1 : [err] 47kD AND 31kD COCCOA BEAN PROTEI NS AND A

67kD PRECURSOR THEREFOR This invention relates to proteins and nucleic

acids derived fromor otherwi se 5 related to cocoa. The beans_of the

cocoa plant (Theobronma cacao) are the raw material for cocoa, ch‘Qc& ig@a’@ﬁ%
natural cocoa and chocolate flavouring. As dgscribed by Rohan ('@’rdcesm ng

of Raw nglc)a for the Market", FAOQ UN (1963)), raw cocoa beans 10 are
extracted fromthe harvested cocoa pod, fromwhich the placenta is normally

renoved, the beans are thegj Y i o TR B o T\ Mo To wring whi ch
Fgrrer SSreteaset ; ; ot yl edons.

the beans are killed and a~f
During fermentation "unknown" c KDPRECER MEM%RO” roasting give
rise to characteristic cocoa flavour. Rohan suggests at pol yphenol s and
t heobr om ne 15 are inplicated in the flavour precursor formation.
After fernmentatioR.. the beans are dried. during.whi.ch ti.ne.the .
char acter st o b epRen fens T Proreles s pudfie Bl abtllL ot ar offermise
Bi ehl et als, 198%ejafedc®iddaas ed proteol ysis during anaerobic cocoa seed

i ncubation 20 and identified 26kD and 44kD proteins which accunul at ed
during seed ripening and degraded during germination. Biehl asserted that

1 avour - speci {1 o inseRncer e Ecos bAATEEdund caoatD ot e o sl firkospa,

20kD and 28kD appfigédiae 4nd dafifaleocoa md%bé&hﬁ%ﬁv@uﬁﬁ@.“@ﬂes@.ﬁb&d)%gqmﬁﬁd
extracts at about 100 days after pollination. It agpears that the 20kD

protein is thougtfProgessingofRape Eopoa for she Market's EAQ/ N 1(1963)), ramrcocpa beansf

t he certainties in th t S.Su i sed ahoye ot ej ns, appat. ent | 0
Fospore bl T or °RFe SOt e BRVEREL 5% PRan rom Wbk the PlsBEE M AEA o
Further, it has he@pvél,18O¥eirRtré fith. "férthentid! o4 pEfibd &f aafsél'dhkiﬁP wHiéH the
"cocoa seed 2 MRNA |'evels are notably | ow conpared to ot her plrants”
(loc. cit.), it ibsamoareikilied and apuiple pigment ihrelepsed fiom theccotpledons. Dusing
techniques to t h?‘egrrxe%ga%ottf 'purﬁk%wn" compounds are formed which on roasting give rise to

characteristic cocoa flavour. Rohan suggests that polyphenols and theobromine

\/ .
15 are 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.

Biehl ez al, 1982 investigated proteolysis during anaerobic cocoa seed incubation

20 and identified 26kD and 44kD proteins which accumulated during seed ripening
and degraded during germination. Biehl aéserted that there were storage proteins
and suggested that they may give rise to flavour-specific peptides.

Fritz et al, 1985 identified polypeptides of 20kD-and 28kD appearing in the
25 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.

In épite of the uncertainties in the art, as summarised above, proteins apparently
30 responsible for flavour production in cocoa beans have now been identified.
-Further, it has been discovered that, in spite of Fritz’s caution that "cocoa seed



such proteins. 5 According to a first aspect of the invention, there"
Is provided a protein encoded by nRNA extractable from beans of cocoa
(Theobroma cacao), the protein having a nol ecul ar weight of 67 kD, as
assessed by SDS-PAGE, ‘and at |east part of the ami no acid sequence shown in
Figure 3 (including at |east sone of the unboxed residues in the sequence
mar ked Tca in Figure 4), or a fragne of 10 such a protein having at

| east 20 ami no acids. The 67kD protein appears to be a primary transeation
product of interest in proteins involved in flavour production in cocoa.
The 67kD mRNA levelagrebnotably dew cothpareditd\osher plants " nilacy ich. )a ks pasdible

pol ypeptides. 15 Accarding to a second.aspect of the jnventian, there i s
provi ded 4° 3PBUeihg ‘E&FP&'H%a 'I E@W@%Q@%@W&%fﬁ%w@?ﬁ%ﬁam, t he
protei n hayimercleig®! ecul ar. wei ght of 47kD, as assessed by SDS- PAGE, and

part of the am no acid sequence shown in Figure 3 (including at |east soire
of the unboxed 20 resi-dues in the sequence-marked Tca in Figure 4), or

a fragnment, of such a_protein Vi N t least .20 amno acids. Acgqrding to a
t hi Pd asp&ﬁc"ffﬁﬂg %ﬁﬁ%}éﬁ%ﬁ?%@?ﬁf@,ﬁﬁw BE?V!E\H@BM‘Q- .ew%& abl e from
beans of c%g_ﬁ h&RERBR Blans! HE cOEAR! EHRobYdrid Bacto} D the protéml ecul ar
wei ght of %gl ) %-s assggg EI;J/I SDS- PAGE, aﬁgﬂpart of the am ﬂo acid
sequence- having 4 molécylarewéight oft 67 &Dypsasséseas by SIISPAGIE,t 4nd atnleasted
~residues in the, sequence, marked Tea in Ei.gur ) .. qQr a . fragnent qf such a
ot ef n nEBRrA) e athiB scidreaprivs Dovndn Tigires Ghoinainelie iba BBt - *ae uoed
herein an%?ﬁn&?&@hifﬂd? iRt &gl 'mAREA T8 In FiP¥rE 3), 1 daidgent nunber
of ami no acid resi uesﬁ%r@&%%@gﬁ%&for T%Ie f ragment ) 3 to be useful. ‘At

| edBt 20 asuchna proteibshavieg pt leastr20 amina acidsgnent . Useful fragnents inclu
those which are the sane as or simlar or equivalent to those naturally
produced during the fernmentation phase of cocoa bean processing. It is
‘Pg'alsteivgg Rt 6AUS prbteftt TFpkats 10168 £ Phinary d¥dklatish brodiit (dfdRferéld in"d

a proteins involved in flavour production in cocoa. The 67kD protein may be

- processed in vivo to form 47kD and 31kD polypeptides. <
15 ' : . _ : . _ -
| ‘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 47kD, as assessed by SDS-PAGE, and part of the amino =
 acid sequence shown in. Figure 3 (including at least some of the unboxed
20 . - residues in the sequence marked Tca in Figure 4), or a fragment of such a o,

protein having at least 20 amino acids.

According to a third aspect of the invention, there is provided a protein
extractable from beans of cocoa (Theobroma . cacao), the proteixi having a
25 - molecular weight of 31kD, as assessed by SDS-PAGE, and part of the amino
acid sequence shown in Figure 3 (including at least some of the unboxed
residues in the sequence marked 7ca in Figure 4), or a fragment of such a

protein having at least 20 amino acids.

30 " The term "fragment” as used herein and as applied to proteins or peptides
indicates a sufficient number of amino acid residues are present for the fragment



5 to format |east sone of the essential flavour conmponents of cocoa.
Proteins in accordance with the invention nay be synthetic; they may be
chemi cally synthesised or, preferably, produced by reconbi nant DNA

techni gues. Proteins produced by such techni ques can therefore be terned 10
"reconfi nant proteins". Reconbinant proteins nmay be gl ycosylated or non-
gl ycosjd/at ed; non-gl ycosyl ated proteins wi3l result from prokaryotic
expression systens. Theobronma cacao has two prinmary subspecies, Th. cacao
cacao and Th. cacao 15 sphaer ocarpum While proteins in accordance
with the invento de usefulbe Aleieasted0faminot dvidse ariipsgsenti its 2 fragmenty erlUsefal i S
not limted so to the e subspeci es. For exanple,.many cqQcga varieties
are hybrids befﬁgé’ﬁ emossdgle%gre@ﬁsew&ﬁam syhilar erequiyalent tg these he

trinitario var ‘hﬁgg _ Ci
particularly Dk&ﬂ‘algzpmdn?or t girég'?{é't‘ﬁ‘gtaﬁéé rre t‘%ég g\e/dgiﬁ@bgsﬁ@ ?‘he
primary transl i bdmvpdmhhtcmsh ftagmeptsaalae part inMaillardsreactidnsaduring sjastifige

i nventi ggl theref re al fm;prow de | n g further aspect reconbi nant or
i sol at ed®nucl eF‘b ;‘iavoug CotRPoBeALs (ﬂ’g"%‘lﬂ:ence as shown

in Figure 2, encodi ng a 67, 47 or 25 31kD protein (as
neasured by SDS-PAGE); or (b) a nucl eoti de sequence which hybridises to

(a); or (c) Préteagninacerrddmey  with ( the nivemonm bscsymﬂm'mt ithey . maydleuded
|nthe|nvent|o i-s puclei¢c acid which_is degene orthewlld 30
protein and whFf SY'E?ﬁ séﬁsé?tval’?%ahg" oP %IeF?PEFI?‘B‘Hg ﬁﬁgnts.
Nucl ei ¢ aci d- V\/géc I . therefdre e ra%.lmg&e_ d.
i ﬂequently, ﬁh}(@xc amg n‘grgg%%rada nglcﬁ E Iﬁ"g&i nvent1 on qurél “be

i NncGf pol@t ed i Mtezombieamt (prot(:met hRecmnbmmnrm&:mmmycba)gl}mosymMrm pen- such
as a plasmd. lL;{table exr vctors Wlxh ﬂﬁ%mlna appropriate
promoter, depe8 cﬁﬁylﬁ‘ﬁ W@és‘ﬁ’ PG {rom-pro: Wssm
appropriate prgiga&ﬁg S the yeast 5 - pyruvat e ki nase (PK) prom)ter; for
bact€ria an appropriate promoter is a strong |anbda pronoter.

W ' Theobroma cacao has two primary subspecies, Th. cacao cacao and Th. cacao
15 sphaerocarpum. While proteins in accordance with the invention may be derived
" from these subspecies, the invention is not limited solely to these subspecies.
For example, many cocoa varieties are hybrids between different species; an
example of such a hybrid is the trinitario variety.

20 The invention also relates to nucleic acid, particularly DNA, coding .for the
proteins referred to above (whethér the primary translation products, the
processed proteins or fragments). The invention therefore also provides, in a
‘further aspect, recombinant or isolated nucleic acid which comprises:
(@ - anucleotide sequence as shown in Figure 2, encoding a 67, 47 or

25 " - 31kD protein (as measured by SDS-PAGE); or

()  amucleotide sequence which hybridises to (a); or -
"(¢) 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
30 protein and which codes for conservative or other non-deleterious mutants.
Nucleic acid which hybridises to the wild type material is also included.



Expression may be secreted or non-secreted. Secreted expression is
preferred, particularly in eukaryotic expression systens; an appropriate
si gnal sequence 10 may be present for this purpose. Signal sequences
derived fromthe expression host (such as that fromthe yeast al pha-factor
in the case of yeast) nmay be nore appropriate than native cocoa signal
sequences. The invention further relat& to host cells conpri si ng nucleiic
acid as described 15 above. Genetic manipulation may for preferenet
take place in prokaryotes. Expression will for preference take place in a
f ood- appr ov Edewently, mwéelg agisk insaccardanceswithhihe dnyansionceillebe incorparatgd

Hansenul da y.MD a 4 r | C oli.is also
a suitable ﬁgé @#&Q% {'bg’géi‘lg%mléaé)&g ‘8 ?ﬁ%ﬁggﬁ%ﬁpﬁg %q ‘ates to
processes fSﬁltiBléBﬁpﬂeﬂﬂo@ ueétetscwmtaaﬂdnmppwrﬁt@ roesier, | dependiigon by

nucleic acid replication and expression, respecti vel y. cDNAI n accordance .

with the i nu@nmtmﬁedw}pmsmdm Fast yeast, \aI¥ 3PPropiiate MramoRros dhe ¥eAEr essi on
but f R t { .Pol (RELP '
otudi e, | nPERVAekiftieTBR0 pRNEL i teigrn o BBt oMot s AbioPEY) | <

prepared. Dintfa profiidtér. var under analysis is then prepared and di gested

with restriction enzymes. Southern blotting with the |abelled cDNA nay then
enabl e genetic correlations to be nade between cultivars. Phenotypic

Ol uetr at 23%5%&9?@%%9%8%% ifsernrls, S0l LRl WBeBRea,
t he acconpapatiegladiyaiti @aryotic ustpredsmnFsﬁm lars Ssproprateteigmil sef@ervedi ng

region of the 67kD prote| n, together with 5 the inter-relationship q
pl ast®ds pnvseyde presmddor this prDEss, Slgna&rsﬁmnm detivedniremdthe £Xpeassionbt ai ne\u’

or ot er - ana 0 0B B B SR8 e AGELENGE e §f’§é§ﬁ°ﬂ%ﬁ§eeﬁ o no

agj d sequenggpropfigterthsh hativecdcod dighalsequences.

The invention further relates to host cells comprising nucleic acid as described

15 above. Genetic manipulation may for preference take place in prokaryotes.
Expression will for preference take place in a food-approved host. The yeast
strains Saccharomyces cerevisiae and Hansenula polymorpha are particularly
preferred. Escherichia coli is also a suitable host cell for expression. -
20 The invention also relates to processes for preparing nucleic acid and prctein as oo

~ described above by nucleic acid replication and expression, respectively.

cDNA in accordance with the invention may be useful not only for cbt_aining
protein expression but also for Restriction Fragment Length Polymcrphism

25 (RFLP) studies. In such studies, detectably labelled cDNA (eg radiolabelled) is
prepared. DNA of a cultivar under a_ﬁalysis is then prepared and digested with
restriction enzymes. Southern blotting with the la_belled'cDN A may then enable
genetic correlations to be made between cultivars. Phenotypic correlations may
then be deduced.

30



1 Figure 4 shows the relationship between the 67kD protein and seed
storage 2 proteins fromother plants: 3 4 -Figure 5 shows a map of

pl asm d pJLA502; 5 6 Figure 6 shows schematically the formation of

pl asm d pMs900; 7 8 Figurg 7 shows two yeast expression vectors useful in
t he present invention; 9 vector A is designed for internal expression and
vector! B i s desi gned for 10 secreted exps—gsm on; 11 12 Fi gure 8a shows,
in rel&ion to vector A, part, of . the yeast pyruvate kinase gene 13

showi ng the vector A cloning®Site, and the use of Hin-Nco linkers to splice
in 14 the heThe dtlmgtiun vgiﬁrmw' b6 iliGstratéd byithe wlwhngmom-lmnniga&xampleso
vector B, part.pof the a-factor .signal ence showi ng the
vector B cloni QFQ“B e)(' F%H{?S@CB‘P PO W‘P&"képssmgﬂ "~ create an

i n-phase fusion: 19 20 Fi gure 9a shows how plasmd pl\/89_00 can be

mani pul ated to produce plasmds 21 pMS901, pMsS903, pMS907, pMs908,

pM5911, pVB912Fmute pNBOW4 a bap 28 the coding regitn ofi thes6 T ppotainyitogethdso@ith c an

be nmani p lated, tq | as s 24 90 and
pMS916: 55 26 the &gglaggnﬁ%gg] %&5’&“&“‘%@@%‘9@@8@% ﬁ%%ﬁ%ﬁz
pMS906, 27 Waﬁé “Figure 11 shows the construction of
a plasmd to express the prote| n by 30 nmeans of the AOX pronmoter on
an integrated vector in Hansenul a poynorpha: 31 and
Figure 2 shows the complete nucleotide sequence of cDNA coding for the 67kD
protein and the deduced amino acid sequence;

Figure 3 shows the amino acid sequence referred to in Figure 2;



32 33 1 Figure 12 shows the construction of a plasnid to express the
67kD protein by 2 means of the AOX pronoter in conjunction with the yeast
- a-factor secretory 3 signal on an integrated vector in Hansenul a

-pol ynorpha. 4 5 EXAMPLES 6 7 Exanpl e 8 9 | deni fication of the Major
Seed Proteins 10 11 It is not practicable to extract proteins dlrectly
from cocoa beans due to the high 12° fat and pol yphenol contents. and

pr ot ei nsver gjpyrkief @ﬁ&we ,m@&&taasﬁﬁﬁb feWeh3the 87RDOPRDIARVEIRS SedP YR

fol | ows. I\/ature .be rom ocoa West African 14 origin (Theobronma .
cacao anel onaﬁ’a?‘ 2’I“f"%ed and ground roughly-in a 15 pestle and
nortar. Ripids wer e extract ed by Soxhlet extracti.on-with diethyl 16 et her
for two perigds _of fo hour ing dried and further ground 17
bet ween extr ig("ir?)ﬁssg’ B&M?%ﬁb?i’%‘h@@?ﬁ%@ts were then renoved by several
18 extdactions with 80% acetone, 0.1 %t hi ogl ycoI lic acid. After
extractign t i Y& ‘W and ground to a
fine povﬁer ?%5&%? Shaﬁltﬁ)t t?d prt?taie}?trﬁgemereaﬁégﬁgg?glgl seg y grinding the powder
with extfaction buffer 22 (0. 05 M sodi um phosphate. pH 7.2; 0.01 M

2- mer capgoet fpngd 7 &%@&o ol yeast &% %mﬁandeaetsdumaﬁmé urg»gg . The

suspensi Qn vvgéctggaiaéd | er }qu gftprg?Slgéfgﬁ%S and gga;srlf at 18 K
for 20 nut bt YREOF t ¢
super nat@nt ssppétad gﬁﬂemt 1 ng/nl total protein. 26 El ect rophor eS| s of

25 Al Oﬂlan SDS- PAGE gel (Laenmli, 1970) gave three 27 maj or bands, two
of which were at 47 kD and 31 kD. conprising over 60% of 28 the total ,
prot ei n§2 TﬁfguﬁBDshuws,Bmkﬁlmmttelmmm part ofi kel yeast pyrivate kinase gene o/

13 - showing the vector A cloning site, and the use of Hin-Nco linkers to splice in
14  the heterologous gene, '

15

.16  Figure 8b shows, in relation to vector B, part of the yeast alpha-factor signal
17  sequence showing the vector B cloning site, and the use of Hin-Nco linkers to |,
18  create an in-phase fusion: ™~
19 |

20  Figure 9a shows how plasmid pMS900 can be manipulated to produce plasmids

21 pMS901, pMS903, pMS907, pMS908, pMS911, pMS912 and pMS914;

23 Figure 9b shows how plasmid pMS903 can be mampulated to produce plasmxds
24  pMS904, pMS905, pMS906, pMS909 and pMS916 g -

26 Fxgure 10 shows maps of plasmids pMS908, pMS914, pMS912, pM8906
27 pMS916 and pMS910; '

29 ' Figure 11 shows the construction of a plasmid to express the 67kD protein by
30  means of the AOX promoter on an integrated vector in Hansenula polvmorpha:
31 and ' o



29 pol ypepti de subunits of mmjor storage proteins. 30 31 32 33 :
Char act-exist bg&-0f the Storage Pol ypeptides The solubility charfacteristi-cs
of the 47 kD and 31 kD pol ypepti des were roughly defined by one or two

qui ck experinents. Dialysis of the pol ypeptide solution against SDS-free
extraction buffer rendered the 47 kD and 31D pol ypeptides 5

i nsol Uble, as judged by their ability to pass through a 0.22 mnicron

menbr &r€. Fast Protein Liquid Chromatography (FPLC) analysis al so showed

that the 47 kDand D polypeptides were highly associate ter .
extractionzwit ’%Flzﬂ;a% ‘Béf‘ﬁ"gf‘“tﬁ%"&%’%d’?ﬁ%d&%ﬁﬁ’%’eﬁf%ﬁ‘&%me
titrated wilth @neand/ofithei AOXcprbmotdinén 4£0njunctionl véith kii2 yedsy pefadtole secretory

gl obulins gn t ' _ jheir 1 ification of the 47
kD and 31 kD pgﬁf/'gggé ?%2’@%‘%‘5“4“?%%#@%@5”8@‘?%‘& Tdes were purified by
two rounds#of gel filtration on a SUPEROCSE-12 col um of the PHARVACI A Fast
Protei n Ligqui dWromtograph-y system (FPLC), or by el ectroelution
of bands after preparative el ectrophoresis. (The words SUPERCSE and :
PHARMACI A 8re trade mar ks.) Concentrated protein extracts were nade from 50

ng acet oneypo 1M of extraction buffer, and 1-2 ml | oaded onto 2 mm
t hi ck SDS- PAGE gel s poured wi thout a conb. After el ectrophoresis the gel
was surfac€ stained in aqueous 20. - CooMASSI E[err] Blue, and the 47 kD

and 31 kD Bandddensificastion of the Major SeeibProtéifise wor d COOVASSIE is a trade
mark.) Celynslices were electroeluted into dialysis bags in electrophoresis
runni ng bl.} fer at 15 V for 24 hours, and the dial ysate dialysed further
agai nst 0.1% $0S.not Sracicahle to extads Proeinscdiractly Stom corga pearsi digt todhe high

Exanpl € 2 12 fat and polyphenol contents, and proteins were, therefore, extracted from
13 acetone powders made as follows. Mature beans from cocoa of West African
14  origin (Theobroma cacao amelonada) were lyophilised and ground roughly in a
15 pestle and mortar. Lipids were extracted by Soxhlet extraction with diethyl
16  ether for two periods of four hours, the beans being dried and further ground
- 17 between extractions. Polyphenols and pigments were then removed by several
18 extractions with 80% acetone, 0.1% thioglycollic acid. After extraction the
19 resulting paste was dried under vacuum and ground to a fine powder.
20 G _ o
21  Total proteins were solubilised by grinding the powder with extraction buffer
22 (0.05 M sodium phosphate. pH 7.2; 0.01 M 2-mercaptoethanol; 1% SDS) in a
23 hand-held homogeniser. at 5mg/ml. The suspension was heated at 95°C for 5
L 24 minutes, and centrifuged at 18 K for 20 minutes to remove insoluble material.
25 The resulting clear supernatant contained about 1 mg/ml total protein.
26 Electrophoresis of 25 ul on an SDS-PAGE gel (Laemmli, 1970) gave three
27  major bands, two of which were at 47 kD and 31 kD, comprising over 60% of
28  the total proteins. . The 47kD and 31kD proteins are presumed to be the
29  polypeptide subunits of major Storage proteins.
30
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Am no- aci d Sequence Datafrom Proteins Protein sanpl es (about 10 ug) were
subj ected to conventional N-term nal 30 am no-aci d sequenci ng. .The 47
kD and 31 kD pol ypeptides were N-terminally bl ocked, so cyanogen bromni de
pepti des of the 47 kD and 31 kD pepti des were WO 91/19801 1 pr epar ed,
and sonme am no-acid sequence was derivgﬁ fromthese. Cyanogen 2 brom de
cl eaves pol ypeptide chains at nethionine residues, and thus cleaved the 3
47 kD and 31 kD pol ypeptides gave rise to 24 kD and 17 kD pepti des. | e
addition the 47 kD pol ypeptide gave a 20 kD peptide. The 24 kD and 17 kD 5
pepti des ha@mﬂﬂﬁm§HWﬁsQ?ﬂﬁﬁﬁﬂﬂﬁ@ﬁd&¢3#Wﬁ€¢hC|d residues. This fact, conbined

cons\émcb'?l '\[/re}?l; qugﬂig%?h%a%tﬁﬂ%m% tr%el""tg)pept | dﬂgta[J ggﬁi’?%érk ‘gg‘tﬁgr ﬁglﬁﬁll gﬁant

where 8  fddfinedi iyeone ontwo quitkyexperimiehss. mwﬁmebtheqmyﬁmdetsbmuoat riking
conclusion is 9 that the 47 kD and 31 kD prg i(D?ls are related, and the 31
kD coul d beagainss SS-iree extragtion-ufler repdgred h&Dyand 31 kP polypeptides- aci d

035 KD oo MepBpE 8 68 leir it/ Slsk H0HER 8V 2 B relliadd ' 17,
kD and 31 KPast®rotetw Ligidd OliroihatograplyyFRIIC) arabysisoglgo ehowed thapithpdred usi ng
t he nmet hodol ogy of Catty and 18 Raykundal ia (1988). The serum was

al i quot ed i WPoand 31 ki) chlypeptides) wers, aig)cm%,qfqer exjragtion with

e omoch oMGyAlkS Bat o0 204 By et pRbRE Nt i 0. e

t echni que. mquebuclant Thed7 &iilamh31 kDcholypeptides m@obxﬂuﬂldnfthsbasmonr ds one
25 another fromwells cut in agarose in borate-saline: buffer Pr eci p|t| n
li nelD are othelr olat#lity. where the two interact if the antibody 'recognises'
t he antlgen This test '

- Punﬁcanon of the 47 kD and 31 kD polypepttdes _ :
The 47 kD and 31 kD polypeptldes were purified by two ronnds of gel filtration
on a SUPEROSE-12 column of the  PHARMACIA ‘ Fast Protein Liquid
15 Chromatography system (FPI.C), or by eleetroelunon of bands after preparauve
 electrophoresis. (The words SUPEROSE and PHARMACIA are trade marks.)
Concentrated protem extracts were made from 50 mg acetone powder per mi of
extraction buffer, and 1-2 ml loaded onto 2 mm thick SDS-PAGE gels poured -~
without a comb. After electrophoresis the gel was surface stained in aqueous -
20. - COOMASSIE " Blue, and the 47 kD and 31 kD bands cut out with a scalpel. (The ' Ny
- word’ COOMASSIE isa trade mark) Gel slices were electroeluted into dialysis o
" bags in electrophoresrs runmng buffer at 15 v for 24 hours, and the dlalysate |
 dialysed further against 0.1% SDS. Samples could be concentrated by
- lyophilisation. - |
25

 Example 2

Amino-acid Sequence Data from Proteins

Protein samples (about 10 ug) were subjected to conventional N-terminal |
30 amino-acid sequencing. The 47 kD and 31 kD polypeptides were N-terminally

blocked, so cyanogen bromide peptides of the 47 kD and 31 kD peptides were



27 showed that antibodies to both antigens had been forned, and
further@Ry 14851 28 extensive cross-reaction took place be,t-m;.he.,ﬁz kD
and 31 kD pol ypepti des 29 and their respective antibodies. This is
further indication that the 47 kd) and 31 30 kD pol ypeptides are closely
rel ated, as suggested by their cyanogen br de 31 cleavage patterns. 32
33 y The gamma-gl obulin fraction of the sginum was partially purified by
preci p+tation with 50% amoni um sul phate, solubilisation in

phosphat e-buf fered saline (PBS) and chromatography on a DE 52 cel | ul ose

i on- exchande cpreparedssantk some [aminowcid sequenkgswas Herived from ¢heseai Glyagogen

gamma- gl obyl i n d’@é}gmgl nt
to 1 nmg/m ga b¥§ﬁ Ilng Mtore ata‘i- E:e';Plro fﬂe‘iﬁ%\lﬁ é‘dﬁt\l}ie@'?%?%d/oee
ant i bodi es 3was mm@é&wa@q Tk & Zﬁnklanwmlﬁ 2P pepuidgs. In
(ELISA).  TFhe wdnhanqﬁe amab Yepige Bhvd 2120 KD pepate. \Fhie 24 9a) @adVi7 kD

,32?;9\?\/25% 1000 nﬁ; ov%glqueaiéq4oc ﬁé&o te ¢ atl Rﬂgagffer nﬁneds

concentr at 60ns with tRe dbviods Corke ulgdtnthe( JipkdXicould! t}btlcdbﬂﬁm 1bdth O pepride

%’\/\égnoggn?a: glt W%@%T%Mrro% d%n W agéo&ﬁgwlcgg&t&’ro \Izgrse

(Q

pr ei mune eruﬁﬂlimgqstl - wonld: yield mme ta'bk gthercstriking] eonclusion is3- 4
hours. Thegwel kg, 37 ? n@ﬂfé&%@%ﬂ%&@l'@%d&@&fﬁﬂﬁ& 15
r abbi t IgG conj ugate to a [ ne osphat ase ded at a concentration of
1 ug/m, d8i ngProressed provessed:form i dhe 4 agh@ﬁeawm SSANENGRWRS usstkto,gonsTuGt ¢

agai n vvaShqd aA GligbliddiedtRieOBE for the 47 3731 kD ni trophenyl phosphat e;
0. &g/ L,h diet hlgnol -am ne buffer pH 9.8) addgﬁd@he 'yel | ow col our,

I ndi cat i ng}“a positive reaction, was allowed to develop for 30 m nutes and

t he reactil@n 2Example 3t opped vm'th 3M NaCH. The colour is quantified at 405
nm More tail of this nmethod is given in HIll, 1984. The net hod.confirned
t hat *t he anti bodies all had a high titre and could be used at 1 ug/m
concent r atlibon. Raisingdutibodies to the 47 kD and31kDPolypepndes o

16 o

17 Polyclonal antibodies were prepared using the methodology of Catty and
18  Raykundalia (1988). The serum was aliquoted into 1 ml fractions and stored at
19 -20°c

20

21 Characterising Antibodies 10 the 47 kD and 31 kD Polypeptides

4

N\

g

-

= Serum- was immediately characterised using the Ochterioney double-diffusion

S 24 technique, -whereby antigen and antibody are allowed to diffuse towards one
25  another from welis cut in agarose in borate-saline buffer. Precipitin lines are
<6  formed where the two interact if the antibody ‘recognises' the antigen. This test
27  showed that antibodies to both antigens had been formed, and furthermore that
28  extensive cross-reaction took place between the 47 kD and 31 kD polypeptides
29  and their respective antibodies. This is further indication that the 47 kD and 31
30 kD polypeptides are closely related, as suggested by their cyanogen bromide
31 cleavage patterns.

k!
o
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25 Isolation of Total RNA from I mmature Cocoa Beans The starting materi al
for RNA which should contain a high proportion of nRNA specific for the
storage proteins was i mmature cocoa beans, at about 130 days after

pol li nation. Previous work had suggested that synthesis of storage proteins
30 was approaching its height by tfyps date (Biehl et al, 1982). The
beans are roughly corrugated and pal e Jlnklsh purple at this age. 12
The initial requirenent of the total RNA preparation from cocoa beans ‘wés
that 3 it should be free fromcontam nants. as_judged by the UV spectrum
parti cul ar | yThe gamma+glebulia fragtion pfitheseming as pma!iyrp ugified Dy precipitatiomm 230

a1, it ARG ool ol Bty AIRE SR RUGTRRY, o0

sanpl es, Whiagli chenia gfdphy ofi a DE! 2ellufddéidipetthange calimbed desérited 1y
obtaining intact RNA Is scrupulous 8 . cleanliness and rigorous recaut I ons

agai nst’ RNad##l, 1984chFractiony comtainingsgammaglobulin werpempnifored) at

s S 1 Xoen O i e 30 I%EMMWMWW%% 2&2”5 and
(DEPC, 0. 1 7THe bffective fitteOsf ¢l Atiboldikslwas mdsSuredsShsing Win Bazyihd-liaked or

extraction of plant (and animal) ‘RNA i's extraction 14 of the proteins
wi th phenol /ismaunoserhant assay (ELISAJs dhe avells ofapolystyrens misrotige plate were

protei n-nucl nhi. Bt Tlog undant -
in 16  pl aﬁ&%&e"gﬁaﬁﬁ%ﬁfﬁ@"ﬂﬂﬁa L A t‘.ﬁlc\)é?ﬁ‘é%@‘“g b%‘gﬁpetted on
a caesi um 1RWell€ Rbérei Washed sidi PBS-Twafen camd thd ttent Qﬁm(ﬁlomﬂﬁcam«idahu on.
This nmethod produced 18 nore or less intact RNA Dbut 1t was heavily

cont 48 nat econrentrations ofr &0 118nd 051 ee/mi | (apprEaximatelyoli H0; o b 19@0y§§1¢enol s W/
ol yphenol s 476000 tuliBis, (EREWord rifkeis 2 s indek, THEaubbSLa 882 00\
was ther ef orPwestopontainitg 2% polpvitpidpyrrslidone @VP)hed®.2 %2 BSA. nContxdls
were preimmune serum from the same animal.: Binding took place at 37°C for
'3-4 hours. The wells were washed as above and secondary antibody (goat anti-
15  rabbit IesG conjugated to ‘alkaline phosphatase) added at a concentration of 1
" pg/ml, using the same conditions as the primary antibody. Thewellsa.reagam
washed, and alkaline phosphatase substrate (p-nitrophenyl phosphate; 0.6 mg/ml
in diethanol-amine buffer pH 9.8) éldd_é_d. The yellow colour, -indicating a =~
-positive reaction, was allowed to develop for 30 minutes and the reaction
20 - stopped with 3M NaOH. The colour is quantified at 405 nm. More detail of -
' this method is given in Hill, 1984. The method confirmed that the antibodies ™
all had a high titre and could be used at 1 pg/ml concentration. "

Isolation of Total RNA fram Immature Cacoa Beans -

The starting material for RNA Whlch 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'
30 was approaching its height by this date (Biehl et al, 1982). The beans are
roughly corrugated and pale pinkish-purple at this age.



24  used the nethod of Hall et al. (1978) which involves breaking the
tissue in hot 25 SDS-borate buffer. digesting the proteins with :
prot ei nase K, and specifically 26 precipitating the RNAwith Lid. This
met hod gave high yields of reasonably 27 cl ean, intact RNA Contam nants
continued to be a problen1and t he met hod ii was nodified by introducing
repeated Li O precipitation steps, the.pracipitate 29 bei ng di ssolved in
wat er Sahd clarified by microcentrifugation after each step. 30 Thi s
resul ted |q RNA preparations with ideal spectra. which performed well in 31
subsequent “functional tests such as in vitro translation. 32 33

Prepar ati o@ of Thimitial cequitement Sf\theTtotal RMA preparatiom froms coepabeans dvds that

TRNA bi ndi Ay £ & TRAdb ﬁ’&”ﬁ"ﬁ’m{’@a@%‘rﬁ&sa‘ﬁméﬂ Eufe UY gyt pegicdihy | 0°
denat ured By h@atthméarap\{.ewqermddmptrpwtab 3Ren@o(266hnmn : 230 |9W mq is :

buf f Polgy A t
plrjec?[n t a? |5 gn ig%ﬁihxg%tﬂigeﬁ %\Aﬂegléent Jd?:gjw& Efean qgﬂocl%hgiefexﬁgilbhsawfép

modi fi ed b MalYABALOE:S |= 9f°=1|3r9£
10-20 ug pal yAtlﬂ\Virmas mua,u negl ;{r&reﬁ%sxtelﬁrldsbmiﬂg)xﬂ'mm 1efscmiMoﬂawe

ability of sup |n V|tr a d
its cleanli es§eﬁﬂ@n ta'ﬁ Efﬂ'”@“‘ﬁ?%% ﬁa:]:\#éf Y'gg‘?‘ W@Aﬁﬁi&ﬁ% ?"5{
end) will 95 extremelx estabteectnbymche oﬁlgsswecos ums;omarily) nbakedrass highi ch
al so have an i n t t ngépﬁ@ I
ef ficient I@ I % a%% ﬁi(gfril’hsvadsnac ree u5| ng %ﬁg@‘ﬁfeegnhdbnor
wheat - ger rhll ysdt%hxlmmn%(@}ﬁt Ddfa) b eoﬁhéu ayipgo protein synthesis
bei»y nonijgored by the incorporation of [[err]] - nethionine (Roberts and
Pat erson, 1973). Initially the rate of de nov
nmeasur ed t;é t he e fRest Jepuns @ﬁﬂl?ﬂaftf” Fémqonrﬁ}tw&ﬂa ai“‘ﬂ‘%‘ﬁ@@d? %W‘I%I e
mat eri al tiappef the grotbns it @henollchicrofésht,in T bleseade bf - SDS Thee disrupt
mggﬁ\lg ;flgd t E;%‘oOlSin”i%{cﬁi% laec&%l%ges, pﬁﬂdﬂﬁbﬁt %e ki»ﬁﬁéé Whlc%naf@eﬂb%ndant in
| 16 plant material. Following phenol extraction the RNA is pelletted on a caesium
o 17 chlonde gradlent before or after ethanol prec:pxtanon This method produced
18  more or less intact RNA, but it was havxly contaminated with dark brown
19  pigment, probably oxidised polyphenols ard tannins, which always co-punﬁed
20.  with the RNA. High levels of polyphenols are a major problem in Theobroma

21 tissues.

22 . o

23 . A method was therefore adopted which avoided the use of phenol, and instead -
{_; - 24 used the method of Hall er al. (1978) which involves breaking the tissue in hot

25  SDS-borate buffer. digesting the proteins with protemase K, and specifically

26  precipitating the RNA with LiCl. ' This method gave high ylelds of reasonably

27 clean, intact RNA. Contaminants continued to be a problem and the method

28  was modified by introducing repeated LiCl precipitation steps, the precipitate

29  being dissolved in water and clarified by microcentrifugation after each step.
- 30  This resulted in RNA preparations with ideal spectra. which performed well in

31 - subsequent functional tests such as in vitro translation.

- . e .
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by running on SDS- PACE, soaking the gel in fluor, drying the gel and
aut or adi ogr aphy. The nRRNA preparations translated efficiently and the
products 25 covered a wi de range of nol ecul ar wei ghts, show ng that
intact nmRNAs for even the | argest proteins had been obtai ned. None of the
mej or translation products correspondepl‘(/ln size to the 47kD or 31kD storage

pol ypeptides identified in nmature beans,” and it was apparent that T
consi der abl e proce53|ng of the nascent polypeptldes must occur to glvé~(he
mature forms. 30 a le 5 ldentification of Precursor to the 47 kD and
31 kd Pol yPrapararion of) doiahiRN& i on 5 Because the 47 kD and 31 kD

st orage pol ypeptides were not apparent anongst the translation products of
MRNA from devel opi ng cocoa beans, the techni que of i-mmunoprecipitation,

W th speci fThe ﬁmmhoﬂmmr\aassagaﬁeedﬁemsﬁomm%my m&ylméma phyed to

identify the precursors fromthe translati:on m xture. : Thi s was done

for two reaeasmallidgal)oligewdcalymnthe Aa@pﬁ@ﬂ@éh%cmbﬂaﬁs pely¥sent

et ore o i, Ak ARACHL i Y D) bAbof BT HASHR 68, 1

1986. [ [errédiuimabial 4 BEbhl Salt buffer) Poly A+ aadSelatedORitR NEWUSHICbYFES and
di ssociated in SDS, and allowed to bind with specific antibod | n PBS pl us

1% BSA. Th eccﬂmeﬂomyemlgmcwitmm e Tha dnethed, isresseatiallyt thapobt

A “(The wior i kﬁ& B5gh B9 Banlgif of s HoR, |Ppd ol it} #ﬁ' e
di sposabl e 9[@:-201 gpégmamwwh@wﬁmmw%) by 20 WaShl ng
with PBS + A)NC]\IIDE[err] The word NoNIDET is-a trade mark.) The "™

bourkf ant i body was eluted with 1M acetic acid and the proteins precipi t at'wf
w th TCA. onpl ex was di ssociated in SDS, and subj ect
to SDS- PA aﬁ?}f?‘%gg%g?ggﬁM| ch reveal S V\/m ch | abelled anti gens have
bound to the specific antibodies. - i :

The ability of mRNA to su'pport in vitro translation is a good indication of its
 cleanliness and intactness. 'Only mRNAs with an intact polyA tail (3" end) will _

15 | be selected by the ohgo—dT column, and only mRNAs whxch also have an intact =~

end (translatlonal start) wxll translate efficlently In vztro translation was

carried out using RNA-depleted wheat-germ lysate (Amersham International), the

de novo protein synthesis being monitored by the incorporation of B35 sl
methionine (Roberts and Paterson, 1973). Initially the rate of de novo synthesis
20 was measured by the incorporation of [*> S]-methionine into TCA-preclpltable. -
material trapped on glass fibre filters (GFC, WHATMAN") (The word

- WHATMAN is a trade mark, ) The actual products of translatxon were investigated
. by running on SDS-PAGE, soaking the gel in ﬂuor, drying the gel and
autoradiography. The mRNA preparations translaied efficiently and the products
25 covered a wide range of molecular weights, _shoiving that intact mRNAs for even
the largest proteins had been obtained. None of the major translation products
corresponded in size to the 47kD or 31kD storage polypeptides"'id'en-tiﬁed in
mature beans, and it was apparent that considerable processing of the nascent

polypeptides must occur to give the mature forms. -
30



25 The results showed that the anti-47 kD and anti-31 kD anti bodi es both

precipitated a 67 kD precursor. The precursor size corresponded to a major

band on the in vitro translation products. The results with the 47 kD and

31 kD anti bodi es confirned that the pol yp\egt ides are derived froma single
S

precursor, 30 or at |east precursor f the sane size. The | arge size
of the precursor suggested that size-selection at mRNA or cDNA | evel may be
necessary to obtain clones. 1 Exanple 6 3 cDNA Synt hesis Fromthe

MRNA Preparatiﬁns 44 5§ cDNA synthesis was carried out using a kit from
Amer sham I nterf¥ ' The 6 first strand of the cDNA is synthesised by
the enzyne reverse transcriptase, 7 using the four nucl eotide bases found
in DNA (dATP, dTTP, dGIP, dCTP) and 8 an oligo-dT prinmer. The second
strand synt hesldentification tdfe Prequntar o6 theb|4r D angdhd3HRD mkolypesradys, by

wher eby the strand J s picked in many positions by 10 RNase H, and the
renai ni ng frggfﬁ!!ﬂ{‘@"ﬂfg@ UGHOM i e the repl acenent. synthesis 11  of a new
DNA stragd directed by the enzyme E. coil DNA polynerase |. Any 12 3
overhangi ng ends of DNA are filled in using the enzyne T4 polynerase. 13
The whol e pr ocBe@mMﬁldbamﬂSkamldlagg palmeptldemwematlappamm amongst

dCTP 1 th { t th
ber cent age | nctegruation prattins of mENA b, feiiRploi &inn gans, b€ Lisnaiiue "
nucl eoti des ar gf | pAhRSKTasipHation, | HAthS SpBcikie anﬁBéﬁes apidselinab the §bmigebases

are incorporated equally, an estimte of the 17 synt hesis of cDNA can be
obt ai ned. Fronpdlypg:ttﬂesnﬂwmsqmwddemahqpmrms frmgthﬁtrammunamnmne

synt hesjsed. T, pro re_anal ysed on -an._al ne 1. 4% 9 argse’
ool e HESC: i pLfisraN e Tak e oepiheY D el R rieonRafR 6

a control wt hpxteb@mlﬁeffa V@Snih Nl 'sechfid wganqafomi&’ﬁbﬁfbnvmé eﬂpe&eh gigwprand

21 aut or adi ographed.” The cocoa cDNA had a range of nol ecular weights,
with_a 22  suthetemeoding genesint | arger than the 600 bp of the gl obin cDNA
23 24 Exarrpl e 7

O Immunopreclpltatlon was by the method of Cummg et al, 1986. [*° S)-labelled
15 in vitro translation products were dissociated in SDS, and allowed to bind with
specifii: antibody in PBS plus 1% BSA. The antibody-antigen mixture was then
mixed with protem A-SEPHAROSE ‘and incubated on ice to allow the IgG to
bmd 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
20 washing with PBS +1% NONIDET™ P-40. (The word NONIDET is a trade
e mark.) The bound antibody was eluted with 1M acetic acid and the proteins
precipitated with TCA. The ahtibOdy-antigen complex was dissociated in SDS,
and subject to SDS-PAGE and fluorography, which reveals which labelled |
antigens have b_ouh_d to the speclfic antibodies.

25 o . . : : : L
- The results showed that the anti-47 kD and anti-31 kD antibodies both
precipitated a 67 kD precursor. The precursor size corresponded to a major band -
on the in vitro translation products. The resuits with the 47 kD and 31 kD
antibodies confirmed that the polypeptides are derived from a single precursor,
’ 30 or at least precursors of the same size. The large size of the precursor suggested

that size-selection at mRNA or cDNA level may be necessary to obtain clones.
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25 26 Cloning of cDNA into a .Plasm d Vector by Honopol ymer Tailing 27 28
The nmethod of cloning cDNA into a plasmd vector was to 3' tail the cDNA 29
with 'dC residues using the enzyme terninal transferase (Boehringer

Cor poration 30 Ltd), and anneal intol®Pstl-cut and 5 tailed plasmd
(Mani atis et al, 1982 31 Eschenfel dt er al. 1987). The optimm |ength for
the dC tail is 12-20 residues. 32 The tailing reaction (‘conditions .\3
descri bed b&aﬂwnuf acturers) was tested 33 1 wtha1l5 kb

bl unt -epded restrrction fragment, taking sanples at intervals, and 2
nonitorfng the incorporation of a small amount of [[err]]- dCTP A sanpl e of
-3 cDhIA (ZDAHQS)’MzﬁFm i}ﬁlrh&NAL}!}tp@z&‘i@m predeterm ned conditions. 4 5

A thahI ed plasm d vector (3'-oligo(dG-tailed pUC9) was purchased from6
Pharmacra. 15 ng vector was annealed with 0.5 - 5.ng of cDNA at [err] for 2

7 houfs i cDNAS thegs m:tfcamed&uwu'smgsamlfrpm Amersham\irErfiationdl. iFhé\aCl 8

|C(r;|;a gosal erP ?@H %Pgﬁgsear'{gﬁségﬁﬁ ?ﬁrlgg e’ r nsf%%{%g&égl Ected

on L-agdr msmgmq_mrug;cupuqqpmﬁow xmgwb@meumoaammm s per

E|g Ef b? th |n tﬁe 12 IIs O?e-er%ﬁd@ﬁ'ﬂ{”etﬁeﬂfg?s g E%Qiliggrd? ﬁgg%/n 100
0

gl ycer08 ard Hoffman (Qg%[)eﬁw &E%AS%%‘ VGRPW Bs size

sel ect gg byRNaestHomiuome&e fra@mefitsiised toprime th lacembht Synthiesis S i n

Dot pdbor BhA B DA h@niﬁgeﬁﬁﬁﬁmwﬁuﬁ!ﬁ” &?Iﬁ’a*@bmﬁﬁm%&d%téﬂ?o

t he DE32 paﬁéruveﬂiangiﬁyﬁemsoﬁ DNA aireifilledf inonsing ethp qnzymei T4 plymetdsgh. sali

ourter 1320 Rhd btk prodiSs %E'}R&n%frec%ﬁ%ﬁihge& sal( frdBdriion’ot PRpRbcTE P! €
14  into the initial nucieotide 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 | ug of mRNA approximately 140

18.  ng of cDNA was synthesised. The products were analysed on an alkaline 1.4%

19  agarose gel as descnbed 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 we:ghts witha
22 substantial amount larger than the 600 bp of the globxn ¢cDNA. -

23 : _ . S -

25 N S - | ~
26  Cloning of cDNA into a I_’Iasmid Vectbr 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 Psd-cut and 5' tailed plasmid (Maniatis er al, 1982
31 . Eschenfeldt ez 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



22 23 Construction of Aigonucleotide Probes for the 47/31 kD Gene 24 25
The am ne<aGt dwsequence obtai ned froma cyanogen brom de pept-i-<e -ceRMDA-t 0
26 - the 47 kD and 31 kD pol ypeptides is as follows: 27 28

Met - Phe- G u- Al a- Asn- Pro- Asn- Thr - Phe 29 30 and the | east redundant probe
of 17 residues (a mixture 6f"32) is shown l‘eﬂ’ow 31 32 33 2

-Met - Phe-Qd u- Al a- Asn-Pro 3 ATG TTT GAA GCT AAT CC 3'
C G\-/C Cc4 A5

G6. 7 actu I de anti:sepse so t ul d, al so be sed
Co hrobe 8 a DISRE B s oo Fasmegy Ware a%mnf}saﬁ! and
Bi osystens 9 mpnaoﬁnglshe irRofporiion oFaosmalt atholifit b8 [P2RYdCTP. A sample of

wer 5" end | | PN ﬁ%hﬂ% ik eeacheifgfed EQoRS | oe Proves

pol ynucl eot4de ki nase (Amersham International). The method was 18
essenti allysthay g6-Hes pidshB vechd th-oB@E) kY pBCYTPaS PR fm
6 Pharmacia. 15 ng vector was annealed with 0.5 - 5 ng of cDNA at 58°C for 2
7 hours in annealing buffer: SmM Tris-HCI pH 7.6; 1mM EDTA, 75 mM NaCl
8 in a total volume of 50 xl. 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 ul 80% glycerol, and storing at -20°C.
13 : -
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 15 kb, inserting DE81 paper and continuing electrophoresis until the cDNA
— 17 ~ had run onto the DE81 paper. The DNA was then eluted from the paper with
18 high salt buffer, according to the method of Dretzen er al (1981).

19
2
21  Exampie8
22 : o
23 Construction of Oligonucleotide Probes for the 47/31 kD Gene
A 24

25  The amino-acid sequence obtained from a cyanogen bromide peptide common to
26  the 47 kD and 31 kD poiypeptides is as follows: |
27 DT .
 28 | 3 - M_et-Phe-._Glu-Ala-Asn'-Pro-Asn-Thr-Phe "
30  and the least redundant orobe of 17 residues (a mixture of.32) is shown below:
32

33



19 (15 uCG) was used to | abel about 40 ng probe, in 10 mM[err], 100mM 20
Tris-HO, pH 7.6; 20 nmM 2- ner capt oet hanol . 21 22 The cDNA |ibrary was
grown on GeneScreen (New Engl and Nucl ear“)a' nyl on 23 menbr anes pl aced on
the surface of L-agar + 100 ug/m anpi cﬁ in plates. (The 24 word
GeneScreen is a trade mark.) Colonies were transferred frommcrotitre 25
plates to the nmenbranes using a 6 x 8 nmulti-pronged device, deS|gned\g fit
into 26 the wells of half the mcrotitre plate. Colonies were grown

over ni gh% at [err], 27 | ysed in sodi um hydr oxi de and. bound to nenbranes
as descrfbed by Vbods 28 1‘1%*821’1129%11 TAMRCAS c7hg t'he nmenbranes were
washed extensively in $% 29‘TG §§§ Ad 3hd hybridised to the
| abel | ed probe, using a HYBAI D 30 € ap arafus from Hybal d Ltd, PO Box 82,
Twi ckenhdm M ddl esex. (The word ‘31 HYBAPD is a trade nark. ) Oondltlons
for hybr5d| sation were as described by 32 G Mason & WIlians (1985), a
[err] be_gng cal_cul ated for each oligonucleotide 33 . according to the

f or mul a: 2 [err] per GC base pair + [err] per AT base pair. 3

At m xed7posThe actual Iprobe weast madd aanﬁsmxasoematzit Sould-glsoite usad tn prabe

d S v at
oo 4 efper BRIVAL ] PoiBe bRl wad CarkicTobyt Suinkg et Adplied, Hibbyihents °F

tenperatﬂ're W‘N}l; for sone hours, and flnaIIy at Td for 8° exactly 2

m nut esjgMenbranes were autoradi. ographed onto FUJI -X-ray film -9 -wth

I ntensifying screens at - [err] (The word FUWI is a trade mark.) After 24
10 - hours positive col oni es stood out as intense spots against a | ow
backgroupd. EXample 9 Exanple 10 13 14  Analysis of Positive Cones for 1 hgy
47 kD/ 333kD Pol ypepi i de 15 16 Only one positive clone, pMs600, was

obt ai ne This rel eased two Pstl

Use of Oligonucleotides to Probe cDNA Library

16  The oligonucleotide probes were 5° end-labelled with gamma-[32P] dATP and
17 . the enzyme polynucleotide kinase (Amersham International). The method was_
18 essentially that of Woods (1982, 1984), except that a smaller amount of isotope
19 (15 xCi) was used to label about 40 ng probe, in 10 mM MgClé 100 mM
20  Tris-HCI, pH 7.6; 20 mM 2-mercaptoethanol.
21 : _ : ' - o
22 The cDNA library was grown on GeneScreen (New England Nuclear) nyion
23  membranes placed on the surface of L-agar + 100 ug/ml ampicillin plates. (The
24  word GeneScreen is a trade mark.) ' Colonies were transf'erfec_l' from microtitre
25  plates to the membranes using a 6 x 8 multi-pronged device, designed to fit into b
26  the wells of half the microtitre plate. Colonies were grown overnight at 37°C,
27  lysed in sodium hydroxide and bound to membranes as described by Woods
28 (1982, 1984). After drying the membranes were washed extensively in 3 x
29  SSC/0.1% SDS at 65°C, and hybridised to the labelled probe, using a2 HYBAID
30  apparaws from Hybaid Ltd, PO Box 82, Twickenham, Middlesex. (The word
31. HYBAID is a trade mark.) Conditions for hybridisation' were as described by
32  Mason & Williams (1985), a T, being calculated for each ohgonucleoude
33 according to the formula:



17 fragments on digestion, of total length 1.3 kb, insufficient to encode
the 67 kbB,3R::>0pkecursor. The total insert was renoved from the.vector. on a
Hndl I | - EcoRI 19 fragnent, nick-translated and used to probe the cDNA

i brary, picking up a 20 further two positive clones, pMs700 and pMsS800.
Restriction mapping of all 21" three mserlt}suggested an overl appi ng map
coveriing nearly 2.0 kb, sufficient to 22 encode the 67 kD precursor (see
Figure~1) .. 23 24 Exanple 25 26  Sequencing the Cloned Inserts 27 28  The
sequenci ng ﬁtrat egy was to clone the inserts, and where appropriate 29
subcl ones thereof, into the multiple cloning site of the plasmds 30

pTZ18R/ pTZ1BR (Phar Nlig i=a}°C Pee GC baseyirds- 20C pbpATbass paire bet t er - known 31
origin 32 Joi repli BhISR PRl ﬁgé?ﬁéﬁgﬂﬁ%a»i&%hﬁgQ f1 hen e
superi nfectéd with phages 33 I n the sane group, the pI asm d is induced to

undergo singl e-g ﬁﬂgft%udeﬁsldrﬁg& bﬁ?ﬁ“’n 5@‘1"”%[5{?&@’ t{§§ésoaf9§ §DS

packaged as_phages e e pr tBare
these ' phades' inially &t mmsmmmwm 3he HYBMD ﬂPWGQJS(M gwrat 1b87),

?QSelrJ:gds];w erS1C| ng. pr.i g%lr:)&g ‘ upe F]Sfﬁgcﬁorf S0 Houes, bl ARAIY dk T, for
derivative l\%&g EIZHEW“N&%K °m§m%ﬁpmggmgﬂ yn%g‘dgi )%ray il
not conpet €9 melMﬂMﬁthnitfﬁn@k@ﬁéﬂsckt -F08Cc (Theawoed FUIE licattrddeamark.) After 24

E?RS{‘ZCLR&(‘EZQS%@‘E&ra PR oo et it 3 e Bor 4008 o 1P veigronn. 1,

Phar maci a. 1DNA 9 sequence was conpil ed and anal ysed using the Staden
packdge ofli)ro q (Staden, 1986), on a PRI ME 9955 conputer. (The .
word PRI NE13 1 mark.) 12 13 Exampl e 12 _

14  Analysis of Positive Clones for the 47 kD/31 kD Polypeptide
- 15 ' -
16  Only one positive clone, pMS600, was obtained. This released two Psil
— 17 fragments on digestion, of total length 1.3 kb, insufficient to encode the 67 kD
18 precursor. The total insert was removed from the vector on a HindIlI-EcoRI
19  fragment, nick-translated and used to probe the cDNA library, picking up a
20  further two positive clones, pMS700 and pMS800. Restriction mapping of all
21 three inserts suggested an overiapping map covering nearly 2.0 kb, sufficientto ~~~
22 encode the 67 kD precursor (see Figure 1). -

]
o

24 Example 11

1 -

L .

C

26  Sequencing the Cloned Inserts
27 :

28  The sequencing strategy was to clone the inserts, and where'apf;ropria;e
29  subclones thereof, into the multiple cloning site '_o'f the plasmids
30 = pTZi18R/pTZ19R (Pharmacia). These plasmids are based on the better-known
31 - vectors pUC18/19 (Norrander er al. 1983), but contain a single-stranded origin
32 of replication from the filamentous phage fl. When superinfected with phages
33  in the same group, the plasmid is induced to undergo single-srranded



14 15 Features of the 47kD/31 kD cDNA and Deduced Am no-acid Sequence of
the 67 16 kD Precursor 17 18 DNA sequencing of the three positive
cl ones,” pM3600, pMS700, pMsS800, 19 co% rmed the overlap presuned in
Figure 1. No sequence differences were found in the overl appi ng
regi ons (about 300 bp altogether), suggesting that the 21 three cDNAs
‘were derived fromthe sane gene. The sequence of the conbined 22. ¢

fcorm & i siing  iéplitationeand Stgemm?eTsn-aﬁdl sgwge packaped d4s phageﬁ«Téimméamnfw tﬁ%
ound af, positio an 0 g
codons. t“’24 megliyip e]ﬁgl gm%fgg ﬁt?a%gs it %E&é 'gﬁrﬁ; %g
pol yadegyl afoxoMls's qph@esa(Mﬂli:r l;9c8§).t and méd4forTsequuhm@rhycﬂmmequonﬁbe
sequenceg is
translatses gﬁi% {re}@?oféggézcmng aC|ds gﬁ%‘? :ﬂgﬁ’ @ and a
nol ecul &r wusgms afdewstmq oﬁAM tcmlqdem,ywbl%teﬂmamﬁy '
E‘;’Sfii;ﬁﬁb?? R flloofiiete el ATt e P S e, o “"’3.&#“‘
0

fUles 31 sAnapByeingrsiwaRosomATker,  Deraied. @bg@é FRpatng nBlerstands .
?equeg_cgs Mﬂs Q‘Q‘I_éh PTZp lasm1d§| ﬁm/hdlper phagds &xet supplied bynPharmatia. 2 (DNAI 23
see Figure : e re i on. o) g an
contains fo e Way. - Wf@%wfﬁ%ﬁiﬁ“ Mé’d({fosﬂ,%s
[err] 10 TIQStaﬂbn ed%&)usomh PREME=995% computern (The worch PRIMJE iy a tradei f i ed
as thelé %atj,kpa}rrate (E) residue at .135 (Figure 3), on the basis of sone

e 3

tentati term nal- sequence (EEPGSQ:ANPAYHF) This N-term nus woul d .
give al2 mature protein of 49068 kD, in rough agreenment with that

“observed. Tml%appears to be no gl ycosyl ation sites (Asn-X-Ser/ Thr)
the mature f 6 the sequence. 7 8 Horol ogi es Bet ween the 67 kD

Precurddr and Other Known Proteins 9 _

15  Features of the 47 kD/31 kD ¢cDNA and Deduced Amino-acid Sequence of the 67
16 kD Precursor :

18 = DNA .seqp_enéing of the three positive clones, pMS600, pMS700, pMS800,
19  confirmed the overlap presumed in Figure 1. No sequence differences were
20  found in the overlapping regions (about 300 bp altogether), suggesting that the
21 three cDNAs were derived from the same gene. The sequence of the combined
22 cDNAs comprising 1818 bases is shown in Figure 2. The first ATG codon is
23 found at position 14, and is followed by an open reading frame of 566 codons.

24 - There is a 104-base 3' untranslated region containing a polyadenylation signal at .
2 position 1764. The oligonucleotide probe sequence is found at position 569. - (>
26 . _ .
27  The open 'readihg frame translates to give a polypeptide of 566 amino-acids
28  (Figure 2), and a molecular weight of 65612, which is reasonably close to the
29 67 kD measured on SDS-PAGE gels. The N-terminal residues are clearly
30  hydrophobic and. look like a characteristic signal sequence. Applymg the rules
31 _ of Von Heije (1983), which predict cleavage sites for signal sequences: suggests
32 ~ a cleavage point between amino-acids 20 and 21 (see Figure 3). - The region
33 ,' following this is highly hydrophobic and contains four Cys-X-X-X-Cys motifs.

-



10 Searches through the PIR database, and through the literature, _

r eveal edyg) 537 ¢ogbi honol ogi es between the 67 kD pol ypepti de aQgsussiraosaq0f
seed storage proteins 12 termed vicilins, one of two najor classes of

gl obulins found in seed (Borroto 13 . and Dure, 1987. Alignments between
the 67 kD pol ypeptide and vigilins from 14 a\cotton (-Gossypi um hirstum
Ghi ), \soybean (dycine max, Gma), pea (Pi s&n 15 sativum Psa-c is
convicHin, Psa-v is vici Iln) and bean (Phaseol us vul gans, Pvu) 16 are
shown in Figure_4 (Bown et al, 1988; Chlan et al, 1986; Doyle et_al, 1986;
17 Lycettlet Zhe Iigsgymuxi i PAtHEES PRI ias ' BisRe BOUEhAY 1iglentified ‘ashthe

vicilins haye agliirhite (E)I e&idu®r avel BhiFifur@r 3))n@n4 the<Basi¢i 6 sohR Whtative

SRR TS e s e Rt

wei ght of 22 = fidhide prowimpeh 49068 ﬂﬁ.n nsubugh agreeﬁlenulwmi that asbservedd) There

%%Pga;sﬁd é’Dbe ngrﬁg@ on VI Ci IWI an étm&b“’ %@%’f‘ of -

Cotton is aﬁso thesequencec| osel y rel at ed to 25 ° cocoa: both are nenbers of

the order Malvales. Interestingly cotton al so has a 26 Iarge precursor,
of 69 kD, corrprl sing a short signal uence, e 27 drophilic
domai n cont 8i ni A ies Berwesh W@%W F‘é’-‘o'éﬁmg 'Z"Hﬁmal n. It

may therefoge be possible to synthesise the correspondlng cotton 29

Po se 30 101 neSeseies,tapatcis. Pt datalisie and rSvgh e iiereef.c Frveded qioss
f I avour conponehbmoldgies tepséenothe H7 Iquml ;itide\andra chspoﬁsﬁdssto&%eiiﬁotemsl
Ere By b dha el MR BE ot Wi R Bt z&%&@g?%ﬁ%%#%ﬁs{s”e
over | appi nd3f r agadBuge,f 1387+ [Adignments betpisenthe HokD polypeptide-and vigiling frem
spliced 14  cotton (Gossypiwm hirsutum, Ghi), so yb&n (Glycine max, Gma), pea (Pisum
' 15 sativum, Psa-c is convicilin, Psa-v is vicilin) and bean (Phaseolus vulgaris, Pvu)
.16  are shown in Figure 4 (Bown e al, 1988; Chlan er al, 1986; Doyle et al 1986
“~ 17  Lycewt er al, 1983). Identical residues are boxed. '
18 . ' :
19  All the vicilins have a mature molecular weight of around 47 kD, with the
20  exception of soybean congiycinin aipha and alphal subunits, which are 72 kD
21  and 76 kD respectively, and pea convicilin with a mature molecular weight of o
22~ 64kD. The pea and bean subunits (2 sub classes each) are synthesised as small
_ 23 precursors, around 50 kD. The most striking homology with the 67 kD is the
S 24 . cotton vicilin (Chlan er al, 1986). Cotton is also the most closely related to
25  cocoa: both are members of the order Malvales. Interestingly cotton also has a
26  large -precursor, of 69 kD, comprising a short signal sequence, a large
27  hydrophilic domain containing six Cys-X-X-X-Cys motifs, and a mature
28 domain. It may therefore be possibie to synthesisé the cbrre’sponding cotton
29  protein, by techniques analogous to those disclosed in this appl-icatidn and to use
30 -the cotton protein, or fragments of it, in the preparation of flavour components
31  analogous to cocoa flavour components. |
32
33



7 into a continuous DNA segnent. The nethod of splicing is illustrated in
Figure 8 6: a HndlIl-Bg/lIl fragnment from pMs600, a Bg/lIl-EcoRl fragnent
from9 ~ pMS700 and an EcoRI-Sal T fragment from pMS800 were |igated into
pTZ19R 10 cut with Hindll1l  and Sall.L¥he resulting plasmd, containing
the entire 67 kD 11  cDNA, was ternmed pM5900. 12 13  An Ncol site was

I ntroduced at the ATG start codon, using the nutagenic 14 primer: 15 16
5 TAG ¢AA GA TCA 3'. 17 18 In vitro nmutagenesis was carirfTed
out usi ng rketed by Amersham 19 I nternational, which used the

met hod o¥ Eckstein and co-workers (Taylor et al, 20 -1985). After

anneal i ng thgy, faﬁlaﬂ%kﬁe 87 kIEPoly, pﬁd@ghﬁ- scbhanded DNA t-he 21 second
strand s%nt he5| S incorporates al pha thio-dCTP.in place of dCTP. After 22
extensi-ofi and ligation to formclosed circles, the plasmd is digested with
Neil, 235 aBeforeythe 67hkDhcoding oegion cauldhbe inserted intoca ekpression vébios thel y

teggnazzi g by Pﬁé’lappﬁlg Mﬁ'&{f@é‘eﬂm tﬁ% %Mﬁsﬁ regglﬁr?tgﬁem segﬂet pri med by

t he rerra?nl nm@mmangthmt . 1§W©n in
t he ori ginal ra e:?to
checked by p asmqg m ni % qlﬁFatl 2%1&;300 D cDNA e;
cl oned i Bt o PMS700 and an 2“’919 ligateq Bn an
Ncol - 30/ T ¢ mamnmmsmzm 31’11?e?re331nn mid) Lodnidnin Qhﬁléﬂﬁfe 67 1 .
1987) s1 rkw b NEdac %Postfach 303629 D- 7000, Hamburg 36
and contdi ns onoters, [err] 3  and [err], and the
| eader d4@quence and ri bosorre binding site of the very - - : <
- 13 An Ncol site was introduced at the ATG start codon, -using the mutagenic
14  primer: - T ' -
- 15 _ : o
16 . S'  TAG CAA.CCA TGG TGA TCA 3'. .

18  In virro mutagenesis was carried out using- a kit marketed by Amersham

19  Intemnational, which used the method of Eckstein and co-workers (Taylor er 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 Ncil, o
23 an enzyme which cannot nick DNA containing thio-dC. Thus only the original

24  strand is nicked, and subsequently digested with exonuclease III.. The original
25  strand is then resynthesised, primed by the remaining DNA fragmeats and o
26  complementing the mutated position in the original strand.  Plasmids are then

27  transformed into E. coli and checked by plasmld mini preparanons

28

29 The67kD cDNA 'was then cloned into the E. coli expressxon plasmtd pILA502

.30  (Figure 5), on an Ncol - Sall fragment (pMSQOZ) )



4 . efficiently translated E. coli gene, atpE. It also contains a

t enper at w@vsa9svi i ve 5 cl repressor, and so expression is :e,presse.d.vai
[err] and activated at [err]. The 6 vector has an Ncol site (containing
an ATG codon: CCATGG) correctly placed 7 W th respect to the ribosone
bindlng site, and foreign codi ng sequences ngst be 8 spliced in at this
point.x 9 10 The expression vector was tr;"ﬁ formed into E. coli UT580. The
transf\o-l’med 11 strain was grovvn |n L broth + anpicillin (100 ug/nl) at
[err] until |og phase 12 a"g{err = ~and the tenperature was then
shifted to [ler r |PTRASO2 atfshauder a¢renl. 1398 tis i marketed by Miedpt cGmbéi,e Postfach

di ssoci at ed gy %Bbzmgntm@%{haa&gnss %ﬁfc?dnwﬁi“éxelm | Omnﬁﬁh ﬁgrﬁgnés

gel s. The protei na re e tro |l otted onto nitroce e 15

(Towbin et a , ABGo¥Pranand\dBe cleades sequence caé’idr ribgseme Qlﬁ the very
anti-21 kD anti letficientye pansisted &. Tokigehe, Oltﬁl(oaéon&mgh%ﬂl ra%eﬂs:ﬁVe

igcon?gggt ?rgtl b?f?¥5 goat g.‘%l -rabbl t-I G con dﬁﬂp @f%@m&@e Q@g@gggﬁase

pMS902, shové ng vebwr has amiNcol m(ooﬁﬂammgmeAWﬁ‘scmims e@CATGG) c&rectly plated 24

25 Expr essy on Yeast Zu?m

expressi on \7ect ovgghwe e usﬁggbﬁ'?%g@gg‘éoﬁwa%?ggg@# g‘&ﬁﬁ’@?@é gst be
vector cont & ni rsplieskiotat shig peintol i or | gins of replication, and suitable
sel ectabl e 2P mar kers (anpicillin-resistance for E. coli -and | euci ne

auxotrophy for yeast). 30 Bot h vectors contain_the Py uvate k| nase
(PK) pronot ¥t ankhe mloslv&@ewa%msfgﬁa%aw 5 W‘ﬂiﬁ'ﬁé%

Strleamplf t Reraii’ #a® \znqiilqﬁ&%th + @i éﬂlm(\(l ml)SatchCgmitﬂ logr hase
'thv. g a pofd + ofOlfsto e O siaumé"sﬁaméem £l 15 935 g Sl ke
al pha- f act of3 dowandnterais. ofsmlﬂeqommdssocxawd lbyabailingllin ISDS deading buffer,t and

- ‘14 run on SDS-PAGE gels. The protems were electroblotted onto nitrocellulose
15  membranes (Towbin er al, 1979) and Western blotting carried out using the
16 anti-21 kD antibody prepared in Exémple 3 above (at 2 pg/ml) and as a
17  secondary antibody, goat anti-rabbit-IgG conjugated to alkalme phosphatase
18 (Scott er al, 1988).

19
20 A specific band at 67 kD was produced by pMS902 showmg that a funcnonal '
21  gene was present B
2
23 Example 14
s - 24 '
25  Expression of the 67 kD Polvpepride in Yeast

-~

4

27  Two yeast expression vectors were used, both based on a yeast-E.coli shuttle
28 vector containing yeast and E.coli origins of replication, and suitable selectable '
29  markers (ampicillin-resistance for E. coli and leucine auxotrophy for yeast).
30 Both vectors contain the yeast pyruvate kinase (PK) promoter and leader

31  sequence and have a HindIll cloning site downstream of the promoter. One
32 vector. A (YVA), is designed for internal expression, and the other. B (YVB).
33  for secreted expression, having a portion of the signal sequence of the yeast



2 create fusion proteins with incom ng.codi ng sequences. The vectors are
3 illustrated in Figure 7. 4 5 To use the vectors effectively it is
desirable to introduce the foreign coding 6 regi on such that for vector
A, the region fromthe Hi ndll] cloning’ba%e tothe 7 ATG start is the
sanme as the yeast PK gene, and for vector B, the remainder of 8 the .
al pha-factor signal, including the lysine at the cleavage point. In- |
practicd 9 matingsalph-fastorodownsireamofhe gramotey, with i Hirullse wishin ioto ™~

Hndl 'l 5 | S %Dgﬁ i ] | oni ng
site in the vet% o@glg%dp{‘ﬂelﬁ%c‘g'ltﬁ ft?l&?'ﬂ rfél‘ E\T%\éﬁ&% e{lﬁ'e;}g%tb*snéxg
sequencd. Thilestrated in Figureafed in Figure 8. 12 13  |n order to use the
yeast vector B, t he hydrophobi ¢ si gnal -sequence nust first be 14 del et ed

fromthe 67 _kD ¢ . Al though direct: eyi depnce of ‘the |locatjon of the 15
o o el C Aty e et PHERvRl, Tt i5cAsianle, 1 HtERaugs, hACIOPaEn, ading o o

site 166 beégiaﬂrsualﬁntm mm:oem,( asheardgion front thel Hih6lT cluning Sy ahe i t was

ool “of 752 AT SR e MRk Yoaf TK i, 400t S . e el S -,
eﬁzezgf 8caln$lue alphadactof stgnal ymahldmgeﬂtdysmetdhehsctealrm/pom tIn practice gl ?Egn
"Eo cl oné the%éé1 ? E’Esr |us %51 g?g\g{)?@{s ena;ll/ieagt v%&sw)n

Hi ndl 1110 Bmhfthegmheeveeame pnmséltedm%vmgtw calrat they

| nt er naly Bankheuhireor eoais seqomiced Piis is Misinited ifl Figufyggenesi s, diving a
new pl agm d pMs903. The si gnal ‘'sequence 26 - was deleted from pMs903 usi ng

t he nut’#genic priner 27 28 . . -5 AGCATAGCAACCATGGITGCTTTGITCT 3‘_)
29 30 13t0 gn'oeddr{BUE theleas w,'memyﬂlwphbbicsa il Sequénel angst \FRsEbs hen

nd 't nd43 deies fibm the 67 RpRITRA, Afoiy' Bl a”%ﬁ@%?eﬁfsiﬁﬁel oned
f rom t HSse 3atural cleavage site was lackmg, the algonthm of Von Heije predicts a site
16 between ammo-aexds 20 (alamne) and 21 (leucme) However it was decided to
17 remove amino-acids 2-19 by deletion, so that the useful Neol site at the .
18 transiation start would be maintained. S o/
19 _ . .
20 _ _ _ . . :
21  For ease of construction of the yeast vectors, the strategy was to first clone the
22 HindHI - Neol linkers into the appropriate pTZ plasmxds. and then to clone the
23 linkers plus coding region into the yeast vectors on HindIII - BamHI fragments.
24  However the coding region contains an internal BamHI which must be removed ’
25 by in vitro mutagenesis, giving a new plasmid pM8903 The sxgnal sequence o
26  was deleted from pMS903 using the mutagenic primer
27 .
28 5'  AGCATAGCAACCATGGTTGCTTTGTTCT 3
29 '. : .
30 ¢t gwe pM8904 The appropnate HindIII - NcoI lmkers were then cloned into
31  pMS903 and pMS904 to give pMSS07 and pMS905 respectively, -and the
2 ° Hindlll - BamHI fragments (linkers + coding region) subcloned from these
33 '

_)




[err] 1 i nternedi ate plasmds into YVA and YVB respectively to give the
yeast 2 "expre®dion plasm ds pMs908 and pMS906. A di agr ammatt e-sehefre-for
t hese 3 and other constructs is given in Figure 9. 4 5 Because t he

nmat ure cocoa protein appears to |ack the N-ternminal hydrophilic 6 domai n,
as described in Exanple 12, expression vecﬂ,obs have al so been 7 desi gned
to express the mature proteln directly. Yeast is unlikely to have the 8
sanme prdcessi ng enzymes as cocoa and optl mum expreSS| on nay be. obtained for

9 t t%,l,% RESpEE
t he ?)Ng\r (ioel nefllco I'n P ?1 OITB.I no‘g:m nQ ac@délyzg]é%% g’_&gpe
del et ed frof-hthexmwon ﬁlaémmjp&sé |aa1slan§ lamngmyoscnealq;fqrethese

pl asm ds pWQllmdﬂﬁQconM&QQgﬁﬁpﬁchuﬁg’ and the Hindlll - BanH -
fragments for these were cloned 13 o YVA and YVB to give the

expression plasm ds pMs912 and pMS910 14 (Figure 9). 15 16 A further
modi fi cati of waBetause ahelanatuiey cocvas proteihi pm%kahelhi-tbi'mmhl hipdrobhilic

Cerminator 5o, SpHRde Rt HREORET S‘Hd%@?ﬁ' 1o BRIl A e i, been,

cutting t he719 designed tocekpress theapatute ppomocﬁmﬂa pmwsaunhkely Ry bave thiet e

Flgure 2. Hond ﬁ'ﬂ?%?’?"%%"&%?é%ﬁﬁﬁﬂ"“ Pt o B ot cxoant fo

cl oned i nt 09t hedpseisin asplosa as ppssitie 19 that found gafu oFInl‘FocmHleqel e D
fragnents qovi nencodRigettfd Adidphiid 6maiMSRindin6 adds 204339 waspﬂﬁgéa frEfMB}he

F 9 A f th
25 36 © ThilyeaRiem aéé’sme;ﬁg%"éﬁséb‘?m'é%ﬂf%é@f th 1t Hipsigs aMYLE and
sphet opl as 12 uspMSI0Baespectiveln] hndl thef Hiailllst BanHI HfagnentsTioe thesensérerciaiedon

auci no-m s nitPrkt Avalf FYELES ik BBl Haimilh; SMRZ12°W offsan

singl e col ddi es{Fightec®).were grown in 50 30 m YEPD nedi um (Johnst on.
1988)" at [qgr]for testlng the extent and ' '

16 A further modification was mtroduced by constructing expression in which the
\_ 17  plant terminator had been removed and replaced with the yeast ADH terminator
18  (present in YVA and YVB). The plant signal was removed by cutting the
19  intermediate plasmids pMS907 and pMS905 at the Pwull site immediately
20  downstream of the coding region, at position 1716 in Figure 2. HindIII linkers
21 were added and the entire coding region cloned into the yeast expression vectors =~
22 on Hindlll - HindIll fragments giving expression plasmids pMS914 (YVA) and
2 pMS916 (YVB) (Figure 9). A summary of the constructs made is given in
\_ 24 Figure 10. ' :
25 '
26  The yeast expression plasmids were transferred into yeast spheroplasts using the
27  method of Johnston (1988). The transiormation host was the LEU™ strain
28 AH22, and transformants were selected on leucine-minus minimal medium.
29 LEUT transformants were streaked to singlé colonies, which were grown in 50
30 ml YEPD medium (Johnston. 1988) at 28 | C for testing the extent and
31 dis_tr_ibution of foreign protein. Cells were harvested from cultures in
32  preweighed tubes in a bench-top centrifuge, and washed in 10 ml lysis buffer
33 (200 mM Tris, pH 8.1: 10% glycerol). The cell medium was reserved and



31 distribution of foreign protein. Cells were harvested fromcultures
in 32 prewei ghed tubes in a bench-top centrifuge, and washed in 10 m

| ysi's buffer 33 (200 MM Tris. pH 8.1: 10% gl ycerol). The cell nedium was
reserved and 1 concentrated 10-25 &4n an” AM CON mini concentrat or .
(The word AM CON 2 is a trade mark.) The washed cells were wei ghed and
resuspended in lysis 3 buf fer plus protease inhibitors (1 mM phenyl

met hyl sul %ﬁ%uﬁ@ 01286 th an / b}\l 'huﬂﬁééﬂoeq&iﬁf' e Wo még'f]‘?(?

I eupeptl n) at concent ratlon m aC|

gl ass- l?eads‘s\ﬁaémdédéﬂkahdmﬁe“’msceﬂﬁo‘f@w WSMtM FRyuspended ringlygisnut es
in totay, igufferphist ﬁr&eis%t $nhibitbfs ‘11 mthﬁ:enm emﬁiys ﬂﬂPhS@yl Hubgide 7

cont 1 Figed PRSI 1 heel FiRRS: Uss e/ JEnegants &eontaipot Stbemel the
supern ? antl vahtﬂeem&-a!hsﬁed glass-bea;’ﬂsavmaddedchsﬂeuhb roefls derokenbby vortexing
cont r1 figeder § mingieh o Blaty ¥ £ dakburs8, i T jpos Jiber s O dee” Afier

const i t'bt escleblangamdu dlefmmscopn formllrmey\m mmmwmmwmt 12
lysis ff ey éﬁﬁﬁﬁﬁ §%g§ n for 10
13 mtgjnut es. K#ﬁar centrl ugl oré Sgﬁegﬁl‘% Vel

m.crocentrituge the

super nd antto1a pre-chilled; eantsit %h@bﬁa@ﬂcﬁﬂ"&ﬂ E“SH’af@!'l bihour 2t 120,0084pM. o5 of
each fymct '(Bﬁ:ﬂ‘%ﬁﬁccéﬂcwtéeﬁh@ﬁ macihum g e &dld.) VRkeer n

D8, S s b AL o, e e 'q”f‘egéé‘e%ewlﬁaland 19

_ %6 kD g t hllpsxtshﬁffeeblws mwnsmemrmpmmmmmmm@vmopw ein |\ J
ei ng 2

ol f e i ot Sl i Bt b e o iR o

resul t14 butcmummsrthepmmmesm on was obtained with pM8914, in

whi ch e plant termnator is 23 r epl aced by a yeast term nator. However
im pMsY912, in which the coding 24 region for, the hydrophilic dorral n has-
been ok et c3amples Bfneachsfmction and thencanewemiad Fedivp: Were sxaminedy by2e 27

For i npfust rweistep Oplepingan oCoRGdering CursySther plasiniids idesigaRal fér igeimiled Mde.
's 18 expression in YVA, pMS908 produced immunoreactive proteins at 67 kD and ~
19 16 kD within the celis only. There was no evidence of the 67 kD protein being

20  secreted under the influence of its own mgnal sequence. The smaller proteinis

21  presumed to be a degradation product. A similar result, but thh improved
22 expression, was obtained with pMS914, in which the plant terminator is

23 replaced by a yeast terminator. However in pMS912, in which the coding

24  region for the hydrophilic domain has been deleted, no synthesis of |
25  immunoreactive protein occurred. ' 4
26 |

27  For industrial production of heterologous proteins in yeast 2 secreted mode is

28  preferable because yeast cells are very difficult to disrupt, and downstream

29  processing from total cell protein is not easy. The results from the vectors

30  constructed for.secreted expressed were rather complicated. From the simplest

31  construct, pMS906, in which the yeast a-factor signal sequence replaces the

32 piant protein’s own-signal, immunoreactive proteins of approximately 47 kD, 28

33 kD and 18-20 kD were obtained and secreted into the medium. At first sight

-
_)-

(




28 pref erabl e because yeast cells are very difficult to disrupt, and

downst r ey 94719801 ocessing fromtotal cell protein is not easper/Evreasts
fromthe vectors 30 constructed for secreted expressed were rather

conplicated. Fromthe sinplest 31 construct, pMsS906. in which the yeast
a-factor signal sequence replaces the 32 %ﬁt protein's own-signal,

| mmunQ@r eacti ve proteins of apprOX| mat el y. 47 28 33 kD and 18-20 kD
wer e ob¥ai ned. and secr et ed .lmo the medium At first sight- WO 91/ 19801
PCT/ GB91/ 00914 - 1 this ‘i s ¥urprising because the: codi ng region .introduced
shoul d synt hesi ﬁles is &ernsmgmqmsetthercodmgomm 1mt¢EIUMBh0ulﬂe¢yyldmpbm6ﬂl on

is that thes eagh ﬁr@z t t I
a-factor si %al at zfg g{e?eﬁ?gﬁ%t mé}?’ &Eﬁﬂgd\l/??% ﬁilﬁi %l%e%% el n at
Lys-Arg di pgptlm %asrqcpsfﬁsesm deayesthe afactor sxg A LrMS‘éé’gé“Géi]aléﬁce

The cal cul a4 ed QWQ & '679KP brotein @ 1T i ﬁdéinit oA ce
positions are 4 1 %)artf‘t Oﬁqs n%r344 ltygn%lllgt -PL ?POSI l@ﬁl@glghﬁ

| tons, .ver _
close to th® ob sequence. &alcp P%m?mt %Wl@” Bﬂgééﬂi
with a yeasé teemwagbom MibspNﬁki@moaﬁOﬂl‘E(ﬂDﬂﬁWIsQHZSMHDatcﬂBdanm K888her

cells or u | S | ion 11 has been inadvertantly
I nt roducegE‘?Fr M‘%l’és’ v&ﬁgﬁéﬁ k/%g&ﬂ@“ﬁ&%h ch the ‘12 hydr ophi | i ¢ domai n
has been de8et ed the mai n antigenic products were 28 KD 13 and 18-20 kD,
agai n secreged 1na%ﬂr ,M ﬁés %ﬂﬁ’ﬁa piﬁ? | d)
product i se?rme dira e{hy lgﬁgvec t J gﬁtdleEl %SI tl or%elgi‘g 16430 In
sunmary, f&dr oﬂﬂfﬂ@@ js ebtpined da Gﬁhﬁfe(‘ﬁlbr@' %ﬂmsugtlémlbkcthai nénutanon
synth hesis 17  pis padd! Mialivertanfl§ %n&é‘difcbdngl‘m:ﬂ ihé @bhstfuét Ipmmo mdwsfch ﬂiwo

21 22e co&;gﬁtﬁqrégwsecr et r ot el E é}o t he msdquzl;iE B 20
Hansenula 23  @sd Y80, agam secreted into the me(;hu_m It is presumed that the de novo
. 14 47 kD product is immediately cleaved at the KEX2 site at position 313.

16  In summary, four of the six expression vectors constructed direct the synthesis

17  of proteins cross-reacting with anti-47 kD antibodies. Two of the constructs

18  secrete proteins into the medium. "

19

20  Example 15

21 .

2 Constmcaon of Vectors Destgnea :o Express the 67 kD Protein in Hansenula

23 polymorpha

N 24 |
25  The methylotropic yeast Hansenula poivmorpha offers a number of advantages
26  over Saccharamyces cerevisice as a host for the expression of heterologous
27  proteins (EP-A-0173378 and Sudbery er al, 1988). The yeast will grow on
28  methanol as sole carbon source, and under these conditions the enzyme
29  methanol oxidase (MOX) can represent up to 40% of the total cell protein.
30  Thus the MOX promoter is a very powerful one that can be used in a vector to
31 drive the synthesis of heterologous proteins. and it is effective even as a single
32  copy. This gives the potential to use stable integrated vectors. Hansenula can
33  also grow on rich carbon sources such as glucose. in which case the MOX

o



24 25 The net hyl otropi c yeast Hansenul a pol ynorpha offers a nunber of
advant ages 26 . over Saccharanyces cerevisiae as a host for the expression
of heterol ogous 27 proteins (EP- A—0173§Z'8 and Sudbery et al, 1988). The
yeast will grow on 28 met hanol as sole %r bon source, and under these
conditions the enzynme 29 rret hanol oxi dase (MOX) can represent up to0.40%

of the total cell protein. Thus he pr.onot Is.a ve owe I
one that lcan RSRMQIq 1S m&%e%mrss &Sﬁ/ g?ﬁt‘l’?é‘él QOQ#'“?“g M
het er ol ogous heterblogots genelcart be reivhemta mghedmuysoragmcosé earﬁ?mdueed))te Thi s

21 50" or o on B o i S, b RS o ORI S e Rl

1 pr onwk er methanolpl etely repressed. = This neans that cells containi ng
the 2 t er ol ogous gene can be grown to a hi'gh density on glucose, and .
i nduced to 3 produce the foreign protein bE/ al.l ow ng t he glucose to run

out and #&ddi iy plasmidet pHEHLL, Somaining thed\ m@r mmgr,t

D ook o 0| chBfel DShlining W Jekc o B Sek fuk g il sBucd, e W&a

cloned i o gﬁlﬁ ? ﬂﬁ Img‘qﬂaﬁﬁg ¢gjoned r‘B'Qnﬁﬂepmre%‘l &cgﬂ‘@‘?‘ﬁh %F

fragﬁfnt onhi mgimitt répladihg the BT fﬁgmmm wnmrmflerm e}hdgmﬁnthe mlm(vwl]gl e

ronoter,~ gene. eLnin regi on ransferr

gn a Ba g°B§ rqg‘%fbrre et“éh%\%mﬁﬁ g ssﬁ%%“ ‘% %ggp The

details Wf t hransfemedr tec (YEpi3aow a BUmiHrﬁMthmgglene tdgw&:!he enpreaaail ogous
I 5,

gxfegfilrpgpflpgéeg(?“ rRﬂ% 6-?(% %ﬁ?ﬁg@?ﬁ%ﬁ&mm ng teﬁlg na #el Iaw

15  sigidal . Amanalggeys expression plagmiss PMS |m§om@cm with dhe jygast |

ligated o tnf‘-fé!e@o ﬁx&ai bhto- uﬁaaﬂmr@ﬂwtregaﬁd kﬁldcﬂ{gr @k panirie pfaht | d)

Cloned vih PNl FheBemft HIRGHT cafiSus potalRing e o-daior Wan eI e o

cl oned V\’r h
YBP13 as]i@ef CHMIIDEtBUMIﬂ fragmefoysed [t inthodike theFG‘D lltDacchng Zégion into YVB.

17  The a-factor plus coding region was then cloned with pHGL1 on a BamHI -

18  BamHI fragment, and ttansfen'ed mto YEPIS as before Detmls are shown ns.d

19 anure 12.

20 .

21  Both constructs have been transformed into Hansenmula and grown under

22 inducing conditions with 0.5% or 1% methanol. Both constructs directed the - -~ =
23  production of immunoreactive protein within the cel_lS, and pMS92S secreted the

24 -~ protein into the medium under the influence of the a-factor signal sequence.

25 | . <
26 E. coli Strains :

27 |

28 RR1l - Fvg'Mp ara-14 proAZ IeuBé lacY1 gaIK2 vpsL20 (str‘)

29 . xvl-S m:l—l supE44 - : :

31 - CAG62S  lac,, np,, phoy hmRam mal 1psL lon supC



21 Bot h constructs have been transfornmed i nto Hansenul a and grown under

22 i nduci ng conditions with 0.5% or 1% nethanol. Both constructs directed
the - 23 production of imunoreactive protein within the cells, and
pM5925 secreted the 24 protein into the i um under the influence of the
a-factor signal sequence. 25 26 E. coli SrTir ns 27 28 RR1

[err]ara-14 proA2 |euB6 |lacYl gal K2 vpsL20 29 T , xyl-5 -md- 1
supE44— 30 31 CAGG29 [err] 32 33 1 urs80 (lac-pro) supE
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CLAIMS

1. A prbtein.eri&dcd by mRNA éxtra_ctab-lc. from beans of éo_éoa (Theobroma
cacao), the protein having a molecular weight of 67 kD, as assessed by SDS-
PAGE, and at least part of the amino acid sequence sho_Wn in Figure 3 (including
at least some of the unboxed residues in the sequerice marked 7ca in Figure 4), or
a fragment of such a protein having at least 20 amino acids.

2. A p_rotein e_xt'r@table from beans of cocoa (Theobroma cacao), the profein
baving a molecular weight of 47 kD, as assessed by SDS-PAGE, and part of the
amino acid sequence shown in Figure 3 (including at least some of the unboxed
residues in the sequencé marked Tca in Figure 4), or a fragment'of such a protein
having at least 20 amino acids.

3. A protein extractable from beans of cocoa (Theobroma cacao), the protein
having a molecular weight of 31 kD, as assessed by SDS-PAGE, and part of the

amino acid sequence shown in Figure 3 (inciuding at least some of the unboxed

residues in the sequence marked Tca in Figure 4), or a fragment of such a protein

having at least 20 amino acids.

4. A protein as claimed in claim 1, 2 or 3 which is the product of recombinant
DNA technology. '
5. Recombinant or isolated nucleic acid encoding a protein or fragment as

defined in claim 1, 2 or 3.

6. Recombinant or isolated nucleic acid which comprises:
(a) 2 nucleotide sequence as shown in Figure 2, encoding a.67, 47 or
31 kD protein (as measured by SDS-PAGE); or

o



1. A protein encoded by nRNA extractable from beans of cocoa (Theobroma

cacao), the protein having a nol ecul ar weight of 6 SDS-
5 PAGE, and at |east part. of the am no acid se gure 3
(including at |east sone of the unboxed reS| dues |njiﬁ il lﬂi%mm ed Tca
in Fi gure 4), or a fragment of such a prot havi n

aci ds.} A protein extractable from be .of cocoa (Theobrorra cacao),

t he prBt/el n 10 havi ng a nol ecul ar wei ght of 47 kD, as assessed hy

SDS- PAGE, and part of the amino acid sequence shown in Figure 3 (i ncluding
at | east some of thdb Lnbwwlmﬂadmmwm@hm:bmdoma),Md Tca in Figure

4), or a fragnent of, suc e no acids. 15

3. A protein ext |(aect a%l @ﬁ%%&gﬂ@r t)qr}%éac?tt‘d ??ﬁé‘b’ﬁ? cacao), t he
protein having a nolecul ar weight of 31 kD, as assessed by SDS-PAGE, and
part of the amino acid sequence shown in Figure 3 (including at |east sone
of the unboxed7resi dNnslei¢ acidras @@qwdnoelamg,ewhmbasmm gure 4), or a
fragnentcof such a protein having at |east 20 am no acids. 20 4. A
protein ?as claimed in claiml1, 2 or 3 which is the product of reconbi nant
DNA t echnol 0gy8. 5. Nuckf a5l &3adHin@d m%ﬁxﬁt‘ﬁdwﬁiéﬁh@'acreééﬁxﬁinﬁﬂcﬁétd}g a
protein or fragment as 25 defined in claim1, 2 or 3.

Reconbi nant or isolated nucleic acid which conprises: (a) a nucI eoti de

seavence™se S| Eiap ity il I b, B B £ e
tO (a); or (C)vectér fahégﬂﬁB”ﬁrotHcin-( o B éﬁi—c@é %NAehﬁéﬁ:Te ﬁooﬁéi'ﬁﬂ?t iRl to a

Ulca0|dascla|ned|nca|m6 ich Nucl el c acid as
cl aifredl@n cl apramotenhi ch is a reconbi nant vect or. 9. Nucl ei ¢ acid as
claimed in claim8, wherein the vector is an expression vector and the
protein- -or fragnent-codi ng sequence is operably linked to a

10.  Nucleic acid as claimed in claim 9, wherein the expression vector is a yeast

expression vector and the promoter is a yeast pyruvate kinase (PK) promoter.

o
15 - } 11.  Nucleic acid as claimed in claim 9, wherein the expression vector is a
- bacterial expression vector and the promoter is a strong A promoter.
" |
»12.  Nucleic acid as claimed in claim 9, 10 or 11, comprising a segment -
encoding a signal sequénce.
20
13. A host cell comprising nucleic acid as claimed in claim 8.
14. A host cell comprising nucleic acid as claimed in any one of claims 9 to 12.
25 15. A host cell as claimed in claim 13 or 14, which is Saccharomyces

cerevisiae.

16. . A host cell as claimed in claim 13 or 14, which is Hansenula polymorpha.



10 pronoter. 10. Nucl eic acid as clained—Ln~QL§LngL_!@EL$in t he o3

expression vector is a yeast expression vector and the pronotéer s a yeast:
pyruvate kinase (PK) pronoter. 15 11. Niﬂumﬂlmmg aimed in
claim9, wherein the expression vector is a ba v j ”ﬂt&ﬂun vect or and
the pronoter is a strong X pronoter. 12 Lk-NucIeic acid™ssclained in claim
9, 10 or 11, conprising a segnent encoding a signal sequence. 20 13. . A

host cell conprising nucleic acid as claimed in claim38. 14. A host |
conprising nucleic acid as clainmed in any one of clainms 9 to 12. 25

15. A host7.cel A hest ceHiagsinimed én glaim 1830w 14, 1whichtis EschesicBiac cdlir omyces
cerevi siae. 16. A host cell as clainmed in claim13 or 14, which is
Hansenul a pol ynmorpha. - [err] =~ ~ * C L M S * 17. A host cell

as clained ig cl Al frokéssOfor te prédpaftionSoft pRitEinCdt Ragifbnt asldaimedAnPA§Cess
for the preparation of a protein or fragnment as clained in any one of
claims 1 toong of plaims ddeds the pracess eamprising couplingcuicesssive aminmacidsibys by 5

peptide bond faornmati.qn. 1@0 A process for the preparation of a protein or
fragrint asp?ﬂtﬁF:E)&diqﬁ% Tbne of claims 1 to 4, the process conprising

culturing a host cell as clainmed in .any one of clainms 14 to 17.: 10 20. A
process for the preparation of nucleic acid as clainmed in any one of clains

5 to 12, tht9.pr oAeprocessnforitbé¢ prepatationi ofca proeiniasr fragmoens sasi claimedcineantyi des
and/ or | 1 gab i G GhindOr to 4, the Ip J ngsccl:oen(x);tn'iisdlgés culturing a host cell as claimed in any
one of claims .14 to 17.. _ - S _
10 | | o/
20. A process for the preparation of nucleic acid as claimed in any one of
claims 5 to 12, the process comprising coupling together successive nucleotides

and/or ligating oligo- or poly-nucleotides.

~




