DNA is extracted and digested with Bgl II
as above. The restriction digests are resolved on 1% agarose
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whi ch suppresses gene 38 (Wod, WB., F.A Eiserling and R A Cr ow her,
1994, "Long Tail Fibers: Cenes, Proteins, Structure, and Assenbly," in

- Mol ecul aywoeahie@y of 15 Bacteriophage T4, (Jim D. Karam E!‘Hrﬁ BB i can
Soci ety for M crobi ol ogy, Washington;. D.C., pp 282-290) a noiety

that self-assenbles into a dinmer or trinmer or ot her ol i gomer

ooetl 25! | 10 Jlaleul SdtSEELD 48 FRLBARLER, nOSKRE! QhoparBhofs)
is a conmﬂmm Sientrophbresisief reguem DNA | flra'gmenteofaaLZf kbp;, :

t t b
F%gnslng/z %aaal %%?é;:g L{il:\gg%get%%eco ni t%&gﬁﬁéﬁiiggfgégil ggéess

Soci et 5 fldgadiombi aheg. Mﬂ&fp MNDNErddnent Nbourdéd 28y B&‘Q!ﬂ sités #h .

%/glggcu'lt b@ﬁ;qﬁerg}ﬂﬁ] Sg&%qeé’psi Stl&#u‘:t#%ﬂﬁid %arﬁ ieSolnyety f or |

M cr obi ollld.@p,inminalgfhhe gel.D C., pp 282-290], when it is expressed, the

sel f-assenbl i ng 30 er m%’tl ng iz&# Ehng&iféé&b agfle{__fyﬁegy gn the

fused p37 pept| absence
of other rped into E- coli |gtymin | %L%llﬂi’ﬁ%)-(Fl gure 8A),

the sqlof mwflaﬁmu e gl ate 305 dntdi i | dén@PEY gﬁwa%lf The he

| euci ne 35 er de from resi dues 250-281 fromthe eas
transcri ﬁﬁlé'ﬂ%i%a Lo\ Lﬁﬁ]é’é‘em addeqd, k& Ki m
SCI ence Wraﬂ%@o) of a.he meldncﬂl:mculi’amrmﬂ@r&ontinued at 30°C

PCT/ U595ff§o§? V\Qt%lggac c’&lt&ﬁerctﬁe%?fe a’iﬁ L@#lﬁﬁ c?f‘t’n%ea p%% ‘H’ons a!e
subst i t uPEd tier FulEmre disn&heni nemoved @nid iaddeditd 2@ucl nef a(Harbury
P.B., 13 t482281aP concéntratdd’ "cAlaiing Ferét" containing 1% sodium
dodecyl sulfate, glycerol, and tracking dye. 15 ul of this
solution are loaded onto a 10% polyacrylamide gel; a second
aliquot of 15 ul is first incubated in a boiling water bath
for 3 min and then loaded on the same gel. After
20 electrophoresis, the gel is fixed and stained. Expression of
" the deleted gp37 is evidenced by the appearance of a protein
species ‘migrating at an apparent molecular mass of 65-70,000
daltons in the boiled sample.' The extent of dimerization is
suggested by the intensity of higher-molecular mass species
25 in the unboiled sampile and/or by the disappearance of the
65-70,000 dalton protein band. :

The ability of the ‘deleted polypeptide to dimerize
appropriately is directly evaluated by testing its ability to
be recognized by an anti-P37 antiserum that reacts only with

30 mature P37 dimers, using a standard protein immunoblotting
procedure. '

An alternative assay for functional. dimerization of
the deleted P37 polypeptide (also referred to as AP37) is its
ability to complement in vuvo a T4 37 phage, by first

35'indu_cing expression of the AP37 and then infecting with the
T4 mutant, and detecting progeny phage.
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Swi tch Between Two-, Three-, and Four-Stranded Coil ed Coils 5in GC\4
Leuci ne Zi pper Mutants. Science,, 262: 1401-1407). |If P37 is a triner

\(Fi gure 8B), Fﬂ%9§EPf7assenbllng moi ety can . be a self trimeri BEHYSIAS8H
| euci ne zi pper peptide, pll- whi ch both the a and d positions are

isubstituted with |soleu0|ne (Harbury P.B., et al. ibid). Alternatively,
la 10 col |l agen peptide cal ld?i?smaasmw fasam:ih@# rabeNe, andsfounds

that descri bed I t dsky and H M
Ber man. 1994. 5%3?216 %f qﬂp&?&}]e&ﬁqé % ructur e%@?qg &% gen- Li ke Pepti de
at 1. 9A Resol ution. Sci ence, 226:75-81), which self aligns by an

i nserted 15 specific non repeating al ani ne _resi due near the center.

Sel f - assenbl i_ng ni eti es can be used to n!!ﬁ“zﬁl+ﬁ|t|ators for

polynerlzatlgns i DERETEN) ToNESTRICTTON 2 g ; : ;

chi ﬁéf?&eniﬂo%“ Z‘B‘”gp:eﬁfa %“%J@Mb@ gﬁgﬁ%ﬁéﬁz@% #%‘ one

Fi 9 gers

e o i T il it
r used to t

structure. W se rinmer fform ng pepti

C-termnus -- gﬂét@ge&i)u!:lﬂ%é'r%ré' igh delefes fhe e‘t‘b‘ﬁ’r‘e |3t region
repressor N‘webm Gp37 ONA doihistirean T Hicldttidte a?Z@tﬁ&fﬁ{e :W tedmbnus,

coils facing in directi | d t wQ rs rs of,
Grers) ond” | Spg aigo semeved,theah qud st QIS AN ‘cRh e et hine,
end the sel f - ateenbcleptidet i3des Wwihhe [zieam:ion deagtuml:ds miamqbltb Nehat
to G termni C35e E th

end of which mu%?frgg’\égxtq%nsf%l@% ol %ﬁ“ an appr opr| a gl%smnﬁgérhe%
(as shown for igeused, nandr témsnaym giméia@III- quation uysing T4 DNA
alternativel ”@Qéh&&nt bacter3ahl 13T rndt ith ,Rnd et R {15 Sthd yd i@

N-ternini of the chimer. 1In a speci fic enh nbodi ment, the self-assend]ip
noi ety is fuse8Ffoalso performed as in Example 1. In this case, excisi

of the central portion of the gene 37-36 insert and
religation reveals a novel insert of 346 in-frame codons,
which is cut only once by HaeIII (after nucleotide 725). The
resulting construct is then expressed in E. coli BL21(DE3) as
- described in Example 1. '

Successful expression of the gp37-36 chimer is
evidenced by the appearance of a protein product of about
35,000 daltons. This protein will have the first 242
.N-terminal amino acids of gp37 fused to the final 104
C-terminal amino acids of gp36 (numbered 118-221.) The
utility of this chimer‘depends upon its ability to dimerize
and attach end-to-end. That is, carboxy termini of said
polypeptide will have the capability of interacting with the
amino terminus of the P37 protein dimer of bacteriophage T4
and to form an attached dimer, and the amino terminus of the
dimer of said polypeptide will have the capability of
interacting with other said chimer polypeptides. This
property can be tested by assaying whether introduction of
AP37 initiates dimerization and polymerization.
Alternatively, polyclonal antibodies specific to P36 dimer

30
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| east a 10 am no acid portion of a T-even-like tail fiber protein.

A sel f ¢ 6¢Hoing noi ety that assenbles into a het er ol pgp/iRéss al so be
used. For exanmple, if 5 polynerization between beans is directed by the
surface of a dimeric cross-[err] surface, addition of a heterodi meric.

woul o be A S sl 05 adliedt P98 eliBrafhent' Eq thiineinnlBel T (20, "
pol ymeri mzatiqméy\/@ﬂ/pes of 10 coil ed regions of-the
sel f-assenbl i ng ITDI$t%qj:lf ewa' ﬁ.&gg{‘:ﬁavgﬂn ggig Q’é that to

t hensel ves, then al |ner etero |s t he -

case for hugcedunes Jdegori b%rﬁlamet:oexq:ens. that; sperrsegrént:ion
A furtf!ercrmirﬁ”ltm twas Usded o RE€EAdITHE CHABTLS . | ssi&efh!y akhbi 5y to stage

ol yner on _gnd th | d one surface_in a arra at
g t|>/me I%Mﬁ Lﬁ"{) - p&'ﬁ% g a@fegﬂéﬁi? cﬂgsgPBeB:’B:ﬂ’aﬁeﬂ-ﬂ-ﬁGFedy)

attachestbothe 1ﬁuﬂﬁa4ﬁdht:iﬁsuxt?ngdftcnswaﬁbldtqabbtontyﬂegehe 36.0 f

i nteract S t or
easy pur| alp I on Aﬁ? ﬁﬂ"géénﬁg&ﬁ#% ét/ kloge\/\gg%ﬁeg gﬁt &h)lﬁﬁand _
add B/ B. clt-q% %M'érwers-mmma apino agiids A1pperR]}. ofhe
const k nomﬁuer Sty Réohp Ngha N an

added :J"CI'E‘“?' re of c‘f)atj‘rse rreg:rla‘% er ﬂé&%‘gsﬁé %iﬁ? (posd ELQEW%I% A %ﬁgl ONS
The 'uses neh Mas L?cﬁ'iﬂ%g%faﬁt@‘p}%sléﬂtpr° te ent%hsaﬂnrﬁﬁﬁfol d and
} ngl ude mummw3§dm tedinhibit ﬂwtﬁrlyo‘gﬂﬂ%ﬁrwimltyﬂaf'ﬁmedhéﬁrays of
i bers, r S i ncl ude, speci ttachnment sites

t hat sxpression’of qé& gpﬂ %t#ﬁ"é’tﬁr wag, induged prior €0 In one
enbodi nednfegtilone i mnalmnedtmmminhihitmnoassﬂobs is used as a

mol ecylgar sieve or filter, providing regular vertical pores of precise
di amat er for 35 selecti ve separ at [ on of Eart i cl es by si ze. Such filters can

IUTATION OF THE GP37-36 cn:uzn

The goal'cf-this cohstructicn-is to produce two

20 variants of a dimerizable P37-36 chimer: One in which the N-
terminus of the polypeptide is mutated (A, designated -
*P37-36) and one in which the C-terminus of the polypeptide
is mutated (B, designated P37-36%). The requirement is that
‘the mutated *P37 N~-terminus cannot form a joint with the

25 wild-type P36 C- terminus, but only with the mutated *P36

' N-terminus. The rationale is that A and B each cannot
polymerize independently (as the parent P37-36 protein can),
but can only associate with ‘each othef-sequentially (i.e.,
P37-36% + *P37-36 ~=> P37-36%-=%P37-36).

30 A second construct, *p37-P36%, is formed by
recomhining *P37-36 and P37-36* in vitro. When the monomers
*gp37-36* and gp37-36 are mixed in: the presence of P37
initiator, gp37-36'wou1d -dimerize and polymerize to
(P37-36)n; similarly, *P37 would only catalyze the

35 polymerization of *gp37-36*% to (*P37-36%)n. In this case,
the two chimers ‘could be of different size and different
primary sequence with different potential side-grocp



be used for sterilization of solutions (i.e., to renove n1croorgan|sns or
viruses), or as a series of

W06/ 11947 WO 96/11947 . PCT/ US95/ 13023’“’“595’13023
mol ecul ar-wei ght cut-off fikters. |In this case, the:protein conponent s

of the pores may be nodified so as to provide specific surface properties
(i.e., hydrophinteragtions, handoghuddcinitiatel appunhmgnujaquiﬁﬁarent

| gands., et c. ) qureSclBDARpRAA1AGBA! €HE° abtalhinbrl/ Bbellt fidie ffdf)%iﬁw ce

is the uniformty and near | Eéres an pore mat ri x
ratio. I n afBeheka Bﬁl s&ﬁéi@i r#ﬁns"r &W| stradpsof E.

are } nc?rporateslifwnsﬁarmheksl the a&as&tyr tecEh rQ{sslgnﬂJe&Stﬂ&Mdﬂﬂ
manur act ure rov S r
ot i1 anob HEBeR R Ts ERFA LY 1o iBrpcted wikh: p, Butanto i, pacteriophage
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paper or fabrics or heir 20 appearance of properties in other ways.

The inventid® %P%%vaB§FGE§ ap3 gﬁﬂeﬁaﬂpﬁgind“ﬁ&ﬁo?ﬁﬁbcﬁ@“@s @bri sing
in one or noregebseghéntiyt iAfébteai with attagel 9huga,cthwbas)fpﬁd§t

invention. Fory. v £5708' Sre PfodiSla’’ tni8MRE' 291abhc2A® Y thR' Gpbalrintd S
of "nibbled" colonies. Nibbled colonies do not appear round,
with smooth edges, but rather have sectors missing. This is

15 caused by attack of a microcolony by a single phage, which
replicates and prevents the growth of the bacteria in the
missing sector.

For the purposes of this construction, the
3'-terminal region of gene 36 (corresponding to the

20 C-terminal fégion of gp36) is mutagenized with randomly doped
oligonucleotides. Randomly'doped oligonucleotides are
prepared during chemical synthesis of oligonucleotides, by
adding a trace amount (up to a few percent) of the other
three nucleotides at a given position, so that the resulting

25 oligonucleotide mix has a small'percentage of incorrect
nucleotides at that position. 1Incorporation of such
oligonucleotides into the plasmid will result in random
mutations (Hutchison et al., Methods.Enzymol. 202:356, 1991).

The mutagenized population of plasmids (containing,

30 however, unmodified genes 36 and 37), is then transformed
“into the su® bacteria, followed by infection with the mutant
T4 phage as above. In this case, the appearance of
non-*nibbled" colonies indicates that the mutated gp36
C-termini can no longer interact with wild type P37 to form

35 functional tail fibers. The putative gp36* phenotypes found
in such non-nibbled colonies are checked for lack of dimeric
N-termini by appropriate immunospecificity as outlined above,
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purified gp35 and purified gp36-34 chiner. Another such kit conpri ses

purified gp37-36 chiner. The foll owi ng exanpl es are intended
to ill usiygdeaiedd the present invention without limting itﬁﬁ@gﬁm :
In the exanples below, all restriction enzynes, nucl eases, T1gases, etc.

are comrercially available from nuner ous conmerci al sources, such agSNew
Gar't hor soiRg. BRBAEAYR BoaRRLss. Ate. aed A “‘""““M bR S
- 26 - next sYeEp96/ 11947 _
BCE:-II_-/E}I!E?)S{D%\;)OZS | Se95§h%\]'g f@%}@%}%éﬂ\' cont al A g&)& Lﬁl_fgﬁt he
restrict |5'Hb%ﬁi'§ﬂ€ EQl a| pe . KPund efc mdgenanis,i r’!-'gua tﬁne axsing eoti de
293 andstaepsecandgaﬁheneauheet 'tﬁﬁtlimeh di‘krdn? ik og:]gse fpepered
[rom e 4l ReniEAL, S0E8n 1707, st B e’ R RN agrent
(nucl eot iAgain, thd- (ndGSﬂouhdyoemhtggbndusdfywatdidsam&e3tﬁaﬁ§£3¥ﬁed
L2 5 At A8 MR ol CEpEaAie G 1
restrlctl ﬂ?ﬁ%@tVéﬁhrﬁhetﬂbﬁanthéophagns At this stagegpPactiexsisild DNA
(1 [ertd @piftes! are screenea[ 2ot ] the5re-appearanNEBo|%Uf“fn‘i % "10X)
err]l colonies. A Ehhied colony at this stage indicates ' at the
phage has replicated by virtue of suppression of the _
non-functional gp36+ mutation(s) by the *pP37 mutation. In ‘
other words, such colonies must contain novel *P37 '
15 polypeptides that have now acquired the ability to interact
with the P36* proteins encoded on the same plasnid.
The *P37-36 and P37-36% paired suppressor chimers
(A and B as above) are then constructed in the same manner as
described in Exanple 2. In this case, however, *P37 is used
20 in place of wild type P37 and P36* is used in place of wild
type 236. A *P37<36% chimer can now be made by restriction
of *P37-36 and P37-36% and'religation”in;the recombined
order. The *P37-36* can be mixed with the P37-36 chimer, and
the polymerization of each can be accomplished independently
25 in the presence of the other. This is useful when the
rod-like central portion of these chimers have been modified
in different ways. -

The starting plasmid for this construction is one
in which the vector containing gene 57 ‘and the gene encoding
gp36 is cloned immediately upstream (i.e., 5') of the gene
encoding gp34. The plasmid is digested with NdeI, which cuts
35 after bp 219 of gene 36 and after bp 2594 of gene 34, thereby

deleting the final 148 C-terminal codons from the pg36 moiety
and the first 865 N-terminal codons from the gp34 moiety.
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Bgl Il (10 Ulerr]1) 1[err]1 The gp37 plasmd signifies
a pT7-5 plasmd into which gene 37 20 has been inserted in the nultiple
cloning siteWY938¥¥7 eam of . a good ribosone binding site an&CEUSININ2Y7
to chaperon the di neri zation. The reaction is incubated for 1lh at

37[err] C Then, 89 [err]1 of. T4 DNA |ligase buffer and 1 [err]1 of T4 DNA
1i gase ar e Thecteagtdonhdinture ds iisientidaiudmb dthats[desdrxibed in hours.

25 2 [err]1 of glAgnPaul! WA ' e

i ncubgt [ o]n cont | nugghatl'3§?eériﬁtcfﬁ%? ﬁ@i %ﬁ%@%ﬁwk ‘?gﬁs uee%’zyarr%d
di gests resi dukhepPRINPGs usRs: ife Ndelot(NER) .hy Iigation using (R4 (DNAtligase,
reduci ng theirbh&ﬁé?ﬁiu”%bhhh@brﬂ&tﬁhﬂutand3¥H§ﬂ¥¥d¥ﬂoﬁﬂkna%iE%§ ard '€lso

reaction m xgure i.,s then transforneq into E coli_.strain ,. obt ai ned

f r om Novagen; Bgfhﬂfgfgnﬁgr n %xﬂp_?g_@d&‘es.m% 17tqsé'r'?ﬁﬁ)rirﬂatﬁ dPP‘fnl'!H‘EF"zd jgene
p:ated onto encbdmnggaapzptedﬂtatnnsg Hﬂlﬂbﬂadﬂﬂsﬁ(13nﬂ4héﬁﬂinarﬂuhﬁrw

pl ates are | a rQi t 3 ] C. 3 onj s that
appear after oéggﬁpgh? Pﬁéﬁbgbgoﬁzgr&gluﬁﬁﬂﬂa&xéiﬁﬂ?;ﬁ%ﬁﬂﬁ(§¥3353§3

extracted and nhgbered #66iT1B8§P.)I  as above. The restriction digests are

resol ved on 1% agar ose - - . ;

96/ 11947 X _ As.an alternative, the gtarting f’slé}é"id_ s qut Wlen
successful 38| SPhTnaksbp, 648 AD ISR 34,230, the Exo-Fize Daletion Kit

el ectrophor esi ¢NEB) aiscusbilAtdr eteate delétionad as deditrdiRd iakbvdle

upol e part o gene Sty gl 5] oner b 15" et SoighHRA. 00
bounded by Bgl®+ €bi#sBLR21(DER} esi deseribede iins Exaniplegdr. i Sudvessfdni d
and so is M gghPgebi8 bECtHE! gp36-34 chimer is evidenced by the
15 appearance of a protein product of about 55,000 daltons.
Preferably, the amino termini of the polypeptide homodimer
"have the capability of interacting with the gp35 protein, and
then the carboxy termini have the capability of interacting
with other attached gp35 molecules. Successful formation of
20 the dimer can be detected by reaction with anti-P36
antibodies or by attachment of gp35 or by the in vitro phage
inhibition assay described in Example 2.

DN OF 'FEERMOLAB E PROTEINE FOR BELF-ASSFT

Thermolabile structures can be utilized in
nanostructures for: a) initiation of chimer polymerization
(e.g., gp37-36) at low temperature and subsequent _
inactivation of and separation from the initiator at high

30 temperature; b) initiation of angle formation between P36 and
gp35 (e.g., variants of gp35 that have thermolabile
attachment sites for P36 N-termini or P34 C-termini, a
variant P36 that forms a thermolabile attachment to gp35, and
a variant P34 with a thermolabile C-terminal attachment

35 site.) Thermolability may be reversible, permitting
reattachment of the appropriate termini when the lower
temperature is restored, or it may be irreversible.
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Pl asmi ds sel ected for the predicted deletion as above are transforned
into E. coli strain BL21(DE3). 10 Transformants are grown at 30[err]C until
t he denwoye/{dgerr]) of the culture reaches 0.6. | PTG per/ubssn3ezsded to a

final concentration of 0.4 nM and incubation is continued at 30[err]C

for 2h, after which the cultures are chilled on ice. 20 [err]1 of the=
Cculture is then renpyededte I o2 O peirnifed Wsd € thaye

concentrated ' rackl buf f er cont al % SOdI um at e,

gl ycer ol SeRayagi P3615 €r3r tt n, the s ut?‘% #@%’éo@&ﬁont 0

a 10‘? ?oi;atanamsbemdagemwb ﬁuhn ddpﬂmtolclfgdclirﬁ%dhﬁdﬂﬂdd§ dés r SE ]

i ncubat ed _i _ a or n Aan ed on e sane
gel . Aftgfsgﬁiggg %&ﬁdre% #@g@&iq‘?%(f e% fnaeg& 'Expresm on of
t he deSerecogpineds iatndﬁ'ﬁcphalgp tiye iaqﬁm:knmepibftm rneiblcontahpmg es

m grati Ngnat nﬁ%a?%ﬂi&%ﬁt g,ul 2ipgl |n?§§at o | s t su est ‘in the

boil ed sa nt- o dlner y the intensity

of h|gheFHEBFéQBFaflﬁﬁkénSbG@PEQ utagenized QVingl/BrloW- t he
ghsﬁpfeaﬁfﬁmtﬁﬁgmiclg?e é.nfﬁ@tl@n?ogoﬁ*ﬁ-'mt xP d“ ﬁ@‘fbreolected at ;sova Tcht I
il i is di
eval ua%legeﬂ eYatprgyon: - \égﬁﬂ'[ ?“t%o at qgrz%r‘ g‘&fﬁ ﬂ(p?pgﬂp '%/ §%7 g
antismﬁuplthaes[anetsesnhpenﬂhu i beiffered’ and mMEiﬁengethysﬂeatﬁﬁqu
rotein otLi a ay for
?unct i onagnﬁlaorrgr i é%t Eg%sogags?%u%grfét g&%%yﬁ’ﬁ ypep:)lt é&?’?gﬁt SO re er)r/ed to
as [err]fatactsandstungbipna},t vheressetbe: thermolabilpl versieng, by flrft
| nduci norgxeh8asthl ternifalcpslPaAited andetnud ¥enddt Widsd ‘Phage’

mut ant, and detecti.ng pr ogeny phage. o 28 -
WO 96/ 1189n-infectiots. - PCT/ US95/ 13023
18 - ' At this stage, wild type phage are removed by: 1)

- adsorbing the wild type phage to sensitive bacteria and
sedimenting (or'riltering-out)rthe'bactéria with the adsorbed
wild type phage; or 2) reacting the lysate with anti-P37
antibody, followed by immobilized Protein A and removal of

20 adsorbed wild type phage. Either method leaves the
noninfectious mutant phage particles in the supernatant fluid
or filtrate, from which they can be recovered. The

- non-infectious phage lacking terminal P37 moieties (and
probably the rest of the tail fibers as well) are then urea

25 treated with 6M urea, and mixed with bacterial spheroplasts
to permit infection at low multiplicity whereupon they
replieate at low temperature and release progeny.
Altq:ﬁativnly, ‘infectious phage are- reconstituted by in vitro
incubation of the mutant phage with wild type P37 at 30°C;

30 this is followed by infection of intact bacterial cells using

- the standard protocol. The latter method of infection
specifically selects mutant phage in which the thermolability
of the P36-P37 junction is reversible.

Using either method, the phage populations are

35 subjected to multiple rounds of selection as above, after
which individual phage particles are isolated by plaque
purification at 30°C. Finally, the putative mutants are
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A [err] P37 was prepared as described above, and found capabl e of

conpl enenting_a T4 37 phage in vivo. EXANMPL
2 - DESI GVLHMIACTI ON AND EXPRESSI ON OF A gp37 36 CH MERPCT/US95/13023
The starting plasmd for this. construction is one s..cin which the gene
.encodi ng gp37 is cloned i mredi at el y upstream (| .e., 5") of the gene

iencodi ng gp36. eMaduysatesdiindividual ysfox the hfb&kowihg charactierésticshe

t 3 7 dg,. 7
tegr Imr ﬁus regi QL qséog r?ﬁﬁ{./rgﬂ%f’@%ﬁ? Oinggﬁéﬁﬁﬁ# at ﬁ%gﬁ%&?éeiiatures
to nucl eoti de m-%&%ea&% iRpASHEed, rlay % ¢qeﬁea§a| 1tloti-'hﬁ¥': 2) jdoesi pEJP37
in Exanple 1, iy iddibatibn (¢ Qﬁfﬂ'@éﬂ?&%e as Héﬁguréadbirhaecrease

T aharor mat b Ark RArRER ot o) L7838y £ hRhefparsicines ana
Exanple 1. In t3)i ;oxphologdical cwhanged imecthentail ﬂbbersnab{:erhtngahation
codons, " wni ot hidf L lREC dp ikefaed B S18e5FOR hISELEERRy .

resul ting construct is tRffexmutantsare. ie@latslzam)lz@;e&s phenetypesed

Ex | 1. t
in Exanple confirmed, thd!d$FJehe ei@rroduct é(;é agf(;ﬂ?ﬁ% g@:g@%ﬂﬁé s

evi-denced b the a p}n‘ rance of a protein
dal t ons. ﬂm'@l RArtiQHar .#%qlm or, residues | these segnences
gp37 fused to are fuamjetw for Gitd-+directed NButddgéedis 0Bs bopbiriDee cthe

118-221.) The 85?#55#% ﬁf tthIS ct_ru ner depends upon its ability to

di neri ze H s, carboxy termni of said
pol ypepti de WI |1 have thé‘mmalky,l |ttlye aiutam‘lerMerBﬁV\is heldmedOintoani no

term nus of theg t
attached di ner, x?%} s% %n{%smanﬁga%&{%wgﬁjﬁl%?ﬁ% po‘? pep'z:| N
will have t A8 dRpZxample df The,muytant @Wclirmexmear%am@mmf ed from

pol ypepti des. Dacterial @diracteEame dfed oth Din assevd %&m.ﬂerreactzons.
i ntroduction of [err] P37 initiates dinerization and g | yneri zati pn

Al ternatively, polyclona®h@ i Jashkon, mptant polypeptides can
be isolated that exhibit a thermolabile interaction with the

N-terminus of P36 or the C-terminus of P34. For thermolabile
20 interaction with P34, phage are incubated at high
temperature, resulting in the loss of the entire distal half
of the tail fiber (i.e., gp35-P36-P37). The only difference
in the experimental protocol is that, in this case, 1) random
mutagenesis is performed over the entire gp35 gene; 2) wild-
25 type phage (and distal half-fibers from thermolabile mutants)
are separated from thermolabile mutant phage that have been
inactivated at high temperature (but still have proximal half
tail fibers attached) by precipitating both the distal half-
fibers and the phage particles containing intact tail fibers
30 with any of the anti-distal half tail-fiber antibodies
followed by staphylocodcal A-protein beads; 3) the mutant
phage remaining in the supernatant are reactivated by .
incubation at low temperature with bacterial extracts
containing wild type intact distal half fibers7 and 4) stocks
35 of thermolabile gene, 35 mutants grown at 30°C can be tested
for reversible thermolability by inactivation at 60°C and
reincubation at 30°C. Inactivation is performed on a
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- 29 - WO 96/ 11947

PCT/ US95/ 13023 may be used to detect P36 subsequent to initiation of

di meri zay@ési¥eq 7 1 P37. A gp37-36 chi nmer ‘
simlarly to tﬁ‘ procedures descri bed-above, except tha? e rga%iction
5 enzyme Taql was used instead of Haelll., Briefly, the 5 fragnent

lting f t 37 i gat the, 3! Wt
Fesul ti ng GoPERntIRed doindhfin J56 Pridae” “ang ‘e fhounetion stazerhods
encodi ng’ penformsl #@ither ibefdre or aztenodhtuﬂioﬂs48Iﬁfpga68 aeee fused
t E. |
B2 ( Dig) Yuckipe LY sladd) (LEY, pelflre "0t HEh e PafiaElon] ~ 000
chi mer wadbdsuimdisates khat fhejn ap3Siis reverpibly ﬁheanlabib¢e55|on

OL the gﬁ3t7> 36 chi nepo \&?edwl&&jhﬂ&'ﬁ hftation | weth 08 th&rﬁalaﬂile”o
phage- i nhi bi

MUTATI ON &P%Eq’égﬁ&’é%wﬁ?‘ C-terminus of W%R'!ﬁutﬁ_ m

SUPPRESSORS described abovi)c synbithné mutant aseléctsdofors to produce tvvo
20 vari an za

t er m nus c%'? e p§1 ;r;%'rptl?é"l ﬁrﬁﬁ%@ﬁs até%‘ﬁ%ﬁnige*éggsgg? and one
in which PFFGGG& & genes 3§ ml'ﬂbliﬁl‘pemim the |gp315rta'-!6dliﬂsaglesw§hht ed
P37- 361 aiba®ciatd at'®oed.s iithis died ' fiditbation n&ﬁ%‘ﬁ- 50t

o 2.0 Pt lolen e i wed Lo FpR R Cacn [ mr‘aﬁﬁé) o {Reut annot

pol yner i zp3ierP3re athd tthus( 2o Tdﬁpdwﬁnttlﬁ%? ﬁfoﬁ"ﬂié?lvﬂimn&ype phage
and distal half-tail fibers (P36-P37), since the variant gp35 (
will remain attached to P34. '

15

A. sinple Assembly. The P37-36 chimer described in
Example 2 is’ capable of selt-assembly, but requires a P37
20 initiator to bind the first unit of the rod. Therefore, a
P37 or a AP37 dimer is either attached to a solid matrix or
is free in solution to serve as an initiator. " If the
initiator is, attached to a solid matrix, a thermolabile P37
dimer is preferably used. Addition of an extract containing
25 gp37-36, or the purified gp37-36 chimer, results in the
' assembly of linear multimers of increasing length " In the
matrix-bound case, the final rods are released by a brief
incubation at high temperature (40-60°c, depending on the
' characteristics of the particular thermolabile P37 variant.)
30 o The ratio of initiator to gp37-36 can be varied,
and the size distribution of the rods is measured by any of
the following methods: 1) Size exclusion chromatography,
2) Increase ‘in the viscosity of the solutiwn, and 3) Direct
measurement by electron microscopy.' '
35 B. Staged assemhly. The P37-36 variants *P37-36
'~ and P37-36*% described in Example 3 cannot self-polymerize.



but can only associate with each other sequentially (i.e., P37 36* +

*P37-36 --> P37-36*--*P37-36). 30 A second construct, 37- P36*,
is formed by WO%6H8¥?bi ni ng *P37-36 and P37-36* in vitro. Wen W@’Wﬂ%rs
*gp37-36* and gp37-36 are mixed in the presence of:P37 initiator,

gp37-36 woul d dinerize and polynerize to = (P37-36)n; simlarly, *P37
woul d onl y cat amdze aliowd e yseagedtassenblygof/reds of dePinied6iengthnp

S il 80 eyl escat, e anc o Treren
-3

0 - WO 96/ 11947 1. Attach initiator P37 (preferably

PCT/ US95/ 13023 thermd IEI1 B&Y h@gsa AkerfRUl d initiate attachment at
di fferent surfaces depend| on the attachnent specjfi Clt{% of _ P37

The starting %acterial st?ai R4 excess, TgpPI{ T3P t@raktach o%\:j‘gpgﬁrlze
| acks the abil idsy nwmmmcsoni@aieﬁlt% me)u-térﬁmstbfspsw ainis

infected with a nutant T4, bagte ko) o]

genes 35, 36, and 37, phg%;'e %é $‘f€g?%ﬁa$€eﬁa %g?eﬁgbgé?ngig% Q?’&*‘I

fi ber proteinsgp3Te@atmi be syntheS| zed. When this strain is first

transf or ned with a plagg to _ SeE PN ype
10 gp35, gp36and gp37 genes ;i#dé\? cfg%e'gﬁ. %Qﬁ!’l%g, gn%l‘5 a@ébgggﬁgn?#th

i nfected w t¥P RXBRS FIRIX7-I®f ect i ous phage particles are produced:;
this is evidenced by the gppqeépé@e stePs 344 pbhetd"temegni es. N bbl ed

colontes do ot appenr rounc o, et STecLl Cies but L opep paye sectors
whi ch repli ammmrwemgtttmmmtﬂrefashsbbua eriain the '
?Sfepgn ?ISICt (r)(ra i on of gene %Gfﬁeoéﬁg%po éf &é ﬁP@éL{HC{-bBE ih"€ne
15 batch will depend upon the lengths of the unit heterochimers
and the number of cycles (n) of addition. This method has
the advantage of insuring absolute reproducibility of rod
length and a homogenous, monodisperse size distribution from
one preparation to another.
20 '
- EXAMPLE 7
8 8 0. _
The following assembly strategy utilizes gp35 as an
'angle joint to allow the formation of polygons. For the
25 purpose of this example, the angle formed by gp35 is assumed
to be 137°. The rod unit comprises the P36-34 chimer
described in Example 4, which is incapable of
self-polymerization. The P36-34 homodimer is made from a
bacterial clone in which both gp36-34 and gp57 are expressed.
30 The gp57 can chaperone the homodimerization of gp36-34 to
P36~34. .
1. -Initiator: The incomplete distal half fiber
P36-37 is attached to a solid matrix by the P37 C-terminus.
Thermolabile gp35 as described in Example 5 is then added to
35 form the intact initiator.
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20 C-termnal region of gp36) is nutagenized with _randon1y doped -

ol i gonucl eoti des. Randomy doped ol i gonucl eotides are prepared during
chem calwewestisi s of ol igonucl eotides, by addi ng a tr ageresssmses (up ‘to
a few percent) of the other t hree nucl eotides at a given position, so

that the resulting 25 oligonucl eotide mx has a small percentage of

I ncorrect nucl eobi deg d'¥3 | tdiimed rOaf a4 1400 Of L Sac

ol i gonucl eqti des_into thé?pﬁ asm A W |.I reseu# {fél)n%%o%& ﬂ%% a’??ons

(Hut chi sofiBgle PI6madnodFoddoping bigding to gthe matrix via gp3fjcthe

mut ageni zagbpapd ehimerofishvasled du@ont ai ni ng, 30 however, unnodified
genes 36 and 37), ig th transformed . .intg.the su bacteria _followed by
infection with the ﬁut aﬁﬁl‘{ - & s '%ﬂfb'&é?ewlcﬁ ehLgp35 then
appear aicsdded innexcesshbl Aftexolinmculmtiioh cattes urnbdund enatérdiell P36
C-term ni,g8R Eo‘,hgr.\ger interact with wild type P37 to form 35 functional
tail fibers. ? e putative gp36* phenotypes found I-n such non-ni bbl ed

col oni es are checke#:f oSteRsk 20ANG Fedre repeatad,iné ingmr opriate

i munospecificity ag, outheNadsda®1$ is released from the matrix by 31 -
WO 96/ 11947 .. PCT/.US95/ 13023 and

positive PEigfi iocupbation at high temperatura.j for the next step.
Sever aloof these nuTheetelleaseddpolymerdeotod;d &nthits oNECt alID a

second ro o] esi S. sl hi i usi 5 .daped ol i ganucl.eoti des that
introduceyggﬁdémggnép gglgog's'gli?#g i’°i9’ﬁ§% tw«[gﬁ%rﬁenaci%)eggic %Oisgep epresent on
the same PREsA#ddimergndnwhose (odntsocemprime ddwniwidd-tiypeighsare -
transfor Ménomek N OblEVALROLAREY il e Sime A CindhY YrMiflcud e (
infected wi{h the mutant Ti‘p..age._ At" this stage, bacteria pl ates are
screened WRitghRonpd,pgchedicesst Whemppegnit daesomiats claseni hyted col ony

at thi sssingteaddadascanbthkert 80 its terminus, the unit cannot close
further and the helix can build in either direction. The
‘direction of the first overlap also determines the handedness
of the helix. Ten (or seven)-unit rods may form helices more
frequently than polygons since-their‘natﬁrdl-anglés are 144°
20 (or 128.6°). The likelihood of closure of a regular polygon
depends not only on the average angle of gp35 but also on its
flexibility, which can be further manipulated by genetic or
environmental modification. ST
The type of polygon that is formed using this
25 protocol depends upon the length of rod units and the angle
formed by the angle joint. For example, ‘alternating rod
units of different sizes can be used in step 2. In addition,
variant gp35 polypeptides that form angles different than the
natﬁf&l.angle of 137° can be used, allowing the formation of
30 different regular polygons. Furthermore, for a given polygon
with an even number of sides and equal angles, the sides in
either half can be of any size-providéd the two halves are
' symmetric. ' R
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phage has replicated by virtue of suppression of the. non-functi onal
gp36* nutati OH%R,%{ bx the *P37 mutation. In ot her words, such_col onies
nust contain 4937 15 pol ypeptides that .have now acqui red RGEUSS1R9By

to interact with the P36* proteins encoded on the same plasmid.
The *P37-36 and P37-36* paired suppr SEQUFNENLHEIEC (A and B as above)
are then constructed in the same manner as described in Exanple 2. In

this case, hmy\mmﬁﬁﬁi‘ommemd 20 in place of wild type P37 and P36* is
used in place of wld P36. A *P37-36* chimer can now be made by

restriction ot )« RPFRI Sﬁ“%rlinﬂ%ﬂ\?f”gﬁ’adgﬁﬂ" ®el i gation in the reconbined

order. The *P37¢:3§*remR 6F mivi@iont (MATeREAIR3 FoR g bR iodor t he
pol ynmeri zati on of eacNANOMETES chﬁmsshmj usEdTHRREOENt | Y 25 in the presence

of the other. IS rod-1ike central portion of these
chi mers have b ieig rmmgili!iE %t%g&ﬁiég ?ferent ways.

EXAMPLE 4 30  (ioFStoizSENBERCERoSRESIND EXPRESSI ON OF A gp36-34 CHI MER

The starting plasm d(¥)oADDRESSEE Rehniec and Edmendme in which the vector
cont ai ni ng gene 57 a Eﬁ”&ﬁnﬁ senkeruRgef thgpfserieat| oned i medi at el y
upstream (i.e., ﬁg, ,o,_.,@ncodl ng gp34. The plasmd is' digested
wi th Ndel, V\/m ch cuten)350tnﬁ‘m£ 219 of gene 36 and after bp 2594 of gene
34, thereby del eti(®) EFRs PGB 148 C-term nal codons fromthe pg36 noi ety

and the first BG(SéWEQMQHM’Omme gp34 noiety.
/

- 32 - DIUM TYPE: Floppy disk _ _
PCT/ US95/ 13023 (H]emkormmm eoepatdbleentical to that described in

Bxample 1, except th) QooRkE] FiCertia iiease 1.0, Verdiof M. 25

(vi) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER: To be Ass:.gned
(B) FILING DATE: 13-OCT-1995
(C) CLASSIFICATION:

(viii) ATTORNEY/AGENT INFORMATION:
(A) NAME: Misrock, S. Leslie
(B) REGISTRATION NUMBER: 18,872
(C) REFERENCE/DOCKET NUMBER: 8471-0005-999
(ix) TELECOMMUNICATION INFORMATION:
(A) TELEPHONE: (212) 790-9090
(B) TELEFAX: 212-869-8864
(C) TELEX: 66441 PENNIE
(2) INFORMATION FOR SEQ ID NO:1:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 8855 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO

{(vi) ORIGINAL SOURCE:
(A) ORGANISM: Bacteriophage T4

- (vii) IMMEDIATE SOURCE: o
(B) CLONE: TAIL FIBER GENES

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:1:

TAGGAGCCCG GGAGAATGGC CGAGATTAAA AGAGAATTCA GAGCAGAAGR TGGTCTGGAC . 60
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the enzyne used is Ndel (NEB). Ligation using T4 DNA |igase, bacteri al
transformation, and restriction analysis are also 5 perforned as in
Exanpl e woegflidy7r esults in a new hybrid gene encodi ng al, Shsbasf 497
amno acids (73 N-term nal am no acids of gp36 and 424 erm nal am no

aci ds géacdledre ATAKHATRRT RArEEE: Ak rnat the
starting plasmd.is cut with 10 Saﬁr c'rc rc 'rrlmgeneé'%zf‘%lcéﬁd th?l%xo Si ze

Del et | GRFARFCETTC ATTHCTFART mcommmresl mrmamcs ademurobed abpsce.

' | i 3
doscr | BT e g RESHhe ArkiGRf lcBS36 Rarcantm RMrRIEt 0 Liiber | <

evi demagcmhmammmsoa GECpeeRGAGCAYTAGUTAC ebaTdeaic 55, 0546d

dalto A %%{’ﬁ‘%&ﬁ%ﬁh?e am.no term %Ofﬁ&gg% epti de honodi mer

have t TTAME 340en t he
car bomc&emnml GARATGACATE CROPAITRLT IiracéatctircERTaRTIEA Tod¥daash her &d ached

gp35 nol ecul es. Successful formation of 20 -the dimer can be detected by

r eact | AFTCRFTITCaPMGATATECS ACGARARGET GGAGTTANGE ARGTATTANINFCTHGCERTS or 48P the in

Vi tro quiesmacTa TiRiTARAEHO RASKITREAR QRBELRRSTI &&mﬁc&mﬁ ﬁl SOLATI ON
OF THERMOLABI LS PROTEI NS FOR SELF- ASSENBLY ernol abi e

st r uctARNGESARAGR TASTETTAAT, SETTAGTAAT RSACTATCGC APASGTATST: TGOTGARTAT at i 8ooof

nact [ aneRE Blmiirer Moot ad il pnl Rl ST e

i nactivation of Ssepar at | on

b) i mmmmamnmgcmd PECRECACCA bau'mci’aﬁtcamt;am g?g'&tl\:l_fﬂig VAol agg Z of
3% SRS Y ol A it St 49
and  GTEACTHCARKCCRISAMIC BACTTCRGTATRARGIAGETE daRbRéAYIe @lrTaRkagRNt 3%4%' te.)
Ther nol ab| | i t be reversibl e, Rerm tting reattachnent of the |
appr ofFrath¥ ?ﬁ“ﬁf"ﬁm CTPRATETTR © TCATRABE r’&l"-ﬁi"@'ﬁ?ﬁ GASICHERRT, or %00 may be
irrev %&é&&dﬂn GTAAAGCGCG TTTACGTATC ATAACGACTA Arrcuﬁt'i:m TCGTCCAAAT 960
GAAGAAGTTA TGGTATTTGG TGCGAATAAC GGAACAACTC AAACAATTGA GCTTAAGCTT 1020
CCAACTAATA TTTCTGTTGG TGATACTGTT AAAATTTCCA TGAATTACAT GAGAAAAGGA 1080
CAAACAGTTA AAATCAAAGC TGCTGATGAA GATAAAATTG CTTCTTCAGT TCAATTGCTG 1140
CAATTCCCAR ARCGCTCAGA ATATCCACCT GAAGCTGAAT GGGTTACAGT TCAAGAATTA 1200
GTTTTTAACG ATGAAACTAA TTATGTTCCA GTTTTGGAGC TTGCTTACAT 'Acmz_'\mc'r 1260
GATGGAAAAT ATTGGGTTGT ACAGCAARAC GTTCCAACTG TAGAAAGAGT AGATTCTTTA 1320
AATGATTCTA CTAGAGCAAG ATTAGGCGTA ATTGCTTTAG CTACACAAGC rc_aacc'rnr 1380
GTCGATTTAG AAAATTCTCC ACAAAAAGAA 'rmsca_afrn.'érccmmé GTTAGCTAAT 1440
CGTACTGCTA CAGAAACTCG CAGAGGTATT GCARGAATAG CAACTACTGC TCAAGTGAAT 1500
CAGAACACCA CATTCTCTTT TGCTGATGAT ATTATCATCA CTCCTAAAAA _ccrcaai'cm 1560
AGAACTGCTA CAGRAACTCG TAGAGGTGTC GCAGAAATTG CTACGCAGCA AGAAACTAAT 1620
GCAGGAACCG ATGATACTAC AATCATCACT CCTARAAAGC TTCAAGCTCG TCAAGGTTCT 1680
GAATCATTAT CTGGTATTGT AACCTTTGTA TCTACTGCAG GTGCTACTCC AGCTTCTAGC 1740
CGTGAATTAA ATGGTACGAA TGTTTATAAT AAAAACACTG ATAATTTAGT TGTTTCACCT 1800
AAAGCTTTGG ATCAGTATAA AGCTACTCCA ACACAGCAAG GTGCAGTAAT TTTAGCAGTT 1860
GAAAGTGAAG TAATTGCTGG ACAAAGTCAG CAAGGATGGG CAAATGCTGT TGTAACGCCA 1920
GAARACGTTAC ATAAAAAGAC ATCAACTGAT dsaacmrm GTTTAATTGA AATTGCTACG 1980
CAAAGTGARG TTRATACAGG AACTGATTAT ACTCGTGCAG TCACTCCTAA AACTTTAAAT 2040
GACCGTAGAG CAACTGARAG TTTAAGTGGT ATAGCTGAAA TTGCTACACA AGTTGAATTC 2100
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PCT/ US95/ 13023
I nduced separation of the P36

WO 96/ 11947

To create a vari ant 9p37 that permts heat
-- P37 juncti YRI5 end of gp37 DNA i's random y nut agen PSP
doped ol i gonucl eotides as :zdescribed above. The:iutageni zed DNA fragnent

is then 5 FACISAGRCR FCAAGRATAE TAGIATCTST AGRCCATTAN ABATTAMBAC SAGATTSARZ| ni A60
the nut agenphgftrehte lRFadrrttcp RG2S RIPEIRATEAY rodiiicace AXBLEId8ES 2220,

f 1 anki ng the nutageni zed region. Followng a | ow mul ti pI Icity
i nfecti on RACCAIRATA CARTIAATAT (TOTTEAARCACARNGAGAGAC AACGIGSTACUAGTTCGNGTE. C@R8O Su

Thalle, Em%]eatl né'%“’l%t%ago’%gﬁ%%% @%ﬁ%ﬂﬁ eraqgg%lﬁc%?ype ?Qﬂ?

chal | enged -
fibers renaCTTTTAGETR KTAAANCIAC LFCARCCGTARL, GAUTEBTETTA ThanacheccraAabcdczerer sRe0s

| h i | d h
o iofcct | GHARCTGEAN crddantl U o RSB aRIR Sanazaganr 269, .

AACGT(L. &G%?ﬂl?}g\

1) adsor bbmshbm WACCTACKIDEG GECAGETRC? ACIRTAATALS GREWYTRTER TARARCTTCA 2520
sedirrenting fllte“qr:]pgrom t he bacteria with the adsorbed wild type
phage; or TCHE RCGTITIGRT PRACTEAGTT CTAGACARGH FITAGACT e d 593/

| mobi | Zedrﬂ‘&bﬁﬂh Arﬂ&&a&&@%ﬁkréﬂccﬁorﬂ%iﬂﬁﬂda&dﬂﬂw‘icéﬂﬁﬁ@u Ei t bgdo

nmet hod | eaves t he noni nfecti ous nmutant phage particles in
super nat ant WWM AAGCHAMAGE eﬂGGTGﬁWM ARNTTATIGE ATGRTCTAGA w@m TR?00

10 A skl iy S St oA, L1

rest of the ta|I ers as wel

m xed with BMIQITGAGTH cgpttmop'r mwcmcu'oaqmsmnﬁ TGETGGETTC ATTGGNOGCT

multiplicit
progeny.

XagARRAGA i dcibon, ool

seffen

| cate at

R fcdbontd ¢

e

2820

erature_and rel ease

RaFt GERRPABGCT n vFR8%

i ncubat i on cérdchccwba@émhag&méicml ArcdagPRr i3 érdiaTdEiE rhdécnadPr t hi So4cs

foll owed by infection of

i nt'act bacteri al

cells

~-fd]l-

usi ng

t he standard

protocol . THEFACGEEH CREATAGEAG [CCERTIRCA JHICTTIFARG TTRGCATCA SRAEARCTICATIt ang000

phage I N Whigdprdgrd CREAHUGIRA |TahNoacoRh AMYRTAGKR PradCRTAd FBataTTERY 7 ShEE-
ATGCCAATAA ACATTAATGC TTCCGGTTTG ATGAATGTGA ATGGCACTGC AACATTCGGT 3120
CGTTCAGTTA CAGCCAATGG TGRATTCATC AGCAAGTCTG CAAATGCTTT TAGAGCAATA 3180
AACGGTGATT ACGGATTCTT TATTCGTAAT GATGCCTCTA ATACCTATTT TTTGCTCACT 3240
GCAGCCGGTG ATCAGACTGG TGGTTTTAAT GGATTACGCC CATTATTAAT TAATAATCAA 3300
TCCGGTCAGA TTACAATTGG TGAAGGCTTA ATCATTGCCA AAGGTGTTAC TATAAATTCA 3360
GGCGGTTTAA CTGTTAACTC GAGAATTCGT TCTCAGGGTA CTAARACATC TGATTTATAT 3420
ACCCGTGCGC CARCATCTGA TACTGTAGGA TTCTGGTCAA TCGATATTAA TGATTCAGCC 3480
ACTTATAACC AGTTCCCGGG TTATTTTARA ATGGTTGAAA AAACTAATGA AGTGACTGGG 3540
CTTCCATACT TAGAACGTGG CGAAGAAGTT AAATCTCCTG GTACACTGAC TCAGTTTGGT 3600
AACACACTTG ATTCGCTTTA CCAAGATTGG ATTACTTATC CAACGACGCC AGAAGCGCGT 3660
ACCACTCGCT GGACACGTAC ATGGCAGAAA ACCARAAACT CTTGGTCAAG TTTTGTTCAG 3720
GTATTTGACG GAGGTAACCC TCCTCAACCA TCTGATATCG GTGCTITACC ATCTGATAAT 3780
GCTACAATGG GGAATCTTAC TATTCGTGAT TTCTTGCGAA TTGGTAATGT TCGCATTGTT 3840
CCTGACCCAG TGAATAARAC GGTTAAATTT GAATGGGTTG AATAAGAGGT ATTATGGAAA 3900
AATTTATGGC CGAGATTTGG ACAAGGATAT GTCCAAACGC CATTTTATCG GAAAGTAATT 3960
CAGTAAGATA TAAAATAAGT ATAGCGGGTT CTTGCCCGCT TTCTACAGCA GGACCATCAT 4020
ATGTTAAATT TCAGGATAAT CCTGTAGGAA GTCAAACATT TAGGCGCAGG CCTTCATTTA 4080
AGAGTTTTTG ACCCTTCCAC CGGAGCATTA GTTGATAGTA AGTCATATGC TTTTTCGACT 4140



Usi ng either nethod, the phage popul ations are 35 subjected to nmultiple
rounds of sel ection as above, after whi ch i ndividual phage particles are
I sol at edy@vePisgrue purification at 30 err] C. Finally, tpeTwsdsizorr
nutants are ' 34 - WO 96/ 11947

PCT/ USR\AAREMR cTACAREAAG 26EFrTrEet \ﬂsmwsfﬂmbm&ao{:ém 4200

characteristics: = 1) loss of infectivity after incubation at high
t enpermﬁwc'f QWGB?'@ FTEGARRGST (FAATTRTICET W&We’&%@mﬁ@’ﬂ t er4269) | oss

of P37 5%%5 é.é;ﬁ &P Bofdr cRAGATERRA de ase 5
I n bi n‘gmng of P spg%dl.flc arﬁﬁ‘?c}ggto p I:§1l~c'1l]'rez%gart|1%Fes c‘é&’#&’ &2
nor phATAZECEECTC TERTATACTT CTTRTARAAG Aﬁcmcaflmmmubmmmmt h4330

it oA SR ARRERE AR P flat Giimas aqporrmens, YR | ¢

SequernGatGTAGCA GEraTotadT ITCCARGAA® GALETATGAR mctrmbmmmgrm or4svesi dues,
t hose se uences are targeted for S|te dlrected rruta enesi s to o timze

t he FHRACTA T M C GAGATTGCCA ACTECHIQIR Thit ant

15 in Exanple 1. The nutant P37 diners are then purified from bacteri al

ext ra&%mswwm FTEGAHCTAG M?I}TH?E'&&TFS%TT“ ATARTGCATC !4&33 simlar
fashi t&&%b&‘ﬁﬁ A$8fhcrecd CansShictded Rt i bid48
therrm elnteractlon W t N-termnus of P36 or the C-term nus of

P34. mcsmmmaermonmm COPAGRAGHA mamgeammbat@mat hi gh
t enper. %ggg §f9h#:?§::%k S} f the tail
“fi ber -, %’élcbg 3?; iﬁe on erencé&ﬂb ﬂ[cﬁg expem%ent al ‘
pr ot ocmbccmcmhad'qcmcm smwcd_)ccrmctcm- ATTOSIGITANRTIATATCTGDEr f4@oed over

t he entlre 2 wild- 25t hage and dlstal half flbers from
t hor ngioaTodteR Tk RToede ACHREEREE GhabBhs |

ne 37 i s
cl onectnni@mm- ﬁmmm&mmﬁmmﬁx@ra&mdmdeﬁw | udao coli as

ATATAATGGT A
TAAAGTGTTT GGGCAAGAAT TTAGAGAAGT TTAAATTGAG GGACCCTTCG GGTTCCCTTT 5040
TTCTTTATAA ATACTATTCA AATAAAGGGG CATACAATGG CTGATTTAAR AGTAGGTTCA 5100
ACAACTGGAG GCTCTGTCAT rrcccarcaa_ccaaarrrrc'carrdahrcé'ncccécrcac 5160
GATGTACTCT ATAARTCATT TARAATATAT TCAGAATATA ACAAACCACA AGCTGCTGAT 5220
AACGATTTCG TTTCTAAAGC TAATGGTGGT ACTTATGCAT CAAAGGTAAC ATTTAACGCT = 5280
GGCATTCAAG TCCCATATGC TCCAAACATC ATGAGCCCAT GCGGGATTTA TGGGGGTAAC 5340
GGTGATGGTG CTACTTTTGA TAAAGCAAAT ATCGATATTG TTTCATGGTA TGGCGTAGGA 5400
TTTAAATCGT CATTTGGTTC AACAGGCCGA ACTGTTGTAA TTAATACACG CAATGGTGAT 5460
ATTAACACAA AAGGTGTTGT GTCGGCAGCT GGTCAAGTAA GAAGTGGTGC GGCTGCTCCT 5520
ATAGCAGCGA ATGACCTTAC TAGAAAGGAC TATGTTGATG ciﬁcﬂaraﬁa TACTGTTACT 5580
GCAAATGCAA ACTCTAGGGT GCTACGGTCT GGTGACACCA TGACAGGTAA TTTAACAGCG 5640
CCAAACTTTT TCTCGCAGAR TCCTGCATCT CAACCCTCAC ACGTTCCACG ATTTGACCAA 5700
ATCGTAATTA AGGATTCTGT TCAAGATTTC GGCTATTATT AAGAGGACTT ATGGCTACTT 5760
TAAAACAAAT ACAATTTAAA AGAAGCAAAR TCGCAGGAAC ACGTCCTGCT GCTTCAGTAT 5820
TAGCCGAAGG TGAATTGGCT ATAAACTTAA AAGATAGAAC AATTTTTACT AAAGATGATT 5880
CAGGAAATAT CATCGATCTA GGTTTTGCTA AAGGCGGGCA AGTTGATGGC AACGTTACTA 5940
TTAACGGACT TTTGAGATTA AATGGCGATT ATGTACAAAC AGGTGGAATG ACTGTAAACG 6000
GACCCATTGG TTCTACTGAT GGCGTCACTG GAAAAATTTT CAGATCTACA CAGGGTTCAT 6060
TTTATGCAAG AGCAACAAAC GATACTTCAA ArcccCArrt ATGGTTTGAA AATGCCGATG 6120
GCACTGAACG TGGCGTTATA TATGCTCGCC CTCAAACTAC ARCTGACGGT GRAATACGCC 6180

-d2=-



are separated fromthernol abil e nutant phage that have been . nactivated

at high tenpe ut still have proxinmal half tail fiber )
by precipitat W?&bt he distal half- fibers and the phage gﬁf’i’#’%ﬁg@;

containing intact tail flbers 30 with any of the anti-distal half
tail-fiber TP ACAAGERAGR, GRANGTHCTY TR AFTCRATRTG: SHGTCEATRES ;. $524Phe
‘mut ant Phageadcteni XTTGAGITT. RECCHRPI N TAGOATCALS FreaetAcfal AchallXcoeca 6300

incubation at |ow tenperature with bacterial extracts containing wld

type intact TIPSFEATCAFACCETIANTS CATHATCAGA SAGEATTTES ACAATARGATDTRISACECTfene, 6350
mutants growgedtastehSfdrreaf@t BEaAcREERE! anachmiircs NIRRAGAS LERGIRLARD! | 1dasoPY

I nactivation at 60[err]C and reincubation at 30[err]C. Inactivation Is
per f or med OffTSGCGCTAR GTCCGGTGGT ACAATTTATC ATGAAATTGT TAGTGCACAA ACAGGCHYGGOG/ 16H8Q7

PCT/ US95/ 13 o&g&% e | o' i on
30[err]C i s%per?or me el%ﬁ& g5e¥ or%ﬁgr‘:g Agplqi'i;f'c %ﬂ%ﬁ%}g ar e&
successf ul | ACCATEGCAG ARTGAEE T eermncmmwxmcc chabutrm:r Acmhr'mdcndi sBbe s
that their t her nol abi | e. create a

: o
36 nutat i on%‘*ﬁﬁ%%ﬁ greceyizan T%%C%Tﬁ&éﬁém“ﬁ? G’Echﬁ‘?‘W&s of‘gégne

36 is nut agereTRItTes AErECNFACORARARRY cROThTiTREA m&aﬁm‘&el GSTGBATAT® . 6720
reverS|b|I:,\M_|¥.e An alternative is to rrutagenl Zze gp35 to create a gene 35
mut ant in FTRATEC gPTTAEEICT CMAGTETGH CFAATACTCS M%ﬁ“é%tf'lﬂ‘sf'é?ﬁ‘ﬂfc §780
this case, 6840

icREARACER Motk End bediFaRTGe cREIARRM FBcrddrcRe ﬁ%%éﬁ]

preci pitate the phage w thout P36- P37 and thus - to separate emfromthe
wi | d-type pHABGACAAGE REATAATANC MATACTEGAG ACGGACABAC RTBTATTEEG TACARTCATGe v&9PANt

%E(iﬁ/PLE ‘é"' ! lock &R AAneeAGAT! Prdcddeets cacorcacat GAATATCART ACCCAACAAG 6960
GTATGGAAAT TAACCCGGGT ATTTTGAAAT TGGTAACTGG CTCTAATAAT GTACAATTTT 7020
ACGCTGACGG AACTATTTCT TCCATTCAAC CTATTARATT AGATAACGAG ATATTTTTAA 7080
CTAAATCTAA TAATACTGCG GGTCTTAAAT TTGGAGCTCC TAGCCAAGTT GATGGCACAA = 7140
GGACTATCCA ATGGAACGGT GGTACTCGCG AAGGACAGAA TAAAAACTAT GTGATTATTA 7200
ARGCATGGGG TAACTCATTT AATGCCACTG GTGATAGATC TCGCGAAACG GTTTTCCAAG 7260
TATCAGATAG TCAAGGATAT TATTTTTATG CTCATCGTAA AGCTCCAACC GGCGACGAAR 7320
CTATTGGACG TATTGAAGCT CAATTTGCTG GGGATGTTTA TGCTAAAGGT ATTATTGCCA 7380
ACGGAAATTT TAGAGTTGTT GGGTCAAGCG CTTTAGCCGG CAATGTTACT ATGTCTAACG 7440
GTTTGTTTGT CCAAGGTGGT TCTTCTATTA CTGGACAAGT TAARATTGGC GGAACAGCAA 7500
ACGCACTGAG AATTTGGAAC GCTGAATATG GTGCTATTTT CCGTCGTTCG GAAAGTAACT 7560
TTTATATTAT TCCAACCAAT CARAATGAAG GAGAAAGTGG AGACATTCAC AGCTCTTTGA 7620
GACCTGTGAG AATAGGATTA AACGATGGCA TGGTTGGGTT AGGAAGAGAT TCTTTTATAG 7680
TAGATCAAAA TAATGCTTTA ACTACGATAA ACAGTAACTC TCGCATTAAT GCCAACTTTA 7740
GAATGCAATT GGGGCAGTCG GCATACATTG ATGCAGARTG TACTGATGCT GTTCGCCCGG 7800
CGGGTGCAGG TTCATTTGCT TCCCAGAATA ATGAAGACGT CCGTGCGCCG TTCTATATGA 7860
ATATTGATAG AACTGATGCT AGTGCATATG TTCCTATTTT GAAACAACGT TATGITCAAG 7920
GCAATGGCTG CTATTCATTA GGGACTTTAA TTAATAATGG TAATTTCCGA GTTCATTACC 7980
ATGGCGGCGG AGATAACGGT TCTACAGGTC CACAGACTGC TGATTTTGGA TGGGAATTTA 8040
TTAARAACGG TGATTTTATT TCACCTCGCG ATTTAATAGC AGGCARAGTC AGATTTGATA 8100
GAACTGGTAA TATCACTGGT GGTTCTGGTA ATTTTGCTAR CTTAAACAGT ACAATTGAAT 8160
CACTTAAARC TGATATCATG TCGAGTTACC CAATTGGTGC TCCGATTCCT TGGCCGAGTG 8220
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ASSEMBLY OF ONE- DI MENSI ONAL RODS

P37-36 chi mer

described in

A. Sinmple Assenbly: The
Exanple 2 is capable of self-assenbly, but

require Oinitiator to bind the first unit of the fore,
P37 or %Vﬁr?gg&él;msr is either attached to a solid matrix or IS Tree in
sol ut| :;&&g ¥§¢hﬁ§a Q*MSE n] tt dtoa
sol i d Hacr X, er no ?ﬁab %gé Mcé%crfatgr%lcsmgkr;e er a%%cdaglé%é ag I'tion of
an extmm'rmnt mmngrmcgmssﬁs mnﬂctmcpmmbwubagpéﬂaﬁﬂam mers:«woesul ts
|nthe asserrbl linear nmultimers of -increasing Ienth In the

mat r i X296 ﬁ‘é“f PHRETTIAOES SEPETIAGLE ARTCHTFTE A R incttfition at

hi gh tdammrﬂrde&erﬁ&[ K6TAcPeade madrmm

particul ar thernol abile P37 vari.ant.

t 0 gpIKTCGTAGEAA BRGAMGTARG) AGTACCEATS
m&aymc)mdd“ EadtlchP¥d ABcaRIRAN STocTASTERTZOrieTha ON 8sg0

nmeasur,

chr omat ogr aphy;

asse
cannot se

GACTEA IR

MAACRRCAT

cACH@émbﬂEai st iggs00f the
The rati o of

- Increase in the viscosiity.of . the solution;
Di rectmmmgmmawqwauwzx% GAEEISTEO (BAGTRRCACT AATGCAGCAS St

W%ﬁmcsf %Aé&cm@%cgék&q' r&%’iﬁ&

-polyneri ze

96/ 11 ®AGGTATTGG 'rcc'rcamcc cacncccmc CAATTGGATC Acarmmmm

al l ows_the staged

IMTAOE AT

follo

t her "RdrebAdarat Accacaedds ¥TTCGBCCCT TCTAA

and ol i goneri

3. \asi?) oTHFORMATLAN: BOR SER3TR ¥B:2ind flood with.

Z€e

(i) SBQUENCE CHARACTERISTICS'
(A) LENGTH: 1289 amino acids
(B) TYPE: amino acid

{D) TOPOLOGY: linear .-

(ii)
(vi)

(vii)
(xi)
Met
Gly
Thr

- Gl
aAsp
65
Ala
Ile

Ser

Ser

MOLECULE TYPE:

ORIGINAL SOURCE:
(A) ORGANISM. Bacteriophage T4

IHMEDIA&E 'SOURCE:
(B) CLONE: p34 amino acid

protein -

2.

SEQUENCE DESCRIPTION: SEQ ID NO:2:

aia Glu Ile Lys Ar§
. .5

Gly
Asp
Tyr
50

Asn
Phe
Thr

val

Pro
130

Asp

Gly
35.

Asp.

Arg

Asn
Val
Asn

115
Ile

Lys Ile
20

Val Asn

Phe Trp
Ser Gly
8%

Ser Ser
100

Thr Ala

Asp'Gly

Pro Thr-

Ile.
Val

Ala
70.

Arg

Gly

Ala.

Asp

Glu Phe Arg

Asn
Asp
Gly

55
Ala

Trp.

Ser

Gly

Thr

135

val
Tyr
40

Tyr
Ile
Arg
Tyr
Asn

120
ile

Ala
25

Leu
Leu
asn
Ala
Gln
105

Asp

val

-44~

Ala
10

Leu
Ile
Lys
Asp
Leu
90

Leu
Ile

Leu

BRECUC o Senb 8 e e B ey

ord|
ef er

i nitiator

TART; GFFISAACHR:  RR20) s

and 3)
&eged

a7s15h| S
to t he

Add excess *gp37-36 dsssattach
as P37-36 honooligomers to-the N-term nus of P37.

Glu Asp
Ala Asp

Gln Glu

.Asp Phe

60
ileIon
75
Arg Thr
LysISer
Thr Phe

Gln Asp
140

Gly
Arg
Asn
45

Val

Lys

Asp-
Gly

Thr .

128
Ile

Leu
Thr
30

Thr

Ile

Pro

Ala
Glu
Leu

Gly

gp37-36*.

Asp
15

val
val
Ile
Ala

Asn

95 -

Ala
110 - :

Pro

Gly

Ala
Gly:

Gln

Tyr

Gly

80
Trp

.Ile

‘Ser

Lys

a
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4. Wash out unreacted gp37-36* and flood with 10 excess *gp37- 36.

5. Repeat steps 2-4, n-1 tines. ' 6. Rel ease asseanPy from
matrix by briWP9/11844cubation at high tenperature as above. CT/US95/13023
The |inear dinensions of the jprotein rods in the 15:batch will depend upon
the | engths of Eg% G Y‘héﬁér%hl"g%r%“ Ile;Nal tHe at &n ggr|ide Y3) of
addition. This hod has t he vant age of ins ng absol ute

reproduci bilityagh shadarg chgn@ivicimdrad AYBELNVALSLe MO AIHEPRLS Proi Ty

di stribution from one prep¥fSati on to anot hex70 20 - 175 .
EXAMPLE 7 ST ASSEMBLY OF POLYCONS The
fol | owi ng assen‘gffl Gsltn r %?“eé’iéu‘f’l“l ?%sg hﬁp%wggg an’g E‘“a%ﬁ? e J“oﬁ‘; 5 ?ﬁﬁ ow t he

formati on of polygons. For the 25 purpose of this exanple, the angle forned
by gp35 is assufbal Asp TYr [Ser 1&g €1y [AlaThie Val Viadi Th #rprilachsn |Thr PAG- 34

chi mer descri bed i nlﬁarrpl e 4, whi phzqqs_ I ncapabl e of 205 _

sel f-pol ymeri zaghl@mialét B38-2¢h ReydfeEie val Madealdd BHe arhr s&@@hgrdwl clone
i n which both gp36-224 and gp57 are eapressed. 30 The2gp57 can chaperone the
honodi meri zati og of_.qp36-34.t0 _P36- 34, 1. Initiator:. The

i nconpl ete di st 59 h%gfgf'f S(éf' Lysphen g’f°i’sfgaf’i’3&’réd§§gn"é‘s°&lyiﬁ‘ PiXy the

P37 C-term nus. Thernol abil e gp35 as described 1h Exanple 5 is then added
to 35 formthe At Rhe Val Bsptl@u Asp Lys Leu Asn Pro Leu Tyr His Thr Ile Val- 37 -

WO 96/ 11947 245 250 pCT/ US95/ 1302855 -
Thr Thr Tyr Asp Glu Thr Thr Ser Val Gln Glu val Gly Thr His Ser
260 -265 270

Ile Glu Gly Arg Thr Ser Ile Asp Gly Phe Leu Met Phe Asp Asp Asn
275 ' 280 285

Glu Lys Leu Trp Arg Leu Phe Asp Gly Asp Ser Lys Ala Arg Leu Arg
290 295 . 300

Ile Ile Thr Thr Asn Ser Asn Ile Arg Pro Asn Glu Glu Val Met Val
305 310 315 320

Phe Gly Ala Asn Asn Gly Thr Thr Gln Thr Ile Glu Leu Lys Leu Pro
325 330 335

Thr Asn Ile Ser Val Gly Asp Thr Val Lys Ile Ser Met Asn Tyr Met
340 , 345 350

Arg Lys Gly Gln Thr Val Lys Ile Lys Ala Ala Asp Glu Asp Lys Ile
355 360 365

Ala Ser Ser Val Gln Leu Leu Gln Phe Pro Lys Arg Ser Glu Tyr Pro
370 375 380

Pro Glu Ala Glu Trp Val Thr Val Gln Glu Leu Val Phe Asn Asp Glu
385 _ 390 398 400

Thr Asn Tyr Val Pro Val Leu Glu Leu Ala Tyr Ile Glu Asp Ser Asp
405 410 415

Gly Lys Tyf Trp Val Val Gln Gln Asn Val Pro Thr Val Glu Arg Val
: 420 425 430

Asp Ser Leu Asn Asp Ser Thr Arg Ala Arg Leu Gly Val Ile Ala Leu
435 440 445

Ala Thr Gln Ala Gln Ala Asn Val Asp Leu Glu Asn Ser Pro Gln Lys
450 455 460

Glu Leu Ala Ile Thr Pro Glu Thr Leu Ala Asn Arg Thr Ala Thr Glu
465 470 475 480

Thr Arg Arg Gly Ile Ala'Arg Ile Ala Thr Thr Ala Gln Val Asn Gln
485 490 495

Asn Thr Thr Phe Ser Phe Ala Asp Asp Ile Ile Ile Thr Pro Lys Lys

ff=



2. Excess P36-34 chiner is added to attach a si ngl e P36-34. Foll ow ng

bi nding to the matrix via gp35, the unbound chiner is washed out.

3. WI dwig/gsf11447. €., non-thernol abile) gp35 is then 5 addgerigosA%63Ss-
After incubation, the unbound naterial is washed out. 4
Steps 2 and 3-are refgpated 7-8 tinmes.ggs 5. ghpe assenbly is

rel eased fromthe matri x by brief incubation at high tenperature 10

The rel ead®d Mﬂ rixng Fhy 518 Thi G3u|Thghrg Wieg|Gly VabadeGhedlear 8-si ded
pol ygon, whose SI s conprise the329 p36-34 di mer 8fF% whose joints conprise

the wil d- taMREeTIGN33n G1 BN MRE  AsrHRYE\AY T REE MY ‘sloknbﬁrn%% Fydtimers of
t hese 8 un$3®& bound as heI |s*:f§s V\hen a uni tsadoes not cl ose, but 15

i nst ead adds &No her. to e{ﬁ unit cannot cl ose further and:
the helix gogn Bul-fe 1% {!}?‘i ar@’c"i |Gd'ﬁ GlPh 55 Gld'l PR P8 Pt G%@e first
overl ap al so deternines the handedness the helix. Ten

seven) - unlﬁl‘rms'l‘hm?hf‘o?#ﬂ I$eki BrasAbhpGly Alq‘ Thy|Rxot Ala SkarseyoAygions si nce
their natural angles ar 8 5144[err] 20 (or3M28.6[err]). h%?ol kel i hood of

cl osure olg1d TRONbAGIROTNIABN val08pLida tg%t A8 Ph-0Rsg ABn RN g€ angl e of
gp35 but also on itsso flexibility, sshich can be fursber nanipul ated by
genetic or, _enyironmental modification. e of pol ygon
that is fJPhefu §§Zlgf”t'hﬁ”s‘ 81 a5 § %@In’ﬂerwnﬁéa FB5nE g?é'hféﬂ'@t% rod units
and the angle ormed by the angle joint. For exarrpl e, alter nati ng rod
units of &ilffalacMel Silecbew Ahabmluchd sen Glivepal . IlknAkeddly icim, ser vari ant
gp35 pol ypept§¥®es that form arffSes different t12R the natural angle of
137[err] @iR &% U5F%hrpohlL Wk halaGal %Mﬂroarefeﬁoﬂ thermutyeouiar
pol ygons. szﬁurther nore, foe3a given pol ygonessw th an even nggger of sides
and equal _angl es, the sides in ei ther hal f can be of any size provided

the two hXFe aF%r Thgyzq.gaf:}y Arg Ike Gly Leu Ile Glu Ile Ala Thr Gln

650 655
Ser Glu Val Asn Thr Gly Thr Asp Tyr Thr Arg Ala Val Thr Pro Lys
660 ' 665 ' K 670

-

Thr Leu Asn Asp Arg Arg Ala Thr Glu Ser Leu Ser Gly Ile Ala Glu
' 675 680 ' 685

Ile Ala Thr Gln Val Glu Phe Asp Ala Gly Val Asp Asp Thr Arg Ile
690 ' 695 ' 700

Ser Thr Pro Leu Lys Ile Lys Thr Arg Phe Asn Ser Thr Asp Arg Thr
708 ' T 710 : ~ 715 ' 720

Ser Val Val Ala Leu Ser Gly Leu Val Glu Ser Gly Thr Leu Trp Asp
' 725 ‘ ' 730 735

His Tyr Thr Leu Asn Ile Leu Glu Ala Asn Glu Thr Gln Arg Gly Thr
740 ' 745 ’ " 750 -

Leu Arg Val Ala Thr Gln Val Glu Ala Ala Ala Gly Thr Leu Asp Asn
. 755 _ 760 - 768

Val Leu Ile Thr Pro Lys Lys Leu Leu Gly Thr Lys Ser Thr Glu Ala
770 778 -~ 780 o '

Gln Glu Gly Val Ile Lys Val Ala Thr Gln Ser Glu Thr Val Thr Glf
785 790 _ 795 o 800

Thr Ser Ala Asn Thr Ala Val Ser Pro Lys Asn Leu Lys Trp Ile Ala
805 810 : 815

Gln Ser Glu Pro Thr Trp Ala Ala Thr Thr Ala Ile Arg Gly Phe Val
820 825 ' 830

Lys Thr Ser Ser Gly Ser Ile Thr Phe Val Gly Asn Asp Thr Val Gly
83s ~ 840 | 845

Ser Thr Gln Asp Leu Glu Leu Tyr Glu Lys Asn Ser Tyr Ala Val Ser
850 855 860 '

-46-



. 38 - WO 96/ 11947
PCT/ US95/ 130

GENERAL |NFCR§?R1’ M47
TITLE OF | NVENTLON:, WA

SEQUENCE LI STI I}L%rmg,%),;o)n

(i) APPLI CANT: Col dberg, Edward B.

STRUCTURES AND (58 HiE E‘g*%‘L‘S’;‘F%THF‘hLE%g%@%EngﬁCES" ropley LYE; ngE =

‘CORRESPONDENCE ADDRESS (A) ADDRESSEE: Penni e and Ednonds
(B) STREET: 1153ysvaaudlayfasphthrAher leasleu Asp Gly L&CRsE| ey See\Gl¥oPhe
(D) STATE: New York 88%) COUNTRY: US 890 (F) zI P9510036
(v) COWPUTER REARS ktfyMep 11e ala cin(fdr VEDIAdH dPlser RliPBYr diedkrhr
(B) COWPUTER: | BM PC conp®opobl e ©63 OPERATI NG SYS3iim
PC- DOS/ Ms- DOS Iﬂ) SOFTWARE:, Patentln Release #1.0, Version #1.25
(vi) CURRENT APBLRH ﬁé 8% Leu Ser Ala ‘ggfkf“ A‘fﬂliLFifAfFE]\ggguﬁe'Eﬁ Y18 %e
Assi gned (B) FlI LI NG DATE: 13- 1995
Phe Gly Gly Ser Leu Ala Ala Asn Arg Thr Phe Thr Ile Arg Asn Thr

930
Gl} Ala Pro
945
Asn Pro Ala
Gly Gly Ser

Thr Ser His

Thr
Gln
Asp

980
His

995

.Phe Asn Ile

1010

Leu Met Asn
1025

Asn Gly Glu

Gly Asp Tyr

Asn

Val

Phe

Gly

Ser Ile
950

Ser Met
965

Thr Thr
Phe Tyr

Gly Thr

Asn Gly
1030

Ile Ser

1045
Phe Phe

935

Val Phe Glu
Ser Ile Arg
Arg Ser Thr

985

Ser Gln Arg
1000

Val Met Pro
1015

Thr Ala Thr

Lys Ser Ala

.Ile Arg Asn

Lys Gly
955

val Trp
970

Val Phe
Asn Lys

Ile Asn

Phe Gly

940

Pfo Ala Ser
Gly Asn Gln

Glu Val Gly
990

Asp Gly Asn
1005

Ile Asn Ala

-1020

Arg Ser Val

1035

Asn Ala
1080

Asp Ala

Phe Arg Ala

Ser Asn Thr

Gly .Ala
960

Phe Gly
975

Asp Asp
Ile Ala
Ser Gly

Thr Ala
1040

Ile asn
1055

Tyr Phe

1060 1065 1070

Leu Leu Thr Ala Ala Gly Asp Gln Thr Gly Gly Phe Asn Gly Leu Arg
1075 1080 1085

Pro Leu Leu Ile Asn Asn Gln Ser Gly Gln Ile Thr Ile Gly Glu Gly
1090 1095 1100

Leu Ile 1le Ala Lys Gly Val Thr Ile Asn Ser Gly Gly Leu Thr Val
1105 1110 1115 1120

Asn Ser Arg Ile Arg Ser Gln Gly Thf Lys Thr Ser asp Leu Tyr Thr
1125 1130 1135

Arg Ala Pro Thr Ser Asp Thr Val Gly Phe Trp Ser Ile Asp Ile Asn
1140 1145 1150

Asp Ser Ala Thr Tyr Asn Gln Phe Pro Gly Tyr Phe Lys Met Val Glu
1155 1160 1165

Lys Thr Asn Glu Val Thr Gly Leu Pro Tyr Leu Glu Arg Gly Glu Glu
1170 1175 - 1180

Val Lys Ser Pro Gly Thr Leu Thr Gln Phe Gly Asn Thr Leu Asp Ser
1185 1190 1195 1200

Leu Tyr Gln Asp Trp Ile Thr Tyr Pro Thr Thr Pro Glu Ala Arg Thr
1205 1210 1215

Thr Arg Trp Thr Arg Thr Trp Gln Lys Thr Lys Asn Ser Trp Ser Ser

-47-



(C) CLASSI FI CATI ON: (viii) ATTORNEY/ AGENT | NFORVATI ON: (A

NAME: M srock, S. Leslie (B) REG STRATI ON NUMBER: 18, 872
(O REFERgNGRI$IFCKET NUVBER  8471- 0005- 999 (ix) TELE ON -

| NFORMATI ON: (A) TELEPHONE: (212) 790-9090 ELEFAX:
212- 869- 8864 1220C0) TELEX: 6644L,PENNIE " (2) INg TION FOR SEQ.ID
NO: 1: (i) SEQUENCE CHARACTERI STI'CS: - (A “LENGTH: 8855 base
pairs Phe Val( Bln WREPhendepectly Giy dhen Pro Pro GlhCprdSBRANMEDNESS: singl e
(D) TOPOLOGY: |inéd&#s (ii) MOLERHLE TYPE: DNA ( nic) (iii)

HYPOTHET]I Cﬂi AQ Leu _P:Q:i !Ar- A_?_%TIEB%EWET}INQQBt G]E)Y(A\Q'n) LQQLIQL I\ﬁ.la §8JRCE: '

(A) ORGANI SM 1aset er i ophage
CLONE: TAIL FlI BER GENES

TAGGAGOCCG Y W&@@ﬁl}é@g“ﬂ SCARTTER TVl

- 30-

1255 - (vii) | MVED Apkso SOURCE: (B)
ENCE DESCRI PTION: SEQ ID NG | :
T@G‘P%r C 60

- Lys Thr Val Lys Phe Glu Trp Val Glu
1285 ’ :

(2) INFORMATION FOR SEQ ID NO:3:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 65 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: protein

(vi) ORIGINAL SOURCE: _ B ' : ‘
{(A) ORGANISM: B;cteriophage T4 '

(vii) IMMEDIATE SOURCE:
(B) CLONE: ORF X amino acid
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:

Met Glu Lys Phe Met Ala Glu Ile Trp Thr Arg Ile Cys Pro Asn Ala
1l 5 . 10 15

Ile Leu Ser Glu Ser Asn Ser Val Arg Tyr Lys Ile Ser Ile Ala Gly
- 20 25 - 30

Ser Cys Pro Leu Ser Thr Ala Gly Pro Ser Tyr Val Lys Phe Gln Asp
35 40 ' 45

Asn Pro Val Gly Ser Gln Thr Phe Arg Arg Arg Pro Ser Phe Lys Ser
S0 55 o 60

Phe
65

{2) INFORMATION FOR SEQ ID NO:4:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 295 amino acids
. (B) TYPE: amino acid
{D) TOPOLOGY: linear

{ii) MOLECULE TYPE: protein

{vi) ORIGINAL SOURCE:
_ (A) ORGANISM: Bacteriophage T4

(vii) IMMEDIATE SOURCE:
(B) CLONE: p35 amino acid
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:

Met Leu Phe Arg Leu Gln Met Ile Leu His Gln Leu Leu Leu Leu Val
1 5 10 15

-4 8=



WD 96/ 11947 PCT/ US95/ 13023

GCAGGTGGTG ATAAAATAAT CAACGTAGCT TTAGCTGATC GTACCGTAGG AACTGACGGT

120

GTTAACGTITG ATWREHHAT TCAAGAAAAC ACAGITCAAC AGTATGATCC AACTCGTEEK/USIS/N30RY

TATTTAAAAG ATTTTGTAAT CATTTATGAT AACCGCTTTT GGGCTGCTAT AAATGATATT

240

CCAAAACCAG CAGGRheTMeF Fam TECEPORAENBr TATPAVET Ala CIRT BT AKE Ser 300

TGGATTACGG TTTCATCTGG TTCAPATCAA TTAAAATCTG®GTGAAGCAAT TTCGAITAAC _
ACCCCACCTG GAAAGEAGlYs CACGER T¥Yel Pid AW dlul TaLRMA1ASd @p Tdal P ARE Ala

ATCGTTCTCC AAGATATTGG ASGAAAACCT GGAGTTAMCC AAGTTTTAAT T4BTAGCTCCA
GTACAAAGTA TTGT T TA CAGGTACGT CTAAT GACTCAT
AAGTCACAGC TAGTﬁ*%r %ﬁ%%%%éﬁ&%%}% @”%&Tgﬂ val
AGTAGAGAAG CTATAGTTGT AACACCAGCG AATACTTATC AAGOGCAATC CAACGATTTT

ATCGTACGTA GATTFACTING FUCPE/RNGATIHT RAKTESICASAAGFTERANDS ATIETEIN AT Glu
CATGGCGATA TTATPAATTT CGTCGATTTA’EATAAACTAA ATCCdlEI'TTA TCATACAATT 8

GITACTACAT ACGARGAAR MIWA%%AQQT%W ETENGHE 110
CGTACATCGA TTGACGGTTT CITGAT@SBIT GATGATAATG AGRAAT ATG GACTGBST
GACGGGGATA GT AAA TTTA ATC_ATAACGACTA ATTCAAACAT TCGTCCAAAT
sp Val Phe Asp Ser Leu Glu Asp Val Gly Ala Thr Gly Phe
100 105 110

Pro Arg Arg Thr Tyr Glu Ser Val Glu Gln Phe Met Ser Ala Val Gly
115 120 125

Gly Thr Asn Asn Glu Ile Ala Arg Leu Pro Thr Ser Ala Ala Ile Ser
130 135 140

Lys Leu Ser Asp Tyr Asn Leu Ile Pro Gly Asp Val Leu Tyr Leu Lys
145 ' 150 1585 160

Ala Gln Leu Tyr Ala Asp Ala Asp Leu Leu Ala Leu Gly Thr Thr Asn
165 170 175

Ile Ser Ile Arg Phe Tyr Asn Ala Ser Asn Gly Tyr Ile Ser Ser Thr
180 ' 185 190

Gln Ala Glu Phe Thr Gly Gln Ala Gly Ser Trp Glu Leu Lys Glu Asp
198 200 205

Tyr Val Val Val Pro Glu Asn Ala Val Gly Phe Thr Ile Tyr Ala Gln
210 215 220

Arg Thr Ala Gln Ala Gly Gln Gly Gly Met Arg Asn Leu Ser Phe Ser
.. 225 230 235 240

Glu Val Ser Arg Asn'Gly Gly Ile Ser Lys Pro Ala Glu Phe Gly Val
245 - 250 255

Asn Gly Ile Arg Val Asn Tyr Ile Cys Glu Ser Ala Ser Pro Pro Asp
260 265 . 270

Ile Met Val Leu Pro Thr Gln Ala Ser Ser Lys Thr Gly Lys Val Phe
275 280 285

Gly Gln Glu Phe Arg Glu Val
290 295

(2) INFORMATION FOR SEQ ID NO:5:
{i) SEQUENCE CHARACTERISTICS:
{(A) LENGTH: 221 amino acids
{B) TYPE: amino acid
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: protein

{vi) ORIGINAL SOURCE:
{A) ORGANISM: Bacterxophage T4

(vii) IMMEDIATE SOURCE:

-49-

360
420
480
540
600
660
720
780
840
900
960



GAAGAAGITA TGGTATTTGG TGCGAATAAC GGAACAACTC AAACAATTGA GCTTAAGCTT
CCAACTAATA TTTCTGITGG TGATACTGIT AAAATTTCCA TGAATTACAT GAGAAAAGGA

CAAACAGTO 9ASEAAAAGC TGCTGATGAA GATAAAATTG CTTCTTCAGT Tgﬁ%ﬁﬁ%@?ﬁ”z’

CAATTCCCAA AACGCTCAGA ATATCCACCT GAAGCTGAAT GGGTTACAGT T
GTTTTTAACG AT CLoe TEAS GREGSA GETTTGGAGC TTGCTTACAT AGAAGATTCT
GATGGAAAAT ATT TGI ACAGCAAAAC GITCCAACTG TAGAAAGAGT AGATTCTTTA
AATGATTCTA CTAGAGCAAG ATTAGGOGTA ATTGCTTTAG CTACACAAGC TCAAGCTAAT
GTCGATTTAG‘%A%E@“F&?&@%&&M&RME?TM?TA CTCCAGAAAC GTTAGCTAAT

CGTACTGCT AueARBANGE SZ??%ESQ%%}
CAGAACACCN CATTCTCTTT GAT ATTATCAIGAGW y ?éﬁA

AGAACTGCT GAGGTGIC GCAGAAATTG CTACGCAGCA AGAAACTAAT

*h@‘?@gﬁ%ﬁ Cab 88% ’c&:“ﬁdﬂeﬁﬁ%ﬁdam@m
GAATCATTAT CTGGTATTGI AACCTTTGTA TCTACTGCAG GTGCTACT AGCTTCTAGC
CGTGAATTAAYATSIET R8BS/ Uy ST TId AT/ S GAMNECAREICLAS FrbI CIGR1AHial RAECT
AAAGCTTTGG ATCAGPATAA AGCTACTCCA ABACAGCAAG GTGCAGHFRAAT TTTAGCAGIT

CAAAGT GAAG g hARM Phd (Fa 1AGERAX éﬁB g@% qw
GAAACGITAC AT GAC ATCAAS%Eﬂﬂ GEAE%&A G?%%E £A
CAAAGTGAAG. TTAATACAGG AACTGATTAT ACTCGTGCAG TCACTCCTAA AACTTTAAAT
GACCEH¢(3¥§gEﬁ§Qﬂ' STHRAGTCER XThATP VA TT REPARPCALAISFGERT TC
- 40- -
Pro Cys Gly Ile Tyr Gly Gly Asn Gly Asp Gly Ala Thr Phe Asp Lys
- 85 90 -1

Ala Asn Ile Asp Ile Val Ser Trp Tyr Gly Val Gly Phe Lys Ser Ser
| 100 | 105 . 110

Phe Gly Ser Thr Gly Arg Thr Val Val Ile Asn Thr Arg Asn Gly Asp
' 115 ' - 120 . 128

Ile Asn Thr Lys Gly Val Val Ser Ala Ala Gly Gln Val Arg Ser Gly
130 _ " 135 140 -

Ala Ala Ala Pro Ile Ala Ala Asn Asp Leu Thr Afg Lys Asp Tyr Val
145 o 150 155 160

Asp Gly Ala Ile Asn Thr Val Thr Ala Asn Ala Asn Ser Arg Val Leu
' 165 170 ' 175

Arg Ser Gly Asp Thr Met Thr Gly Asn Leu Thr Ala Pro Asn Phe Phe
' 180 : 185 : 190 :

Ser Gln Asn Pro Ala Ser Gln Pro Ser His Val Pro Arg Phe Asp Gln
195 ' . 200 - 208

Ile Val Ile Lys Asp Ser Val Gln Asp Phe Gly Tyr Tyr
- 210 215 _ 220

(2) INFORMATION FOR SEQ ID NO:6:
(1) SEQUBNCE CHARACTERISTICS:
(A) LENGTH: 1026 amino acids
{B) TYPE: amino acid
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: protein

{vi) ORIGINAL SOURCE:
(A) ORGANISM: Bacteriophage T4

(vii) IMMEDIATE SOURCE:
{(B) CLONE: p37 amino acid
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:

Met Ala Thr Leu Lys Gln Ile Gln Phe Lys Arg Ser Lys Ile Ala Gly .
1 15

-50-

1020
1080
1140
1200
1260

1320 .

1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100



WD 96/ 11947 -
GACGCAGGCG TCGACGATAC TCGTATCTCT ACACCATTAA AAATTAAAAC CAGATTTAAT
GIWOPFIIMT TGTTGCTCTA TCTGGATTAG TTGAATCAGG AACTCTCRGE/USIS/E302))
CACTTAATAT TCTTGAAGCA AATGAGACAC AACGTGGTAC ACTTCGTGTA
TCGAECATIC PFO(AIBCAAT SETTHOATAATA AT SAY /N0 FOCRAAANEGAsSn 2340
GTCT

AGTACTGATC
GACCATTATA
GCTACGCAGG
ICTTTTAGGTA
GAAACTGTGA
GCGCAGAGTG
TCTGGTTCAA
TATGAGAAAA
TTGOCACTAA
TTCATTCGTA
AATCTGAGTG
AATAGAACAT
CCTGCATCCG
GGCGGCGGTA
CACTTTTATT

CTAAATCTAC TGA®SCGCAA GAGGGTGTTR
Thi 1163 kel ARE Ty
AACCTACT TG 38GCAGCTACT ACTGCABTAA
TTA

cr

& AR

TTAAAGTITGC AA

aCM;MA#TQE SOPAEFHYE! 110 2460

GAGGITITGI #3AAACTTCA

PN CEIRACL A SR inale RO ATARA e Tie

ATA

PCT/ US95/ 13023

AAGCAAAAGC TGCTGATACA AATTTATTGG ATGGTCTAGA TTCATCTCAG

2160
2280
2400
2520
2580

2640
2700

CEGAEATF L LA/ ASACEET Lo AFEGCRICABGPT TACYRT /618 TBARTA GGHet 2760

TGT ATCATCTAGIOACTGGTGAAT TTGGPEGTTC ATTGGECCGCTEC 2820

TTAGHRTEAL5 akAAG)
GGGCAAATCC TGCA

CT

e,

“Ser Asn Ala His Leu Trp

val
Arg
145
Arg
Asp
Ala
Tyr
Arg
225
Thr
Phe
Ser
Gly
.Val
305

Gly

Arg

Asn

Ile
130
Val
Ser
Ser
Lys
Pro

210
Ala

Gly

Lys
Leu
Asn
290

Thr

Gly

Lys

Pro

Asn

118

TYyr
Arg
Ile
Leu
Ala
195
Gly
Lys
Leu
Leu
Ala
275
val
Gly
Tyr
Gly
Gly

355

Asn

Ala
Gln
Asn
val

180
Phe

Thr

Ser
Ala

Tyr
260

‘Leu

Gly
Leu
Ser
Ile
340

Thr

Ala

Arg
Gly
Gly
165
Thr
Gly

Gly

Gly

Asp

245
Gly

Gly
Val
Ser
val
325
Phe

Asn

Gly

1

Pro
Thr
150
Gly
Lys
Gln
Glu
Gly
230
Glu
Ile
Thr
Met
Tyr
310
Ala
Gly

Ala

Asp

Phe
Gln
135
Gly
Glu
Arg
Tyr
Thr
215
Thr
val

Arg

Phe'

Gly
295
Lys
Ser
Arg

Ala

Gly

the Gl
€8CA ATGAGTATTC B

R S

GTGAJACGAC COGITCGACA GTGTTTGAAG TTGGCGATGA CACATCTCAT
SPAAPIACESF IR ATRTRBO G E T ART TRR FRGRARTRIPATRS 3060

Glu Asn Ala Asp Gly Thr Glu Arg

120
Thr Thr

Ser Thr
Phe Gln

Ile Ala
188

Asp Ser
200

Asn Gly
Ile Tyr
Ser Trp

Asp Asp
265

Thr Thr
280

Asp Lys
Lys Thr
Ile Thr

Ser Glu
345

Leu Leu
360

Gln Thr

-5l~

Thr
Ala
Ala
170
val
His
Vval

His

Trp
250

Gly

A_sn

_Tyt

Gly

Pro
330

Asp

Ser

His

Asp
Asn
155
Asn
Asp
Ser
Asn
Glu
235
Ser
Afg
Phe
Leu
val
315
Asp
Gln

val

Ile

Gly
140
Ser
Arg
Thr
Leu
Tyr
220
Ile
Gly
Met
Pro
val
300
Phe
Ser
Gly

Gln

Gly

125

Glu Ile Arg

Glu
Ile
val
val
205
Leu
val
Asp
Ile
Ser
285
Leu
Asp
Phe
Ala
Thr

365

Tyr

Phe
Leu
Ile
190
Asn
Arg
Thr
Thr
Ile
270
Ser
Gly
Leu
Arg
Thr
350

Gln

Asn

Tyr
Ala
175
His
Tyr
Lys
Ala
Pro
255
Arg
Asp
Asp
val
Ser
335
Trp

Ala

Ala

Gly
Leu
Phe
160
Ser
Asp
Val

val

Gln
~240

2880
2940
3000

val

Asn
Tyr
Thr
Gly
320
Thr
Ile

Asp

Gly



ATGCCAATAA ACATTAATGC TTCCGGITTG ATGAATGIGA ATGGCACTGC AACATTCGGT
COTTCAGITA CAGCCAATGG TGAATTCATC AGCAAGICTG CAAATGCTTT TAGAGCAATA

AACGGTC TTCTT TATTCGTAAT GATGCCTCTA ATACCTATTT TT
GCAGCC@ é GACTGG TGGTTTTAAT GGATTACGCC CATTATTAAT TAX%%“

TCCGGICAGA g}é@AATTGG TGAAGCCT, LA ATCATTGCCA AAGRIGITAC TATAAATTCA
GCCGGITTAA TAACTC GAGAATT TCTCAGGGTA CT CATC TGATTTATAT

ACCCCGT CCGly GAaCRaCReA HIACTEH ABe rgl C1H(THEAGL Y CTA TMeT Adn TR TAEAGCCC

ACTTATAACSBAGTTCCCGGG TTATPITAAA ATGGTTGAAAIRRACTAATGA AGTGASIINGGG

CTTCCATA GRAAGAA GGT
AACACACT%hATTCCI:TT'I%/%Y CE%AGAT'ICﬂGé %X%%qgﬁ%%%?%
ACCACTCGCT  GGACACGTAC ATGGCAGAAA ACCAAAAACT CTTGGTCAAG TTTTGTTCAG
GTATTTGACE! o tdTERNERR T fr’ﬁgg FeFGREAAT
GCTACAATGG GGAATCTTACCTATTCGTGAT TT TTGGT'AAT CGCATTGTT
CCTGACCCAGLA (GeAT 20 \AEs GBETASY REE QAN TGEPRELAATAAGAECEeA REATAIZAAA
AATTTATGGC CGAGAISTGG ACAAGGATAT ##PCCAAACGC CATTTHYECG GAAAGTAATT

CAGTANCAT A TAMATNGE. ATACEREBTT £LTSCOGRCTo I GTIGAE, SaROSHTONT
ATGTTAAATT TG;@.@GAQ'A "CB% 5{" TA
AGAGTTTTTG ACCCTTCCAC CGGAGCATTA GTTGATAGTA AGTCATATGC TTTTTCGACT

-41- Thr Ile Gln Trp Asn Gly Gly Thr Arg Glu Gly Gln Asn Lys Asn Tyr
465 470 475 480

Val Ile Ile Lys Ala Trp Gly Asn Ser Phe Asn Ala Thr Gly Asp Arg
' 485 490 - _ " 495

Ser Arg Glu Thr Val Phe Gln Val Ser Asp Ser Gln Gly Tyr Tyr Phe
500 505 510

Tyr Ala His Arg Lys Ala Pro Thr Gly Asp Glu Thr Ile Gly Arg Ile
515 : 520 525

Glu Ala Gln Phe Ala Gly Asp Val Tyr Ala Lys Gly Ile Ile Ala Asn
‘530 535 540

Gly Asn Phe Arg Val Val Gly Ser Ser Ala Leu Ala Gly Asn Val Thr
545 . ~ 850 558 _ 560

Met Ser Asn Gly Leu Phe Val Gln Gly Gly Ser Ser Ile Thr Gly Gln
' 565 570 - 5785

Val Lys Ile Gly Gly Thr Ala Asn Ala Leu Arg Ile Trp Asn Ala Glu
580 585 - 590 :

Tyr Gly Ala Ile Phe Arg Arg Ser Glu Ser Asn Phe Tyr Ile Ile Pro
595 600 .. 608 '

Thr Asn Gln Asn Glu Gly Glu Ser Gly Asp Ile His Ser Ser Leu Arg
610 615 - 620 :

Pro Val Arg Ile Gly Leu Asn Asp Gly Met Val Gly Leu Gly Arg Asp
625 630 635 640

Ser Phe Ile Val Asp Gln Asn Asn Ala Leu Thr Thr Ile Asn Ser Asn
o : 645 650 ' 655 -

Ser Arg Ile Asn Ala Asn Phe Arg Met Gln Leu Gly Gln Ser Ala Tyr
660 665 - 670

Ile Asp Ala élu Cys Thr Asp Ala Val Arg Pro Ala Gly Ala Gly Ser -

675 680 - 685

Phe Ala Ser Gln Asn Asn Glu Asp Val Arg Ala Pro Phe Tyr Met Asn
690 695 - 700

Ile Asp Arg Thr Asp Ala Ser Ala Tyr Val Pro Ile Leu Lys Gln Arg
705 710 715 720

Tyr Val Gln Gly Asn Gly Cys Tyr Ser Leu Gly Thr Leu Ile Asn Asn
725 730 : 738

=52=

3120
3180

3240
3300
3360,
3420

3480

3540
3600
3660
3720
3780
3840
3900

3960
4020
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4140
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TCAAATGATA CTACATCAGC TGCTTTTGIT AGTTTTCATG AATTCTTTGA CGAATAATCG 4200
AATTGTTGCT ATHOIAAM GTGGAAAGGT TAATTTTCCT CCTGAAGTAG TATCTTGRAT/USISAN3
AAGAACCGCC GGAACGTCTG CCTTTCCATC TGATTCTATA TTGTCAAGAT TTGACGTATC 4320
ATATGCTGCT TTTTR®pA®sT Rier GHRGETAHEECAL YT PAG/IGARFS RBA/GNITEAG Thr 4380
TAATAGAAAA AGCACAGATG ATT. C TATTTTAGATSGTTGTATTTG ACAGTEPTAGA 4440

AGATGTAGGA CCTACX¥CEed GIRCEAAGAAGA Y SR AT Pr A G CTPH AT e AQS TKATETE asp 4500
GGCAGTTGGT GGAACTAATA TEEGAAATTGC GAGATTIBACA ACTTCAGCTG @EBTAAGTAA 4560

ATTATCTGAT TATAATT AGTT. TATGC 4620
TGATGCTGAT TTAM %%‘%%Gé‘ ng‘ﬁ}f@ %%ﬁi Ar9 4630
TAACGGATAT ATTTCTTCAA CACAAGCTGA ATTTACTGGG CAAGCTGGGT CATGGGAATT 4740
AAAGGAAGAT TAT G ABRCTIEGANA /S IICE NG BAECRLYT AFAGRATAIR ASCIACABIG Ser 4800
AACTGCACAA GCT G GTGGCATGAG RAATTTAAGC TTTTCPEAAG TATCAAGAAA 890 4860

TGGCGGCATT TCGAAACETS ditGéY LECQ yeCTRAAEET1AMECGES It gI%TﬁTéicly 4920
CGAATCCGCT TCACCTCCGG ATATAABGST ACTTCCTACG CAMECATCGT 4980

AAAGTGTTT T T TTAAATT CCCTTCG 5040
$TCTTTATAA G$A }R% ﬁtER? TFPARR %Aﬁggr‘f’c%““ 5100

Met Glu Gly Gln Thr Phe Asp Lys Ser Ala Tyr Pro Lys Leu Ala Val
- 838 840 845

Ala Tyr Pro Ser Gly Val Ile Pro Asp Met Arg Gly Gln Thr Ile Lys
850 855 860 :

Gly Lys Pro Ser Gly Arg Ala Val Leu Ser Ala Glu Ala Asp Gly Val
865 ' 870 875 . 880

Lys Ala His Ser His Ser Ala Ser Ala Ser Ser Thr Asp Leu Gly Thr
885 890 895

Lys Thr Thr Ser Ser Phe Asp Tyr Gly Thr Lys Gly Thr Asn Ser Thr
900 905 - 910 _

Gly Gly His Thr His Ser Gly Ser Gly Ser Thr Ser Thr Asn Gly Glu
91§ 920 : 925

His Ser His Tyr Ile Glu Ala Trp Asn Gly Thr Gly Val Gly Gly Asn
230 935 940

Lys Met Ser Ser Tyr Ala lle Ser Tyr Arg Ala Gly Gly Ser Asn Thr
945 950 . 958 _ 960

Asn Ala Ala Gly Asn His Ser His Thr Phe Ser Phe Gly Thr Ser Ser
965 970 975

Ala Gly Asp His Ser His Ser Val Gly Ile Gly Ala His Thr His Thr
980 985S : 990

Val Ala Ile Gly Ser His Gly His Thr Ile Thr Val Asn Ser Thr Gly
99§ 1000 1008

Asn Thr Glu Asn Thr Val Lys Asn Ile Ala Phe Asn Tyr Ile Val Arg
1010 1018 - 1020

Leu Ala
1025

-53=



ACAACTGGAG GCTCTGTCAT TTGGCATCAA GGAAATTTTC CATTGAATCC AGCCGGTGAC 5160
GATGTACTCT ATAAATCATT TAAAATATAT TCAGAATATA ACAAACCACA. AGCTGCTGAT 5220
AACGATWT AAAGC TAATGGTGGT ACTTATGCAT CAAAGGTAAC ATTTAACGCT 5280
GGCATT TATGC TCCAAACATC ATGAGCCCAT GOGGGATTTA TCREHEMRABZ 5340
. GGTGATGGTG CTACTTTTGA TAAAGCAAAT ATCGATATTG TTTCATGGTA TGGOGTAGGA 5400
TTTAAATCGT CATTTGGTTC AACAGGOCGA ACTGITGTAA TTAATACACG CAATGGTGAT 5460
fhat 2@TESECAGCT GGTCAAGTAA GAAGTGGTGC GGCTGCTCCT 5520
ATAGCAGOGA ATGACCTTAC TAGAAAGGAC TATGTTGATG GAGCAATAAA TACTGITACT 5580
GCAAATGCAA ACTCTA GGTGACA TGACA TTTAACAGCG 5640
CCAAACTTTT TCTCGCS@ %%"CRR@@&M PP@&&S&W 1y 5700
ATCGTAATOR EB&AGHETCEaiTAZGREE T GroBeiAT b4T battetGophR 5760

T LA oY 1 0 e SHRRAERR S i

CAGGAAATRETEINUSATWHerein TsaddT ol xpeptides hasT ther capakiddtynan forns 940

TTAACCH§imers Al T1At 8L CECHAER ﬁ@é@% a%%&egiﬁ ﬁ' CG 6000
GACCCATTGG TTCTAGIGAT GGOGICACTG CAAAAATT % @ G%AQAT 6060
TTTATGCAPRCH é@m& BATACTTCAA ATGCCCATTT ATGGTTTGAA AATGCCGATG 6120
GCACTGAACG TGGOGTTATA TATGCTCGCC CTCAAACTAC AACTGACGGT GAAATACGCC 6180

-42-

10 2. An isolated polypeptide consisting essentially

of a fusion protein between the gp36 and gp37 proteins of

bacterlophage T4, wherein amino acid residues 1-242 of gp37

(SEQ ID NO:6) are fused in proper reading frame to amino acid ‘

residues 118-221 of gp36 (SEQ ID NO:5).

b § : _ .

3. The polypeptide of claim 2 wherein a plurality

of carboxy termini of said polypeptide have the capability of

interacting with the amino terminus of the P37 proteih'

oligomer of bacterlophage T4 and to form an attached oligomer

20 and the amino termini of the oligomer of said polypeptide
have the capability of interacting with the carboxy term1n1
of gp36 polypeptides of bacterzophage T4.

N 4. An isolated polypeptide oligomer consisting
25 essentially of two gp37 polypeptides ofubacteriophage T4,
wherein the amino termini of said oligomer lack the
capability of interacting with the carboxy termini of gp36
polypeptides of bacteriophage T4. -

30 5. An isolated polypeptide oligomer consisting
essentially of the P37 protein of bacteriophage T4, wherein
the amino termini of said oligomer lack the capability of
interacting with the carboxy termini of gp36 polypeptides of
bacteriophage T4.

35

6. An isolated polypeptide consisting essentially
of a variant of the gp36 protein of bacteriophage T4, wherein

* [ L ] H *
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TTAGGGTTAG ACAAGGAACA GGAAGCACTG CCAACAGTGA ATTCTATTTC CGCTCTATAA 6240
ATGGAGGCGA ATWPCAAIMT AACCGTATTT TAGCATCAGA TTCGITAGTA ACAAAACHSATUSIS/EAN33
TTGOGGTTGA TACCGTTATT CATGATGCCA AAGCATTTGG ACAATATGAT TCTCACTCTT 6360
TGGTTAATTA TGTTTATCCT GGAACCGGTG AAACAAATGG TGTAAACTAT CTTCGTAAAG 6420
TTCGCGCTAA qemmmmmmmmm hresoorbsy withsbhe

CTGATGAAGT TTghiqeT g e
ACGATGGCAG AATGATTATC CGTAATAGCC TTGCAia ’T$A¥GGE E%}'AiCA‘ %@% C‘ﬁﬁAﬂ_%% 1°p€§é%
CGTCTAGTGA TTASGGCAAC GTCGGTGTAA TGGGOGATAA GTATCTTGIT CTCGGOGACA 6660
CTGTAACTGG CTTGTCATAC AAAAAAACTG GTGTATTTGA TCTAGITGGC GGTGGATATT 6720

CTCAGGACCA ACGUGOMCT TACAT AT ATt BOIY PSS cenaigsing qsent faily

AAACACAAGC TGATAAT £081ANTEFEEeia Aedueei EHCATPIEGHA g3\ G e ins 6600
AT GoARAT %Wﬁ?%&%%ﬁ%%%ﬁ% o538,
ACGCTGACGG AACBERTIOT NOcSATRxerdusedr i prp marTTAA 7080
CTAAATCTAA T%WTWhimmﬁ%f géﬁg
.GGACTATCCAIAT N2 .GGTACTCGCG AAGGACAGAA TAAAAACTAT GIGATTAT

8. An oiigomer of the polypeptide of claim 7,
wherein the amino termini of said dimer have the capability
of interacting with the gp35 protéin of bacteriophage T4.

15 - -
9. An isolated polypeptide consisting essentially
of a variant of the gp35 protein of bacteriophage T4, wherein
said polypeptide forms an angle of less than about 125° when
combined with the P34 and P36-P37 protein oligomers of
20 bacteriophage T4, under conditions wherein the wild-type gp35
protein forms an angle'of 137° when combined with said
oligomers.

10. An isolated polypeptide consisting essentially
25 of a variant of the gp35 protein of bacteriophage T4, wherein
said polypeptide forms an angle of more than about 145° when
combined with the P34 and P36-P37 protein oligomers of
bacteriophage T4, under conditions wherein the wild-type gp35
protein forms an angle of 137° when combined w1th said
30 oligomers.

11. An isolated polypeptide'consisting essentially
of a variant of the gp35 protein of bacteriophage T4, wherein
the interaction of said polypeptide with the P34 protein

35 oligomer of bacteriophage T4 is unstable at temperatures
between about 40°C and about 60°C.

- 55 -

* c L M S *



AAGCATGGGG TAACTCATTT AATGCCACTG GTGATAGATC “TCEBGAAACG GTTTTCCAAG
TATCAGATAG TCAAGGATAT TATTTTTATG CTCATCGTAA AGCTCCAACC GGCGACGAAA

CTATTGE?&§§%£ 4AAGCT CAATTTGCCTG GCGATGTTTA TGCTAAAGGT ATg#%F |
QgGT TGIT GGGTCAAGCG CTTTAGCCGG CAATGITACT A %ﬁﬁ

GITTGITTGT CCAACENGEN TCTTCTATTA CTGGACAAGT TAAAATTGGEC GGAACAGCAA

TTTATATTAT TCOMOGMT OMAACAAZedABRANERBS L8\ ShiRoRer, Sonaiifcing

7260
7320
7380
7440
7500
7560
7620

GACCTGT @ﬂéﬂfmiTéfAAC@&fm "OBGEREGEBY W&G@T ‘Bacterilopghage 7680

Canrcoan- SRRRRTR EnaIRRRRRRR AR ARNE PIHARRA T T A

CGGGTCCARRRteinToT igomercofCharkexionhagecT4cdeT Gnatad IEr GATATGA

ATATTQ&'ﬂﬁheﬁﬁiEHEEETbAEWGGﬁTAEGuETGGTETIEEWﬁﬁﬁﬁ§%%83&'TATGTTCAAG'
GCAATGGCTG CTATTCATTA GGGACTTTAA TTAATAATGG TAATTTCCGA GTTCATTACC

ATGGOGGOGG AGATAACGGT TCTACAGGTC CACAGACTGC TGATTTTGGA TGGGAATTTA

TTAAAAACGG TGATTTTA3T TRACIS0TECedT POAYDLDE

7740
7800
7860
7920
7980
8040
8100
8160

CACTTAAA%;@m %ﬁé &Aﬁ% W %@%‘“ 8220

-43- T4, wherein the carboxy-terminal domain of said oligomer is

10 modified so as to confer the ability of the entire
polypeptide to bina specifically to an immobilized ligand.

14. The polypeptide of claim 13, wherein said
ligand is selected from the group consisting of biotin,
15 immunoglobulin, or divalent metal ions.

15. A nanostructure comprising a plurality of
fusion proteins, said fusion proteins comprising a first

portion consisting of at least the first 10 N-terminal amino
20 acids of a tail fiber protein fused v1a a peptide bond to a
second portion consisting of at least the last 10 c-terminal
amino acids of a second tail fiber protein, wherein the tail

fiber proteins are selected from the group consisting of
gp34, gp35, gp36, and gp37 proteins of a T-even-like

25 hacteriophage, wherein the first and second tail fiber _
'proteins are the same or different.

~16. The nanostructure of claim 15, wherein the
first and second tail fiber proteins are different.
30

17. The nanostructure of claim 15, which further
comprises a molecule that can self-assemhle into a dimer or

trimer, fused to at least a 10 amino ac1d portion of a
T—even-like tail fiber protein.
.38 | |
18. The nanostructure of claim 17, wherein the
molecule has the structure of a leucine zipper.

* [ L M S *
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ATTCAGITCC TGCTGGATTT GCTTTGATGG AAGGTCAGAC CTTTGATAAG TCCGCATATC 8280
ICAAAGI-TAGC X§@¥%%¢§AJ CCTAGCGGTG TTATTCCAGA TATGCGCGEG CAAACT ApEfrusosf3es0
IAGGGTAAACC CGTI' CCTGIITTIGA GCGCTGAGEC AGATGGIGIT AAGGCTCATA 8400
'GCCATAGWGC ATCGGCTTCA AGTACTGACT TAGGTACTAA AACCACATCA AGCTTTGACT 8460
'ATGGTACGAA GGGAACTAAC Al 0
COAGAARTOS TOAGCACAGC CACT ACHRRCRAGSRIGEAT A s (o atrain sEHE0
ATAAGATGTC ATGATOBELOCANLECADNDY i8esCeCAiBe s Cherclimensiralcarml. 8640
GGAACCACAG  TCACACTTTC TCTTTTGSGA CTAGCAGIGC TGGCGACCAT TCCCACTCTG 8700

TAGGTATTGG TGCTCATACC CACACGGTAG CAATTGGATC ACATGGTCAT ACTATCACTG 8760
TAAATAGTAC AGGTAATACA GREaACThecnanestracturesofi ciadim o mhenein sabd

GITTAGCATA 4Cranostru iEG’E% ol on. 8855
(2) | NFORMATI ON FOR SEQ I D NGO EQUENCE CHARACTERI STI CS:

(A) LENGTH. 1289 am no aci ds (B) TYPE: am no acid (D
TOPOLOGY: linear (i21). MIheCrianoBtictanre ©f claim (15, dexaiu\ said

SOURCE: nanos@éLcQRQQVE@Mpﬁ@ygéﬂﬂ(ﬂﬂyggidg%ensional cage or solid.

10 22. The nanostructure of claim 15, wherein said
nanostructure comprises a two-dimensional open or closed
sheet.

23. An isolated fusion protein consisting
15 essentially of a portion of a gp37 protein of a T-even-like
bacteriophage consisting of at least the first 10-60
N-terminal amino acids of the gp37 protein fused to a second
portion of a gp36 ﬁrotein of a T-even-like bacteriophage
consisting of at least the last 10-60 C-terminal amino acids
20 of the gp36 protein. -

24. An isolated fusion protein consisting
essentially of a portion of a gp37 protein of a T-even-like
bacteriophage consisting of at least the first 10 N-terminal

25 amino acids of the gp37 protein fused to a second portion of
a gp36 protein of a T-even-like bacteriophage consisting of
at least the last 10 C-terminal amino acids of the gp36
protein.

30 25. An isolated fusion protein consisting
essentially of a portion of a gp37 protein of a T-even-like
bacteriophage consisting of at least the first 20 N-terminal
amino acids of the gp37 protein fused to a second portion of
a gp36 protein of a T-even-like bacteriophage consisting of

35 at least the last 20 C-terminal amino acids of the gp36
protein.

- 57 = -
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(vii)

| MVEDI ATE SOURCE: (B) CLONE: p34 am no acid (xi)

10

is

30

SEQUENCE DESCRI PTION: SEQ | D NO 2: Mt Ala Qu Ile Lys Arg Qu Ege Arg
Ala G u wodefpiegzleu Asp Al a 1 5 .
15 Ay GI%? Asp Lys Ile Ile Asn Val -Ala Leu Ala Asp ArPg ig]sr”’\l/?ﬂn(}y

20 25 30 Thr Asp Ay Val Asn Val
Asp Tyr Leu Ile dg.du Thr. .Val] G n . 35, .. 40
45 An Tyr Agg'Pr ﬁﬁf"iﬁ&% f“ﬂ?ﬁ'tafﬁfsl’hs‘ﬁ’wmm le Ile Tyr
50 essentiallysof a portion of a @P36 prot=in\orf A r-Réwer+Dikea Al a
Ile Asn B ' -ed O

75 ﬁﬁét&&oﬁhﬂgsbyéoﬂkﬁsﬁ:ig@g%f /331,: n lggrSth?eArfgirﬁ% ]ﬂ gs(id a Leu.Arg Thr
Asp Al a ggﬁeqpﬁnal amino acids of theggp36 protein fused tp a second

10 3 portidhro¥an gguspi- nooE EYI‘1.110 © S Vell:q;ﬁ‘\%‘ubl’ll‘ﬁ r. AIAlaaI !AIea
100 er, Va
~dy Asn ﬁggs}?si?ﬂr°§h3tTﬁFaE§utPP015§F 10-60 C-termina] amino acids

120 of the gp34 pebtein. Ser Pro Ile Asp Ay Asp Thr Ile Val Leu dn
Asp Ile Ay Gy Lys 130 . 135 o 140
-44- .

27. An isolated protein comprising at least 20
contiguous amino acids of the gp_37, gp36, or gp34 protein of
a T-even-like bacteriophage, and lacking at least 5 amino
acids of the amino~- or carboxy-terminus of the protein.

28. An isolated DNA encoding the polypeptide of '
claim 1. =

29. An isolated bNA encoding the polypeptide of
claim 2. B :

'30. An isolated DNA encoding the polypeptide of
claim 4.

- 31. An isolated DNA encoding the polypeptide of

-claim 5.

32. An isolated DNA encoding the polypeptide of

33. An isolated DNA encoding the polypeptide of
claim 7. : '

34. An isolated DNA encoding the polypeptide of
claim 9. : '

35. An isolated DNA encoding the polypeptide-of-
claim 10.

- 58 =
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Pro Giy Val Asn Adn Val Leu Ile Val Ala Pro Val Gdn Ser Ile Val 145

150 . W0 96/11947155 160 Asn Phe Arg Gqrrédes/18820
Val Arg Ser Val Leu Met Thr His Pro Lys K 165

170 . 175 Ser A n Leu Val Leu Ile Phe Ser Asn Arg Leu
Trp A n Met Tyr Va

190 Ala ASp L S ¥y (ﬂ‘; ?°i$€ed\ﬂmve?°?ﬁinﬁr thg> Ro)YpepLide of
195 n g - 205 Adn Ala An Ser Asn Asp
Phe 1l e Val Arg Arg Phe Thr Ser Ala Al a 210 : 215

220 Prolle son Vel 4ys L £io A8aPlia heliind’ 2n€ folfheptiae, it
Phe Val Asp s cla¥w 1%/s Leu Asn Pro Leu Tyr His Thr Ile Val

245 250 255 Thr Thr Tyr Asp du Thr
Thr Ser Val A n GQu Val Ay Thr H's Ser 260 -

265 27(B8. |Am imlﬁ:qd/smgATanc@éinql'ehnspotirpepnédsogfwm
Phe Asp Asp Aiaim 275 285
Gu Lys Leu Trp Arg JLeu Phe Asp Gy Asp Ser Lys Ala Arg Leu Arg . 290
295 300 Ile Ile Thr Thr Asn Ser Asn Ile Arg Pro Asn
Gu @ u Valgget Val 3¥», An isolated DNZl@ncoding the proteinldbf claim
320 Phe Glé/:,Ala Asn Asn Ay Thr Thr @n Thr Ile GQu Leu Lys Leu Pro
325

330 335

40. An isolated DNA encoding the protein of claim

25.
15
41. An isolated DNA encoding the protein of claim
26. ’
_ 42. An isolated DNA encoding the protein of claim
20 27.

43. A method for making a polygonal nanostructure
comprising contacting the protein of claim 26 with purified
gp35 proteins of a T-even-like bacteriophage.
as '

44. A method for making a nanostructure comprising
contacting a plurality of the proteins of claim 23 with each
other.

30 45. A kit comprising in one or more containers the
fusion protein of claim 23. '

46. A kit compr'i'sing in one or more containers the
fusion protein of claim 25. '
3as _
47. A kit comprising in one or more containers the
fusion protein of claim 26.
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Thr Asn Ile Ser Val Ay Asp Thr Val Lys Ile Ser Met Asn Tyr Met

340
Ile
365
370
Thr
395
Au
415
- 420
Arg
445
450
Thr
475
dn
495
- 45._

345 - 350 Arg Lys Ay @ n Thr Val
Lyswidge/tibay Asp G u Asp Lys Ile 355 PCT/US95/13023360
Ala Ser Ser Val An Leu Leu dn Phe Pro Lys Arg Ser Gu Tyr Pro
375 380 Pro du Ala 4@ u Trp Va

vl Gn Gu LetsyiaTREc A0SRl in, . or, pors, cesatagth £oa,. |

psp,gggiqgwprotein of claim 26,4gad an isolated gp351protein of a
@%%fmeTmyﬁlﬁa&n Gn Asn Val Pro Thr Val Gu Arg Val

Ala Arg Leu Gy Val lle Ala Leu 435 440
5Aa Thr A MN a The protéin o2l claiml 29 ¢heréin the M~evens Lys

Val

10

15

Lys

| e

430 Asp Ser Leu Asn Asp Ser Thr -

460 GQu Leu Ala Ile Thr Pro GQu
Leu ke &‘cﬁiﬁ‘% A%f4au 465 - 470

480 Thr Arg Arg Cly Ile Ala Arg Ile Ala Thr Thr Al a

AsAflnTSr r]Thr Phe ‘lgclar %ot%n ééSc p 1?3 Pgrﬁlg #ﬁrg Bro Eys Lys

like bacteriophage is T4.

51. An isolated poiypeptide consisting essentially |

of a variant of the gp36 protein of bacteriophage T4, wherein
the interaction of said polypeptide with the P37 protein
oligomer of bacteriophage T4 is unstable at temperatures
between about 40°C and about 60°C. |

52. An isolated polypeptide consisting essentially
of a variant of the gp36 protein of bacteriophage T4, wherein
the interaction of said polypeptide with the gp35 protein of
bacteriophage T4 is unstable at temperatures between about
40°C and about 60°C.

53. An isolated~polypeptidefconsisting essentially
of a variant of the gp34 protein of bacteriophage T4, wherein
the interaction of said polypeptide with the gp35 protein of
bacteriophage T4 is unstable at temperatures between about
40°C and. about 60°C.
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500 : 505 510 Leu Asn G u Arg Thr Ala Thr
Gu Thr Arg VX\?&W 893’7 Val Ala Gu lle 2% 515 PCT/US9513033

525 Ala Thr Gn G@n GQu Thr Asn Ala Gy Thr Asp Asp Thr Thr Ile Ile
530 . 535 540 Thr Pro Lys Lys Leu @n Al a
Arg Gn Ay Ser Qu Ser Leu Ser Ay 545 _ 550

555 . 560 Ile Val T Rhe Val Ser Thr Ala Ay Ala Thr
Pro Ala Ser Ser Arg Am 570 :
575 Gu Leu Asn Ay Thr ,Asn Va 5 Asn Thr Asp Asn Leu Val

580 585 24~ =P W0 —vam Ser Pro LyEag) @ Leu Asp
@n Tyr Lys Ala Thr Pro Thr d 5 . 595 600

605 ~ Ay Ala Val Ile Leu ALa [BBEde $er \G'u val] | | INTERNAL: COMPONENTS
610 615 \Co oo "Ad-n{dn Asn Al a
Val Val Thr Pro Gu Thr Lejyed-ert 25 o qPITIP.,P‘IP!lI Yy
635 640 " goL¥arTh Eksp Gy Arg tides I1,V11
Ile Ala Thr A n ‘ 6

655 Ser u Val Asn Thr Gy yThA Argl Ala Val Thr Pro Lys |
660 665 Thij Leu Asn Asp Arg Arg Al a

Thr Au Ser Leu Ser Ay lle Ala : 2,502 680
685 lle Ala Thr An Val gfu Phe AspAspThr Arg Ile

WAC

INTERNAL TUBE
\ 1

8
>
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690
Thr

715
Thr

735
740
Au
765
770
Al a
795
Lys

815
820
Thr

845
850
-46-

695 700 Ser Thr Pro Leu Lys Ile Lys

Arg Phe A¢dosrfiog7Thr Asp Arg Thr 705 710
720 Ser Val Val Ala Leu Ser Gy Leu VECTHSA/023 G v

Leu Trp Asp 725 730
H's Tyr Thr Leu Asn Ile Leu Qu Al a Asn Gu Thr @n Arg Ay Thr
745 750 Leu Arg Val Ala Thr @ n Val
AI a Ala Ala Ay Thr Leu Asp Asn 755 760
~Val Leu Ile Thr Pro Lys Lys Leu Leu Ay Thr Lys Ser Thr Au Al a
775 780 2?25 Gu dy val Ile Lys Vval
Thr G n Ser Au Thr Val Thr Gy 785 790
800 Thr Ser Ala Adn Thr Al a VaI Ser Pro Lys Asn Leu

Trp Ile Ala &bs 810 |
Gn Ser Gu Pro Thr Trp Al a hr Thr Ala Ilé Arg GIyUDhe Val L
o | e

825 830 Lys Thr Ser - Ser Ser

Phe Val Ay Asn Asp - 835 849
Ser Thr A n As ﬁu_G_u_L_e_u_]‘y.r_(_} ys Asn Ser Tyr Al ¥|val Ber
B F /
! B————- L —F
L7
R
'R D
1\ J
_Y
FIG.2
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WD 96/ 11947 - PCT/ US95/ 13023

Pro Tyr
870 -
Leu Leu
890 .
Ser Leu
910

915

Al a Asn
940

945

Pro Al a
965

Arg Ser
985

Asp Ay
1005
1010
Thr Al a
1035
Phe Arg
1055
1060

A U Wwo'bsAfdd;Arg Val Leu Ala Asn Tyr Leu Pro Leu Lys Al a 865

875 - 880 Lys Al a Al a PEpUSY513023N
Asp Ay Leu Asp Ser Ser A n Phe . . 885

895. Ile Arg Arg Asp Ile Ala A n Thr Val Asn Ay
Thr Leu Thr 900 ‘905

An dn Thr Asn Leu Ser Ala Pro Leu Val Ser Ser Ser Thr Ay Qu

920 925 Phe Gy Gy Ser Leu Ala
Arg Thr Phe Thr Ile Arg Asn Thr 3;25 930 935
Gy Ala Pro Thr Ser Ile Val Phe Qu Lys Ay Pro Ala Ser Ay Al a

950 955 960 Asn
An Ser Met Ser Ile Arg Val Trp Ay Asn G n Phe Ay .

97 9 Thr Thr
Thr Val Phe GISJ al Ay Asp Asp CEOSED ERICI@%ESHEEB

990 -+ Thr Ser Hs Hs Phe.Tyr.Set. A n Atg Asn Lys
Asn |le Ala * * 995 e +e TO00-- . e-

Phe Asn I hr Val Met—PT 0~F EASTt te—AST-Ata—Ser—a v
01 10 20— -et—bi— ASR—3& Asn dy
Thr Phe Ay g ,%Er %ﬁl Thr Al a 1025 1030
40 Asn Ay GQu Phe Ile Ser Lys Ser Ala Asn Al a
Ala |le s 045, - 1050 J
Gy Asp Tyr Gy Phe Phe Ile Arg Asn Asp Ala Ser Asn Thr Tyr Phe
F16:3C
[ ]
OPEN BRICKWORK SHEETS
UNIT U

i
Z-LI

FIG.3D

SUBSTITOTE SHEET (RULE 26)



Leu Leu Thr Ala Ala Ay Asp Gn Thr Ay Ay Phe Asn Gy Leu Arg

1075 WO 967119471080 1085 Pro Leu Leu Ile Asn Asn
A@n Ser Ay Anlle Thr Ile dy Au Ay 1090 PCT/US95110623
1100 Leu Ile lle Ala Lys Gy Val Thr Ile Asn Ser Ay Gy Leu Thr Val
1105 . 1110 1115 1120 Asn
Ser Arg Ile Arg Ser Gn @y Thr Lys Thr Ser Asp Leu Tyr Thr

1125 1130 1135 Arg Ala Pro Thr Ser Asp
Thr Val Ay Phe Trp Ser Ile Asp Ile Asn MZGF - 1140

1145 1150 Asp Ser Al a r Tyr Asn G n Phe Pro Ay Tyr
Phe Lys Met Val Qu 1155 1160 o

1165 Lys Thr Asn du Vgl Thr 1 Pro Tyr Leu Au Arg Ay Gu u
1170 1173:. I O Val Lys Ser_#$ro G hr
Leu Thr G n Phe Ay Asn 5 " {90

1195 120 rp Ile Thr Tyr Thr Pro
Gu Ala Arg Thr 1210

1215 Thr Arg Trp Thr Thr Lys Asn Se Ser

-47-
PCT/ US95/ 13023

WD 96/ 119471, ¢.

»
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| 44
o
)

o a
1= ZE
u§5 w
a
8 B

e S
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SHEET LAYER(S)
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i —~— THE CLOSED SIMPLE SHEET UNIT

1
r1

3

FIG.4

SUBSTTTOTE SHEET (RULE 26)



dn Val

1230 Phe Asp

1220 1225 Phe Val

Gy Ay Asn @'d)g “947(3 n Pro Ser Asp Ile 1235 _
1240 - 1245 Gy Ala Leu Pro Ser Asp Asn Al RCTUS9SMBO23C y

Asn Leu Thr Ile Arg 1250. e 1255 1260
Asp Phe Leu Arg Ile Ay Asn Val Arg Ile Val Pro Asp Pro Val Asn 1265
1270 1275 1280 Lys Thr Val Lys Phe GQu
Trp Val Qu 1285 (2%2BNFCRIVATI ON FOR SEQ I D NG 3:

(1) SEQUENCE CHARACTERI STI CS: LENGTH: 65 am no aci ds

(B) TYPE: am no acid I i near (i) . MOLECULE

TYPE: protein
Bact eri ophage T41
am no acid

Phe Met Ala GQu
10

30

35 301

361
421
481
M1
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561

1621
1681

1741
1801
1861
1921
1981
2041
2101
2161
2221
2281

Ser  CyggiPr

(D) TOPOLOGY:

CAGBRSCTAT aAkT
TGGATTACGG TTTCATCTGG TTCATA
ACCGCAGCTG GAAATGACAT CACGTTTACT
ATCGTTCTCC AAGATATTGG AGGAAAACCT
GTACAAAGTA TTGTAAACTT TAGAGGTGAA
AGTCACAGC TAGTTTTAAT TTTTAGTAAT
AGTAGAGAAG CTATAGTTGT AACACCAGCG
ATCGTACGTA GATTTACTTC TGCTGCACCA
CATGGCGATA TTATTAATTT CGTCGATTTA
GTTACTACAT ACGATGAAAC GACTTCAGTA
CGTACATCGA TTGACGGTTT CTTGATGTTT
GAOGGGGATA GTAAAGCGOG TTTACGTATC
GAAGAAGTTA TGGTATTTGG TGCGAATAAC
CCAACTAATA TTTCTGTTGG TGATACTGTT
CAAACAGTTA AAATCAAAGC TGCTGATGAA
CAATTCCCAA AACGCTCAGA ATATCCACCT
GTTTTTAACG ATGAAACTAA TTATGTTCCA
GATGGAAAAT ATTGGGTTGT ACAGCAAAAC
AATGATTCTA CTAGAGCAAG ATTAGGOGTA
GTOGATTTAG AAAATTCTCC ACAAAAAGAA
CGTACTGCTA CAGAAACTCG CAGAGGTATT
CAGAACACCA CATTCTCTTT TGCTGATGAT
AGAACTGCTA CAGAAACTCG TAGAGGTGTC
GCAGGAACCG ATGATACTAC AATCATCACT
GAATCATTAT CTGGTATTGT AACCTTTGTA
CGTGAATTAA ATGGTACGAA TGTTTATAAT
AMMGCTTTGG ATCAGTATAA AGCTACTCCA
GAAAGTGAAG TAATTGCTGG ACAAAGTCAG
GAAACGTTAC ATAAAAAGAC ATCAACTGAT
CAAAGTGAAG TTAATACAGG AACTGATTAT
GACCGTAGAG CAACTGAAAG TTTAAGTGGT
GACGCAGGOG TCGACGATAC TCGTATCTCT
AGTACTGATC GTACTTCTGT TGTIGCTCTA
GACCATTATA CACTTAATAT TCTTGAAGCA
GCTACGCAGG TCGAAGCTGC TGCGGGAACA

oy g

MEAMIC. ACAGTTOAG AGTATGAICC M@ccmmso
e Ser I1e AlalgH yIATTTAMAC ATTTIGTAAT CAPITATCAT ARCCGCTITT. GRGCTGESAT ARATGATATT 240
O CBETeCANMG CArTaceYAC ChKTCETAAC B0

40 (A lm%Nl

TTAAAATCTG GTGAAGCAAT TTCGGTTAAC
TTACCATCTT CTCCAATTGA TGGTGATACT
GGAGTTAACC AAGTTTTAAT TGTAGCTCCA
CAGGTACGTT CAGTACTAAT GACTCATCCA
CGTCTGTGGC AAATGTATGT TGCTGATTAT
AATACTTATC AAGCGCAATC CAACGATTTT
ATTAATGTCA AACTTCCAAG ATTTGCTAAT
GATAAACTAA ATCCGCTTTA TCATACAATT
CAAGAAGTTG GAACTCATTC CATTGAAGGC
GATGATAATG AGAAATTATG GAGACTGTTT
ATAACGACTA ATTCAAACAT TCGTCCAAAT
GGAACAACTC AAACAATTGA GCTTAAGCTT
AAAATTTCCA TGAATTACAT GAGAAAAGGA
GATAAAATTG CTTCTTCAGT TCAATTGCTG
GAAGCTGAAT GGGTTACAGT TCAAGAATTA
GTTTTGGAGC TTGCTTACAT AGAAGATTCT
GTTCCAACTG TAGAAAGAGT AGCATTCTTTA
ATTGCTTTAG CTACACAAGC TCAAGCTAAT
TTAGCAATTA CTCCAGAAAC GTTAGCTAAT
GCAAGAATAG CAACTACTGC TCAAGTGAAT
ATTATCATCA CTCCTAAAAA GCTGAATGAA
GCAGAAATTG CTACGCAGCA AGAAACTAAT
CCTAAMAAGC TTCAAGCTCG TCAAGGTTCT
TCTACTGCAG GTGCTACTCC AGCTTCTAGC
AAMAACACTG ATAATTTAGT TGTTTCACCT
ACACAGCAAG GTGCAGTAAT TTTAGCAGTT
CAAGGATGGG CAAATGCTGT TGTAACGCCA
GGAAGAATTG GTTTAATTGA AATTGCTACG
ACTCGTGCAG TCACTCCTAA AACTTTAAAT
ATAGCTGAAA TTGCTACACA AGTTGAATTC
ACACCATTAA AAATTAAAAC CAGATTTAAT
TCTGGATTAG TTGAATCAGG AACTCTCTGG
AATGAGACAC AACGTGGTAC ACTTCGTGTA
TTAGATAATG TTTTAATAAC TCCTAAAAAG

FIG.6A
SUBSTITUTE SHEET (Run 76

360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340



Asn Pro Val

(1) SEQUENCE
(B) TYPE: am no acid
TYPE: . protein

Bact eri ophage T4 :
(xi) SEQUENCE DESCRI PTI ON: SEQ 5}25NO 4:
Gn Met Ile Leu Hs An Leu Leu Leu Leu Val

06/ 11947

Phe Met Asn Se?ﬁugg%?ggégl CMTMATA&T% m&cﬁ

v%ﬁ%ﬁﬂ&?gg|STlcs

2341

2461
2521
2581
2641
2701
2761
2821
2881
2041
3001
3061
12
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3901
3961
4021

4081

141
4201
4261
4321
4381
4441
4501
4561
4621
4681

Phe 65

(D) TOPOLOGY:
(vi) ORI G NAL SOURCE:
(vii) | MVEDI ATE SOURCE:

15

AGTG AACCTACTTG GGCAGCT
TCTGGTTCAA TTACATTCGT TGGTAATGAT
TATGAGAAAA ATAGCTATGC GGTATCACCA
TTGCCACTAA AAGCAAAAGC TGCTGATACA
TTCATTCGTA GGGATATTGC ACAGACGGTT
AATCTGAGTG CCCCTCTTGT ATCATCTAGT
AATAGAACAT TTACCATCCG TAATACAGGA
CCTGCATCCG GGGCAAATCC TGCACAGTCA
GGOGGOGGTA GTGATACGAC COGTTOGACA

"CACTTTTATT CTCAACGTAA TAAAGACGGT
ATGCCAATAA ACATTAATGC TTCOGGTTTG
OGTTCAGTTA CAGCCAATGG TGAATTCATC
AACGGTGATT ACGGATTCTT TATTCGTAAT
GCAGCOGGTG ATCAGACTGG TGGTTTTAAT
TCCGGTCAGA TTACAATTGG TGAAGGCTTA
GGCGGTTTAA CTGTTAACTC GAGAATTCGT
ACCCGTGCGC CAACATCTGA TACTGTAGGA
ACTTATAACC AGTTCCCGGG TTATTTTAAA
CTTCCATACT TAGAACGTGG CGAAGAAGTT
AACACACTTG ATTCGCTTTA CCAAGATTCG
ACCACTCGCT GGACACGTAC ATGGCAGAAA
GTATTTGACG GAGGTAACCC TCCTCAACCA
GCTACAATGG GGAATCTTAC TATTCGTGAT
CCTGACCCAG TGAATAAAAC GGTTAAATTT
AATTTATGGC CGAGATTTGG ACAAGGATAT
CAGTAAGATA TAAMATAAGT ATAGCGGGTT
ATGTTAAATT TCAGGATAAT CCTGTAGGAA
AGAGTTTTTG ACCCTTCCAC CGGAGCATTA
TCAAATGATA CTACATCAGC TGCTTTTGTT
AATTGTTGCT ATATTAACTA GTGGAAAGGT
AAGAACCGCC GGAACGTCTG CCTTTCCATC
ATATGCTGCT TTTTATACTT CTTCTAAAAG
TAATAGAAAA AGCACAGATG ATTATCAAAC
AGATGTAGGA GCTACCGGGT TTCCAAGAAG
GGCAGTTGGT GGAACTAATA ACGAAATTGC
ATTATCTGAT TATAATTTAA TTCCTGGAGA
TGATGCTGAT TTACTTGCTC TTGGAACTAC
TAACGGATAT ATTTCTTCAA CACAAGCTGA

‘| i near

Gy Ser An Thr Phe Arg Arg Arg Pro Ser Phe Lys Ser
(2) 1 NFORVATI ON FOR SEQ I D NO 4:
(A) LENGTH: 295 ani no PETIUS95/13023
(1) MOLECULE

(A) ORGAN SM

50

(B) CLONE: p35 am no

1 5

ACTGCAATAA GAGGTTTTGT TAAAACTTCA
ACAGTCGGTT CTACCCAAGA TTTAGAACTG
TATGAATTAA ACCGTGTATT AGCAAATTAT
AATTTATTGG ATGGTCTAGA TTCATCTCAG
AATGGTTCAC TAACCTTAAC CCAACAAACG
ACTGGTGAAT TTGGTGGTTC ATTGGCOGCT
GCCCCGACTA GTATCGTTTT CGAAAAAGGT
ATGAGTATTC GTCTATGGGG TAACCAATTT
GTGTTTGAAG TTGGOGATGA CACATCTCAT
AATATAGCGT TTAACATTAA TGGTACTGTA
ATGAATGTGA ATGGCACTGC AACATTCGGT
AGCAAGTCTG CAAATGCTTT TAGAGCAATA
GATGCCTCTA ATACCTATTT TTTGCTCACT
GGATTACGCC CATTATTAAT TAATAATCAA
ATCATTGCCA AAGGTGTTAC TATAAATTCA
TCTCAGGGTA CTAAAACATC TGATTTATAT
TICTGGTCAA TCGATATTAA TGATTCAGCC
ATGGTTGAAA AAACTAATGA AGTGACTGGG
AAATCTCCTG GTACACTGAC TCAGTTTGGT
ATTACTTATC CAACGACGCC AGAAGCGCGT
ACCAAAMACT CTTGGTCAAG TTTTGTTCAG
TCTGATATCG GTGCTTTACC ATCTGATAAT
TTCTTGCGAA TTGGTAATGT TCGCATTGTT
GAATGGGTTG AATAAGAGGT ATTATGGAAA
GTCCAAACGC CATTTTATCG GAAAGTAATT
CTTGCCCGCT TTCTACAGCA GGACCATCAT
GTCAAACATT TAGGCGCAGG CCTTCATTTA
GTTGATAGTA AGTCATATGC TTTTTCGACT
AGTTTTCATG AATTCTTTGA CGAATAATCG
TAATTTTCCT CCTGAAGTAG TATCTTGGTT
TGATTCTATA TTGTCAAGAT TTGACGTATC
AGCTATCGCA TTAGAGCATG TTAAACTGAG
TATTTTAGAT GTTGTATTTG ACAGTTTAGA
AACGTATGAA AGTGTTGAGC AATTCATGTC
GAGATTGCCA ACTTCAGCTG CTATAAGTAA
TGTTCTTTAT CTTAAAGCTC AGTTATATGC
AAATATATCT ATCCGTTTTT ATAATGCATC
ATTTACTGGG CAAGCTGGGT CATGGGAATT

- FIG.6B
SUBSTITOTE SHEET (RULE 26)

Met Leu Phe Arg Leu

2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740

WO

- 48- |
Rt R



35

Ser
60

65

Val

85

Ser
105
Met
125
130
Leu
155
Leu
175
180
Adn
200
Thr
Arg
230
Ay

Lys
Asp

Lgls
Leu

Ser

Ala G4

Ile
Thr

Val Asn Phe Pro Pro Qu Val Val Ser Trp Leu Arg Thr Al a
40 45 @y Thr Ser Ala Phe Pro
Ser WQIHWISer Arg Phe Asp Val 50 PCT/US95/1385

Ser Tyr Ala Ala Phe Tyr Thr Ser Ser Lys Arg Ala lle Ala Leu Gu

70 80 H s
Leu Ser Asn Arg Lys Ser Thr Asp As% Tyr A n Thr Ile .

90 Leu Asp Val Val Phe Asp
Gu Asp Val dy Ala Thr Gy Phe 100

110 Pro Arg Arg Thr Tyr Gu Ser Val du dn Phe

" R T e

Pro G 486As GG@GCLHUTWCQ& CIGAATTICG  CGEGAATGGT YATTCSTGTTA ATTATAKC 4920
4921 CGAATOOGCT TCACRTOSGGSATATAATGGTY rACTYCETAGSICAAGCATESTO CTAMACTES 4880

Thr TgBAS TAMGTGTTT GGECAKGAAT, TTAGAGMEDS TTAATIGAG GGACCCTTCG GTTACCCTTT S
e §f4ﬁ HreTAEAAr RRCTATTCA\ART emmw@%v TEXTTT %ﬁ% Eg
<51 CGA, cq&c@[, TIGGGATCAR ™~ GGAAATTTT g}g ARTCE A6 0’
5151 GATGYABTCT ATAAATEATT JAMATATAT \/JCAGAATATA: ACAMCEACA AGCIGETCAT v 5280-

Tyr Al 5226 rAACGATTTCG TTTEIKAAGC TAATGGTGGT ACTTATGCAT CAAAGGTAAC ATTTAACGCT 528D
Ala G 5p8h SCEACAAGNTCECATATO0 TOERAAGATO ATGAGEECAT BECCOATETASTOCEC0TAAG 25340 00

934

Ser Ly§40
5461
5521
5581
9641
9701
9761
9821
5881

- 5941
6001

6061

6121
6181
6241
6301
6361
6421

6481

6541
6601
6661
6721
6781
6841
6901
- 6961
7021
7081

(DIT}\%%?U%}%%A COGA

ATTAACACAA AAGGTGTTGT GTCGGCAGCT
ATAGCAGCGA ATGACCTTAC TAGAAAGGAC
GCAAATGCAA ACTCTAGGGT GCTACGGTCT
CCAAACTTTT TCTCGCAGAA TCCTGCATCT
ATCGTAATTA AGGATTCTGT TCAAGATTTC
TAAAACAAAT ACAATTTAAA AGAAGCAAAA
TAGCCGAAGG - TGAATTGGCT ATAAACTTAA
CAGGAAATAT CATCGATCTA GGTTTTGCTA

TTAACGGACT TTTGAGATTA AATGGCGATT

GACCCATTGG TTCTACTGAT GGCGTCACTG
TTTATGCAAG AGCAACAAAC GATACTTCAA
GCACTGAACG TGGCGTTATA TATGCTCGCC
TTAGGGTTAG ACAAGGAACA GGAAGCACTG

ATGGAGGCGA ATTTCAGGCT AACCGTATTT

TIGCGGTTGA TACCGTTATT CATGATGCCA
TGGTTAATTA TGTTTATCCT GGAACCGGTG
TTCGCGCTAA GTCCGGTGGT ACAATTTATC
CTGATGAAGT TTCTTGGTGG TCTGGTGATA
ACGATGGCAG AATGATTATC CGTAATAGCC
CGTCTAGTGA TTATGGCAAC GTCGGTGTAA
CTGTAACTGG CTTGTCATAC AAAAAAACTG
CTGTTGCTTC TATTACTCCT GACAGTTTCC
CTGAGGACCA AGGCGCAACT TGGATAATGC
AAACACAAGC TGATAATAAC AATGCTGGAG
GCGGTAAAAT GAACCACTAT TTCCGTGGTA
GTATGGAAAT TAACCCGGGT ATTTTGAAAT
ACGCTGACGG AACTATTTCT TCCATTCAAC
CTAAATCTAA TAATACTGCG GGTCTTAAAT

FIG.

A%GCM@\‘? ATCGATATTG T TYCATCETN TEXCETAREA

ACTGTTGTAA TTAATACACG CAATGGTGAT
GGTCAAGTAA GAAGTGGTGC GGCTGCTCCT
TATGTTGATG GAGCAATAAA TACTGTTACT
GGTGACACCA TGACAGGTAA TTTAACAGCG
CAACCCTCAC ACGTTCCACG ATTTGACCAA
GGCTATTATT AAGAGGACTT ATGGCTACTT
TCGCAGGAAC ACGTCCTGCT GCTTCAGTAT
AAGATAGAAC AATTTTTACT AAAGATGATT

AGGCGGGCA AGTTGATGGC AACGTTACTA

ATGTACAAAC AGGTGGAATG ACTGTAAACG
GAAAAATTTT CAGATCTACA CAGGGTTCAT
ATGCCCATTT ATGGTTTGAA AATGCCGATG
CTCAAACTAC AACTGACGGT GAAATACGCC
CCAACAGTGA ATTCTATTTC CGCTCTATAA
TAGCATCAGA TTCGTTAGTA ACAAAACGCA
AAGCATTTGG ACAATATGAT TCTCACTCTT
AAMCAAATGG TGTAAACTAT CTTCGTAAAG
ATGAAATTGT TACTGCACAA ACAGGCCTGG
CACCAGTATT TAAACTATAC GGTATTCGTG
TTGCATTAGG TACATTCACT ACAAATTTCC
TGGGCGATAA GTATCTTGTT CTCGGCGACA
GTGTATTTGA TCTAGTTGGC GGTGGATATT
GTAGTACTCG TAAAGGTATA TTTGGTCGTT
CTGGTACAAA TGCTGCTCTC TTGTCTGTTC
ACGGACAAAC CCATATCGGG TACAATGCTG
CAGGTCAGAT GAATATCAAT ACCCAACAAG
TGGTAACTGG CTCTAATAAT GTACAATTTT
CTATTAAATT AGATAACGAG ATATTTTTAA
TTGGAGCTCC TAGCCAAGTT GATGGCACAA

6C

- SUBSTITOTE SHEET (RULE 26)

2460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660

6720

6780
6840
6900
6960
7020
7080
7140



245 250 . 255 Asn Ay Ile Arg Val Asn
Tyr Ile Cys Qu Ser Ala Ser Pro Pro Asp 260

1265 - . W096/11947 270 Ile Met Val Leu Pro Thr G n A ®Chas9sis02iys
‘Thr Ay Lys Val Phe 275 . 280 .

1285 Ay Gdn u Phe Arg G u Val 290 295 (2)
‘| NFORVATION FOR SEQ I D NO'5: (i) SEQUENCE CHARACTERI STI CS:

(A) LENGTH. 221 ami no acids (Eb/ YPE: am no acid (D)
TOPOLOGY: | i near (i) MOLECULE TYPEY9rotein (vi) ORI G NAL
SOURCE: (A) ORGANI SM Bacteri ophage T4 (vii) | MVEDI ATE
SOURCE: -49 WO 96/ 11947

PCT/ US95/ 13023

(B) CLONE: p36 am no .acid

DESCRI PTI ON:  SEQ I D NO 5:

7141
. 7201
7261
7321
7381
7441
7501
7561
7621
7681
7741
7801
7861
7921
7981
8041
8101
8161
8221
8281
8341
8401
8461
8521
8581
8641
8701
8761
8821

GGACTATCCA ATGGAACGGT GGTACTCGCS
AAGCATGGGG TAACTCATTT AATGCCACTC
TATCAGATAG TCAAGGATAT TATTTTTATG
CTATTGGACG TATTGAAGCT CAATTTGCTG
ACGGAAATTT TAGAGTTGTT GGGTCAAGCG
GTTTGTTIGT CCAAGGTGET TCTICTATTA
ACGCACTGAG AATTTGGAAC GCTGAATATG
TTTATATTAT TCCAACCAAT CAARATGAAG
GACCTGTGAG AATAGGATTA AACGATCGCA
TAGATCAAAA TAATGCTTTA ACTACGATAA
GAATGCAATT GGGGCAGTCG GCATACATTG
CGGGTGCAGG TTCATTTGCT TCCCAGAATA
ATATTGATAG AACTGATGCT AGTGCATATG
GCAATGGCTG CTATTCATTA GGGACTTTAA
ATGGCGGCGG AGATAACGGT TCTACAGGTC
TTAAAAACGG TGATTTTATT TCACCTCOOG
GAACTCGTAA TATCACTGGT GGTTCTGGTA
CACTTAAAAC TGATATCATG TCGAGTTACC
ATTCAGTTCC TGCTGGATTT GCTTTGATGS
CAAAGTTAGC TGTTGCATAT CCTAGCGGTG
AGGGTAAACC AAGTGGTCGT GCTGTTTTGA
GCCATAGTGC ATCGGCTTCA AGTACTGACT
ATGGTACGAA GGGAACTAAC AGTACGGGTG
GCACAAATGG TGAGCACAGC CACTACATCG
ATAAGATGTC ATCATATGCC ATATCATACA
GGAACCACAG TCACACTTTC TCTTTTGGGA
TAGGTATTGG TGCTCATACC CACACGGTAG
TAAATAGTAC AGGTAATACA GAAAACACGG
GTTTAGCATA AGGAGAGGGG CTTCGGOCCT

1w | 20 | 3

AAGGACAGAA TAAAAACTAT GTGATTATTA
GTGATAGATC TCGCGAAACG GTTTTCCAAG
CTCATCGTAA AGCTCCAACC GGCGACGAAA
GGGATGTTTA TGCTAAAGGT ATTATTGCCA
CTTTAGCCGG CAATGTTACT ATGTCTAACG
CTGGACAAGT TAAAATTGGC GGAACAGCAA
GTGCTATTTT COGTCGTTCG GAAAGTAACT
GAGAAAGTGG AGACATTCAC AGCTCTTTGA
TGGTTGGGTT AGGAAGAGAT TCTTTTATAG
ACAGTAACTC TCGCATTAAT GCCAACTTTA
ATGCAGAATG TACTGATGCT GTTCGCCCGG
ATGAAGACGT CCGTGCGCCG TTCTATATGA
TTCCTATTTT GAAACAACGT TATGTTCAAG
TTAATAATGG TAATTTCCGA GTTCATTACC
CACAGACTGC TGATTTTGGA TGGGAATTTA
ATTTAATAGC AGGCAAAGTC AGATTTGATA
ATTTTGCTAA CTTAAACAGT ACAATTGAAT
CAATTGGTGC TCCGATTCCT TGGCCGAGTG
AGGTCAGAC CTTTGATAAG TCCGCATATC
TTATTCCAGA TATGCGCGGG CAAACTATCA
GOGCTGAGGC AGATGGTGTT AAGGCTCATA
TAGGTACTAA AACCACATCA AGCTTTGACT
GACACACTCA CTCTGGTAGT GGTTCTACTA
AGGCATGGAA TGGTACTGGT GTAGGTGGTA
GGGOGGGTGG GAGTAACACT AATGCAGCAG
CTAGCAGTGC TGGCGACCAT TCCCACTCTG
CAATTGGATC ACATGGTCAT ACTATCACTG
TTAAAAACAT TGCTTTTAAC TATATCGTTC
TCTAA

| 40 |

30 | 60

F1G.6D

SUBSTITUTE SHEET (RULE 26)

(xi) SEQUENCE

7200
7260
7320
7380
7440
7500
7560
7620
7680
7740
7800
7860
7920
7980

8100
8160
8220
8280
8340
8400
8460
8520
8580
8640
8700
8760
8820
8855



Met Al a

Leu Asn
25 '
Pro Gn
‘Asn Asp
55
Pro Asn
80
85
Ser Trp
105
Thr Arg
125
130
Al a Asn
155
Asn Ser
175
180
Adn Pro
200
Tyr Tyr

Asp Leu Lys Val @y Ser Thr Thr Ay Gy Ser Val Ile Trp 1
- 10 : 15 Hs Adn @y Asn Phe Pro
Pro AYQ%H4WAsp Asp Val Leu Tyr 20 PCT/US95/13023
_ 30 Lys Ser Phe Lys'lle Tyr Ser Gu Tyr Asn Lys
Ala Ala Asp 35 40 45
Phe Val Ser Lys Ala Asn Ay dy Thr Tyr Ala Ser Lys Val . 50
60 Thr Phe Asn Ala Ay Ile An Val Pro Tyr Al a
Ile Met Ser 65 9/2% 70 75
Pro Cys Ay Ile Tyr Ay Ay Asn Gy Asp Ay Ala Thr Phe Asp Lys
90 95 Ala Asn Ile Asp Il e Val
Tyr Ay Val Gy Phe Lys Ser Ser 100
110 Phe Ay Ser Thr Ay Arg Thr Val Val Ile Asn
Ann Gy Asp 115 120
Ile Asn Thr- Lys Ay Val Val Ser Ala Ala Ay G@n vVal Arg Ser Ay
135 140 . Ala Ala Ala Prolle Ala
Asp Leu Thr Arg Lys Asp Tyr Val 145 150
160 AspGIyAIaIIeAsn_Thr Val Thr Ala Asn Al a

Arg Val e =8 o Mnw M ”
Arg Ser Ay A§Np Thr ay gﬁgLeﬁg'ﬁwr Aga:brog\ﬁ Phe Phe

83
%m
=y
243
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210 215 220 (2) | NFORVATION FOR SEQ I D

NC 6: (i) SEQUENCE CHARACTERI STI Cs: : (A) LENGTH. 1026 am no
aci ds - WO 9/BI94TYPE: amino acid (D TOPOLOGY: |pCTEEYsS/13023
(ii) MOLECULE TYPE: protein (vi) ORI A NAL SOURCE: (A

ORGANL SM Bact eri ophage T4 (vii) 1 MVEDI ATE SOURCE: (B) CLONE:
p37 am no acid (xi) SEQUENCE DESCRI PTION: SEQ I D NG 6: Met Ala Thr

Leu Lys Gn lle dn Phe Lys Arg Ser Lys Ile Ala Ay 1 5

10 15 10/26 - 50- WO
96/ 11947 PCT/ US95/ 13023

Thr Arg Pro Ala Ala Ser Val Leu Ala Qu Ay Gu Leu Ala Ile Asn

20 25 30 Leu Lys Asp Arg Thr Il e Phe
Thr Lys Asp Asp Ser Ay Asn lle lle 35 ) 40

45 Asp Leu Ay Phe Ala Lys Ay Ay @n Val Asp Ay Asn Val Thr Ile
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50 55 60 Asn Gy Leu Leu Arg Leu Asn
GIyAspTyr Val A n Thr Ay Ay Mt 65 70

75 W0 96/11947 g Thr™Val Asn Gy Pro lle Gy Ser ThPCEG]S9SBJ923VaI
Thr Gy Lys Ile 85 90

95 .Phe Arg Ser Thr A n Ay Ser Phe Tyr Ala Arg Ala Thr Asn Asp Thr

100 105 110 Ser Asn Ala His Leu Trp Phe
‘Au Asn Ala Asp Ay Thr u Arg Ay 1/ 115 120

125  Vval Ile Tyr Ala Arg Pro GInTh;] ?ﬁr Thr Asp Ay GQu lle Arg Leu
130 135 140 Arg Val Arg dn Ay Thr Gy
Ser Thr Ala Asn Ser du Phe Tyr Phe 145 150

155 : 160 Arg Ser Ile Asn Ay Ay GQu Phe An Ala Asn Arg
Ile Lou Ala Ser : 165 170

175 Asp Ser Lou Val Thr Lys Arg Ile Ala Val Asp Thr Val Ile H's Asp

180 185 190 Ala Lys Ala Phe Ay dn Tyr
Asp Ser His Ser Leu Val Asn Tyr Val 195 200

205 Tyr Pro Ay Thr Ay Qu Thr Asn Ay Val Asn Tyr Leu Arg Lys Val

210 215 220 Arg Al a Lys Ser Gy Gy Thr

Val _ Thr Ala dn
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Ser Leu Ala Leu @y Thr Phe Thr Thr Asn Phe Pro Ser Ser Asp Tyr

275 280 285 Gy Asn Val Ay val Met Ay
Asp Lys Tyr WQ9HP4T ey Gy Asp Thr 290 PCTA)S95/13023
300 Val Thr Ay Leu Ser Tyr Lys Lys Thr Gy Val Phe Asp Leu Val Gy

305 . 310 _ 315 : 320 Ay Ay
Tyr Ser Val Ala Ser Ile Thr Pro Asp Ser Phe Arg Ser Thr

325 330 335 Arg Lys Ay Ile Phe Ay Arg

Ser Gu Asp An Gy Ala Thr Trp Ile 12/26 340 345
350 Met Pro Gy Thr Asn Ala Ala Leu Leu Ser Val A n Thr G n Ala Asp
355 360 365 Asn Asn Asn Ala Ay Asp Ay
G@n Thr His Ile Ay Tyr Asn Ala Ay WO 96/ 11947

PCT/ US95/ 13023 370 _ 375 , 380 Ay
Lys Met Asn His Tyr Phe Arg Ay Thr Gy @ n Met Asn Ile Asn 385

390 395 400 Thr An dn Ay Mt Qu lle
Ann Pro Ay Ile Leu Lys Leu Val Thr 405

410 415 Gy ser Asn Asn Val @ n Phe Tyr Ala Asp Ay Thr
Ile Ser Ser Ile 420 _ 425 ) 430
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Adn
435
Al a
460
465
I'le
485
‘Val
510
515
Val
540
550
Adn
570
Trp
Tyr
595
Ser
620
1630
Asn

Pro 1le Lys Leu Asp Asn Gu Ile Phe Leu Thr Lys Ser Asn Asn

440 445 Thr Ala Ay Leu Lys Phe Ay
Pro Ser WOP6MA¥7Asp Ay Thr Arg 450 PEPOS95/13023
Thr Ile An Trp Asn Gly Gy Thr Arg Au Ay A@n Asn Lys Asn Tyr
470 475 480 Val 1le
Lys Ala Trp Ay Asn Ser Phe Asn Ala Thr Ay Asp Arg '
490 13/2%95 Ser Arg Au Thr Val Phe Gn

Ser Asp Ser An Ay Tyr Tyr Phe 500 505
Tyr Ala Hs Arg Lys Ala Pro Thr Ay Asp Qu Thr Ile Ay Arg Ile

520 525 GIuAIaGInPheAIaGIyAsp

Tyr Ala Lys Ay lle Ile Ala Asn 530 ' 535
Ay Asn Phe Arg Val Val Gy Ser Ser Ala Leu Ala Ay Asn Val Thr 545

555 560 Met Ser Asn Gy Leu Phe Val
Ay Ay Ser Ser Ile Thr Ay dn ' 565

575 Val Lys Ile Gy @y Thr Ala Asn Ala Leu Arg |lle
Asn Ala Qu 580 585 . 590
Gy Alalle Phe Arg Arg Ser Qu Ser Asn Phe Tyr Ile lle Pro

600 605 Thr AsnGInAsnGIUGIyGIu

Ay Asp lle HBé%Ser""SSr Lmu&rg ge? pr 3 5 B8
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645 650 655 Ser Arg Il e Asn Ala Asn Phe
Arg Mt An Leu Ay An Ser Ala Tyr 660 665
670 1le AspVO6AINT, Cys Thr Asp Ala Val Arg Pro Ala Ay Al aPCryses13023
675 680 685 . Phe Ala Ser A n Asn Asn G u
Asp Val Arg Ala Pro Phe Tyr Met Asn 690 " 695

700 . Ile Asp Arg Thr Asp Ala Ser Ala Tyr Val Pro Ile Leu Lys A n Arg 705
710 715 14/25720 Tyr Val An Ay Asn Ay Cys
Tyr Ser Leu Gy Thr Leu Ile Ann Asn 725

730 735 -52- WO
96/ 11947 ' PCT/ US95/ 13023

Gy Asn Phe Arg Val His Tyr H's GyGyGyAspAsnGySer Thr

740 . 745 750 Gy Pro G@n Thr Ala Asp Phe
Gy Trp Qu Phe Ile Lys Asn Ay Asp 755 760

765 Phe Ile Ser Pro Arg Asp Leu Ile Ala Ay Lys Val Arg Phe Asp Arg

770 775 780 Thr Ay Asn Ile Thr Ay dy
Ser Gy Asn Phe Ala Asn Leu Asn Ser 785 790

795 800 Thr Ile Qu Ser Leu Lys Thr Asp Ile Met Ser Ser
Tyr Prolle Ay
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805 810 815 ‘Ala Pro Ile Pro Trp Pro Ser
Asp Ser Val Pro Ala Ay Phe Ala Leu 820 825
830 - Met (Wo96M184d n Thr Phe Asp Lys Ser Ala Tyr Pro Lys Lencphisesysebs
835 840 845 Ala Tyr Pro Ser Gy Vval Ile
Pro Asp Met Arg Ay G n Thr Ile Lys 850 855
860 Ay Lys Pro Ser Ay Arg Ala VaI Leu Ser Ala Qu Ala Asp Ay Val
865 870 875 880 Lye Al a
Hs Ser Hs Ser Ala Ser Ala Ser Ser Th p Leu Gy Thr
885 890 895 Lys Thr Thr Ser Ser Phe Asp
Tyr Ay Thr Lys @y Thr Asn Ser Thr 900 905
910 Gy @y His Thr Hs Ser Gy Ser Ay Ser Thr Ser Thr Asn Ay GQu
915 920 925 Hs Ser Hs Tyr Ile Gu Ala
Trp Asn Ay Thr Gy Val Ay dy Asn 930 935
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945 950 955 960 Asn Al a
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Leu Ala 1025 - 53- WO
96/ 11947 PCT/ US95/ 13023 What is
claimed is: WO96/11947 1. An isol ated pol ypepti de consi st iPOT/US95/13023
iessentially of the gp37 tail fiber protein.of bacteriophage T4 | acking

5 ami npo acids 99-496 (SEQ I D NO 6) when nunbered fromthe am no

it erm nus, wherein said pol ypeptide has the capability to form di mers and
interact with the P36 protein oli gomermﬂs bact eri ophage T4. 10

2. An isolated polypeptide consisting essentially of a fusion protein

bet ween the gp36 and gp37 proteins of bact eri ophage T4, wherein am no
aci d residues 1-242 of gp37 _
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(SEQ ID NO 6) are fused in proper reading frane to amno acid resi dues

118-221 of gp36 (SEQ ID NG 5). 15 3. The polypeptide of claim
2 wherein a pYQP&IIP4A, . of carboxy termini of said pol ypepti Beriusssasvise
capability of interacting with the amino term nus of the P37 protein

ol i goner of bacteriophage T4 and to forman attached oligoner 20 and the
amno termni of the oligonmer of said pol ypeptide have the capability of
interacting with the carboxy termni 1n@pf gp36 pol ypeptides of.
bact eri ophage T4. 4. An'isol ated pol ypeptide oligomer
consisting 25 essentially of tw gp37 pol ypeptides of bacteriophage T4,
wherein the amno termni of said oligoner |ack the capability of
interacting with the carboxy termni of gp36 pol ypepti des of
bact eri ophage T4. 30 5. An isol ated pol ypeptide ol i goner

consi sting essentially of the P37 protein of bacteriophage T4, wherein
the amno termni of said oligonmer |ack the capability of . interacting

with the carboxy termni of gp36 pol ypeptides of bact eri ophage T4. 35

6. An isol ated pol ypeptide consisting essentially of a variant of the

gp36 protein of bacteriophage T4, wherein _ -
WD 96/ 11947

54 - [err]
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sai d pol ypeptide | acks the capability of interacting with the am no
termnus of the P37 protein oligoner of bacteriophage T4. 5

7. An i sol at HOF6MIMept i de consisting essentially of a fusi ®CIUSsA3023
'bet ween the gp36 and gp34 proteins of bact eri ophage T4, wherein am no
laci d residues 1-73 of gp36 (SEQ ID NO 5) are fused in proper reading

If r ame am no-termnal to am no acid residues 866-1289 of gp34 (SEQ 10 ID
NO 2). 8. An ol igoner 1gf2¢ he pol ypeptide of claim7,

wherein the amno termni of said dinmer have the capability of
interacting with the gp35 protein of bacteriophage T4. 15 _ 9.
An isol ated pol ypepti de consisting essentially of a variant of the gp35
protei n of bacteriophage T4, wherein sai d pol ypeptide forns an angl e of
| ess than about 125[err] when conbined with the P34 and P36-P37 protein
ol i goners of 20 bacteri ophage T4, under conditions wherein the wld-type
gp35 protein fornms an angle of 137[err] when conbined with said

ol i goners. 10. An isol ated pol ypeptide consisting
essentially 25 of a variant of the gp35 protein of bacteriophage T4,
wherein .said polypeptide forms an angle of nore than about 145[err] when
conbined with the P34 and P36- P37 protein oligoners of bact eri ophage T4,
under condition er i hegn | d- type ¢ ot ei ikforma\an angd e of
137[err] when cg\tg%ne h %% gqjy g%ﬁw gm . FIN-
| sol ated pol ypepti de consi stigg essenti al | of & vari ant o'? the g
protein of bactél‘gph e T4, er ei-h t -3 | nte CtIO of s&8d polg)é)tlde
wi th:the P34 protein 3 ‘&ig r ofSkmct e |opha il %nst bTe '
tenperatures  Btwee ﬁ:a._lgout._OC a@zabo QO[eﬁEC - §,_
[ ] P

| §m © > 5 E.-—. ':‘-‘- go ‘»—fm
: o —
i g'u gx g E—;> 5 gx_ => Fu 8Bo
8 ) =3 — g § = =
i (& O .s Sm az n—m [~ — —_—

2_ 5, E E_ 2 5. 3

— — ) (&) (&) —

= > gx - é S Eu gc 8o §m

— o g ._0 - l-— [

2= 2 B8 g, 5> S Ex

— — — — —

S > 8 : g '§'_ So gz gm Bo = -

— -

8 e §< — S ., 2 3o 2= 8o '\.
. | - e l—- f— -
=< - oo g go o 8« gz o o> o
. — — X :
; B S g = §< 8 < §<.9 Be L
| - Sa = gx én. SO < - = > =
. (&) ) o < —
o> Ga ..E_.. E_l 2= éa. o < — §=
: (%] =T — [T - :

o &> o> go = — gx gx §u> 2 n :

= 2 = b S g 8 =

— < = D W [ ] Q. = I-U! _—D o>

Sw =— Lo gs Fue =2 8B« 8a =-—

— —_ — — b

8< 3o E. 3 == 2. =~ 8. 3o

= — < — (L) (&)

Sa §a. gu P2 8o §m - == <~

— — o (&) o

gx Sa gc g gc => B =T— 2=

- - O -+ O Lndihand a0 CO o0 0O (- =] Q) 0 00 O

SR 28 3% g~ E¥ B® §® B® B®



- 55 - [err] [err] WO 96/ 11947

PCT/ US95/ 13023 12. An isol ated pol ypeptide oligoner
consisting WR&BHT al |y of a variant of the P37 protein of [Peuruses/motsge
T4, wherein the interaction of said oligoner with the P36 protein
ol i gomer of bacteriophage T4 is unstable at 5 tenperatures between about
40[ err] C and about 60[err]C. 13. An isol ated pol ypepti de
ol i goner consi sting essential ly ofigfggvari ant of the P37 protein of
bact eri ophage T4, wherein the carboxy-term nal domain of said oligomer
s 10 nodified so as to confer the ability of the entire " pol ypeptide to
bi nd specifically to an immobilized |igand. 14. The
pol ypeptide of claim 13, wherein said ligand is selected fromthe group
consi sting of biotin, 15 inmmunogl obulin, or divalent netal ions.
15. A nanostructure conprising a plurality of fusion proteins, said
fusion proteins conprising a first portion consisting of at |east the
first 10 Ntermnal amno 20 acids of a tail fiber protein fused via a
pepti de bond to a second portion consisting of at |least the last 10
C-term nal am no acids of a second tail fiber protein, wherein the tai
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fiber proteins are selected fromthe group consisting of gp34, gp35,
gp36, and gp37 _proteins of a T-even-like 25 bacteriophage, wherein the
first and se(%ﬂgs’pgﬂ fiber proteins are the sane or diffe®PETUSISN3023
16. The nanostructure of claim 15, wherein the  first and second tai
fiber.proteins are different. 30 17. The nanostructure of
claim15, which further conprises a nolecule that can self-assenble into
a dinmer or trimer, fused to at IeQQﬂMa 10 am no acid portion of a
T-even-like tail fiber protein. 35 18. The nanostructure of
claim17, wherein the nol ecul e has the structure of a | eucine zipper.

- 56 - [err] WO
96/ 11947 PCT/ US9/ 13023

19. The nanostructure of claim 15, wherein said nanostructure conpri ses
a | i near one-di nensional rod. 20. The nanostructure of
claim 15, wherein said 5 nanostructure conprises a pol ygon.

21. The nanostructure of .claim15, wherein said nanostructure conprises
a three-dinmensional cage or solid.
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6330 AAA GCA TTT GGA CAA TAT GAT TCT CAC TCT TTG GTT AAT TAT GTT TAT CCT GGA ACC GGT 6389
24 H E

6030 GGA AAA ATT TIC AGA TCT ACA CAG GGT TCA TTT TAT GCA AGA GCA ACA AAC GAT ACT TCA 6089
214

6090 AAT GCC CAT TTA TGG TTT GAA AAT GCC GAT GGC ACT GAA CGT GGC GTT ATA TAT GCT CGC 6149
6150 CCT CAA ACT ACA ACT GAC GGT GAA AfA CGC CTT AGG GTT AGA CAA GGA-ACA GGA AGC ACT 6209
6390 GAA ACA AAT GGT GTA AAC TAT CTT CGT AAA GTT CGC GCT AAG TCC GGT GGT ACA ATT TAT 6449
6450 CAT GAA ATT GTT ACT GCA CAA ACA GGC CTG GCT GAT GAA GTT TCT T6C 16 TCT GGT GAT 6509

5970 TAT GTA CAA ACA GGT GGA ATG ACT GTA AAC GGA CCC ATT GGT TCT ACT GAT GGC GTC ACT 6029
6210 GCC AAC AGT GAA TTC TAT TTC CGC TCT ATA AAT GGA GGC GAA TTT CAG GCT AAC CGT ATT | 6269
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10 - 22. The nanostructure of claim 15, wherein said
nanostructure conprises a two-di nensi onal open or cl osed sheet .

23. A i sol awexd6ltag47on protein consisting 15 essentially of apepikésparef a
igp37 protein of a T-even-like bact eri ophage consisting of at |east the
first.10-60 N-term nal am no acids of the gp37 protein fused to a second
‘portion of a gp36 protein of a T-even-like bacteriophage consi sting of at
| east the last 10-60 C-term nal aniqqﬁapids 20 of the gp36 protein.

24. An isolated fusion protein consisting essentially of a portion of a
gp37 protein of a T-even-Ilike bact eri ophage consisting of at |east the
first 10 NNtermnal 25 am no acids of the gp37 protein fused to a second
portion of a gp36 protein of a T-even-like bacteriophage consisting of
at least the last 10 Gterm nal am no acids of the gp36 pr ot ei n. 30
25. An isolated fusion protein consisting essentially of a portion of a
gp37 protein of a T-even-like - Dbacteriophage consisting.of at |east the
first 20 N-term nal am no acids of the gp37 protein fused to a second
portion of a gp36 protein of a T-even-like bacteriophage consisting of
35 at least the last 20 CG-term nal am no acids of the gp36 protein.
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26. An isolated fusion protein consisting essentially of a portion of a
gp36 protei n YPI§11PdEyen-| i ke bact eri ophage consi sting of @cTesasasogihe
first 10-60 N-term nal am no acids of the 'gp36 protein fused to a second
5 portion of a gp34 protein of-a T-even-Ilike bacteriophage consi sting of
at least the last 10-60 C-term nal am no acids of the gp34 protein.
27. An isolated protein conprising ?zﬂgeast 20 10 contiguous am no aci ds
of the gp37, gp36, or gp34 protein o a T-even-like bacteriophage, and
| acking at | east 5 am no acids of the am no- or carboxy-term nus of the
pr ot ein. _ 28. An isol ated DNA encodi ng the pol ypeptide of 15
claim1. 29. An isol ated DNA encodi ng the pol ypeptide of
claim 2. 20 30. An isolated DNA encodi ng the pol ypeptide of
claim4. 31. An isol ated DNA encodi ng the pol ypeptide of
claimb5. 25 32. An isol ated DNA encodi ng the pol ypeptide of
cl aim 6. 33. An isolated DNA encodi ng the pol ypeptide of
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30 claim?7. 34. An isolated DNA encodi ng the pol ypepti de of
claim9. 35 35. An isol ated DNA encodi ng the pol ypepti de of
claim10.  WO96/11947 . - 58 - PCT/US95/13023
[err] WO 96/ 11947 - _
PCT/ US95/ 13023 36. An isolated DNA encodi ng the .pol ypepti de
of claim11. 37. An isolated DNA encodi ng the pol ypeptide
of 5 claim12. ' 38. 2§f26sol ated DNA encoding the _

pol ypepti de of cl aim13. 10 39. An isolated DNA encodi ng
the protein of claim 23. :
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40. An isol ated DNA encoding the protein of claim 25. 15
41. An isolated DNA encoding the protein of claim 26.

42. Am i sol amisdd7encodi ng the protei-n of claim20 27. PCT/US95/13023 43.
A nmet hod- for maki ng a pol ygonal nanostructure  conprising contacting the
protein of claim26 with purified gp35 proteins of a T-even-like
bact eri ophage. 25 44. A nethod for neking a nanostructure
conpri sing contacting a pIuraIitytyﬂQ@e proteins of claim?23 with each
ot her. 30 45. A kit conprising in one or nore containers the
fusion protein of claim?23. 46. A kit conprising in one or
nore containers the fusion protein of claim?25. 35 47. A kit
conprising in one or nore containers the fusion protein of claim?26.
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48. A kit conprising in one or nore containers the fusion protein of

cl ai m26, anWo96/§1847 at ed gp35 protein of a T-even-1i ke baptemsesiese.

5 49. The protein of claim23 wherein the T-even- i ke
bact esi ophage is T4. ' 50. The protein of claim26 wherein the
T- even- | i ke bacteriophage is T4. 10 51. An isolated

pol ypepti de consisting essentially of a variant of the gp36 protein of
bact eri ophage T4, wherein the i r@dfPGicti on of said pol ypeptide with the
P37 protein ol i goner of bacteriophage T4 is unstable at tenperatures 15
bet ween about 40[err] C and about 60[err]C 52. An isol ated
pol ypepti de consi-sting essentially of a variant of the gp36 protein of
bact eri ophage T4, wherein the interaction of said pol ypeptide with the
gp35 protein of 20 bacteriophage T4 is unstable at tenperatures between
about 40C and about 60[err]C. 53. An isol ated pol ypepti de
consi sting essentially of a variant of the gp34 protein of bacteriophage
T4, wherein 25 the interaction of said polypeptide with the gp35 protein,_ of
bacteri ophage T4 is unstable at tenperatures between about 40[ err] C and
about 60[err]C. 30 '
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