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JOSE LUIS REYES VILLAMIZAR, conocido apoderado de la FEDERACION NACIONAL
DE CAFETEROS DE COLOMBIA en el asunto de la referéncia. estando en la debida
oportunidad legal, me permito sustentar la oposicién presentada contra la solicitud de
patente indicada en el epigrafe en los siguientes términos.

L FUNDAMENTOS DE LA OPOSICION

1. IMPROCEDENCIA DE PATENTABILIDAD DE LAS PLANTAS

Sin perjuicio de los argumentos que en materia de carencia de Novedad y Nivel Inventivo
de la solicitud que se expondran en este documento, y como cuestidén previa, me permito
hacer notar que la verdadera pretension del solicitante en este caso, apreciable
particularmente en la reivindicacion 5 y sus dependientes, es obtener derechos de
exclusiva sobre una planta de café, independientemente de la caracterizacion que intenta
hacer de la misma con base en reivindicaciones precedentes, en flagrante contravencion
de lo dispuesto por el articulo 20-¢ de la Decisién 488 de 2000 de la Comunidad Andina
de Naciones, a cuyo tenor “No seran patentables las plantas”.
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Aunque la intencién de patentar en Colombia una planta de café y restringir en
consecuencia su libre empleo por parte de la caficultura nacional, seria motivo ético mas
que suficiente para rechazar de plano la solicitud que nos ocupa, lo cierto es gue por obra
de las normas andinas aﬂn vigentes sobre la materia no es preciso recurrir a
interpretaciones politicas o de conveniencia para concluir, sin lugar a interpretaciones, que
la pretension de Nestlé de patentar una planta de café es legaimente imposible en
Colombia.

Si en gracia de discusion fuesen patentables las plantas en Colombia, lo cierto es que el
eventual empleo de material biol6égico y genético de propiedad de la Nacion como partida
de la pretendida invencidon requeriria, al tenor de lo dispuesto por el articulo 3° de la
misma Decisién 486 de 2000, la obtencién previa de las autorizaciones de acceso de que
trata la norma mencionada, circunstancia que no consta en el documento de patente que
nos ocupa.

En consecuencia, solicito que el Despacho se sirva negar de plano todas las
reivindicaciones incluidas en la solicitud de patente de la referencia, en particular aquellas
relacionadas con la pretensidn expresa de patentar una planta de café, pues éstas
constituyen violacién flagrante del citado articulo 20-¢ de la Decisién 486 de 2000.

2. CARENCIA DE NOVEDAD Y NIVEL INVENTIVO DE LA SOLICITUD

Aunque los argumentos expuestos en el punto precedente son fundamento de sobra para
negar la totalidad de las reivindicaciones de la solicitud que nos ocupa, es del caso revisar
de qué manera las mismas, ademas de ser contrarias como se ha dicho al régimen andino
de patentes en materia de patentabilidad de plantas y de acceso a material biologico y
genético, también lo son frente al cumplimiento mismo de los requisitos esenciales de
patentabilidad.

Las reivindicaciones en cuestién han sido calificadas, en efecto, como carentes de
novedad y nivel inventivo por la Oficina Europea de Patentes, autoridad encargada de
realizar y emitir en 28/08/2003 el informe internacional de busqueda respecto de la
solicitud internacional equivalente a la que nos ocupa, la cual fue publicada en 24/04/2003
bajo el nimero PCTAW003/032713.

La citada autoridad de busqueda ha manifestado que la solicitud en cuestién carece de
novedad y de nivel inventivo por obra de la revelacién previa de la materia ahora
reivindicada en diversos documentos publicados con anterioridad a su fecha de prioridad,
es decir, antes del 10/10/2001, como se explicara enseguida. Antes de entrar en materia
vale anotar que los documentos en cuestidon son de tal relevancia, que la autoridad de
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busqueda, de conformidad con lo dispuesto en el manual de examen de la Oficina
Europea de Patentes, los ha clasificado como de categoria “X", es decir, como “de
particular relevancia®, al punto de considerar que la pretendida invencién, por obra de la
publicacién de los mismos, “no puede considerarse novedosa ni inventiva®, sin que sea
preciso combinar sus ensefianzas con otros documentos relacionados disponibles en el
estado de la técnica.

Aunque el apoderado del solicitante conocia la existencia del Informe Intemacional de
Basqueda, emitido como se ha dicho el 28/08/2003, llama la atencién que haya persistido
en solicitar el ingreso a fase nacional de la solicitud en Colombia el 05/04/2004, es decir,
cerca de ocho (8) meses después, a sabiendas de la existencia de las anterioridades de
categoria X que se explicaran enseguida, las cuales aniquilan los requisitos materiales de
patentabilidad:

2.1. Articulo “Cloning and functional expression of a cDNA encoding coffee bean
alpha-galactosidase”, de autoria de Alex Zhu y Jack Goldstein, recibido por los
editores en 06/12/1993 y publicado en 1994 en “Gene- Elsevier Biomedical Press” en
Amsterdam, Paises Bajos: la autoridad de busqueda ha considerado que este
documento (anexo como prueba en cinco folios), pese a citarse en la solicitud de patente
que nos ocupa, anticipa el objeto en ella reivindicado, en particular frente a las
reivindicaciones 1, 2, 6 y 9 (ésta Ultima ausente en apariencia de la solicitud colombiana
en curso), teniendo en cuenta que el uso conjunto del promotor csp1 con el gen de
galactosidasa en anti-sentido, era de dominio publico desde la publicaciéon de este
documento, se insiste, en 1994.

Aunque la publicacion detectada por la Oficina Europea de Patentes no requiere ser
combinada para aniquilar la Novedad y el Nivel Inventivo de la solicitud que nos ocupa, es
del caso mencionar que los documentos titulados “Coffee seeds contain 11S storage
proteins®, publicado en Irlanda en 1999 y de autorla entre otros del investigador
colombiano Ricardo Acufia (anexo como prueba en diez (10) folios, y "11s storage
globulin from Coffea arabica seeds", publicado por el mismo Dr. Acufia y otros en
01/05/1997, complementan las revelaciones de la primera anterioridad, en el sentido de
mostrar el conocimiento y empleo del promotor del gen 11s.

2.2. Publicacién Internacional PCT/WOSS5/06478 de 09/03/1995, de titulo
“Recombinant Coffee Bean Aipha Galactosidase” - Solicitante: Hawaii
Biotechnology Group Inc.. este documento de patente, por su parte, revela en su
ejemplo 3, paginas 20, 21 y 22, el andlisis de los niveles de alfa galactosidasa en granos
de café en desarrollo, circunstancia que en opinion del examinador de patentes afecta la
novedad y el nivel inventivo de las reivindicaciones 1, 2,6y 9.
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2.3. Articulo "Beta Galactosidase from Coffea arabica and Its role in fruit ripening",
de autoria del Dr. Kerith Donovan Golden y publicado en 1993, el cual revela el proceso
de purificacién de la betagalactosidasa en el café arabico y la capacidad de la enzima en
la degradacion de polisacaridos. En opinion del examinador de la Oficina Europea, esta
publicacién por si misma y sin necesidad de combinacion, afecta en materia grave la
novedad y el nivel inventivo de la solicitud que nos ocupa. Anexo resumen del documento
en cuestion en tres folios.

3. LA REIVINDICACION 8 PRETENDE OBTENER PROTECCION PARA UN US
EN CONTRA DE LO DISPUESTO POR EL ARTICULO 14 DE LA DECISION 486

Ademds de los argumentos anteriores, cabe resaltar que la reivindicacion 8 busca
obtener proteccidon para un uso, pretensién que no tiene cabida en el régimen subregional
andino de propiedad industrial, posicion que ha sido reiteradamente sostenida por esa
entidad en casos similares.

Como es sabido, la Decisidon 486, (inicamente permite el patentamiento de productos
y procedimientos. Esto, a diferencia de lo dispuesto por las legislaciones de otros paises
que han reconocido en forma éxplicita la posibilidad de patentar los usos. Ruego al
Despacho tener especialmente en cuenta esta circunstancia en el momento de resolverse
la patentabilidad de la solicitud de patente de la referencia, procediendo a negar las
reivindicaciones de uso en ella incluidas.

4. FALTA DE UNIDAD DE INVENCION — ARTICULO 25 DE LA DECISION 486 DE
2.000

Por si los anteriores planteamientos no constituyesen razones suficientes para negar de
plano la solicitud de patente 04-032188, cabe agregar que la solicitud en cuestion carece,
ademas, de unidad de invencién. La unidad de invencion, como se sabe, exige al
solicitante que el petitorio se refiera a una invencion o grupo de invenciones que
conformen un Unico concepto inventivo.

A pesar de esta exigencia consagrada en forma tajante e inexcusable por ef articulo 25 de
ta Decisién 486, la solicitud de marras, en forma claramente violatoria del aludido articulo,
se termina refiriendo a tres conceptos inventivos claramente diferenciables: en primer
lugar, a una célula de planta de café {(R1 a R4), en segundo término, a una planta de café
(R5): finaimente, a un método industrial para preparar café soluble {R6 y R7).



Es indiscutible, con base en el planteamiento anterior, que la solicitud viola de manera
flagrante el citado articulo 25 de la Decisién 486 y que en esa medida las reivindicaciones
en cuestién no pueden ser concedidas.

Asi las cosas, y con fundamento en los argumentos expuestos a lo largo del
presente escrito, respetuosamente reitero la solicitud para que su despacho se
abstenga de conceder el privilegio de patente solicitado, y ordene en consecuencia
el archivo del expediente respectivo.

i PRUEBAS Y ANEXQS

Ruego que se tengan como pruebas de la presente oposicidn, sin perjuicio de los
documentos que se puedan allegar posteriormente y de aquellos que el Despacho
considere oficiosamente, los siguientes:

1. Primera pdgina e informe de bulsqueda de la publicacién Intemacional
PCT/WO03/032713, equivalente a la solicitud colombiana 04-032-188, en cinco
(5) folios.

2. Articulo “Cloning and functional expression of a cDNA encoding coffee bean alpha-
galactosidase”, de autoria de Alex Zhu y Jack Goldstein, publicado en 1994, en
cinco (5) folios.

3. Articulo “Coffee seeds contain 11S storage proteins®, publicado en Irlanda en 1999
y de autorla entre otros del investigador colombiano Ricardo Acuila, en diez (10)
folios.

4, Primera pagina y paginas 20 y 21 de la publicacién Internacional

PCTANOS5/06478 de 09/03/1995, de titulo “Recombinant Coffee Bean Alpha
Galactosidase" — Solicitante: Hawaii Biotechnology Group Inc., en tres (3) folios.

5. Resumen del articulo "Beta Galactosidase from Coffea arabica and its role in fruit
ripening®, en tres (3) folios.

1] 8 NOTIFICACIONES

Reitero que las recibiré en la secretaria de su Despacho o en mi oficina localizada en la
Carrera 17 No. 88-23, Oficina 205, Fax (1) 621.25.42 de esta ciudad, y que la Federacion
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Nacional de Cafeteros de Colombia lo hara en la secretaria de su Despacho o en su sede
localizada en la Calle 73 No. 8-13 de Bogota D.C.

efor Syperintendente,

JOSE LUIS REYES VILLAMIZAR
C.C. 79'152.473 de Usaquén
T.P.A. 44.655 de C.S.J.
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wolaiod Ny rerverse-phase HI'E G . Twae popuide seqeences,
2oqwp and Sepop. weee then deermmed by autonkaled
atis pliase e roseyuencing  The wxpenet> of the three
repindes (Nepep 2pep aod ) pepo are indicited 1o #g ]

lav dyue, € H1Y and CRI* were desipmsd hasdid on
e wyuenies of Nepep and -pep mspectisch Then
segueencus are Datgd in the legend g Lag | CHIE® heae
the toast andon depeneracnes i the pepiiac sweguener o
Nepn g sietermied oy 1 comyiter pregram Primer
sSocniibox Lducational Sfiwgre Siale Line P L%SAL
Laong i conwdernten thet CnBr cleayes e the
Cotermun ] e of the Mei residue. we included tre Mt
wuslan a) the } ead of obge (2% Beenow there have
. ' been ap) peacs cloned foom the coffee plant, the prel-
eremee oodoos vsed mthe desagming of 1he obigos were
chonen haced on those of other plants iisted m the corlon
Wiy 1ble 1 Wada o1 al. 1992

th) Molerutar cloning of the full lingth el A encuding
cullee besn wtial

Pined preen onffoe beans (2 g1 were ground and Lnal
RNA was ctoovied usiag e lied phenal-SDE methaod
e vt A-Plamt RMNA Bolunon Ko from Clossech: The

ezt liry of vhe reolpted RNA was confimed by denuvring
agnree gl electiophercsis,. The mesengar RNY wae
porficd froam the ital KNA by unnp an dgosdl)
colsmn 1 ClorTeehd.

In ardes (e ivmdate the clINA enowding ihe ¥Cial we
pepared COMNA ang solined ool bear BNy a -
wrdisg B the slmlar! procedne lof neselse Biseyne-
Lot A mastare of wligodd T 1iemd rsidom pame wae wws
a- the reverse traswnpliosl primwt m e reactun o
averd the ¥ bt whesr abgnid Trm ased alone 1 he o IN
thus peneried was e uethe POR fun 18 ctobes anwd o
tor 1 s, JVC for 2 mm aid 22 C lor 3 oun In w
presence of ohgos CHLY amd CRY, e PCR procedure
produced o frugment of appren L1 Ab Ths fiugment.
designatedd RZ. win cluncd dimesily it the pORE ancter
dmuregent os funther anahsn. The seguencg data
indicmied thin K7 war lughly homologous wuh puar
1Gal Furthermorz. s deduced La seyuence taitled th
pepiwte copuenees wivained from paiificd oeflee wao
7G4l providing evidenor fiv BZ {ragment’s authentivin
ita pats of ouilor bean 2Gial cDNA

To obun the fulllength cNA chiog S e collke
bean 20l we applied the techmque of 3 amd 3 RACT
tkrohmian et 4l 195%) For 3 RACE (Gihco-RRY &, the
ulige, CHE was used as .« primer for the res2ese Hanwnip-

1T AR AR DL Ty T TRMATT TR BT TR T ST RTOATTTTTRTSNTT S MLt et ! gl ""'1@ ll":l_hw".'a'ﬂ-'lh‘ ﬁrl"i‘.\-ﬁ.‘:‘" LW 1°
e ’ i N
S L | i
A CE L SITVATT SRV T m.-ta:rm1m....u:.rmﬂu£rhmn‘u Ha rrwumr"m MJ wud
I R SR A O B = T L DYoL W
L]
TR A MATRTAARYS TTT I Tt o cdATATAL TALAT ZAATS T TEAT ATTu ™ T ate? Baale? 20 SN B hasis TEMCMML SO PE T o™ 2", SR o T WAL o My
l.'.l".'flj'.ﬁl'.a‘lillﬂ. L T T R N L R R R T A S R S Lol
- b

A= ...d‘l‘.‘-'-b". "hﬁl [ H l. J" J ’. 'A.\.\ EARS ST oA TR {0 e Y I. . l'l-" SATMAM S RTY RS T T pradte % -

L A - L T T T --=- - - r 1 N + v oo 1 "

LI - i B T R ) “ . & L P ., ¥

SATIT TSN T TR STINSITA TTAARTILTWCEATICRE AR ARCACTRINAL L A eah BPITTART AT Aragag AT s
Hh'cl-_.fgnl'fhifinﬂl!!l Lev

BT AL CRIATTTTONT ST STAL L TOAAT b DLTAAGAAET JCASUARLAT K53 AR sWMTT T3 RAACA 4T Tes AGMCEDT R AATATA sht AL TS R T nr
% 4 « & 4 ! P F 2L L EW . TEDEFATwWARNKEN "™ W T TILDP "L DDA KT Y

ERTLLE L Rl PR T R LY § . .A..mr.a...:n 1 raTAT T i e DRANT nl\l.n.""ln-'l'&' gl :rnmum,cu.nrrm:sama'ﬁl -
-

r W - RS R PR AF AN

L
AR a s -'l\"'l-?'.l-\l't ™I TTRASTALYTS, "T.I':l-.h?"‘"-‘l' = l\.‘ - |F- l" sk “"‘"‘\NT.AL"'JW

" a LA A -.ll- -

'-:l:'.e-‘i.'.'. et ﬂ WA e e f® DA 'r\- r-'l-\'"" n'l'-!.-'l" "'aﬂ-: I'.?' .‘f

P S T |

LOTYETAT CHAT LIS P FAX
L £ % .05

Fr &6 o «_n

F «o & V4 & 4o a7 s
-y e ’!
J--.MTG'\I’ "

PR . N A T e
T FTGINAS £ INTIAT ST ICAITIT TSI TIILE Ta M Lt
. - « B . tona i am ey N .

R ST LLATIASAAT e EDRIPTT BASS M?'-ﬁimﬁ.hi Te MTHB" L

& .0 T A MmAR KDL EIWEIIEKS ) AA Y L. -
1R
ottt RPN R R LAET ATTAN ap AUBAT v AMAATE ARTTAT ITTCT L AR NI AL TS TAMLIAAR T I & AT TTAC
n « B : - .
‘e N
ST RATE AR AATRT D P A S T STETTRAL: AR AN 1] 10T TR et AR R SAASAR AN .-

e . 1 he Fobbengsh VA covudeg ouliee bam Wi Thiee pemide wvsanas, N-pep. Z-per sad 3 pep wtich ar ot from pugiba? wofies
Feah il st underbned brelew e sdeciaed a8 wyuena (s ol duspnoind CH s are sbusn wath genos indruing i ' dtnden
Hawed 0 che wquencx o the peptide. “-pep. the CHI® wa denpned o= ? AV HOURECWATGOGN TGO AA Acvendingly. The € B4® pos I
kvlsntony wquenae £ - IGWOHLITK TNALYAYRTACATW rA M [, Rud wrin H-AWL or LU= A Guor T,V aADr el N Agwti

v et Ty Adetola % indcse depemetacy ol these s olgha while AR wehers 1B thi-udh U391 have unasduguons sequeacet 4t wederlin.!
The nre 12 o are compusnd of o puiatid sapnal peptade winch o uicavial duting biwgynthese Pt poicame V-Boked gy atvlatin site s goutve-
wnderhed ar as 151 184 Pre poavmdessbetion meml (AATAA L v e P50) ) Ind i boved The $2NA soquenice has hen submutted 10 the Crealtant

b 0w gt ausvaon hutber | 29T

ng



uon rom cofiee beas MRNA, The sccond ofigo, CBS,
togeiher with the universal primer was vsed 1o amplify
the § region upsirenra from the coding seuence. Since
nw distictive DNA baod was visible on the agarose pel
afier two PCR amplifiesiions, we ddoned the mixtune af
the PUR product ints the pCRI veenir and screened by
hybrwhang 1he colonks with 1he radwuclively lobeled
1 1-40 frapmem RZ (sequence nt 168-1234n Fig, Iy The
positiez colunics wene picked for plpsmid prepuration,
The sequencing of tho plusmid indicated that the DNA
iragnwcni, Jesignnied $BZ, obtamed by the 5 RACE
rechmgue contams a JHk-bp vrerlap {the sequence be-
tweea CBI® and CB6) with BZ, and about 8 170-bp fur-
ther upstresm sequence which inclodes the N terminus
of the muiure enzyme and the putative sipnal peptide
ey U nCe.

Tu snlate the ¥ wequence, downsiveam from the
fragmart B7. 1be cDDNA was reverse-iranseribed from
onfiee hean mMRNA by wsing 3 primer. Pl
13 - GALTCUOAGTCGACATCG ATt PCR ampliil-
catron wms cirned o wib 2 speovfic primer. CR7 im
940 937 in Fig. 1) and an adapier primer. P11 P{I bus
The aame sequence as PL exoeps thas it lscks 17 thymidine
resrducs ul ua X end The PCR prouduct was analyzed on
1" fow meling point agarose ged and 8 disunctive band
# ahnut S00-bp long was visualired. Thas frapment. desig-
natvit 3 B7, wiau rsolsied and cloned mio the pCRIT
vevtar for funther analysis. The requencing of 3 BZ indi-
wattd that ot contains nbout J00-bp overlsp with BZ |the
wsequence between CH7 and CB4*) and more than 170-bp
extension toward: ¥ end of the Giul cTINA

Tos confirm the onding sequence of the 2Gal cONA we
mude 2n ohige, CHY, corresponding 1o sequance ot 77 04
shawn i Fig. | ¢ONA was synthesized from coffee bean
mRNA uang the ¥ RACE rechnique a3 previpusly de-
witbed. A 1,.35-kb fragnweny wis amplified by PCR using
twe premers UBY and Pl aodd waa then cdoned mno the
pl R} vector {pCR-BZ7), The soquence of the 1.35-kb
pruduct matehed with the corresponiling sequences fivin
thuse shree lrmpments. $BZ, BZ amd J'BZ obeained in
daflerent expennmems ay mentioncd shove, ennfirmrang the
authenue soquence ul the enffee bean ¥Gial cDINA thawn
nFig

() Churscterization of the coffec bean oGl cDNA clowe
The scquence shown i the Fig. | encodes a 42-kDa
proten. which chesely opproaimanes the s of the puri-
tted voffee bean 2G4 35 catlmated by SDS-PAGE r¥ip. 3.
lane 5| Three poptide sequences, N-pep. 2-pep atid 3-pep.
that were derived from punided enzyme, ary underhned
in Fig & The fact that these sqyuenves match with the
Jeduced ua sequences confirms that the cDNA clone 150-
tuted trom coffee hean RNA doer encode the «Gal Since

9

the mature protein swires mt Leu™ (Fiyg. 1), the Brse 15
may serve as 8 Signnl sequence which 1 remuved
fohowing trunshateon. There & an in-frame stap cndon
(TGA at ot 6b-463) suggesting that the first Jownstream
ATG tat ot $02--104} is the nan codon (or in vive synthe-
sis of 2Gal peecursor, The seyuence at residuey 151- 15
wlouble undetlined) 15 the only poasible ate for N-
pycosylation,

The fint plant =Cul cONA was cloned frun yuur
(Overheeke of al. 1969). 1 cnendes a 411-34 protan of
45 kDa. Although borh oGnls from puar and enflpe bean
show comparable activities ioward the subsirpie, PRP-
gubseropytunaside, their specilicities oward oligusag-
chacide chaing are significanity different: guar aGul pn-
matily cleaves « 1.6 glyooside linkages (Giuweppin i al.
1993}, whereas coiflea boan enzyme preferontially a2 1.3
owd 14 linkages. Thus the guus wCial is unabde 1o cleave
spnifican: amounts of terminal 71 3-linked gatactone ros-
ducs from the ec)l surface of group B red cells 1) G, en-
publishid dum). By wsing a proiesn arslvsas progrin,
PROXIS {Hitsch Svftware Engincenng), 1he defuced sa
sequences from collce bean and guer 2Gal SDNA ciones
shaie approx. 30% homolugy, even though heir signat
peplide sequences beer listle similarity. The ooffee bean
enzymo alse cxhibiiy significam hbomoingy winth aiGulv
from human (39%). veast §55%) und Asperylthn mger
(52%). when analyzed by Lhe sume computer progrem
As shown in Fig. 2, the comserved residues oro all locaied
towards the N-icrmunal portion of the matuse ensyme
from Lhese five sources, whesons their C-lerminal -
yuences ace sipikingly diverse. It is st cear whetber this
struciurmi Fature contributes 1o their sunilur bt mig
wfentical substrate speciticity.

The sequences listed i Fae 2 share bittte. of any. homol-
ogy with 3Cial moled from E. roir (Liestrom and
Liljestrom, 1987} Recently. two more 2Gal cDNAs have
been isolated from Kichucila pacumonise (llama el
Wikson. 19921 und a Sirepiacivess mnulam t Aduse-Opobu
ot ab, 199t However. they do nol bear any seguesace
homolugy wih knvan aGals o4 ithe 2 level, It has been
shuwn thist twa eneymes can have smilag cualyeic mech-
anams and Joive sieed withowt any <milarmy m primary
sequences as in 1he ease of chymotrypam and subtilm
hus, 1 may be that enkaryouc xGal and ns prob.an e
vonnicrpurls zlso hove the saipe churacseristics Furiher
undersiamhing of 1he wechansm aid eidues wvolved
n the xtive aie of *Gal awaits X-rdy cryspllogcaphy
and shie-dhrecrod motagoncais studies.

(d) Fusctions} expression of coffee bean ¢Cal in boect
cells

Coller bean aGal cDNA was subcloned from the
pasnid pCR-BZ? between the untque Narl and Bumliii
sies of 3 baculwvirus cxpression weoior pVE1392
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yoenes | Gl fom ofiee beas ionffer] cramomin Leipaponinlnhs
1quart human jdacemy | HUMaRL So s Iaromy oo et riva | pras t amd
pisilus argdr tAspeteitiing are alipmid hy ssmp the compoier v
wuni "FRISIS and anval arciogemeat Tod gape e cramsed m orter
1 bt maTmun sy The numbersabose the ieguences imbayar
The  2anve passin if avh 24 seguence The sequewcey of woasl et
Repe "y merer Fisde gre wrementad o) the © 12rmamn. Dindicstad by
* muwvapg W and €Y s, revpectvely. Miostionl of cosservetivaly
subwuth,uid o8 soudoes (hve o) of 815 oF swie 81 the sdme powtann)
as Mard greenhng w the wqguedent a3 by § ASLP s G, T
“Otand LI Rand A AN A and ¥ 5 F. Y 2ed W

tI'harmengen). genaciating  the plesmid  pVI-BZ,
b apression of oGal cDNA was thus ander the comirol of
a sieng virel promoter | pelyhedria promoter). The plas-
mid pVL-BZ was eransfetied into 39 msext celig aivord-
ing 1o the procedure suggesied by he amguiacturer.

In uvrder 10 detect the expressiwn of 20al in the
tramfecied S/9 cellsn, a Western blot was carned wut by
uang antihady against purificd coffee bean aGal, At
shown in Fig 1. 1he coffee bean 3Gl was produced m
the 59 cells (runsfected with the plasmid pVL-B2 (Tane
29 bur ok n vells transfected with wt viros Jlane 4). The
maior bapd 1w lane 2 w35 idenncal i s 10 that of
purified ensyme (lane 55, wherens the 1wo minnr bands
af lowes AL [lane 2) may 1epresent pan of the molecule
peneraied presumably by alternale initmtion or proten.
hytic digeaton. In addibon, the proteln tapremed fruem
the plasmid pVL.-BZ was focalized within the cofl hut not
serrcted o the bstuwe medwm (lane 1)

100~
o
3§

I 2 34 5

Fg 3 Exprsuen if reciwniioact oofier hean 20ial (DNA m mwro
cells 1519 The alasnd pyL.BZ 1Y 2gl u i credransdeved inin SP9 cell
12+ Wt wun bacoliClold DNA (Puminpnl 59 odb ware alwo
Irsmieiied sah Wi viras & & anoicsl. ARer wcubxuon A 27°C for 3
davy the supsenutann o shr Mamfacuc plstos were colioctzd <ol | mi
«f fhe supernstnls v 2acid Ly freshly acodnd ST oedle 2 - 107 ceils
for vums prplifcaiion 13 doys .0 21C1 Vines aphfuaion o e
pested oue mewe time wrih OF mi of sspernaiant froo the v rosind
ampldvanca. The supermasant ub eeis were oolleaud e ive secica
smpldicuton amd analysed 0w U 2% S5 PAGE M Resn
higs wath polycional ennbod) peatest punbied afler bodn xlal The
sapernslint azal cells from pVL-82 yrandeconm ace shows in e |
and 2, iwipbtuvely The sppermaim (ane 3 aod colh fbne 41 irnas w)
varny ivnasitction e oad se o negarive fomteol. Lane 5 o vGal pardied
Irom coffee bewn 10d molecwlar wass MRGHArds arc mied 2t the el
micpn ¢th by

oCal acuvity was twsted by mcuhating the intant
pVL-BZ iransietted cells with 1.25 mM PRP-a-gulacto-
pyrusoside (pH 6.5). Afier imcubauon at 37 £ (ot an hour
the reaction was stopped by adding | ml of borate huffer
ipHl 921 and the Ay, ., was messured, The vl procins
im the resction were precipitnted by uddition of inchion.
ucelw acid ond measured by Bio-Rad P'roetn Assay | Bio-
Rud). The specific actvity of aGul produced i the imect
cells wis approa. MKV unitymg (reogmg from 300 300
units:mg from three expenments). one unit hevag defined
ar | amol of subwirate hydmlyzed per hour at 37 & The
cdogenows activity io the wt wus fected tells was
undeieciahle under such conditions. The activity of aGial
1n the toral 3% ool exiract is approx 3.7-fold migher
than that ohined from crude coffce bean eviract (30
omessigl.

The aGal cONA hus been concd wto & veoler
pAcGPS7 (Pharmingm), which consing 4 zignal .e-
QGuence from the cavalope glycoproseing of the baculow-
rus This strategy allows the foned secretion of othcrwist
nogsecreled recombinam prowins whuch may be easis

1.5.
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punficd when protein-free insce culiure mediam 15 used,
Rwlogscally active chicken a.N-acetylgatactosamondase
has been pronduced and secreted inna the culiure wedivin
by usng this vector {unpubliched Jdata). We are now
the process of aptimizing the expresaon kvel of 2Gol in
this a3ntem As reporied, mast heterndopogs profeins anc
rodiend 3y leveds Gainging from 10 mg to 100 my per 107
velly U Renily et al. 1992). Thus the baculovirus syvem
ma} prove o be u vabsuble system for obrulning enzymat-
wslly acuve 2G4, in & large quanidies, for wse ie B=—O
honetl ty e v Lson,

te) Canchrsinns

A ¢DNA encoding colfee benn 2Gal hus been cloned
and sequenced. It demonstrates sequence homolugy rang-
g from 52%-50% with otber 2Gal cones tuiuied from
various. sauroes. The recombinant coffee bean aGat pro-
duced 1y anseut celis i recnpmaed by the anthody raised
aginst the partlied enzyme from voifee beany sod is eary-
mulwaly actne We are currenth iryng 10 oplimize the
condihons for incroasung the Jevel of colfee ean xGal
capresset m inseot eelis
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Coffee seeds contain 11S storage proteins
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A legumindike seed protein wan purified from (he endosperm
of colfee (Coffea arabica 1.. ¢v. Colombia). In contrast 1o
lepuines, where cfficiomt storage giobulin extraction requires
buffored saline solutions well abuve the ucidic pK; of the
ghibulins. coffee legumin s readily extracied with scidic
syucows bulfers. The collee legmain migrates like other 118
storupe plobuliss In sucrose gradients. Sobunits of colfee
fepumin have un uppareni maolcenlur mass of sboul 55 kida
ufier anc-dimensional S1)S-polyacrylamide gel clectrophoresis
in the absence of o reducing ugent. In the presence of 2-mer-
vaplocthunol. 1wo polypeptides appear that have apparemt
molcculur masees of 33 and 24 &Du. Two full-leagth clINAS
were generated from mRNA of developlng secds that were
more than Y8%, hemolognes, ‘They had open rending frames of
1458 und 1467 bp. Fuch cacoded lvgumin precumsors of 486

Introduction

Developing plamt seeds accumulate and store carbohy-
drate. lipid. and protein that subsequently are used during
permination as 3 souree of enengy, carbon. and nitrogen.
Expression of storage protein gomes in seeds is restricted
t the embrvonic asis and cotyledons., and in some cuses
1o the endosperm of developing seods. A large number off
stomige prolein genes have been cloned and chamewrized
iNwlsen «t al. W71 The expression patierns of sood
proteins during sewd development are highly regulaed
both developmentally (Goldberg et al. 1989, Perez-Gimu
und Goldberg 1989, Guerclwe et al. 19903 and meiaboli-
cally (Wohus ot al. 1995),

Abdwerhitivn

and 489 sming ecids, respectively (M, = 54130 and SHIR),
Examination of a & promeler region from a cofTee lepumin
penc revealed u putative legumin-box. Genomie INA from
wralicwr wax digestod with six different rostriction codonuck-
awes. Afler separalion of the fragments by clovtrophoresis,
single dixcrete frapments on DINA blots hybridized strungly o
2 c)NA probe for the acidic chwin. Other fragments that
hybridived weakly with this prohe were visible after hybridizu-
tion at vory low strimpemcy. DNA from other species und
commercially important cultivars thut comprise 1he geses
Coffea produced simllar rosolts. Immumocytochemical studies
reveaked thut some kyumin wus delccted in the © [oplasm
in mature coffee scods, but that the majority af it way in
lurpe storape vacuoles thal scenunted for st of the cell
volume.

Coffe hean, the raw material from which all cultee
products originnte, is derived rom the seeds oF Coffer spp.
Despite the immense ceonomic importanee of coffee bean,
fittke i known ubout the biochemicul and mokacular proper-
ties of ils seed proteins. Only villues for the protein content
of eoffee beans have been reported. and these are based on
the determination of crimde pitrogen and mullipliciion by
the factor 6.25. Crude protein values in the range of 8.7
12.2% have een obtaixl alier corrections are made lor
ciffvine and trigonelline-nitrogen (Mucrae 1985), Work has
focused on the chanetetization of winer suluble prolcins in
different coffie varielics (Centi-Grossi et al. 1969) or cofTee

1YIT: dithimhreiol; Eod: NN-{L-mu-curboxirane-2carbonyliFL-leucybignintine: ka: kilodalton:  elabloc: 442

amimwethy -baranaulfonyl fluorkle hydiochloride: PMSE: phenylinethylsulfonyl fuoride: PYDF: palsvinylidene difluodde: PYPIY:
polwinyl-polvpyrrolidone: 88C: standund saline-citrule buifers THST: Tris-buiTenad saline 110 mAf “Trighiydrosymethyl puninomethane 11

M1 &0, 150 w3 NaCh emvaining 0.078% Tween-213 (Bio-Rad).
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boans processed by dilTecent methods  {Underwosd aud
Deatherage 1952), The information provided in these ne-
ports deseribes inolevular mass profiles and protein content,
Nathing is kninwen sthout the structure of gencs that encode
the protcius, the identity of the primary gene products, or
the regulinion of their expression,

In this publication. legumin-like seed stormpe proweins of
the TN siar class (Niclen ot al. 1997 were identified in
volfee. Two cLINAs that encode the proteins are deseribed.
 prometer Tor an 118 gene is anadyaad, ind the subcecllular
hwalization of the prowin in the seed endosperm s
ducumented.

Matcriuls und micthods

Collee seads (Coffen arahica ov. Colombia, progerties R-550
and 8-o6} were harvested between 150 and 220 days alier
Mowering. immediately froamn in liuid nitrogen, and stored
al - X0°C until use. For immunocytochemistry. the en-
domperm was harvested about 220 days afler Nowering and
linel with 34 glutaraldehyde in phosphate bufter.

Extraction und fractionation of 1otal sced protein

One Tundred milligrams of froam immature (20 12 wooks
afier Nowering) or matune endospern (32 36 weeks alier
Nowering) were ground 10 a {ine powder under Tiguid nitro-
pen in o preeoohyd mortar and pestle. The powder wus
suspended in S0 pl of SDS simple buller [62.5 mA Tris
HCL pH 6.8 246 SDS. 5% glyveerol supplemented with |
wmAf EDTA. | mM PMSF (Sigmu. St Louis, ML USA),
0.0 Pefabloe (Bochringer Marmheim, Indianapolis. IN).
M pg ml 1 EGE (Bochringer Mannheim), ¥4 PVPP
(Nigmal. [0 mAf NaCl amd 5 mA/ sodium imclibisullite.
After sedimenting. the eatracts were stored in small aliguots
at - 80 C. Eleetrophoresis was carried oul according o
Lawcmmili (1970) and the pels stained with the Coomassic
reinpent.

Sequentiul fractionation of coffee seed proteins

Pawder (200 myg) from lrozen endosperm was extricied
three timies with 1 ml of 80 mu sodium acctate, pH 4.5, 100
mM RKCL [0 DMSO, 0.5% n-butanal, 3% PYPP. 0.02%
sodium azde. 1| maA7 PMSEF, 0.02% Pefabloe, and 20 pg
ml }ES (Sluvierman and Wijdens 1970). The albumins in
the supernatants thal were recovered alier centrifugation
were combined. The pellet was extructed three times with |
mi ol 100 mA} KH.PO, pH 7.6, 04 Al KCl, 3% PVPP.
D02 sndium azide. | maAf PMSE, 0.02%4 Pefabloc, and 20
pewl ' EGL and the superants afler centrifuption were
combinad (o form the globulin fraction. The pellet from the
preveding step was extricted three times with 1 ml off 70%
absolute ethanol add 16 mA/ DTT. and the supernaants
were combined 1o form the prolnmin fruction. Finally. the
residue From the cthanol extraction was suspended in o
SDS-buller solution with 62.5 md Trs-HCL. pll 0.8, 2%
SDS, ¥ glyeerol, | mA EDTA. 100 mA! NaCl, and § maA/
sulium metabisullite. Proteins in aliquots from cach of the

Mrad (flant 108, (o

frictions deseribed above. with or withowt  2-mercap-
tocthanol, were analyzal by SDS-PAGE and stained with
the Coomassic reagenl.

Sucroae dewsity cemirifugation

Powder (250 mp) Trom Trozen seeds was homogenind in
cither 1 ml ol *albumin extrction buller” or 1 mt of globe-
lin extmetion buffer’. The homogenate was centrifiped an
IROVD & for 30 min in a JA-17 rotor (Bechman. Fullerton,
CA. USA). and proteins in the resulling supernatant were
fmwtionated in 3 sucrose grudient as deseribed by Dickinson
¢t al. (1987). Low salt gradients contained X ma/f Tris-HCL
pH 7.6, while the high sah gradients had 35 maA? potissium

“phosphate buffer. pH 7.6, and 0.4 3 NaCl. In hoth cascs

the bulfers were supplemented with 1 mAf PMSEF and 002
sudium azide. Proteins in the albumin (approximately 46
pg per 200 gl protein) and protein from the globulin Gibout
145 pp per 200 mi) fractions were pipetted onto cach
gradient, and centrifuged a1 25410 g foe 18 b in a Beckiman
SW4L rotor. Monamer, trimer. and heauner enviructs of
globulin from soyheun, seeds served as pusitive controls (o
iclemify the position in the gradicnt to which 38, 75 mwd
118 proteins migrated. The grmdients were divided inte 32
luctions. und protein in cach Cruction wis meisured by the
muethod of Bradiond (1976). Samples from cach Frction
were anulyad by SDS-PAGE  discontinueus  pel ele-
trophoresis in cither the presence or absenee of X
mereaptocthanol.

Dialysls of coffee 115 proteia fruction

The 118 coffee protein fractions were :’i:ll}"ﬁ.‘ll at 4°C in M
maA! TrissHCL pH 7.6. | mAf PMSF, and 0.0 sxdium
azide for 12 h. and fractionated in a 6 22% linear sucrose
density gradient. Sedimentation standands included bovine
serum albumin (38) and soybenn conglyeinin (78).

N-terminal scquence analynis

Sumples of cofTee Tegumin were obtained afler scpaeition of
the albumin fraction by SDS-PAGE. One sepunition con-
tained unreduced protwein. and the other was treated with
Lmeraaptocthinol, Aller electrophonssis, the gels weee clec-
trublotted to Immobilon membrunes (Bio-Rad. Hercules,
CA} with a TE?) Semi-Phor'¥ semi dry chectroblotter
{HocfTer Scicnlific Instruments. San Francisco, CA). Aler
transfer. the profeins were stained with 0.1% Commissic
Bluc in 5% methanol, Staincd bands from 1he blut were cal
into 2 x4 mm segments. Alter drying with o Specd-Vae
tSavant. Farmingdale, NY) for 1 h. the simples were ana-
Iyzed in a model Ad9L prowin sequencer (Applicd Biosys-
lems. Foster City. CA. USA).

Antibody preparstion

Afer prepurntive SDS-PAGE, bands with an apparent
molecular mass of” 55 kDa withoul 2-mensiptocthunol. and
a A3 kDa prolein in ils presenee, were foresd through 2
nylon mesh. and the samples were emulsilied with Froud's
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wdjunants. Antibodies were generated as described by Harlow
nod 4z { L9R8), Parifiction of andbodies for immunochem-
niry win achioved by protein A aflinity chromatogriphy
wevarding to the protocet provided by Bio-Rad. The antibod-
wy prepsired against ghycinin GX (Glveine mox) and legumin
B 1V dcin fobe) wee described by Beamun ¢ 1996), whike those
revapnizing pea vicilin were pravidad by Dr Rod Casey (Jubhn
Innes Institare. Norwich. England).

lnmmodetection of profeine

ARer SDN-PACGE. the proteins were transiceeed o lmmabiton
menthaines 1Bin-Radi. washed twe times (310 min) with
FRST CEBS with DOTS% Tween-2). The blols were tims-
Ferred into o plastie bag. and 1015 ml blocking solution {0.8%
blocking reazent, Bochiringer Mannhcim) and 0.02% sodivm
aside in TBST was added. After 3 60 i of gentle shaking,
e primary antibody (diluted in biocking solution 1 1000
wits intraduced, amd the membraoes wene shaken vigorously
aernight. Prateing reacting with the antibodics were visval-
ted using o afkatine phosphate conjugie substrsie kit from
Bio-Rad.

Exntructing and purification of mRNA from immature coffee
omdosporms

RNA wis isolited feanre 2.5 g of powder from immature coloe
endospenn (130 days ufier pollination) as deseribed by Shults
et al. (). eacept thi Hie selective procipitation siep for
polysccharkdes with 2-butoayetbanol wux omitted. The
puritice RNA was dissolved in 100 i of DEPC-reated waier
1o il concentilion of A pg b YL Polw{Al-rich RNA was
purifid with e PolyATtract mRNA  Isolation System
(Promega. Madison. Wi, USA). Absorhance ratios a1 2Mu260
wore gresfer than L35, indicning that there was littke or no
pohvsiccharide or polyphicnol crtamination, Rutios of A260/
AN rga] etween 20 and 2.2, which demensirned there
was mimimad protein cmamination, The total RNA vicld
ranged between 20 and (50 pg g ! of endosper, The RNA
integrity was jrdged by the elarity of ribosomal RNA hands
visuafized on s censturing agarose pel and the kick of degraded
RNA after sepasation by clectrophoresis (data not showl,
To prove translatability of the isolited mRNAL & reticulocyte
hoite (Promegn) was used o translate the mRNA i vitre,

Cloning of cDNAs

Symbesis of full-length cDNA was enrried out using the
TimeSaver'™ ¢DNA Synthesis Kit (Phurmacia, Piscitawiy.
NI An EeoRE Neaf addaplor was ligated to the auds of e
resulimg fragunents (Piarmacia). The adaptor consisted of iwae
ufigonucistides that form o duplex containing » phosphory-
Tated blunt end. & non-phosphorylated Ko RE overbung. and
awn internal Noufsite. A sensedepenerare oligonucleotide primer
(S-GGIGGIAARACICARTUGY AAYATICARAA-Y)Y  was
synthesied on the hasis of the N-terminisd amimoe acid seqoence
determined Sor the adidie chain (GGKTQUNIQK) of the
wollow legunsin, A second amtisense-degencnite olignnucleotide
primes {S-TTRAAIACRTCIGCYTCYTGIGGIARICC-Y)

i

was symthesized based on the N-terminal amino acid ssguenee
determined for the hasic chain (GLPQEADVENY. “Thew
privwes wene used o amplily nearly the entine acidic lepamin
chatin, The PCR fraginent (L8 kb was cloned into o pUR U
vector {ovitrogen, Carlshad, CA) and called pUA4. Buth
siramds were soguenced with on ALF autonuiied  1INA
seqeencer | PFharmacia). Based on the nucleotide sequenee tha
wits abtaimed. two adifitional ofigonucleotide primers (sense:
SGUATTCTGGGATTCTMTAATCCAGAATT TG G
X and nntisense: 57 CCCAGANTCUALTTAANCCAGC-
CICTGATGGG-Y)  were  synthesized  and  used
combintion  with short specitic  primers  (5-0CGCGGLU-
CUOCTEFTTTITTITTT-3 o S-CGCGGOUGO-Y. bespec-
tively. dosigned on the basis of the EcaRY Nerd adapior
sequence). These were used g sumplity cPYNA envoding miest
of the acidic chain. the busic chain (pCAYL and the missing
N-terminsl part of the CIDNAL respectively pCAN, The
amplification conditions were as follows: 96°C for 5 min
fullowed by 33 cycles of H°C or § 5, 56°C for § mip and
T2°C for 1.5 min, and a Boal cxtension poeriad of 72°C for 1)
min. The PCR frgments (14 and 0.2 kb, respectivelys were
cloned and sequenced ux above., The overlupping seyuenoss
were afigned (o yield a chimweric Tuli-length cDINA seyucoer.
Qligonueientide sequenoes derived From the 5 and 3 ends of
the chimerie seguence permitted two different avthemic
fuli-length cINA clomes 1 he obtained by PUR.

Geaomic INA

The mothods deseribed by Cho et al. (959 and (Ovonc-
Castillo ot al. (1994} were wsed as a busis for the preparation
of genomic DNA. After poritication. the PINA was washod
twice with 7% cthanol, dricd. and dissobved in 0.4 mi TE.
The DNA wus quantilice with 2 spectrophotometer and stored
at 4°C.

DNA blot hybridiastion

Genomic IINA (& pg per 35 pb) was digested with varioos
restriction enzymes in appropriate buflers overnight st 17°C.
Alter sepanution of restriction ragments e 0.8 agamse pols,
# VacuCrme XL vocuum blotting systewm {(Pharmacial was
used o transivr the DNA Tragments Yeom the gel o GeneS-
creen Plus membrams (DuPond. Boston, MAY For ose as u
probe. the EroRE DINA fragment from pUAS C ~ 990 bp),
which included must of the eoding region for the acidic chiain
ol coflee keguniin, was purified by wgarose gel electrophonsis
and labeled using an Ambion DECAPRIMLE I kit (Austin,
TX). The probe was denatared For § mina 100%C belore use,
The hybridiznion bufler contained 6 ~ 880 § = Denhurd
sofution, 1% SDS. and 100 mg m§ ' sonicated heering sporm
DINA. Prefiybridization lusted 1 hat 65°C. and then hybridiza-
tion was carnicd oul overmight at cither 35 or $2°C. The
membrane wis washed with constant agition. fire with
2 x S85C for Smin at room temperature. then thvee tinwes cach
at 45, 8, and 55%C for M omin in 2 = $SC wnd 178 SDS (o5
as indicated). Finally, the membrane was rinsed with 0.1 -
SSC at room ienperature. wrapped in Sanm Wrap and
eapuned to film,
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ig. 2 Sedimentation propertics off ins extmeled from collic
viskwpernn, 'reteine from the nlbumin Fraction of ooffee wene
wpanied mogradients of & 2™ sweroese 1t Jowe (no added sali,
diabed line) ok high jonic strength (0.4 M KL solid line) butfer.
I'wer prominent penk regivos are olerval with collee samphs
ons % and 37 for samples from gradients thut von-
I o added sale, The Tntwer pesth shilfted (o o kewer uppunai
densiy {fmetion 23) in suenese groadients that containad G4 M
NaCL I-raction | is frn U top of the gradient and faction 13 is
e the hottom

like protgins in colfee are extremely soluble and nearty
vompletely extracted umder these conditions,

The salmenmiamtion of volfee endosperm proleiny in su-
croe density prdiemts was tested. Fig, 2 compares the
diatiibution of the major coffee endospenin proteins afler
estraction and sedimentation with a standard or low salt
hulfer, When the gradient fractions wene analyzed at 5335
nms. Iwer prominent peaks in absorhine were observed alter
eniracton with nonngl €t buller. Thew were associated
with trwctions 7 and 23 (Fig. 23 The high mokeular mass
prstem From collee clearly sedinents in suctose density
arzlicms al a position similar e 115 legumins from legumes
awich as Faba bean. The electrophoretic wepanrtion of the
fractions corresponding 1o the HE peak (feactions 32 3
resulied in a single high mulecular mass bl prior 10
disullicle reduction and twe hands afler reduction (data not
shiownl, Proteins in these fractions reucted immunologically
with anti-cullee kepumin anmibodics (data not shown). To-
pether, Hhese data indicned that this peak contained the
voftee lepumin-like proteins.

1inlike the 118 storuge proteins fonn many  legumes.
sovbean  glycinin dissociiles  reversibly when the jonic
strength s decreased  sufliciemly (Woll and  Briggs (958,
Dickinson el al. 1989). We tested twe effeer of low ionic
strength bullers on the legumin-like proteins from colle.
When suspended in M maAf Tris. pH 7.6, insiead of phos-
phate-bufiened saline, the legumin-like proteins from colTee

12

sedimented farther into 1he sucrose grudient (Fig. 23 bin Jid
not dissociate, Apparently. the devreased  jonic sirenpth
rosulls in o more compiel strueture, perhaps becauwe the
ionic shelt surrounding the pratcin comples is reduced in
sive. Dialysis of the protein in oven lower jonic strengh
bullers (2 maA! Tris. pH K0 alko did nel result in disaia-
tion. Therelone, the coffee 118 protems de nat hebave like
goybean plveinin: rather, their behavior at low jonie strenpth
resainbhs that off many other 1S proteins that Jo oo
Jissocrte under these conditions.

Bois of mterost (o compeue our results with those of
Amordm and Josephson (I975), They found that, unda
nenreducing conditions, most ol the eoflee prodcins were
cither ligh molecular mass components between 150 and
L70 kD, or proteins of approaimately 60 kDa. When these
workers treated their samipls with 2-mercaptocthannl, 1w
major proteins that were recovered after ehectraphonesis i
an apparent mokcukr masses af abowt 33 and IR kDa.
Whik: vur resalts are mol directly equivalent. it 1s possible w
rutionalia them with the results ol Amorim and Joseplison.
The legumin compleaes isokued from many seeds consist of
six 60 kDa subunits. cach subunit being comiposed of 1wo
palypeptide chains that are joined by o disullide bonld, The
results deseribed in Fig, 2 indiciute that the legnmin comples
isodated Trom cullee sediments is similir 1o hesamers from
other plant species. The 150 170 kDa proteins seported by
Amorim and Jusephson may correspond Lo legumin irimers.
in which event the 66 kDa prowins are related w the
individual subunits. We found thin subunits of offee epu-
min had appasent molecutar masses of about 55 kDa. The
protcing of 33 and 13 k1 found by Amurim and Jasephson
after sulthydryl reduction compere Givorably with sizes off
the acidie (33 kDa) and basie chitins (24 hDa) uhserved alier
similar (reatmem.

Complementary DNA vicoding cuffec lopumin

Mussenper RNA was swlided from deseloping volfoe seads
wnd used 10 prepare cDONA. When the mRNA fiom colTee
endosperm was ramslated in o reticulocyie lysate in vitro
system. e prevalent praducts were aboul 35 kI, the siee
eapecied for putative colfee lepumin precunaoes idita vol
shown). The wmnslutahle mRNA wis used (0 prepane
cDNA. which in unm wenved as a iemplale o amplily
legumin IINA by PCR. T deduce the seynenee of primens
o be usedd for PCR, the acidic aml hasic chains of the
putative 118 proteins from coflee were purilied Trom pels
afler SDS-PAGLL. and their N-tenninal sequemaes were de-
termined. Sogquenees of 1 and 25 amine acids in length Isee
Fig. 3} wene obtained that had extensive homology 10 other
LIS sequences reporied in sarious dutabises. These were
used to deduce nuelentide sequenges that eoubl e wasd for
PCR 1o gemente clones that encoded putative TS aflee
legumin-like molecules. Details concerning the choiee ot the
primer seyuenees are presented in Materials and methods.
Two ¢DINAs 8% homologous o o anather were am-
plified from mRNA it was isolated From developing col-
lee seeds (e Materials and methods and Fig. 3 for details).
In addition o several nudeatide insenions and substitutions
in the interior of these cDNAS, ditferences were also present
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naw the 5 end of the transeripts. The latter led (o changes
at the N-terminal of the amine acid seyuenee for the acidic

chains. The open reading frames of the coffee lepumin |

¢DNAs were found (o be 1458 1467 bp and to encode
pre-proglobuling 486 489 amino ackls in length (M, >
810 i SRIR). The putative signal peptide ut the N-tor-
minal of the precursor was cither 26 or 27 amine ucids in
length. luspection of the deduced sequence reveakad  the
presence of the N-G cleavage site (Fig. 3) that is conserved
unwng profegumiins from diverse plunt species (see Niehen
et al. 1971 Indeal. i proteolylic activily was isoluwed from
immature coflee seeds that cleaved a recombinant prolegu-
min (rom Viein fuba corneatly (Acuda el al, unpublished
resulia). Clewvage ot the colfee N-Gi peptide bond resulted in

'i“’ X N 7 R I
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acidic chains in Uk mature subunit that were 273 277
pmino ucids in length (M, =z 5. amd basic chains 186
amino acids (M, = 200) long.

The sequence signature assipned to the lepamin Gamily of
globuling that recognizes conserved regions within these
mokeeules (ProSitle dmabuse, Bainoch and Bucher 1994} is
found in the collee storuge protein. Collee kepumin contining
virtually oll of the highly conserved amine acid residues
typicul, ot valy for the legumin protein Family. but also for
the vicilin storige globuling, heth found in seeds throuphout
the plant kingdom (Lawrence ot al. 1994, Niclsen et al,
1997). The deduced amino acid sequence displays highes
similarity with rive (Orvze swriva) pluteling, Tollowed by
fegamiin B subunits from faba bean (Fivia fohed. The amine
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Fig. X The ¢DNA nucleotide squence Tor two cofftae fegumiing and their dedued amine acid sequences. See Materials and methods for
detaile coneeruing the construction of the varioos clones wied (o obtain these sequences. The N-terminal amino acid seyuences for puidic and
Ixisiec chains Uit were defermined chemically are shimvn by solid horizontul linex nhove the sequences, Clone pCA4 includes beses 127 1023,
PCAJ extends from the § linker (see Materialn und methods) o buse 2106, pnd clone pCA9 exiends from buse 208 1o the ¥ linker. The
uliganmchatides denoted by the ket ond right fuciog open arrows permitted (Ul kngth coding regions of coflee feguimin to b smplitied.
Diferences hetween the nuckeotide coding regions ure indicuted in revense type. und the deduesd nmine weid sequences ure provided o
the nuekuthle sequences. The single vwrtical arrow (]) indicates the posilion where (he sipnal peptile is clenved from prokegumin while the
shorl, double vertical amow { § ) identifics where post-trunslintional madilication tnkes place 10 form the ueidic und basie chainy of mature
subimits, Upper soquence vornesponds 1o aceession number Usddd3 and the lower ssquence to ATDS4RYS,
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awkd compusition s o low conzent of sulfur<entainiag amd
aromatic amino neids and clevanxd kevels of acidic and
amidated amine acids. Such a composition is typical for
almost all the 118 siorape proteins. Bosiuse the deducsd
amino acid sequence does not have glyaosylation sites ol the
type Asu-X-Thr Ser. the protein iz unlikely 10 be glycosy-
Tated. Most other nembers of the kepumin 118 globulin
Gamils ace also not glyeosylated. By analogy 1o lkegumins in
san b (Staswick et al. 1984), and busesd on the abservation
that eofTee lepumin subunity dissosiate into a larger aml a
smilker pofypeptidle chain, it soems fikely that Cys, o and
Cyng- form the disulfide bridge 1hat covalently links the
acidic and hasic chains in the mature suhunil. Also by
wtlogy with kegumin proteins from other plant spevics.
Cang, amd Uvx,, prubuably lorm the intnichain disuilide
bridge within the acidie chain of the cotlee protein (Niclsen
vt al. 19W7)

two explanitions could account for the recovery ol two
slighily ditferent legumin cDNAs from collee (Fig. 31 One
is that each cLINA was the produet irom an allelic form of
the sime pene. Mie beang collevted for our experinments were
from the same sepetative clone of coffee. Although we
camnut eliminate the pessibility that there were alleliv differ-
enees between L two bushies fromn which teans were col-
hevted. we consider the possibility guite unlikely. The sevond
expkmation is that the coffee penome contuing at loasl (wo
legumin penes. This explanation ix complicated by the fact
that caflee is an allotetraploid (2h = 4X = 44) (Grassios and
Kammacher 1975). Similur genes controlling 1he symthesis off
legumin subunits could reside in cach of the genomes thin
comprise the 1etrploid and therchy acoount for their con-
sideratble homology.

Legumin genes in coffee

Hecause most phant species comuain o small family of penes
thitt envode legumin subunits. we determined if the situistion
wis similar in coffee. Fig. 4 shows the results from an
aaperiment where genomic DNA o C, andhice was Ji-
posted with 3 mumber of restriction enzymes. Afler diges-
tion. the frgments were separated by elecirophoresis and
the IDNA blots with the resulting frigments probed with the
lepumin insent from pCAJL The insert in this clone encoded
most ol the avidic chain from the mature subunit. The
restriction enzames Clil, EeoR1L EeoRV. and Xbal do nut
cut within that portion of the collee legumin cDNA coding
seyuene contained in pCA4L The dma in Fig. 4 shows that
with the esception of (ol only a single discrete DNA
fragment hiybridiad strongly with the probe. but  hack-
ground hybridizution sugpested that thene were DNA frig-
ments that hvbridized weakly. Drglll and Apnd cach cut
onee (Fig. 3) within the cDNA sequence of pCAd. Nonet he-
less. vach prawuced o single diserele frogmemt that hy-
bridized strongly with the probe, Chef wlso cut within (he
CDNAL but in this ease. two ragments hybridized sirongly
to the prube. Whereus hybridiznion conditions that nesulted
in the datn shown in Fig. 3 was cammied out at 55°C,
hybridizations carried out al 62°C nesulted in blots with
single diserete bands 1han corresponded 10 the most strongly
hyhridizing hamds {data not shown). For these experiments,
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123456
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-=23.1kb

- 9.42 kb
- (.56 kb

WM. ol ~=436kb

-2.32kb
- 2.03 kb

" » - ] 35kb
== ] .08 kb
- ().87 kb

Fig. 3. DNA bt amidvsiz of colfee gonomie PINA et with sis
restriction endonuchuses. Genomiie DNA of Coffea arabiva o
Caturru ( # 2071 wos Jdigsied with: L | EeoRE e 2 EoRV.
lone 3 Xl lune J Drelll, fane 3 Chel. and lane 0 Kpod. Affier
scpemtion of the resuling DNA frugmenis by cheraphoress in
1,8% ugurose. e pels wene blotted and probed with the insert from
PCA4 at kw strinpency (see lextl. With the exception ol knwe S,
vuch restriction reaction producad @ single frganent that hybridizaad
strongdy. sod severnl that hybridize weakly, Bevause there is o singhe
Chd reatriction site within the insert in pCA4. DNA cul with this
enryme viclded (wo Iragments thet hybridiaed stroagly.

fragments that hybridized mone weakly were nol visible in
the backpround of the 1INA blots,

We determined it a similar genomic organization vweeurred
in xpexics il varictics relited e C, erebiva, To sddress this
question. genomic DNA wis prepared from cach of ten
spevies or commercially important varicties of colfee. Each
of the DNAgR was cut with three restriction enzymies { X,
EcuRY. und ErvR1) and the (rapments scparated by eloe-
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- 231kb
- 941
- 6.5

- 44 kb

- 2310
- 20k

- t14kb

- 11kb
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- 06 kb
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Fig, 5 Genomwe DNA - Blot analyais of wn different gpevies and
culinars from the Cofferr fnmily, Genomie DNA was digested with
thnee restriction endonuckenses (A Xl B EoRV. C ZroR1). DNA
Frogients after this teaimiont wene separated in o O.8% ngnros: gl
transferred 10 g pitrocellulee membrane. aud probed with 1the
PINA insert frian pCAd at high stringency. The inkert corfespunda
o the mature aewlic chain and N-termvinal of the hasic chuin.
Species 1. Hibrid de Tinwor (INT 1108: apecies 20 C, ctigetioikes
(INT 803k apevies 3, C. Bwriew (NTMA) speciex d. O kapokerm
LUNT 615 spovies 5. € ondvier ev. Caturra (INT 207 species 6, 1,
comteplorn o, Conilon (INT 176): spevies 7. £ aenphorn v,
Robusia (INT 27Ty spocies B (L anbivn % O, conephore (RGR
URle: spevies U UL arahive IATAOD2); specics 10, €. arafico oy,
{ulombia,

trophoresis. When probed with the insert from pCA4L the
results shown in Fig. 5 were obwined. Little polymorphism
wits evidemt when the various colfee DNAs were cul with
Xoadl and EeoRL Bands of approximalely 4.4 and 1.4 kb,
respectively. were observed in the DNA blots from cuch of
these spovies or varicties. Most DNA samples cut with
EvoRY produced o fragment about § kb in siae that hy-
bridiaxt 1o the pUAd probee. Fowever. O kapokate and C,
amephora ov. Comlon cach produced lragments of about 20
kh. Together, these data sugpest that the number and struc-
ture of the legumin genes are reasonably conserved among
the various spocies of coffee. Where polvmomphiisms were
found. single rther than multipke bands were observed.

. hapuketa is now included within the genug Coffesr.
although thw zixonomy related 10 this assigment has been
comtroversivd (Charrier and Berthaud  1985), Tt topetiner
with all of the other members of the genus Coffea excem C,
arabivn. have a diploid genome. Consistent with the inclu-

=357

=267

-177

-7
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sion of this specics in 1he genus. cleavage of its INA wilh
Xtuf wad EeaR1 yiekled peavmie lragments the sime size as
those obtained with DNA (rom other members ol the genus
thit were tested (Fig. 3. This observation is compatible
with there heing similar chromosomal architeeiure around
the legamin genes, However. differcioes among the various
species are evident when EcoRY was usd 10 cul genomic
DNA. DNA rom both . kapukat and . cunephora cv.
Conilen resulted in EmRY Mmgments about 20 kb that
hybridiand to the pCAd probe. The rest of the spevies
produced  feagnients of about 5 kh, Interestingly. und in
contenst te €. canepliora ov. Conibin, DNA from  (
cemephiors o, Robusta bas an EeeRY frgment thin s
similar in size o the otber diploid members of the genus and
€. arabice. In twe cise of C, grabice ev. Colombia. i keast,
u single EeoR1 site was present in the ¢DNA sequence (Fip.
3 Surprisingly. €0 enmgenoides. which is oomsidensd  the
ancesiral purent of €. urrbice (Oroeoa-Castillo et al. 1996),
did not produce a DNA fragment thie hybridized w the
pCA4 probe. Suadies by these authors reveaded thit €
cupeneides aomd C, arabiva secessions shurad RUS RAPD and
organelle specific genome markers they developed. Pechags
the DNA fragments from this diploid species that contained
the legumin pene were less than | kb and cluted from the
el Nonethekss., the data do indicate Uhat in U, egennides,
the DNA enceding legumin and Lanking regions is dillerent
than in must of the other members of the coffee genus.

The 118 storage protein genes from kegumes contiin o
conserved regulatory seyuence known as the kepumin bua
{Biaumlein et al. 19861, Beviuse te coffee stonige proteins
are depuosited in endosperm tissue while legumes aecumulale
them in cotyledons. it was ol inlerest o dewermine it the
kepumin bos wax also present in the promuoter of The legumin
gene from coffee. The nueleotide soquenee reproduced in
Fip. 6 presenix the first 400 bp upsiream Trom the beginning
ol the coding region Tor o colTee legumin pene. About 2.5 kb
of nuchartide sequence Jor this promoier i reporiad in
Accession Na, AFUS5300 in the GenBank database. As is
indicated in Fig. 6. 0 degenerate form of the lkegumin bos s
indecd prosent in the collee gene. The CATGCOAT element.
which is u cemtrarl featare in the legumin oy of lepunxes, is
conserved in the coflee sequence. The putative kegumin box
is found in approximately the same loeation relative w0 the
start codon ns in the 118 genes of kegumes. Ax in the legume
genes, CATGOAT elenwains besides the one in the leguntin
boa arc ulso present lacther upstream in the coffoe
pronoLer.

CAAGATCAA TG TG IGETTUAT T TOGOGT TTGAT TCATCARMARGCCA TCOTAGCAGA TAATOCACCTTACCATOCCAT TGCTARAGTACAR

AAATTTCATGCARATACAMCACAAMAGGA TTOARCAATACATCT CAGAAACTCAT TOCCACCAMOGC TTACACATCATCCT TOUTOTAR

mmmmmmmnmm
mmmﬂmmn;

'AAAMIGAOCCATT TCCAMICTCT! TCCOCCTCACCACAAMAACACACT
CATUTTAT AATCOCETIC!

1. 6. Nucleatich sequenee af the prometer for # coffee kepumin gene. The fin 400 bp o DNA upstnam from the eginning of the coding
rgion fur o eoffee kepumin gne is shown. A potative kepumin box is anpured with o consengs sequence derived from egume gewes
(Baumilein ot al.. 1986). Homolugy i indicnted Tor nuackentide identitid by reverse primting. Central 10 the legumin bos s o degenerae
UATGOAT clenent (nndedined). As is typieul of cornesponding s from legumes, other CATGUAT elements are present in the wpstonm

region. A TATA box element (donble underline) is alw prsent.
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i 7. fmmunaiacnlizition of sayleun glyvinin and ootfee legumin,
(A) Immunolocalizition of glyeinin to stomga: vacuolex in soyhean,
Gkl laheled Ciyd antibadies were reacted with thin sections of
mnhean colykdons. Label is found pradominantly in storage vin-
unlex, Some label is oheerved in the eviopinvn. presumably due (o
progiveinin in tunsit from s site of syathess on endoplusmic
reticulum 1o the vacooles whene it is socomulated. (B) Low magnifi-
antion chvtron micrograph of o typicnl collee endosperm ool w1
about 220 DAF. The cells cuntain a Linge central storuge vinepok
syrronnded by evtoplasin, Conlgined within the cytoplnsm ane
tany sl chetron-trmspensit vacwoks, prestmably ofl hodies.
A clear densarcation can he observed betwoen the vacuole and
Ataplosn. () High muagnilication chetron mivrogruph showing
immunolwalization of volfee kgumin, Gold Inbeked  untibody
againgt coifie legumin were resctel with thin seclicus of cofTee
cichapurin, Because of the sive of the contrul storage vacueks, the
ngerity of gold label is found there. Signiticant Inbel is also found
anawiated with cvtophisn, prosumubly due to prokegumin in trinsit
its sile of synthesis on the endoplazmic reticulom. The siae har
near the hottom lett cormer of cach panc is 1 pm. CW: ool wall:
Otz evtophase SY: storsge vacteks: DR oil oy,

Subevltulur Joculization of coffee kegumin

Fig. 7 presents an immunocytalogical comparison of tissues
from legume cotylkedons and coffee endosperm. As a con-
trul, sections rom midnaturation soybean seeds (Fig. TA)
were reacied with anti-glyeinin-3 immunoglobuling, As ex-

L

] \31

pectend, the protein storape vacuoles became heavily ubeled.
Ovenstomitl gpold prrticles scattered theoughout the evto-
plasm could also be obseevwed. The latter probably identify
proglobulins in transit from their site of synthesis on rough
endoplasmic reticulum W the storage vacuoke. These rexulis
are eyuivitlent (o those reported for pea (Craig ot al. 1980y,

The subxcellular organization of collee endosperm at 220
DAF presented a somewhat dillerent picture than in soy-
beim. A typical low power section through o cofiee en-
dosperm cell is given in Fig. 78 and a higher magnification
is presented in Fig 7C. The coffee endosperm eclls 1vpically
have relatively thick cell walls and an adjacent kiyer of
eytoplusm that contains muny cleclron-transpiirent vacunkes
tha ane probubly oil droplets. The central icanle oveupics
the greaiext proportion of wich cell sevtion. Roth the ehee-
tron-dense cytoplasmic layver that underlies the vell wall and
the less eleetron-dense central vicuole becanwe libelad with
gold when the sections were reacted with antibody apinst
coffee legumin. Purified pre-immune serum docs not hy-
bridiz: significuntly 1o the sections {dala not shown). Endo-
plasmic reticulun, Golgi  apparitus.  chloroplsts  and
mitochondrin normully are not clearly  diseernible in the
cytoplasm w1 the late developmental stage (22 DAF) used
lor s studics. Proportionally. the gremest numbers ol gold
particks in the eell were Tound sssociated with the large
centrul vicuoly, Nonethelss. the clectron-dense cxtoplasm,
particularly thst around the periphens of the el also
heame heavily lnbeled with gold particles. The presence of
sipnal peptides on the N-terminalx of the proteins suppesis
thit colfee legumin enters the seerctary pathwiy . Consistent
with this inteepretation. the lubel found nssoctaed with twe
eytoplasm could be due 1w proteins synthesiaad in rough
endoplasmic reticulum but not yet inmsponid 1o the central
vucunle. Tntercstingly. multiple smaller storage vacuales
were ot observed us in cotyledonary tissue from legumes
{Fig. IA) ur endosperm Trom oats (Adeli et al. 1984).

Ry analopy 1o legume slormige plobuling. the presence of o
N-terminal signul peptide in coffee legumin predicts that th
proteins are synthesiad on membrane-bound polysomes.
any that the products enter 1he seeretory system (Chrispeels
el al. 1982). Those steps of biosynthosis will kel o the
depasition of storage globuling in storge vacuoles where the
convension of prokegumin to legumin takes place. Consistent
wilh thix expectation. immunogold particles associated with
antibodies bound o cotlee legumin found both in the
eytoplism and in the caural vacuole. Other organelles thal
dor pol purticipale in the seerctory path are not labehed.
High-magnificntion microgruphs such as in Fig. 7C. clearly
indlicuie thut the cytoplusm is sepregated feom the centrad
viuole. Recuse the central storge vicuole avcounts for
such a large proportion of the towal cellular volume at seed
miturity. it contins the majority of kbel. Siill. we were
surprised hy the intensity of gold tabel found in the electron
dense cytoplasm adjacemt we the @l wall. something we
have not observed in legumes. Indeed. profeiniceous aggne-
ghtes Racing the eetl wall of coftee endosperm eells hive been
reported by Dentan (1985). According (o this report. thw
storige proteins accumulate from 94 10 143 days afier
pollinution primarily in smaller vaicuoles in the vicinity of
the cell wall, In days 171 and 202 alfter pollination. the
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aecumulation
dominues.

The ¢cDNA derved sequences Tor colfee Tegumm appear
in the CGienBank;EMBL/DDRJ databases aceessions Uadddd
and ATFDSINYS.

of larpe centmal  stomge  vacuoles  pre-
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from the gel, transferred to a 1.5 ml microcentrifuge
tube, and homogenized in 200 ul of PBS. The final
mixture, 300 pl, contained'approximately 120 ug of
a-Gal.

Two Balb-C mice were each immunized
intraperitoneally (IP) with 60 pg of the a-Gal
preparation mixed 1:1 with complete Freund’s adjuvant.’
Mice were boosted IP on day 14 and 28 with
approximately 30 ug of isolated 40 kD band mixed 1:1
with incomplete Freund’'s adjuvant. Test bleeds (tail)
were taken on day 21 and 35 to evaluate the titer of
anti-o-Gal antibodies. Hyperimmune mouse ascites fluid
(HMAF) was produced by injecting IP approximately 2 x
10® sarcoma 180 cells per mouse 15 days after the second
boost. Ascites fluid was collected on days 8 and 12
postinduction. Test bleeds and HMAF were evaluated by
Western blots of EMB coffee bean o-Gal tranasferred to
Nitroplus 2000 membrane {(Micron Beparations, Inc.).

Example 3
Analysi £ o-Galactosid I 18 i
ey in ff ans

Fresh coffee fruits were separated into eleven
developmental stages, 1 to 11. Stages 1-5 contain no,
1/4 full, 1/2 full, 3/4 full and full endosperm,
regpectively, as graded by inspection of seed endosperm
after taking a center cross-sectional cut through the
green cherries. Stages 6-10 are based on visible
ripening of the fruit wherein the epicarp (skin)
progresses from green-yellow (stage 6) to yellow-green
(stage 7) to yellow (stage B8) to yellow-red (stage 9)
to red (stage 10), and stage 11 represents fully mature
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cherries dried in the field, roughly equivalent to the
harvested and dried fruit used for roasting.

The pulp (mesocarp) and parchment (endocarp) were
removed from four beans (two fruits) per developmental
stage, and the beans were sliced into B to 10 cross
sections and incubated in PBS for 2 hours on ice. The
extracts were then cleared by centrifugation at 5,000 x
g at 4°C for 5 minutes. Samples representing 1/200th
of each extract were prepared for SDS-PAGE and Western
blot analysis by mixing with protein sample buffer and
boiling for 3 minutes.

Western blots were blocked with Tris-buffered
saline/tween 20/milk (TBST-milk: 150 mM NaCl, 10 mM
Tris-Cl, pH 8.0, 0.05% tween 20, 1% nonfat powdered
milk} for 1 hour, incubated with a 1:800 dilution of
the anti-a-Gal HMAF described in Example 2 in TBST-milk
for 1 hour, washed with TBST, incubated with a 1:7500
dilution of goat anti-mouse alkaline phosphate-
conjugated antibody (Promega) in TBST-milk for 45
minutes, washed with TBST, and reacted with substrate
(BCIP and NBT, Promega} according to the manufacturer’s
recommendations.

Figure 3 shows the results of this Western blot
analysis. Lane 1 contains molecular weight markers;
lane 2 is blank; lanes 3-10 .represent devalopmental
stages 4-11; lane 11 is blank; and lane 12 is
commercial coffee bean a-galactosidase. No
a-galactosidase was detected in stages 1-4; the enzyme
was first detected in stages 5-6; the peak activity
appeared at stages 6 and 7.

35 29
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b-galactosidase from Coffea arabica: its role in fruit ripening
Phytochemistry
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355-360

b-galactosidase is an enzyme that works in tandem with other enzymes (e.g.
polygalacturonase) in the degradation of the plant cell wall. As the fruit ripens, the
activity of this enzyme increases. The paper reporis on the purification of b-

galactosidase from C. arabica, the ability....
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b-galactosidase from Coffea arabica: its role in fruit ripening
Phytocheynistry

1993

34

2

355-360

b-galactosidase is an enzyme that works in tandem with other enzymes (e.g.
polygalacturonase) in the degradation of the plant cell wall. As the fruit ripens, the
activity of this enzyme increases. The paper reports on the purification of b-
galactosidase from C. arabica, the ability of the enzyme to degrade pectic
polysaccharides and its apparent increase in activity during the ripening of the
coffee berry. It suggests that b-galactosidase is implicated in cell wall
degradalion such as occurs during fruit ripening
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