A 21kD PROTEI N FROM THE COCOA BEAN AND THE 23kD PRECURSOR THERECF Thi s
i nvention relates to proteins and nucleic acids derived fromor otherw se 5
related to cocoa. The beans of the cocoa plant (Theobrona cacao) are the

raw material for cocoa, chocolate and natural cocoa and chocehatej
flavouring. As described by Rohan ("Procesging of Raw Cocoa &@tkeo %Q&Y

Mar ket", FAQ UN (1963)), raw cocoa beans 10 are extracted fromthe
harvested cocoa pod, fromwhich the placenta is normally renoved, the beans
are then "fermented" foAﬁ kaf ?f\l £ (CBCHRl N ans are

killed and a purple pi s ; ring

S
fermentation "unknown" conpouTHE 28kD PRECGURSORCTHBERBOMSti ng give rise to
characteristic cocoa flavour. Rohan suggests that pol yphenols and
t heobrom ne are 15 inplicated in the flavour precursor formation. After
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1982 i nwesti gatebledtobsorysSi S duri ng anaer obi c cocoa seed incubation 20
and ideptified 26kD and 44kD proteins which accunul ated during
[err]ripening and degraded during germ nation. Biehl asserted that there

wer e storage | i '
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i dentified polypeptides of 2CkD and 28kD appearing in t cytopl asmj c
fraction of coég’aom ek Raygacoatfog the: Markey ’cﬁ@@%d?‘t @921%@# W, 5963 -Peaps
appear s;4 hat t I ka1 h | 1tektal is HosthaliRs e
activi tlyd 30 F%Ff%?é@ﬁﬁ@ @3@%@%&?@8& % ﬁat%%ep@ I des a{raelgﬁiréportant
for~cocoa f| avetiovedfthecheans ateothéfi K Rrawested8 6 atperied of days,aduring which the
spite of the uncertainties in the_art, as _ summarised above oteipns.,
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characteristic cocoa flavour. Rohan suggests that polyphenols and theobromine are
15 implicated in the flavour precursor formation. After fermentation, the beans are
dried, during which time the characteristic brown pigment forms, and they are then

stored and shipped.

N

Biehl e al, 1982 investigated proteolysis during anaerobic cocoa %ir}cubzﬁon

20 and identified 26kD and 44kD proteins which accumulated dungg\_sied ;ripening
and degraded during germination. Bichl asserted that there were storage proteins
and suggested that they may give rise to flavour-specific peptides.

Biehl et al., 1985 again asserted that amino acids and peptides were important for

25 flavours.

Fritz et al, 1985 identified polypeptides of 20kD and 28kD appearing in the
cytoplasmic fraction of cocoa seed extracts at about 100 days after pollination. It
appears that the 20kD protein is thought to have glyceryl acyltransferase activity.
30
' Pettipher ef al., 1990 suggested that peptides are important for cocoa flavour and
refers to 48kD and 28kD storage proteins.



NRNA | evel s are notably | ow conpared to other plants” (loc. cit.), it is
possi ble 5 to apply the techni ques of reconbi nant DNA techni ques to
t he production of such proteins. According to a first aspect of the

i nvention, there is provided a protein encoded by nmRNA extractable from
beans of cocoa (Theobroma cacao), the protein having 10 a nol ecul ar
wei ght of 23kD, as assessed by SDS-PAGE, and at |east part of the am no

aci d sequence shomn in Figure 2 (including at | east sone. of t he unboxed

residues iny ;gﬁfﬂffe ; @‘532%1 bo% Hﬁﬁ‘é&eﬂf such a
protein haw%g at easiﬁ‘c am gc])ﬂ-aci Thze 23’k prote
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of the inve i S ro a protei t;actable frpm beans, of
cocoa (Theog}?‘&g‘ﬁr c‘ég‘éﬁﬁe Eﬂﬁ hﬁ\ﬁﬂ’l‘&‘gﬁ’ﬁ ution, that, [Goces s p a5
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Figure 2 (inc u Plr%gﬁzsit ggisi?fytslggfec& t e&uﬁgﬁp er(rlac fr‘ffﬁg&g‘ﬁﬁ‘gnce

mar ke@ TC- 2to applfithe teehfliqueoof recoOmbinantnDNA teshmk[ues qmrﬂle@mddeaon of) such | east
20 am no acids., The term"fragnent” as used herein and as applied to
proteins or PR¥BIBSdes indicates 25 a sufficient nunber of amino acid
resi dues are present for the fragnent to be useful. At |east 20 am no acids
are present in a fragnent. Useful fragnents include those which are the

sanme as or iccording ¢o adipst asplemofﬂn inwmionndiene a8 providesda proteid encoded he

fermentation p e of co ean pro e55| |s beI ed that such

fragnents t&l’( fffraw@qag%\ ?Q‘}Hg n'ée Prfedaying | east
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accor nvention may be synthetic hey may b emcally
synt hesi sed amino pcrﬂfsqatﬂcp shpwndn déiguiey2 (mcltndhlgmtribasmmmhheqmbexed ~

Pr ot ei ns prod ed such techni refo e be ternmed. "reco |nant
pr ot ei ns" ‘ﬁ'}?ﬁllﬁa‘il?f’ %4&@3&29&192%5% ‘ﬁﬂ?“a &‘ﬁﬂb

non- 5 PO gpleggtqoe,hﬂﬁo%{ds resul t from pr okaryot i c expr eSS| on
syst ens. Thgobroma cdcao has two primary subspecies, Th. cacao cacao and

Th. cacao sphaerocarpum Wile proteins in accordance with the invention
ey tig der \ﬁg 23kD protein may be processed in vivo to form a 21kD polypeptide. '

o i
According to a second aspect of the invention, there is provided a protein
extractable from beans of cocoa (Theobroma cacao), the protein having a
molecular weight of 21kD, as assessed by SDS-PAGE, and part of Ehgagﬁntﬁcid >

20 sequence shown in Figure 2 (including at least some of the unboxed\-reédﬁé’s in the
sequence marked I'C-21 in Figure 3), or a fragment of such a protein having at

least 20 amino acids.

The term "fragment" as used herein and as applied to proteins or peptides indicates
25 a sufficient number of amino acid residues are present for the fragment to be
useful. At least 20 amino acids are present in a fragment. Useful fragments
include those which are the same as or similar or equivalent to those naturally
produced during the fermentation phase of cocoa bean processing. It is believed
that such fragments take part in Maillard reactions during roasting, to form at least

30 some of the essential flavour components of cocoa.



from these subspecies, the invention is not limted solely to these
subspeci es. For 10 ~exanpl e, many cocoa varieties are hybrids between
di fferent species; an exanple of such a hybrid is the trinitario variety.
The invention also relates to nucleic acid, particularly DNA coding for
the proteins referred to above (whether the primary translation products,
the processed 15 proteins or fragnents). The invention therefore al so
provides, in a further aspect, reconbi nant or isolated DNA which conpri ses:

ot o (ac, nobiff B SBEReBRe 2R eos fay SBF MbBEeE, ol o6
hybridi ses to ¢fmically sfhthesised or, %refe_‘.'éﬁly, ;t)ﬁdﬁéemfﬁ%boﬁbidaﬁi DA tdehnigedit

| east 60 nuceotides I'ncluded in the invention is nucleic acid which is
degener at e f or Prdteinsi praducedeby rsucke i techmiquiesitanh thesefore ber terwed e irecombinangy

h - del i . Nuc| ei id whi bri di he wild
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with thesinven igreasg\rm'tgctl R&ﬁeih@%ﬁn&%mtﬁdni ProRaryolE ekpresdivd 8ydighs.an

expr ession vec erw se) such as a plasm d. Suitable expression

vectors will contain an appropriate pronoter, depending on the intended
expressi on hos For yeast, .an_appropri at ronot2r 1 s the yeast.py te
ki nase 30 @mo §H6%¢ has %‘F e ﬁs&ﬁmﬁ’pzﬁbﬁ#‘fa& g“ﬁ% ﬁt%ﬁ) #‘}s%g
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Secreted expression Is preferred, particularly in eukaryotic expression

systenms; an apfronpthess subspepies, thecigvention ismpt limited selely tofthesetsubspegies pdis.

Si gnal guences derived fromthe .expressian,host h that _fr e
veast altbna. i <EHBbIFy HERE cREBLVaEftch, Be, BYbrgY biveep Bertal Socciid ph P

t har native CogPguch £ RPbric ROME Hfiftario Varidtpvention further relates to host
cells conprising nuclelc acid as descri bed above. Genetic mani pul ati on may

for preference take place in prokaryotes. Expression will for preference
take place in g, fqod- rqved st, The veast 10 . S AN char ces
cerevi si ae andﬁ‘&ﬂ%‘?ﬂ%{) %5? hig Wéeﬁa #pmlgr %’r %ﬁs@e “chia
coli is also apfydihdRiferréPed abot (whétherothe peiffar franslation products, the processed

15 proteins or fragments). The invention therefore also provides, in a further aspect,

recombinant or isolated DNA which comprises:
() a nucleotide sequence as shown in Figure 2, encoding a 23 or 21
kD protein (as measured by SDS-PAGE); or
(b)  a nucleotide sequence which hybridises to (a); or o - .

20 © a fragment of (a) or (b) of at least 60 nuceotides..—* -

Included in the invention is nucleic acid which is degenerate for the wild type
protein and which codes for conmservative or other non-deleterious mutants.
Nucleic acid which hybridises to the wild type material is also included.
25
Frequently, nucleic acid in accordance with the invention will be incorporated into
a vector (whether an expression vector or otherwise) such as a plasmid. Suitable
expression vectors will contain an appropriate promoter, depending on the intended
expression host. For yeast, an appropriate promoter is the yeast pyruvate kinase
30 (PK) promoter; for bacteria an appropriate promoter is a strong lambda promoter.



The invention also relates to processes for preparing nucleic acid and
protein as described above by nucleic acid replication and expression,
respectively. 15 cDNA in accordance with the invention nay be useful not
only for obtaining protein expression but also for Restriction Fragnent
Lengt h Pol ynmor phi sm (RFLP) studies. In guch studies, detectably |abelled
CDNA (eg radiolabelled) is prepared. DNA of a cultivar under analysis is
t hen prepared and digested with restriction 20 enzymes. Sout hern
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The 25 exanples refer to the accorrpanyl rawi ngs, in which igure 1
shows a map befpresent(for this purpaseniBiganb sequeneesi ¢ from the xprassignrhost eoti de

equenct ng; tsara, s Wi e . s todslr Tk S8 BRFRUTRY % R 2110
pr ot egn andap ﬁa@sm(ﬁaﬁve 8&0&%&%35 of the encoded 23kD precursor;
51 Fi gure shovvs the relations p bet ween the 21kD protein and trypsin

inhibitors 2 from ot her plants; Figure 4 shows a map of plasmd
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vector B isapewd. gGeﬁetioOlinzﬂn ulfts enayd fer Préfefentd; take Jflace M ProRar§ateshovs,
in relation to vector part of the yeast pyruvate Kinase gene 11

showi ng t he EJ@&SSDDMIM foni prafesence, take, plack dn s Eoodrapprovexic host. nEhesyeast spl i ce
In 130 thes&&{ﬁp .%ecjz'ﬁaromces cerevisiae and Hansenula polymorpha are particularly

preferred. Escherichia coli is also a suitable host cell for expression. ~

The invention also relates to processes for preparing nucleic acid and protein as
described above by nucleic acid replication and expression, respectively.

cDNA in accordance with the invention may be useful not only for obtaining
protein expression but also for Restriction Fragment Length Polymorphism (RFLP)
studies. In such studies, detectably labelled cDNA (eg radiolabelled) is prepared.
DNA of a cultivar under analysis is then prepared and digested wiglg restriction -

20 enzymes. Southern blotting with the labelled cDNA may then:eﬁ@)lg'_ -genetic
correlations to be made between cultivars. Phenotypic correlations may then be
deduced.

The invention will now be illustrated by the following non-limiting examples. The

25 examples refer to the accompanying drawings, in which:

Figure 1 shows a map of a full length cDNA clone hybridising with an
oligonucleotide probe for the 21kD protein, together with the regions covered by
DNA sequencing;

30
Figure 2 shows the DNA sequence of cDNA coding for the 21kD protein and the

presumed amino-acid sequence of the encoded 23kD precursor;



13 14 Figure 6b shows, in relation to vector B, part of the yeast

al pha-factor signal 15 sequence showi ng the vector B cloning site, and
the use of Hin-Nco |linkers to 16 create an in-phase fusion; and 17 18
Figure 7 shows a map of plasmids pMy9 and pMy10, referred to in Exanple 19
16. 20 21 EXAMPLES 22 23 Example 1 24 25 | dentification of the Mjor
Seed Proteins 26 27 It is not practicable to extract proteins directly
from cocoa Beanighte 3; thowsdhe rejationship betweem the) 31 kI3 nratsin snd teypsia, inbibitors
prot ei ns wepe, tffw;ie&ﬁfplan@gtract'ed from 29 acet one powders nade as

foll ows. Mature beans from cocoa of West African 30 origin (Theobroma
cacao anel orada) were |yophilised and ground roughly in a 31 pestl e and
mortar. Lipéds Feguredshowstacmap pf PlasimicpJleA502;cti on with diethyl 32  ether
for two pericods of four hours, the beans being dried and further ground 33
6 1 bet ween extractions. Polyphenols and pignents were then renoved by
several 2 6ext Fignre chshows tweOyenstexpression yegtos usefulyliy he preseat inventibn;er
extraction the té S HaSmal 'bgg,#g r Vebidr 3B JisTHAN; t
fine pQ_\A"dEI‘.rI 4 gmfrg?z# %r, el ngd%were sol ubl |§§ y gri n?ng {iﬁlﬁ%g ?er?
with extracBi onSesEeted eXpressions 05 M sodi um phosphate, pH 7.2; 0.01 M

2-mer captoephanol; 1 % SDS) in [err] 7 hand- hel d honobgeni ser, at 5ng.nl.

K Tor 20 miflot e L HgC 08 A00HS: HLBIAHAAO EIF, A B2z OF T, yoASk pUFalg KidRgene
super nat antl1conshowiag thévettot Argloning site! andr thiecuse. of Hin-Nco linkers to splice in
12 the 21kD gene;
13
~ 14 Figure 6b shows, in relation to vector B, part of the yeast alpha-factor signal
15  sequence showing the vector B cloning site, and the use of Hin-Nco linkers to

16  create an in-phase fusion; and

17
18  Figure 7 shows a map of plasmids pMY9 and pMY10, referred to in Example
9 19 16.
20
21  EXAMPLES
22
23  Examplel | -
24 g
- * . /--’-x
25  Identification of the Major Seed Proteins e
26
S

27  Itis not practicable to extract proteins directly from cocoa beans due to the high
28  fat and polyphenol contents, and proteins were, therefore, extracted from
29  acetone powders made as follows. Mature beans from cocoa of West African
30  origin (Theobroma cacao amelonada) were lyophilised and ground roughly in a
31  peste and mortar. Lipids were extracted by Soxhlet extraction with diethyl
32 ether for two periods of four hours, the beans being dried and further ground



10 El ectrophoresis of 25 ul on an SDS-PAGE gel (Laenmm i, 1970) gave three
11 mgj or “trands, including one at 21 kD, conprising approxi mately 30% of
the 12 total proteins. The 21 kD protein is presuned to be the

pol ypepti de subunit of a 13 maj or storage protein. 14 15

Characteristics of the Storage Pol ypepi dg 16 17 The solubility
characteristics of the 21 kD pol ypepti de was roughly defined by 18 one or
two qui ck experinents. Dialysis of the polypeptide solution against 19
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extract ed fr aesubting paste was dried anderwienuiyandeground tala dineigowdens f er s, showi ng
that thig protein could 23 be classed as an al bumn. 24 25 )
Purification of the mgjor polﬁ‘ngtide 26 27 The 21 kD pol ypepti de was
purifiedSby {Rotalrproteins wergsoplubilised &y grinding dhe powderatiOektractivnc buffem of

t he PHARMAC : | o4l . r Ml t (S'I_ﬂ) or by
el ectroe:\é&ti n'@ﬁ%%@?@e# pr'g arzgz’l 9'?130 ei ec#ro- P (’)rqreaéi . e
wor ds  SUPEROSENGReId-hpmRgenisers Ab F\%!HL ek suspension W%m%t%gcpéﬁéﬁei n
extract s gner enifages, hid &mﬁ%dagewxemcmﬂﬁﬁnm toTrerfidve3hsolubld materiabn

n

buffer, gnd 1-2 nm | gaded onto hi ck .SDS- P el s ured, 33 . without
a comb. Arterlhg Zesulting cleas supgrpa } 9@&3@ fﬁég&sgawﬁﬂi toal, protein. 7
CooMASSIIH er iBledttophoresisdof 125 phjonrarb SDSSPAGE gel (agrhmii, st97Q)egave (thtez wor d
COOMASSIE 1S a.. . | Skpyer Lqt i I S
bags in lgl ectn?ac} %gglgds%%‘ghn%&%% ?gr at c&ﬁ*ﬁ‘fi‘g %@%‘é@ g%g %é’%
di al ysatl@ di avabproteing.t ke 2ddD proteln. is presspwd todehe polypepddbsubunitadiat r at ed
by |'yophigl i S%Jjeﬁsmﬁgé%@itﬁ Am no-aci d Sequence Data from Protein

14 ' :

15 Characteristics of the Storage Polypeptide

16

17  The solubility characteristics of the 21 kD polypeptide was roughly defined by

18 one or two quick experiments. Dialysis of the polypeptide solution against \_/'

19  SDS-free extraction buffer rendered some polypeptides insoluble, as judged by

20  their ability to pass through a 0.22 micron membrane, whereas the 21 kD

21  polypeptide remained soluble. Only the 21 kD polypeptide was extracted from

22 the acetone powder by water and dilute buffers, showing that this protein could -»

23 beclassed as an albumin. A "
<
24 )
25 Purification of the major polvpeptide -’
26

27  The 21 kD polypeptide was purified by two rounds of gel filtration on a
28 SUPEROSE-12 column of the PHARMACIA Fast Protein Liquid
29  Chromatography system (FPLC), or by electroelution of bands after preparative
30  electro- phoresis. (The words SUPEROSE and PHARMACIA are trade marks.)
31 Concentrated protein extracts were made from 50 mg acetone powder per mi of
32  extraction buffer, and 1-2 mi loaded onto 2 mm thick SDS-PAGE gels poured
33 without a comb. After electrophoresis the gel was surface stained in aqueous
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N-t er m nal

Protein sanples (about 10 ug) were subjected to conventional

am no-acid sequencing. A 12 anino-acid sequence was obt ai ned for

the 21 kD protein, and this informati on was used to construct an

ol i gonucl eoti de probe (Wods et al, 1982; Wods, 1984). 15 Exanpl e 3
Rai sing Anti bodies to the 21 kD Polypeptid; Pol ycl onal anti bodi es were
prepared using the nethodol ogy of Catty and Raykundalia (1988). The serum
was aliquoted into 1 m fractions and stored at 20 [err]. _
Characterising_Antibodies to the 21 kD Pol¥peptide Serum was_ i nmedi ately

char act eri sed GRPM4SSIH e Bluey and dheynajer

FBE qut gyitho g scalpel.q - (e wword

e ey 0, 08 NS | Uil S i, R

fromwells cut

I'n agar 0se 1 n borate-sal’ine

formed where tdiectiophotesiserumaing buffdreatals Vofuty24 hoursguand ahe didiysatendiatyesad
This test showed that .antibodies to the 21 _kD protei n@ag%if&en ad, been

formed. 30

further-againstfal % SV} | Samples,equid, e cgpeenfig

$atpR-t j al | y

purified by precipitation with 50% anmonim  sul phate,

sol ubiyjsation in phosphate-buffered saline (PBS) and chromatography on a
DE 52 cel | ul osExampl8 2l on- exchange col um as described by HiIl, 1984.

Fracti ons contal ning gamma-gl obulin were nonitored at 280 nm ([err] of 1.4
is equivalent to 1 ng/mM gamra-gl obulin) and stored at [err]. 5 The

effective tit
i rmunosor bant

r f ' i ured using an enzyne-1linked
@%@?@%f&gﬁgﬁfﬁ?ﬁa pol ystyrene mcrotitre plate

were coated with antigen (10-1000 ng) overnight at [err] in carbonate

coating buffer. Wells were washed in PBS- TWEEN er and the tes anma
gl obul i ¥ addedPrateir Saepigs: a(abgps 187180, werey Jwg?rﬂ‘m(’%”éﬁi ﬁ?ﬁ&éﬁ“‘l

1: 100, 1:1000 AR
The diluén

mar K. )

: . iLl. i ; i t d
prdsdfindfle. A 12 Uit bR gudnk Sl Lka BTy o 2118D0C

‘and 0. 2% BSA. protein,0hnd hiseinformationnwas asednté roonstruct am oliganucledtide Bprolie ng

t ook pl ace at

err] for 34 h%r S. T]tg&i/\el | s were washed as above and
I -

secondary anti (&t 198%i

15
N
‘:.20
25
30

Example 3

Raising Antibodies to the 21 kD Polypeptide
Polyclonal antibodies were prepared using the methodology of Catty and
Raykundalia (1988). The serum was aliquoted into 1 ml fractions, ard stored at

-

-20°C. — .

Characterising Antibodies to the 21 kD Polypeptide

Serum was immediately characterised using the Ochterloney double-diffusion
technique, whereby antigen and antibody are allowed to diffuse towards one
another from wells cut in agarose in borate-saline buffer. Precipitin lines are
formed where the two interact if the antibody recognises’ the antigen. This test
showed that antibodies to the 21 kD protein antigen had been formed.

The gamma-globulin fraction of the serum was partially purified by
precipitation  with 50% ammonium sulphate, solubilisation in
phosphate-buffered saline (PBS) and chromatography on a DE 52 cellulose



| gG conjugated to al kal i ne phosphat ase) added at a concentration of 1

ug/ m, using 15 the sanme conditions as the primary anti body. The wells
are agai n washed, and al kal i ne phosphat ase substrate (p-nitrophenyl
phosphate; 0.6 ng/m in diethanol- amne buffer pH 9.8) added. The yell ow

colour, indicating a positive reaction, s allowed to develop for 30
m nutes and the reaction stopped with 3M NaOH The colour is quantified at
405 nm More detail of this nethod is given in HIl, 20 1984. The

nmet hod conf i, th t he anti bodi es ,al,l a,gh litre. and coul d be used
at 1 ug/ni é%‘ﬁ%’g‘m’g% IOy e eds b.y hﬁﬂl‘o} ‘on _Z:tfa%f’él RIS m

| mmat ur e Cogamnieglobullh Gver ahoniftdedat 280 m§ GO ofl.411s LaaivaenE IR N a
hi gh proportion of nmRNA specific for the storag rotei ns was | nmat ure

cocoa beans mg{ml gasuna-givbulin)andsstorsd ato20CGhat i on. Previ ous work had
suggested that synthesis of storage proteins was 30 approaching its
hei ght by this date (Biehl et al, 1982). The beans are roughly corrugated

and psl e pi rmheséffedtivel fitrdt oft thes anfibodies whs! meaduied | Wihg 3in eRAHhd-GARY Of

the total RNA preparation fromcocoa beans was that 2 = it sfoul d be fLge

f r om cont amimanmesorhant;] assayeELIS A) h The\wellscoft 2 polystysens midrotitrs plate were t he

appr ol mat oFgPiad OFHEF bt (10700 oy lersight LA TR RabOnR ocdend miger. o
judged 5  Well#epé owasbed Sine PBSIPWRENS iafid Ofhe @8t g #ltihlinaiRiedsat Whi ch

shoul d show 6 clear rRNA bands. A prerequisite for obtaining intact RNA

i s scrupul ogencentratiorseef] 1 dsandA L pef ximatelyul:i10051:4600 and 1:2Q:0005

cust O 1 bl R oe TREERCITS fpdlh kG il o BBE e
treated wit Bokthini ol oneC{FPY bnd)0.2 %A BEA1At ConlbiEGreR 1 %)~

before autoclaving. 11 12 he nost routine nethod for extraction of plant
(and ani nal Predqmyne ssumFemothe 1same yrimahe Bindingi took\plage #h376E! farhB-dr of or nt

P e, e o o L BBl o G SRR
phenol ext r #gGiconjupined B\dikalineptidsphited) adted at a@&dhestitration of 1 ug/ml, using
15 the same conditions as the primary antibody. The wells are again washed, and
alkaline phosphatase substrate (p-nitrophenyl phosphate; 0.6 mg/ml in diethanol-
amine buffer pH 9.8) added. The yellow colour, indicating a positive reaction,
was allowed to develop for 30 minutes and the reaction stopped with 3M NaOH.
The colour is quantified at 405 nm. More detail of this method is.giyen in Hill, -
20 1984. The method confirmed that the antibodies all had a high ﬁt:e:@d:gauld be
used at 1 pg/ml concentration.

Example 4

25 Isolation of Total RNA from Immature Cocoa Beans

The starting material for RNA which should contain a high proportion of mRNA
specific for the storage proteins was immature cocoa beans, at about 130 days after
pollination. Previous work had suggested that synthesis of storage proteins was

30 approaching its height by this date (Biehl ez al, 1982). The beans are roughly
corrugated and pale pinkish-purple at- this age.



16 chl oride gradient before or after ethanol precipitation. This method
-.pr oduced 17 nore or less intact RNA, but it was heavily contam nated with
dark brown 18 pi gnent, probably oxidi sed pol yphenol s and tannins, which
al ways co-purified 19 wth the RNA. Hi gh ¢evels of polyphenols are a

maj or problemin Theobroma 20 tissues. 21 22 A nmet hod was therefore
adopt ed whi ch avoi ded the use of phenol, and instead 23 used the nethod
of Hall et &l. Ihwa)xahmuhemmbogm tbmémmg)rcpaeaﬁon;ﬁom cocdadieaisl was that
SDS- bor at e duf f gr, ,ﬁgm f

speci ficall 25ﬁ s“%‘?g%?sﬁ?gu ng & i Wﬁ%ﬁ&g%u&tﬁh g% lr‘n gl){

yi el ds of radasolfathe farg ,cl“@m aj c@'owat &30 1w %ﬂt%‘ncoﬂapmm Be a

probl emt a{ld4thea mﬁhﬁa zoy\/i’sshigﬁfy flostié dﬂl&%ﬂm{?gaié&ﬁem@?iehkﬁd
precipitatign sieps e Cl ae I.ssol ved i gg )
Pl ari Fled by i BY Baarest ae] clpeBRhORESis,of ek detiyed S mplaty, whicksiauld showrna

preparationé wi tlear dRNA tads.r aA \mewqmpm ffor mtnhmiﬂgl iritactSRNA 45 zaapuidsiis

of mRNAJFr of Tor'SRAERAF T HebppiebtEnS sikther R, nieh g8 sl "’“%\9

af fini ty ch8 orreextgemply stable enzymes.l niGlasswiage- isT custamarily rhakemNat tiugm ng

Liahhﬁg"il“g&r% m&% fto tﬁ'é*?%‘F W‘“ﬁ“‘é@ Lo

was el ut ed1Qi t hdiethy 8¥iBBol precipitation.
The met hodijls essentlally t hat of AV|v and Leder (1972), nodified by

ol yAr RuALhas SB¢ Bt aoytne,dptiod dor sRtiaction of okt @6 aRaEAD) KRR s sratsion; (
of NRNA to13uppef ithe Ipruteiﬂsow&maphémﬂlchlbroﬁatm goatie pﬂamﬁ:bl oﬂ SDS i tos disrupt
el ean! | nesgs aNdploRlAShRRES acifUompIERAS atl'ndf tiB' RRbsdbion' db abliddark 1
: 15  plant matenal. Following phenol extraction the RNA is pelletted on a caesium
16  chloride gradient before or after ethanol precipitation. This method produced
17  more or less intact RNA, but it was heavily contaminated with dark brown
18  pigment, probably oxidised polyphenols and tannins, which always co-purified
19  with the RNA. High' levels of polyphenols are a major problem in Theobroma
20  tissues. |
21 :
22 A method was therefore adopted which avoided the use of phenol, and instead
23 used the method of Hall ez al. (1978) which involves breaking ‘t;l;x_e_«tissué'ﬁ hot -
24  SDS-borate buffer, digesting the proteins with proteinase K, and spcifically
25  precipitating the RNA with LiCl. This method gave high yields of reasonably
L 26 clean, intact RNA. Contaminants continued to be a problem and the method
27  was modified by introducing repeated LiCl precipitation steps, the precipitate
28  being dissolved in water and clarified by microcentrifugation after each step.
29  This resulted in RNA preparations with ideal spectra, which performed well in
30 subsequent functional tests such as in vitro translation.
31
32
33




15 sel ected by the oligo-dT colum, and only nRNAs which al so have an
intact 5 end (translational start) wll translate efficiently. In vitro
transl ation was carried out using RNA-depl eted wheat-germ | ysate (Amersham
International), the de novo protein synthesis being nonitored by the
incorporation of [[err]S]-nethionine (Rgperts and Paterson, 1973).
Initially the rate of de novo synthesis was neasured 20 by the

i ncorporation of [[err] S]-methionine into TCA-precipitable materi al

trapped on gl ass fibr T"%B) [S ' TMAN err]). (The word WHATMAN i s a
trade rrark.?reﬂ%atfé‘f,"tg'g ﬂ[ogifé'fg%g‘? nsl ation were investigated by
runni ng on SDS- PAGE, soaking the gel in fluor, drying the gel and

aut or adi ogr aphy. The nRNA preparations trans] ated efficiently and the
products co¥be Afirapsionwascseparated from totalbRNA by affinity phrematogmphy 9ot hat

;RN
I ntact nRNAs fo ve he r t 0} & 0 | . f the
maj or t rans?éﬂa@nﬁp?@aé]ﬁoéé’@%%%m‘% @@ggﬁgﬁ%g&%gke% B%?@@e%t | de
identsfied iaf. NaherRNACEANS m@) Was deitsred (Hyehedting! 65°COaad dpplicd © the
processing of the nascent polypeptide nust occur to give the nature fqrm
Exanpl e 5 | celum incathigh Séﬁ W&Surg@‘ty Ad- wes eluted witibdoypsali buffen, and

| mrunopr eci pit ati Kk 0 .0 S<Rot. _appar ent
anongst the@qﬁeg%ﬁ{{%ﬁlﬁ%ﬁf%ﬁ%@?&% B*%%e\éléeégopl g&%%)ygé\ ‘ﬁgaar?g, t he
t echni que of eddfMUIYTRY, CioBified! by Manidtishersaic(ioBRy. @Fronh ddingSoff futdleRNAQ t he 21
kD pol ypeptide, was used to identify the precursors fromthe translation

m xture. ThappreaimatelyelG-20 FEWIY&&S%N&: was pbtained @cA®).-r m t hat t he

appr?@;i ate nmRNA was present before 10 cl oning, and second to gain

i nfo tion on the expected size of the encodi ng gene. | munoprecipitation

was by the ppvliiRITRInsGon o MRNA! , 1986. [[err] S]-labelled in vitro N
transl ati on products were dissociated in SDS, and allowed to bind with 15

specific antibody in PBS plus 1% BSA. The anti body-antigen m xture was then

m xed with t ek . : ' ' he 1gG
to bind to Mté@%ﬁmﬁ\%%ﬁ%ﬁﬁ%%ﬁéﬁg é’?&rﬁ k‘&?‘%‘lé@sgrtd{rgry \g/]vas,
pour ed i nt ocleanlineg andintactness. Only MRNAswith aniatactipelyAl tail (5° emi)ywilibeby
washing with PBS +1 % NONIDET[err] P-40. (The word, NoNIDET is a trade
mar k}The bosslerted by the oligeidIeplumasand onlyomiiNAs whichcalse Bave-an niagt 3 he

proteins pr gﬁ& Mﬁa‘iﬂnﬂ §t£]rt)T9ﬁl translate efficiently. In vitro translation was carried had

out using RNA-depleted wheat-germ lysate (Amersham International), the de novo
protein synthesis being monitored by the incorporation of [*°> S}-methionine
(Roberts and Paterson, 1973). Initially the rate of de novo synthesis.ygs meé@ed -~

20 by the incorporation of [3> S]-methionine into TCA-precipitable-matg}ia[ trapped
on glass fibre filters (GFC, WHATMAN™). (The word WHATMAN is a trade mark.)
The actual products of translation were investigated by running on SDS-PAGE,
soaking the gel in fluor, drying the gel and autoradiography. The mRNA
preparations translated efficiently and the products covered a wide range of

25 molecular weights, showing that intact mRNAs for even the largest proteins had
been obtained. None of the major translation products corresponded in size to the
21 kD polypeptide identified in mature beans, and it was apparent that considerable

processing of the nascent polypeptide must occur to give the mature form.



The ant i body-anti gen conpl ex was dissociated in SDS, and subject to
SDS- PAGE and fl uorography, which reveals which | abelled anti gens have bound

to the specific antibodies. 25 The results showed that the anti-21 kD
anti body precipitated a 23 kD precursor. The precursor size corresponded to
a major band on the in vitro translation plroducts 12 1 Example 6 2 3

cDNA Synthesis Fromthe nRNA Preparations cDNA synthesis was carried
out using a kit from Arrershamlnternational. The 6 first strand of the
cDNA i s synthesised by the enzyne reverse transcriptase, 7 ' using the four
nucl eoti de basE!Qlthé i n DNA (dATP, dTTP, dGIP, dCTP) and 8 an oligo-dT
primer. The second strand synthesis was by the nethod of Gubler 9 and
Hof f man (1983), whereby the RNA strand is nicked in nmany positions by 10
RNase H, and tMentific@ion Wbmbﬁtﬁ theudasiré Pobipeplidd by Imamhopre l’thtzon
synthesis 11  of a new strand directed by the enzyne E. co

pol ynerase |. Any 12 3" overhanging ends of DNA are filled in u5| ng t he

sral | Op(‘i?l.yg%faﬁeeﬁe]ﬁw%@ﬁ%@ﬁ#tﬁ#@% F AP et o iy,

and neasuring produds’ GfntBRNA Ndeonp O idevel 5cocoé beas, ithe Otdauﬂ;qué\ss:fm ng
that cold nucleotides are incorporated at the same 16 rate, and_that the

four bases ar eimmuoeprecipitations With specifigantibediesraised to !hﬁe'llll?D POLYpAPtide; Was of

vas synt hosi soheengddpsiThe piaford R BRARR i, T wikigfie £

agar ose gel astwipyedsohed firdt R@%om&hwnmeﬁﬂp@mtamm o2l presatin thefores ed

20 as a control with the kit, was run on the sane whi ch was drjed
down ant021  eclonisgadrad)segomddto gain infosmatioan a@xaecft%@@eoqf the| ecoding
wei ght s, Wthz%‘%z substanti al anmount | arger than the 600 bp of the

gl obi n cDNA Exanple 7

Immunoprecipitation was by the method of Cuming ef al, 1986. [>° S]-labelled in

vitro translation products were dissociated in SDS, and allowed to bind with
15 specific antibody in PBS plus 1% BSA. The antibody-antigen mixture was then

mixed with protein A-SEPHAROSE" and incubated on ice to allow the IgG to bind

to protein A. (The word SEPHAROSE is a trade mark.) The slurry was poured into

a disposable 1 ml syringe, and unbound proteins removed by washing with PBS

+1% NONIDET™ P-40. (The word NONIDET is a trade marng_;Tpe bound
20 antibody was eluted with 1M acetic acid and the proteins precipitaied:witﬁ TCA.

The antibody-antigen complex was dissociated in SDS, and subject to SDS-PAGE

and fluorography, which reveals which labelled antigens have bound to the specific

antibodies.

25 The results showed that the anti-21 kD antibody precipitated a 23 kD precursor.
The precursor size corresponded to a major band on the in vitro translation

products.



25 26 Cloning of cDNA into a Plasm d Vector by Honopol ymer Tailing 27 28
The nmethod:ofevcloning cDNA into a plasm d vector was to 3~ -t-ar--the-cbNA 29
wi th dC residues using the enzyne term nal transferase (Boehringer

Cor poration 30 Ltd), and anneal into a Pstl-cut and 5 tailed plasmd
(Mani atis et al, 1982 31 Eschenfel dt ei2al. 1987). The optinmmlength for
the dC tail is 12-20 residues. 32 The tailing reaction (conditions as
descri bed by the manufacturers) was tested 33 131 wthal5 kb

bl unt - ended Exampiebi on fragnent, taking sanples at intervals, and 2

nmoni toriRg the incorporation of a small anount of [err]P]- dCTP. A sanpl e of
3 cDNA (70 n was then tailed_using the predetermned conditions. 4 5

A dG tai Ped Ynihesis, Eyom he iaRNJLgppIasigns ed puUC9) was purchased from 6
Pharmaci g. 15 ng vector was annealed with 0.5 - 5 ng of cDNA at [err] for 2

7 hours in aI| buffer: .5mMM Tris-HCl pH 7,6; 1nmM EDTA, .75 NaCl 8
(o ator S U oPNE Yt as Shiric D disink Rt oAb AR g S it £
coli 9 6RRI f(rﬂettkmddof Bees eDNA i alynthesised by) thetenzpaieoreversestrinescriptase,| ect ed

ng of oo 1k ghy fouilesBRE biies b orﬁﬁﬁﬁ&%ﬁsﬁ‘ﬁgdﬁf}%?‘%ﬁ% 00

ul L-broth | antdligoddT pnmn s’rhﬁ semodcsmd symthesis: was hydthemetbod of Gubler

del actoa’oy ¢ ec*?“Op b 35329 e “‘%)‘"?‘)gﬁé‘gaéré‘??‘%&* cu??ﬁ‘%*gmf S

the gel 1&  pddY thecepaining jragmeptssused to pzife the repla mtsmmsr&. ng
DE81 papgqr afw'a%w m%m@%&@a@rﬁéleﬁzﬂﬂ & H. dolicDNANPofyfn :}QH'B' onto

buTfer . E?ESd.wgﬂmmee»ét PO INE e cled, i wside %%x%y#é% iym e 5
21 The whole process was monitored by adding a small proportion of 32pP]-dCTP
14  into the initial nucleotide mixture, and measuring the percentage incorporation
15  of label into DNA. Assuming that cold nucleotides are incorporated at the same
16 rate, and that the four bases are incorporated equally, an estimate of the
17  synthesis of cDNA can be obtained. From 1 pg of mRNA approximately 140
18  ng of cDNA was synthesised. The products were analysed on an alkaline 1.4%

19  agarose gel as described in the Amersham methods. Globin cDNA, synthesised

20  as a control with the kit, was run on the same gel, which was dried down and

21  autoradiographed. The cocoa cDNA had a range of molecular weights, with a

22 substantial amount larger than the 600 bp of the globin cDNA. . o .

23 = -

24  Example? B

25 -
26  Cloning of cDNA into a Plasmid Vector by Homopolymer Tailing

27

28  The method of cloning ¢cDNA into a plasmid vector was to 3' tail the cDNA
29  with dC residues using the enzyme terminal transferase (Boehringer Corporation
30 Ltd), and anneal into a PstI-cut and 5' tailed plasmid (Maniatis er al, 1982
31 Eschenfeldt er al, 1987). The optimum length for the dC tail is 12-20 residues.
32 The tailing reaction (conditions as described by the manufacturers) was tested
33



22 Construction of Qi gonucl eoride Probes for the 21 kD Gene 23 24  The
N-term nus of the 21 kD pol ypeptide, as determ ned in Exanple 2 above, 25

was 26 Al a- Asn- Ser - Pro- Leu- Asp- Thr ; Asp- G y- Asp- G u. 27 28 From
this the optimumregion for synthesising a probe of 17 residues was as 29
follows: 30 31 32 33 14 1 Asp- Thr- Asp-G y-Asp-Q u

i' GAC ﬁ@g %@.%bﬁt{ﬂd&i‘r&mm& fxgg%em, tkin s]f_'ﬁ%lef?atrfgfe"ﬁl&b@d
construct ed?i s SINBHATIRE theyincpsperation nfea smllian@mtm Phde‘rP mkmampleoéf

126 di 1 or ont 13DRBX 70 igewel uithiviled Wihg Y frdfedfhitgh cofiighs  seduence,

Probe synt hﬁSI s was carrred out using an osystem apparat us. 9
10 The 217kD probe was purified by el ectrophore5| s on a 20% acryl am de

gel, the bafds BeidGstailed aslasmmi | dbvedltgf SSB % 29 dwly pu xgh%‘éﬂ”ﬁ'om
S 19 By IO G i A 5 28 o 6 A
ganmma- [[err JP] bome mradnealmg buffer: SmM Tris-HCI pH 7.6; 1mM EDTA, 75 mM NaCl
/8 ina total volume of 50 pl. The annealed mixture was transformed into E. coli
9  RRI (Bethesda Research Laboratories), transformants being selected on L-agar
10+ 100 pg/ml ampicillin. Approximately 200 transformants per ng of cDNA
11  were obtained. Transformants were stored by growing in 100 ul L-broth in the
12 wells of microtitre plates, adding 100 1 80% glycerol, and storing at -20°C.
13 '
N 14  Some of the dC tailed cDNA was size selected by electrophoresing on a 0.8%
15  agarose gel, cutting slits in the gel at positions corresponding to 0.5, 1.0 and
16 1.5 kb, inserting DE81 paper and continuing electrophoresis until the cDNA
17 had run onto the DE8] paper. The DNA was then eluted from the paper with
18  high salt buffer, according to the method of Dretzen et al (1981).
19
~ 20 Example8
21
22 Construction of Oligonucleotide Probes for the 21 kD Gene

q o
o g

24 The N-terminus of the 21 kD polypeptide, as determined in E/‘ximjlé,z above,
25 was )

2 Ala-Asn-Ser-Pro-Leu-Asp-Thr-Asp-Gly-Asp-Glu.

27

28  From this the optimum region for synthesising a probe of 17 residues was as
29  follows:

30

31

32

33



18 the enzyne pol ynucl eoti de ki nase (Amersham | nternational). The nethod
was 19 essentially that of Wods (1982, 1984), except that a smaller
anount of isotope 20 (15 uCG ) was used to | abel about 40 ng probe, in 10
mM[err], 100 mM 21 Tris-HCl, pH 7.6; 28 nM 2-nercapt oet hanol . 22 23

The cDNA library was grown on GeneScreen (New Engl and Nucl ear) nylon 24
menbr anes pl aced on the surface of L-agar + 100 ug/m [err] plates. (The 25
word GeneBcreen is a trade nAsRP-FheoiAsRtElYymhaptrélMsferred frommnmicrotitre
26 plates to the menbPanesCAS AFG GG FEGFAE-BRongdd device, designed
to fit info 27 the wells of Ralf ®heTicrbtitFe plate. Col onies were
grown ovetnight at [err], 28 lys I n sodtum hydroxi de and bound to

menbr anes4 as descri bed by Wods 29 (1982,71984). After drying the

menbr anesc wer e washed extensively in 3 x 30 SSC/0.1 % SDS at [err], and.
hybri di sell t cThéd7+méreptobé gonstracted sis repownHbELAWDLE sequapgezr Mtis sactually &y bai d

Ltd, PO Box 82. | -2 ARhh3fus 5 D is
a trade mark. ndls{(iqgﬁs fgsénﬂslb‘fﬁlgli‘séas)ﬁ%ﬁo Werfe&.a{s%“%'gggrtlhéem gmﬁ%son
& Wllians (1998gncea Reobeeisynthesis cwast eatried r owta ¥8ing| R oAPPliedt Binsystem
accordi ngStog ‘mula: 4 5 Td = [err] per GC base pair + [err]
per AT bage pdair. 6 At m xed positions the | owest value is taken. 7
8 Hybr'i&i sation was carried out at [err]. Washing was in 6 x SSC, 0.1 %

f([))S 9h b :jt I'Eitlé Ylile bﬁb@v:iseﬁmﬁiﬁtw elet:ﬁro;c plicresit’ BﬁxlaDZGl%pﬁr?{ca_nﬁde }gbﬁrt{\eﬁrdt he
ybii di sati.on tenper re rr.]).for so r n ina a

for 11 lfxaclfws%wg%%’gd%w b%&%@?ﬁ%%&éﬂg‘ﬂgm 1 X-ray

film 12 with intensifying screens at [err]. (The word FUJI is a trade

mark.) Alder ﬁéﬂﬁ@&% 48 hours positive colonies stood out as intense
spots aggj nst ackground. 14

iz Use of Oligonucleotides to Probe cDNA Library

17" The oligonucleotide probes were 5' end-labelled with ~gamma-{>2P] dATP and

18 the enzyme polynucleotide kinase (Amersham International). The method was .
19 essentially that of Woods (1982, 1984), except that a smaller amount of isotope =’
20 (15 uCi) was used to label about 40 ng probe, in 10 mM MgCl,, 100 mM

2 Tris-HC, pH 7.6; 20 mM 2-mercaptoethanol. |

23 Tne cDNA library was grown on GeneScreen (New England<Meclear) nylon ~
3: membranes placed on the surface of L-agaf + 100 ug/ml ampicillig pjam (The

- word GeneScreen is a trade mark.) Colonies were transferred from microtitre

26 plates to the membranes using 2 6 x 8 multi-pronged device, designed to fit into

27 the wells of half the microtitre plate. Colonies were grown overnight at 37°C,

28 lysed in sodium hydroxide and bound to membranes as described by Woods

29 (1982, 1984). After drying the membranes were washed extensively in 3 x

30 $5C/0.1% SDS at 65°C, and hybridised to the labelled probe, using a HYBAID

; apparatus from Hybaid Ltd, PO Box 82, Twickenham, Middlesex. (The word

33



15 Exanpl e 10 16 17 Anal ysis of Positive Clones for the 21 kD

Pol ypepti de 18 19 Several positive clones were obtained with the 21 kD
probe, and nost of these 20 contained an insert of 0.9 kb when digested
with Pstl (the original vector Pstl 21 silfe is re-created by the dG dC
tailing procedure). The inserts had the sanme 22 restriction pattern, and

are easily |arge_enqugh to encode the 23 kD precyrsor, 23 and it _
t heref ore ske ng'ém yiStahEade H@\‘/’ks éﬁ?%@?ﬂse rfhﬁ%"‘-"l‘%ﬁ@? 1Vere Asedescribeds By 24

of the insey isMabenvg i Williagsr €1985),2% 1§ beihfecdlclalel fort eachr oligeHiicleviide

purified away fromi.he vector .agarose gel 27 el ectrophoresis onto DE81
paper (Dre}t,sen Eﬁi',’g ﬂ)@f)f,gnﬂﬁ%’ about 500 ng was 28 ni ck-transl at ed

usi ng the Abrersham nick-translation kit. The resulting probe 29 was -4 X

[err] cpmapd [err] spm [ s r.ohi ng of the 30

CDNA [i bra??, usi ng ?ﬁe \%ggﬁeg?glﬁ%rpérlrgﬁh% 3’%@??‘?%“@% I’%?/H'V\ahl and Berger
31 (1987)& The conét mixedpesitiapohe dowestivaluedndakensr] were used. Sever al
nore 32 isniconpl ete positive clones were obtained, which were useful in

subsequgnt 33 __sequenci ng. 16 2  Exapple.11.3 4  Sequengin e

a oneg-/lensegts Hybridisation W&h@é’ﬁé&r‘?ﬁtﬁ?‘at‘? Wiashing wag ip. ’hggpn eigss,Dﬁnd

mer eI appr Gspgi %ﬁiTﬂl 8&{?@6{&3&@@ fuzef in ith?_ﬁHﬁBAmm ta'pgmtﬁ,ondheﬂdat tmfﬁf
e plasmi aLNBCEI ese _plasm ds_ar, as n.t he

e Bl AT e Rk S metaly (PSSt PhaT Go At fgspdrony

si ngl e- st r Ahdedexacilyiymifutes. ofMemplinestwere auteradiographed amen FUIR Xiray dilin] .

When superjffec .\ _ 4 t | du

i nduced toifunde‘?'ggl%&lgf’g@%é% 17?6.?2%?%9%@%%&%?2%'%@{ rzgmds

are packagbll as- $hhouss positive ¢olonieststoad-eut as intense spots against a low background.

14
15  Example 10
16
17  Analysis of Positive Clones for the 21 kD Polypeptide
18
U 19  Several positive clones were obtained with the 21 kD probe, and most of these

20  contained an insert of 0.9 kb when digested with PsiI (the original vector Psil
21  site is re-created by the dG/dC tailing procedure). The inserts had the same
22  restriction pattern, and are easily large enough to encode the 23 kD precursor,
2 and it therefore seemed likely that they represented full-length clopes. A™map _
24  of the inset is shown in Figure 1. ; e
25 =

- 26  The 0.9 kb PsiI fragment was purified away from the vector by agarose gel

27  electrophoresis onto DE81 paper (Dretzen er al, 1981), and about 500 ng was
28  nick-translated using the Amersham nick-translation kit. The resulting probe
29 was -4 x 107 cpm and 10° cpm were used for the subsequent probing of the
30 cDNA library, using the hybridisation method described by Wahl and Berger
31 (1987). The conditions of 50% formamide and 42°C were used. Several more
32 incomplete positive clones were obtained, which were useful in subsequent
33 sequencing.



13 nmedi um
nmet hods 14
met hod of 15

superinfecting phage 16

for preparing single-strands 19

are supplled

using the St ﬁ%ﬂ%iéage of programs 21 (Staden, 1986), on a PRI ME 9955
he RIME is a trade 22 mark.) 23 24 Exanple 12 25 26

conputer._ (T

DNA can be prepared fromthese 'phages’ usi"ﬁg est abl i shed

for ML3 phages (MIler, 1987), and used for sequencing by the

Sanger (1977) using the reverse sequencing primer. The

by Pharnmacia. DNA 20 sequence was conpiled and anal ysed

used is a derivative of M3 termed ML3KO7, which
replicates poorly and so 17 does not cadépete well with the plasmd, and
contains a selectable 18 kananyci n-resi stance narker. Detailed nethods
fromthe pTZ plasm ds and hel per phages

Features Df the 21 kD cDNA, and Deduced Am no-acid Sequence of the 23 kD 27

Precur sorg 28

StQuenciniiHeNPioned|wisegre of the 21 kD cDNA, and the presuned

am no- ac:ﬁlAsequence 30 of the encoded 23 kD precursor is shown in Figure
s 917 bases, 31 excluding the 3 poly Atail. The ATG start

codon is Gt [T sequencihg bwategyewasS2o clope atheojnserts,e aatidn gvifere nappodpriatd

2235 bach uipalsnbs: Ry O1RE, Nnel RfisP Fibniph®dite g che Aéﬂ“ﬂqﬁ?"%o%

and has s&verpil‘le&MpTZbﬂRr(?hammm) t Athese plasmids. argrhased gndhe hetter-known

2. The ¢ i

pol yadeny at i

Br ownl ee 197

ol i gonuc 1Qot |

experi mepg al lig. tie @ameTgﬁmy,esmaeﬂlaaﬂud( Hspi:ﬁmceﬁ ofo nmaymptsmgﬂe&smdw es

221 am ngQ- aci

e founata  pRRon: 2nd ik SBE- Rt e pablaged 5 pides ERRIAGH, o BE"

hydr ophol8 c,

RV tQ the 4
epliction; oM FIamRROHE PROES Fnc VEhen SVAEIesiig with phsees

médiomct DINA tcan befprepared fedm shesec phages’ using casgbhshul metholds

pr ot e1 s, eSRaP3lgA ks (IS, 039N ard kel 16tV BfiERLRE by the method of

15
16
17
18
19
20
21
22

~

s

24

-~
Law

26
27
28
29
30
31
32
33

Sanger (1977) using the reverse sequencing primer. The superinfecting phage
used is a derivative of M13 termed M13K07, which replicates poorly and so
does not compete well with the plasmid, and contains a selectable
kanamycin-resistance marker. Detailed methods for preparing single-strands
from the pTZ plasmids and helper phages are supplied by Pharmacia. DNA
sequence was compiled and analysed using the Staden package of programs
(Staden, 1986), on a PRIME 9955 computer. (The word PRIME is a trade

mark.) g "
/ﬁ -
Example 12 - T

Features of the 21 kD cDNA, and Deduced Amino-acid Sequence of the 23 kD
Precursor

The DNA sequence of the 21 kD cDNA, and the presumed amino-acid sequence
of the encoded 23 kD precursor is shown in Figure 2. The cDNA is 917 bases,
excluding the 3' poly A tail. The ATG start codon is at position 21, followed
by an open reading frame of 221 codons, ending with a stop codon at position
684. This is followed by a 233-base untranslated region, which is relatively

ot GRS/ (S (dRlac e RS 1089 bud Sl HhE1d B Qaigiand 3

ear’



10 proteins across nenbranes in the process of conpartnentalisation
"(Kreil, 1981). 11 The mature protein has 195 residues and a nol ecul ar

wei ght of 21223, in good 12 agreenent with that deduced from

pol yacryl am de gels. The anino-acid 13 cldhposition of the mature protein
Is typical of a soluble protein with 24% 14  charged resi dues and about
20% hydr ophobi ¢ resi dues. 15 16 Honol ogi es Between the 21 kD Protein and
Ct her ~ Known! Pr oAd-fieh {60%} and bas, severalgstep sogdonst inj all thres: framesat Thererare swoce

(PI R oat abank_fdiphacyiohignh AveF A R P Uad 887 QOB

o108, 86 B THbal) o tm&i&?oﬁ)‘t Rl SOTIESRORIING: &0 it

Kuni t z- t ype4 pr obligonucieotide probie is $surid? andiap hs‘mhe)aia siee fotind rcxbe:men unt S
in the seed% of several species, particularly 23 | egunes and cerea
Exanpl es own in Figure 3, include the barley 24 a- anyl ase/ subti | | 5| n
i nhi bi tor, &- ASThé mdwd&&kmprecnmmolmﬁde camprises1221 ahnino-acidst and ai n

i nhi bi t A

Lot r agonol obus) MOIAER Sreight Ut ety 3 gt NEERIASH Rind'St posivion 27, and.

27  bean t8ypsﬂ¥? gﬁh?él%ﬂ“%lm&mﬁrﬂmob& gharactegistic 05@/338&31 aeqwmen
hi bi t g,hséd( nﬁgﬂm

'I[pylps: nolrnh bitor,  E-TI gootbudggrt et %?8?;?58%&“%% 3 ané‘%l the

Kuni t z- t ypd 1 HPIRIS Scrgime ERNSS i Phe, Propsss aiaago a«sﬁ d98i)-e

32 lengti Th‘lrﬁeh’mur% Iprstei had ¢03) residvies @ndan gholezulariwei 21223 aﬁsgooaB

£ coli 4 B Crfefgn E@Sh@%%&% SR e U
and wi t hout3t hecdinposimh of hthiei mature) padtejne g mym;calvefsassdhmmrpﬂtmmtwuh A %.
COH expreggi Oncpiehd Plesidues and about 20% hydtophoblc residues.
15
16 = Homologies Between the 21 kD Protein and Other Known Proteins
17
18  Searching the protein identification resource (PIR) databank (National
. 19 Biomedical Research Foundation, Washington DC) using the sequence matching
20 program FASTP (Lipman and Pearson, 1985), showed a high degree of
21  homology between the 21 kD protein and Kunitz-type protease and «-amylase
22  inhibitors found in large amounts in the seeds of several species, particularly
23  legumes and cereals. Examples, shown in Figure 3, 1nclude _the"barley ..
24  o-amylase/subtilisin inhibitor, B-ASI (Svendsen er al. 1986), w /_jmat abamylasel
25  subtilisin inhibitor, W-ASI (Maeda, 1986), winged ban‘?scophocarpus
" 26  tetragonolobus) chymotrypsin inhibitor, W-CI (Shibata er al. 1988), winged
27  bean trypsin inhibitor, W-TI (Yamamoto et al. 1983), soybean trypsin inhibitor,
28 S-TI (Koide and Ikenaka, 1973b), Erythrina latissima trypsin inhibitor, E-TI
29 (Joubert er al. 1985). -
30
31  All the Kunitz-type inhibitors are of a similar size and align along their entire
32 length. Thus the 21 kD protein must belong to this general class.
33




7 pJLAS02 (Schauder et al, 1987) nmarketed by Medac GrbH, Postfach 303629,
8 D- 7000, Hanburg 36 (see Figure 4). The vector contains the strong

| anbda 9 pronoters, [err] and the | eader sequence and ri bosone bi nding
site of the 10 very efficiently translq ed E. coil gene, [err]. It al so
contains a 11 tenperature-sensitive cl Tepressor, and so expression is
repressed at [err] and 12 activated at [err]. The vector has an Ncol site
(contalnlg dEx ggdon: 13 CCATGG) correctly placed with respect to the
ri bosone ng S|te and 14  foreign codi ng sequences nust be spliced in
at this |nt The 23 kD coding 15 sequence does not have an Ncol site at
the initizal AftpreSstorobfihe @3 kD ah8 QI PbEpbptides iN B, 'colinut agenesis. 17 18

In vitro gutagene5|s was carried out using a kit narketed by Amersham 19

I nternati®nal, which used the nethod of Eckstein and co-workers (Taylor et
al, 20 3985The DNA encading die 28) kDhand211 k@epnlypepudee (et with 2@l withéutaheed

DU 2, RGBS BEPLHS s BRRRR o DU o v o

plasmid i 8 dlgﬁs‘dﬂi (Schaudac et ;1,21987)amrkm5hhy Mnda@GmbHorPoatfaﬂh WGZQ o

cont ai ni t %amﬁng Nahe2fecto:

subsequengl yhgl gesf W t exogneE?l ase Qj ai'hThe orrlsglbﬁ gg,erg ?gﬁﬁﬁﬁg t hen
r esynt hes? sedProgiteRqPH@nd Fig, @Mﬁ?ﬁ&%@%ﬁ@ dhent i ng
the mitai@d pegryt Ieeﬁcieauyh@rarslagema}s StbHNgené) agfpEls alte auterboa?ams o2

transforped into col i hecked b | asm d m n| pr epar
an Moo Lt inperinEounsbne of deprenors tnd 50 Asaresrion s TRt el PG ARd ¢ e
30 vecldr pahvaid atod29Cat nag#eemtharﬂedlcﬁl\l&tec(wmmﬁfgiahyxbe @ddwluced)

hasm d 1B théﬁé?f%@f%ﬁé%ﬁ Flioogwidl teboR 0 HiORrde. ihfinkl 987 abC | o

el sewher &4in gntcndnm W mustcbe] spliced ihaat 2Bisk®intodiThg 2% §Docoding
| d t 2
cloned ipgo iﬁ ‘tﬂ%ﬁeg ot ¢S 3h Neo! &tk Gt tﬁ%m ATG d %%@‘w&??ﬂtr&ﬁﬁbd

f ragnent Ms I n regli on was en cl one
g ép by zn mutagenwsg g

17

18  In vitro mutagenesis was carried out using a kit marketed by Amersham .
19  International, which used the method of Eckstein and co-workers (Taylor ez al, ™~
20 1985).  After annealing the mutagenic primer to single-stranded DNA the

21  second strand synthesis incorporates alpha-thio-dCTP in place of dCTP. After

22  extension and ligation to form closed circles, the plasmid is digested with-Neil,

23 an enzyme which cannot nick DNA containing thio-dC. Thus d{ﬁy‘;th‘g original ’
24  strand is nicked, and subsequently digested with exonuclease IE—The original

25  strand is then resynthesised, primed by the remaining DNA fragments and

26  complementing the mutated position in the original strand. Plasmids are then

27  transformed into E. coli and checked by plasmid mini preparations.

28

29  An Ncol site was introduced into the 23 kD ¢cDNA in plasmid pMS101 (in the

30  vector pTZI19R, so that single-stranded DNA could readily be produced) using

31 the mutagenic primer: 5' ACTTAACCATGGAGACC 3', to create the plasmid

32  pMSI106. The primer was chosen to avoid extensive hybridisation elsewhere in

33 the plasmid.



4 i.nto pTZ19 on a Xhol (upstream of the Ncol) -EcoR fragnment. This
. Creates a b5 pTZ-23 kD plasm d (pMs108) which has elimnated the poly G C
region, likely 6 to disrupt transcription between the T7 pronoter in the
vector and the coding 7 region. In uvro tganscription, using T7 RNA
pol ymer ase, produced abundant 8 RNA which translated in a wheat germ
systemto give a 23 kD protein. This 9 proves that a functional gene,
capabl e of producing a protein of the anticipated 10 size, is present on

the plasm 1 h fr
bl asi d phEL05 TS kéc‘ioﬁe“@%?%fsﬁ?@mm %éﬁ%ﬁ@&‘*ﬁfugﬁh?@% HFASR
of the propbsecbmulélcobﬁcohﬁagment (pMS Tirecpding Tegion VEBORen @‘WG
3" 16 17 Jh AVEh! 128 ‘%ﬁ%‘%‘ h
ATG start, %ng ?Squ’é‘pimg‘éf" re‘g:jflt(t)‘gt’j’\?\c/adsi SE%C one |nto pJL &
an Neol - BarkE m-zarlagmm 168) whishohas climigatedohe paln.GiC sheiRclily
Grown [ L Ol S aEE e L 105‘%"“/‘%““2 “‘“‘%ﬁé‘é“‘” Tnronné e coane
rown in ro a ICL unt i a
(gooes 0 ~ 0. 2) Fo8i0nc ] F@P%ﬁ"&? WQM&WWB‘%FCW%&@ Hé%‘l!
taken at inger VRNaA v.ﬁuhph-mslmedmdl wheatigermadsyistenb ¢0 Igivegai28 EDSproteini nThis5
buf fer, an run S 26
ni trocel | uI ose Wg?rﬁsr Qﬁ%g%ﬁggiw #%M&%iéﬁ%fuﬁ%%g gigﬁ{rglded
out 27  uddng sizs isprésediorkthesplasmiddy prepared in Exanpl e 3 above (at 2
ug/ nt) andh fis 28 a secondary anti body, goat and-rabbit -1gG conjugated to
0

al kal i ne phosphatase 29  (Scott et al, 198% 30 31 For the vector pMs
107 the ani? bodJheibydrophebiepweaneli sequense-was sieleted dram plasmid pPMS108 (using-at

23 kD, but 13 her guisesicritterdiigned & dititSeitHep &ldétifitfie PRoboded déletibh:33
suggestl ng ihat lI%%colcl was partially cleaving the hgdrophobi c signal. The

15 5' TGGAGACTGCCATGGCAAACTCTCCTGTG 3°

16

17  The resulting plasmid, pMS111, had retained an Ncol site at the ATG start, and

18  the 21 kD coding region was subcloned into pJLAS02 on an Ncol-BamHI

" 19  fragment (pMS113).

20

21 The two expression vectors were transformed into E. coli UT580. . The

22  transformed strains were grown in L-broth + ampicillin (100 xg/ml) at 30°C

23 until log phase (ODg;, = 0.5) and the temperature was then shxfted t042°Cand -,

24  samples taken at intervals. Samples were dissociated by boilin, /g_m SDS loading

25 buffer, and run on SDS-PAGE gels. The proteins were electtoblotted onto
(N 26  nitrocellulose membranes (Towbin et al, 1979) and Western blotting carried out

27  using the anti-21 kD antibody prepared in Example 3 above (at 2 ug/ml) and as

28  a secondary antibody, goat anti-rabbit -IgG conjugated to alkaline phosphatase

29  (Scott et al, 1988).

30

31 For the vector pMS107 the antibody detected specific protein of molecular

32 weight about' 23 kD, but there were also smaller bands, including one at 21 kD

33 suggesting that E. coli was partially cleaving the hydrophobic signal. The



1 | ar gest amount of ‘protein was seen after 18 hours, and was the

equi valveris/ 610Vt 2 | east 1-2 ng/l. Controls containing onmvytsiweymetor
gave no i muno-detectable 3 proteins. For the vector pM5113 a simlar
result was obtained, except that only 4 the 21 kD protein was seen: there
was no evi dence of higher expression in t 5 absence of the signal
sequence. However transformng the vectors into the 6 pr ot ease- defi ci ent
strain CAG29 (Dr C.A Goss) resulted in a rmuch higher 7 | evel of

expression in RS of | ; / . |l e
14 12 13 : pr%&%r} of Fﬁgbg%'%?gw%b%gl%gggﬁgﬁ'nwegg?ﬁ%ﬁ%ﬁ%ﬁ%ﬁé@ S
cerevi si ad) 14ea%1-2 mgd.  Eontrols cop@ining pnly-thejestargave nocdmmung-detsgwble on a
yeast-E. Gol i pedisinis] Foklhe vacrer PMS10B aimilanrasaR Siastoblaified C@tdepOihallofily Of
repli catign, ﬁged gwabl e sel ecta.bltg 17 naw@rsg (%gﬁg il1lin-resistance
for E cofl afif ¢ REPUIRRS15R0- 11BFre,a%R9 ce EXRFESSION I then t he
yeast pyr Gvat absenceof thekgignal ceguence.andHdvesde rtrarfornting (the oectors! i@ thed

H ndl Il cleoni | e t .vector, A .iS
desi gned Por PrYasSeHF SRR GEA I ETR, Srost) Fotited 1 K hilon Aipne’
expressi od, higvehgf expressionvin hoth casessinghe lordespfed@ mg/lt he yeast mating 22
al pha-facgor downstream of the pronoter, with a Hndul site withinit to
create 23 fusion proteins with incom ng codi ng sequences. The vectors

are illusPrated in 24 Figure 5. 25 26 To use the vectors effectively
it is degprable to introduce the foreign coding 27 region such that for
vector A, therﬁr‘eai gn!‘{romthe H ndmcloning site to the 28 - ATG start is

t he sane lels t PK gene, and for vector B, the renai nder of 29 t he
al pha-fadRor signal, including the lysine at the cleavage point. In

by act ¢ 180, e iy S112¥9, PARGYRRL B Yo SRR a8 oy
i ndl 11 -"Nco I nKer breac eg De i | oni ng
site in the vector and the Ncol at the 32 ATG start of the codi In_g o '
R el i et v A o R

17 markers (ampicillin-resistance for E. coli and leucine auxotrophy for yeast). )

18  Both vectors contain the yeast pyruvate kindse (PK) promoter and leader o~

19 sequence and have a HindIll cloning site downstream of the promoter. One

20  vector, A, is designed for internal expression, and the other, B, for secreted

21 expression, having a portion of the signal sequence of the yeast mating

22  alpha-factor downstream of the promoter, with a HindIII site withia it to create ™

23 fusion proteins with incoming coding sequences. The vectors:a:ejlhjéﬁated in

24 Figure 5.

26  To use the vectors effectively it is desirable to introduce the foreign coding
27  region such that for vector A, the region from the HindIII cloning site to the
28 - ATG start is the same as the yeast PK gene, and for vector B, the remainder of
29  the alpha-factor signal, including the lysine at the cleavage point. In practice
30 this situation was achieved by synthesising two sets of HindIII - Ncol linkers to
31  breach the gap between the HindIII cloning site in the vector and the Ncol at the
32 ATG start of the coding sequence. For vector B, when the coding sequence is
33 to be spliced to the yeast alpha-factor signal, the coding region of the-21 kD

25 oo’



21 1 pol ypeptide (ie. with the cocoa sighal sequence renoved) was used.
The 2 constructs are illustrated in Figure 6. For ease of construction
of the yeast 3 vectors, Hindlll - Ncol linkers were first cloned into the
appropriate pTZ 4 plasm ds, and Hindl Il 21 Bani || fragments containing
linkers plus coding region 5 cloned into the yeast vector. 6 7  The

yeast expressio | asm ds were transferred into yeast spheroplasts using
the 8 el hodp‘g sfien ‘("I@B‘gf cmﬁélgqaén%eﬂﬁ?‘{?&t Wmétwgh§%e The
stgI ain 9 2AH¢bnseractstarerillisuraeis Figue eelkmeas@rbflmml on aﬂ&hényemal
medi um 10 L ra tre t ni

wer e grown in g#w@% ‘%"mspg‘;%ﬁﬂﬁﬁﬁs ﬁ @&5 80&#’3% é‘? %ﬁfgs% ting
t he ext ent4andplasmidsdand HikdITl oBamﬂIIfﬁmgmqrts icontairiing hnkerlslmuweodmga'egleat ed
from cultares !F&@f tubes in a bench-top centrifuge, and
washed in n‘f’lbﬁedélﬁls g&r er %ﬁd} (200mMM Tris, pH 8.1; 10%glycerol). The
cell nedi u6n was reserved and 15 concentrated 10-25 x in an AM CON m ni

Relghed and t enhe gedtfickprélifeblat ﬁ‘%‘f‘f”&@‘{%“wﬁ?‘“! st OLBPRG Sie e
phenyl™ net Byl E’Eﬁ‘ﬁﬂﬂ °‘F'}SEFB¥ LéBSS rHOSE\dYﬁmﬁ h@t%

o1 oo beally. e aaoah, R el ﬁw““’r' s C‘*‘” mt o 'r'l“‘““lf‘““me‘““;i‘““ tes
P ot ar 10, "TERRN, Banfifimants wit wbeakel 15 birble SBlobiES, i bee Epyn R 34
checki ng @hder mi h¥EPD: rmediome (Johnsioal, | 1988hkatg28°C hfor niesting ctheaextent and

centrif uge? at d&&bui&oggﬂﬁgﬂf gl?btgﬁn?uhq]??ﬁso vk ﬁirvEgk‘édg 1‘%?:? &ﬁ@ﬁl@s igne

supernatant was T enoved ed centrifuge

centrifugdd fopreweighed tubesom @@nwopzcenm@malandsm smcla(h midysis huffer uged
i h—a ni crggent pobp Ths,) pH ghe 6% @wﬁatm cemﬁédmﬂxt Qs ireserved whli ©

fraction. [ The pellet was uspen ed fer pl 10%_ SDS
and 1% neﬂéapt%lcﬁmﬂd 2dpag ‘&Mff&’é]m%rmﬁ réﬁ? &fﬂl%&
centrifugileg fﬁraéﬁd?h&tlé)a?he 'Waﬁhﬁ cdlizaperervéiphal Mﬁ'ﬂl siduffer

he conceklr at B ARl s 1 e ﬁwilmeﬂ@ﬁ%ﬁﬂﬁ fprs féﬁ%@m“ba”d

pMBl 16, {8si gagfanlfaprotiming Ok j:gimb lempeptin), atpa conceattation of 1 g/ml 1 volume
19  acid-washed glass-beads was added and the cells broken by vortexing for 8

~ 20  minutes in total, in 1 minute bursts, with 1 minute intervals on ice. After
21  checking under the microscope for cell breakage, the mixture was centrifuged at
22 7000 rpm for 3 minutes to pellet the glass beads. The supernatant was removed
23 ta pre~chilled centrifuge tube, and centrifuged for 1 hour at 20,000-rpm. _
24  (Small samples can be centrifuged in a microcentrifuge in /&ie?:cdld.) The
25  supernatant constitutes the soluble fraction. The pellet was resuspendéd in 1 ml
- 2 lysis buffer plus 10% SDS and 1% mercaptoethanol and heated at 90°C for 10

27  minutes. After centrifuging for 15 minutes in a microcentrifuge the supernatant
28  constitutes the particulate fraction. '

30  Samples of each fraction and the concentrated medium were examined by
31  Western blotting. Plasmid pMS116, designed for internal expression, produced
32  both 23 kD and 21 kD polypeptides in the soluble fraction of the cell lysate, and
33  in the medium considerable amounts (2-5 mg/l) of the 21 kD polypeptide. Thus



32 both 23 kD and 21 kD pol ypeptides in the soluble "f"raction of the cell

| ysat ewgpé19gbo i n the nedi um consi derabl e ambunts (2-5 ng/di/waitdwi21 kD
pol ypepti de. Thus WO 91/ 19800

[err] 22 1 the yeast is recognising the cocoa signal sequence and
transporting the protein 2 across the ngnbrane, cl eavi ng the signal
during the process. The cl eavage site 3 %ppears to be correct, judging by
the size of the final protein. 45 Pl asm d pM5117,. desi gned for secreted

expression, gave a rather sjmlar result 6 i thr I . .

pol ypepti de i 1 HEAShAY TeRABRISIGS g\?i ERR sigrpl tsﬁ&é\de%xce aﬁ%&%@%ﬁﬁéﬁflé’g%ﬁnde
Wi th the yeastaceisphite frenibvanes icieaxingsthiel signai ducingdhevprocess. Theaclsavage bite i n
t he sol ublge or ' r | Eﬁﬁﬁlpeo 12 13 Scal e- up
of Produci3gn M%%%’Sﬁétbmwgygw?#éggﬁeme 1%315 To assess the.
productividy of the 21 kD protein fromyeast AH22 containing the 16
plasm d pMs11 r - &R bf s&iéted e pfdssioh)) gives a Hahe sinila rekuld 7
bi oreactorwm?dﬁh??ﬁlggqgﬁ ﬁg%éehe'al'ggﬁhnol ,oeiaespl nc. |gke t&e smgl | - scal
growt h 18 Gexpevithaather imaren2di kih PRI¥RE 1Rt Udhe ﬂoeﬁ?mﬁtﬁwm
of a |late$ 1qncidabéd Wpﬁdbtﬂtﬁ theeyedst Zalpha-faftor signal istil awdchedawas
2L/ mn andgthe stirri ng. g}? @-ﬁﬁed ﬁg‘%ﬂﬁmg_g%g%{o control the foam ng
caused by & hedoundyeithey ip thesolile Py § 10 m safflower oil was
added. The cells were just entering | ophase 22 after 10 hours and by 15
hours the d)og phase was over wth the-di pance of 23 the glucose and
accunul at]r n of ethanol. However growth [err]until the 24 har vesting

poi nt at BD hdExampleildh t he conconitant oxidation of the ethanol. 25 The
final bi oqass was 28 g/L wet weight, 7.3 g/L dry weight. Wstern-26
0

27" SloulY atSade-up of Boeducaon el vie SHkD 2Py 7 § S LFETEOUE onary phase.

rising toyq4
15  To assess the productivity of the 21 kD protein from yeast AH22 containing the
16  plasmid pMS117 under scale-up conditions the strain was grown in a SL
17  bioreactor manufactured by Life Technologies Inc. Like the small-scale growth )
18  experiments the medium used was YEPD, and the inoculum was 10 ml of a late
19  log phase culture (ODgy, 4.0). The aeration rate was 2L/min and the stirring
20  speed 350 rpm, and to control the foaming caused by these aeration and stirring
21  speeds 10 mi safflower oil was added. The cells were just entering log phase
22 after 10 hours and by 15 hours the log phase was over with the-disdppearance of
23 the glucose and accumulation of ethanol. However growth eontifiued until the
24  harvesting point at 60 hours, with the concomitant oxidation of the ethanol. |
25  The final biomass was 28 g/L wet weight, 7.3 g/L dry weight. Westem
26  blotting of the medium showed that 21 kD protein was exported to the medium
27  slowly at first, but accumulated rapidly in late stationary phase rising to
28  approximately 20-30 mg/L at the time of harvesting.
29
30 At the end of the experiment yeast cells were removed from the medium by
31 cross-flow filtration through a 0.2 um membrane, and the protein (or
32 macromolecular) constituents in the medium were concentrated by cross-flow
33 filtration through an ultra filtration membrane with a molecular weight cut-off



28 approximately 20-30 ng/L at the time of harvesting. 29 30 At t he end
of the experiment yeast cells were removed fromthe mediumby 31 =
cross-flow filtration through a 0.2 Am nenfjgane, and the protein (or 32
macr onol ecul ar) constituents in the medi unt®ere concentrated by cross-flow
33 filtration through an ultra filtration menbrane with a nol ecul ar
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can be further meHm ﬁosmgpmrucimunw pFhe é.klatpmm ewmrqrudnly

sul phate, fpll g Sipitation" with | S0 %ahftfménitntl stipldte;, PollowedOBY
enhancenent, of E |eI d vvas obt a! ed. by a batch feed process whereby 7

t he gl ucosé | e ialysisoos f r om a concentrated-sol ution as
soon as 8 Sthe ¢l ucose Ievel s had dropped below 0.1 % Four such addltlons_

hour s, 1 npr e puflnbeRen et i yislt s oPBinel 81 e Feet okl wherehy

ngl L by t he7 endhoglucbse levels vmrpeoppedmp 1012% Iftom acooncphtzatéd salutibh as soon as
Expregs) on P n he
rreltohyl gt rophi c eg@%@ﬁu %Pélﬁﬁp?gr S‘ﬁdﬁ? %er o a‘#g" aggsa-{18
over Sacch®a é&eéﬁ@d@a@% @dwﬂl eentinyed antil 58 hawss.of

19 protejgps (#P:h‘é 917@72@% WD egbiaified 2l up 19850 -mghe %aﬁé éHd' bf%ew

on 20 rre{ hanol as sole c source, and under t hesé conditions the
enzyme 21 11 netSREBMERY dase (MOX) can represent up to 40%of the total

cell protein. 22 Thus the MOX pronoter is a very powerful one that can be
used in a cti tolzii drive the synthesis of heterol ogous proteins, and
it is effettiv a-single 24 copy. This gives the potential to use
st\abl e i ntBgrated vectors[err] can o

1S  Expression of the 23 kD/21 kD Protein in Hansenula polymorpha

16

17  The methylotrophic yeast Hansenula polymorpha offers a number of advantages
18  over Saccharamyces cerevisiae as a host for the expression of heterologous
. 19 proteins (EP-A-0173378 and Sudbery er al, 1988). The yeast will grow on
~ 20 methanol as sole carbon source, and under these conditions the enzyme
21  methanol oxidase (MOX) can represent up to 40% of the total cell protein.
22 Thus the MOX promoter is a very powerful one that can be used in a vector to
23 drive the synthesis of heterologous proteins, and it is effective even as asingle
24 copy. This gives the potential to use stable integrated vectors. ‘Hfmsqnula can
2 also grow on rich carbon sources such as glucose, in whu’:ﬁe sthe MOX
26  promoter is completely repressed.  This means that cells containing the

2 heterologous gene can be grown to a high density on glucose, and induced to
28  produce the foreign protein by allowing the glucose to run out and adding
29  methanol.

30

31  Constructs (pMY10 and pMY9) containing a 21 kD or 23 kD gene sandwiched
32  between a MOX promoter and MOX terminator were made in the yeast
33  episomal plasmid YEpl3. Both contained a yeast secretion signal from



25 also grow on rich carbon sources such as glucose, in which case the
MOX 26 pronmoter is conpletely repressed. This neans that cells
cont ai ni ng the 27 het er ol ogous gene can be grown to a high density on

gl ucose, and induced to 28 produce the foreign protein by allow ng the
gl ucose to run out and addi ng 29 met harpg/ . 30 31 Constructs (pMY10 and
pMY9) containing a 21 kD or 23 kD gene sandw ched 32 between a MOX
pronoter and MOX term nator were nmade in the yeast 33 epi somal plasmd
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5 PAGE and at least part of the amino acid sequence shown in Figure 2 (including .
at least some of the unboxed residues in the sequence marked TC-21 in Figure 3), -~
or a fragment of such a protem havmg at least 20 amino acids.

2. . - A protein extractable from beans of cocoa (Theobroma cacao), the protein
10 having a molecular weight of 21 kD, as assessed by SDS-PA_GE; and part of the
amino acid sequence shown in Figure 2 (including at least some of the unboxed
residues in the sequence marked TC-21 in Figure 3), or a fragment of such a

protein having at least 20 amino acids.

15 3. A protein as claimed in claim 1 or 2 which is the product of recombinant

DNA technology. U
4. Recombinant or isolated nucleic acid encoding a protein or fragment as
defined in claim 1 or 2. | — ™

5. | Recombinant or isolated nucleic acid which comprises:
(a) a nucleotide sequence as shown in Figure 2, encoding a 23 or 21
kD protein (as measured by SDS-PAGE); or
(b) a nucleotide sequence which hybridises to (a); or
25 (©) a fragment of (a) or (b) of at least 60 nuceotides.

6. Nucleic acid as claimed in claim 5, which is DNA.

7. Nucleic acid as claimed in claim 6, which is a recombinant vector.
30



5 PAGE, and at |east part of the amino acid sequence shown in Figure 2
(i ncluding at |east sone of the unboxed residues iﬂpLhe—SeqﬁEﬁCE’Wﬁ#Kéd
TC-21 in Figure 3), or a fragnent of such a protein_h
am no acids. 2. A protein extractable from beans m‘\ @ mﬂ)
cacao), the protein 10 having a mol edll ar melg as*assessed
by SDS- PAGE, and part of the am no acid sequence shown in Figure 2
(including at |east some of the unboxed residues:in the sequence marked
TC-21 in Figurge 3) Nadleid doidasenimed if ¢fima7 pwhbein tHeavécist Rtad Saskssidh
amino acids. 15 3. A protein as claimed in claiml or 2 which is
“the product ofveelOE ARdi Hhenpratin:- tasciagmengcoding sequenaeo ifh openablyo linked Itatas d

nucl ei c acid ﬁ@%ﬁggfg a protein or fragnment as defined in claiml or 2. 20
5. Reconbi i sol ated nucl eic acid which conprises: (a) a
nucl eoti de sequence as shown in Figure 2, encoding a 23 or 21 kD protein
(as neasured b SDS-PAGE) or (h) a nucleotlde sequence which hybridi ses
to (a); dor 25 Nucleic agig)as ¢ anelaim 8pwherein the expressipn yectprisst yeast

oot e o §§P'E?P§§?r§5&f’ﬁgﬂ‘? s pnR T o Yeabt Aliliale kS (PR pldfoee )

Nucl eic acid-as clainmed in claim7, wherein the vector is an expression
vector and the protein- or fragnent codi ng sequence is operably linked to a
pronoter. 5 10. 9 Nucleigasidag claimed 48 claimy 8 wWherein|the expressipe rvsciortina

oyt uvat e ki nadeoemd eRmRRRL Y R e ook s £ Mol RtbRBR, Claims,

wher ei ot he expression vector is a bacteri al expressi on vector and the

pronoter is a strong X pronoter. 10 v.> . Nucl eic acid as
chavnmed in cl dilm 8 Nurleje agid as slaimed mﬂgnass%ghw»tcommgmgsazmngmodmg
sequence. a signal sequence.

12. A host cell comprising nucleic acid as claimed in claim 7.
15

\—' 13. A host cell comprising nucleic acid as claimed in any one of claims 8 to 11.
14. A host cell as claimed in claim 12 or 13, which is Saccharomyces
cerevisiae. - - -

g
20 ="
—= -
15. A bost cell as claimed in claim 12 or 13, which is Hansenula polymorpha.
\\/5
16. A host cell as claimed in claim 12 or 13, which is Escherichia coli.

25 17. A process for the preparation of a protein or fragment as claimed in claim
1, 2 or 3, the process comprising coupling successive amino acids by peptide bond
formation.

18. A process for the preparation of a protein or fragment as claimed in claim

30 ‘1, 2 or 3, the process comprising culturing a host cell as claimed in any one of

claims 14 to 17.



12. A host cell conprising nucleic acid as clai mm—w A

host cell conprising nucleic acid as clained in any o ains 8 to 11.
14 A host cell as clained in claim12 or 13, whi cf”"m

cerevi si ae. wmmﬂmA

host cell as claimed in claim12 or 13, @Bich is Hansenuda pol yrmr pha. 16.

A host cell as clainmed in claim12 or 13, which is Escherichia coli. 25

17. A process for the preparation of a protein or fragment as clai ned in
claiml, 2 org3, t 0% € LRALE rgﬂ;,o offs by
pepti de bond % or rra)tqle%lﬁE&g%f tﬁewya?eds@ ?g#ﬁ%lhg pr e%gr ati1on of pr ot e| n or
fragnent as ollaimsetite 11cthe progéss comprismgcouplihg topethen suceassiveompieatides)
culturing a ell. as. clained in one of clainms 14 to 17.
L1~ aila}orcllgﬁ@g@hgor Pr poly- ?eé\d eS. A process for the preparation of,
nucl ei ¢ aC|d as claimed in any one of clainms 4 to 11, the process -
conpri sing coupling together succeSS|ve nucleotldes and/or | i gating oligo-
or pol ¥ nucl eotides. 5 . :
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