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PLANT ARABINOGALACTAN PROTEIN (AGP) GENES

Field of the Invention The subject matter of the invention relates to the
isolation of arabinogalactan proteins (AGPs) from plants, e. g.,_M’cotiana alata,
Nicotiana plumbaginafolia and Pyrus communis, and the utilization of amino acid
sequences of various AGP fragments for the isolation of correéponding plant genes

encoding the protein backbone of AGPs..

Background of the Invention Arabinogalactan protems (AGPs) are found i

et T
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flowering plants from every taxonomic group tested. These proteoglycans are widel
distributed in most higher plants, occurring in almost all tissues including leaves,
stems, roots, floral parts, seeds, and in many of their secretions. The multi-site

localization of AGPs appears to be analogous to the multi-site localization of some

-to exist between plant AGPs and animal proteoglycans

3 The AGPs are a family of structurally related glycosylated molecules
containing high proportions of carbohydrate and usually less than 10 percent by
weight of protein [Clarke et al. (1978). Aust. J. Plant Physiol. 5:707-722; Fincher ¢
al. (1983) Ann. Rev. Plant Physiol. 34:47-70], although AGPs having a protein
content of about 59% are known [Fincher et al. (1983), supra; Anderson et al. (19,
Phytochém. 18:609-610]. The carbohydrate consists of polysaccharide chains hav:-
a 1,3-B-D-galactopyranosyl backbone and side chains of (1,3-8- or 1,6-8-)D- |
galactopyranosyl (Galp) residues and often terminating in #-D-Galp and o-L-
arabinofuranosy! (Araf) residues [Fincher et al. (1983), supra. Other neutral suga

. and uromc acxds have also been detected, although at low levels. Monosacchai 1<

whxch can be present are L-rhamnopyranose, D-mannopyranose, D-xylopyranose,
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i RECACTAN PROTEIN (AGP) GENES Field of the Invention
T Al er of -the invention relates to the isolation of
ar

protei-ns (AGPs) fromplants, ezg., N cotiana alata,
Ni cot i ana pI unbagi nafol i a and Pyrus communi s, and the utilization of am no

acid sequences Ogldééﬁytﬁh@seA@ glhbw@aR e hAd itk Ae0-nfethylt degivatiVe and Degalactafonic
pl ant genes enco the protéin backbone of AGPs. Backgrq‘@ound of . t he

| nventi on Arabi nagdl admsm ﬁﬂmmylr@r(vﬁttmeIchh;eers@hd(h983}.lmmit BPE fases,
from every taxon?towev Ega act%gesi(?ﬂ) aT arabifose t(.?\ redominale. wi dely
The protein content is usually between two and ten percent [Fincher et al.

5 (1983), supral. Relanvely little is known about the structure and organization of the _;
protein core of AGPs, except that the protein appears to be rich in alanine (Ala),
ilydrexyproline (Hyp), serine (Ser), .and threonine (Thr) [Fincher et al. (1983),
supra]. Prior to the present | invention, the entire amino acid sequence of an intact
isolated AGP has not been available publicly. The high carbohydrate content of

10 . .AGPs appears to cause difficulties in sequenmng—,:tt;x;t;; to -chemlcally remove the
carbohydrate moiety usually result in incomplete deglycosylation and products with
variable levels of carbohydrate content. The carbohydrate-protein linkage has been
identified as a B-galactosyl-hydroxyproline linkage in AGPs isolated from wheat and
ryegrass [Gleeson et al. (1985) AGP News 5:30-36 and McNamara and Stone (1981)

15 Lebensm.-Wiss. u-Technol. _1&:18%—187].

AGPs are components of gum arabic, a gummy exudation originating from the
Acacia tree and known to be produced by stress conditions suclt as heat, drought, and
wounding [Clarke et al. (1979) Phytochemistry 18:520-540]. The gum finds wide use
as a flavor encapsulator in dry mix products such ae puddings, desserts, cake mixes

20 and soup mixes, and is also used to emulsify essential oils in soft drinks and to
prevent sugar crystallization in confectionery products [Randall et al. (1989) Food
Hydrocolloids 3:65-75]. The significance of the protein component to the overall

. . structural and functional characteristics of gums has been realized [Vandevelde et al.
(1985) Cf%rbohydr. Polymers 5:251-273; Connolly et al. (1987) Food Hydrocolloids

25 _1_:477-480 and Connolly et al. (1988) Carbohydr. Polymers 8:23-32]. The |
importance of the protein-rich fraction to the emulsification properties of the gum has
been demonstrated [Randall et al. (1988) Food Hydrocolloids, 2:131-140].

The production of natural complex carbohydrates or polysaccharides is
. frequently problematic. For plant exudates, seed or root extracts, production is

30 dependent on climate and harvest conditions. For example, the production of gum
arabic in Africa, the main country of origin, can vary each year as a function of

~weather conditions particularly drought, labor supply, natural disasters, political
conditions, etc.. [Meer et al. (1975) Food Technology 29:22-30.] The unreliable

supply results in variable gum arabic cost. Agar from seaweed extracts is expensive
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Physi ol . 34:47-70], alt UnitgredAsiist dedlvgums containingi AGParanebet used aslacsubstitoss far @rior
known [ Fi ncher et al. 1983%, supra; ,Anderson et al. (1979 ii}tgto hem )
18: 609- 610] . The caR Su¢teas Bejasakic, guas guim, xanthap; i, Alginitsagids 389%, calcium

b 35 o) actony SR, AAnpA, R4, KRSl BB e St st
B-D-Gal p and [ err] tdagacanthogum fou rothens.y [Fof Axahple; dwi Wolated| dri cuttaeed plantadell gums can
( 1‘_983) - supra. @ h%cra used. gsr leick%gx%%rasgents, emulsifying agents, adhesives, inks, paints, toothpaste,
/{‘ : cosmetics, pharmaceuticals, textile printing, sizing and coating, oil-well drilling
f i 10 muds, concrete, etc. Often, plant cell gums can be used in smaller quantities than
prior art gums to achieve equivalent functional utility.
AGPs function in several biological processes including plant development,
cell-cell adhesion, pollen-stigma recognition, water retention, and disease resistance.
AGPs may serve as glues or provide nutrients for growing pollcﬁ tubes. It has been
15 suggested [Fincher et al. (1983) supra] that AGP proteins may interact with lectins or
other proteins in the extracellular spaces and may be involved in the cellular response
to extracellular oligosaccharide signal molecules [Norman et al. (1990) Planta
181:365-373]. Sihce AGPs interact with Yariv antigens and flavonol glycosides
[Jermyn (1978) J. Plant Physiol. 5:563-571], they have been thought to have lectin-
20 like properties. The molecular structure of AGPs has been proposed [Randall et al.
(1989) Food Hydrocolloids 3:65-75] to resemble a type of block copolymer wherein
carbohydrate blocks are covalently linked to a central polypeptide chain, thus
_explaining its ability to sterically stabilize emulsions and dispersions.
Plant AGP genes are not known'in the prior art and the nucleotide sequence of
25 a plant ‘AGP gene has not been published prior to the present invention. Very
recently, it was reported [Sheng et al. (1993) Abstract no. 639 in Supplement to Plant
Physiol. 102, Number 1, May 1993] that a PCR strategy is being used to clone potato
tuber lectin, extensins and AGP sequences from a potato tuber cDNA library. It was
reported that PCR products which hybridized to a carrot extensin probe gave several
30 putative clones which are currently under investigation. No clones corresponding to
AGP genes were disclosed.
The process of obtaining an AGP clone has been found to be complex and
problematic. Three of the problems associated with AGPs and their genes are (1) the

difficulties of identifying a single AGP species as they are often present as members
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di SCH &F ednave al so been detected, although at |ow |evels. ‘
" H whi ch can be present are L-rhamhopyranose, D- mannopyr anose,
D

2
gl ucopyranose, D-glucuronic acid and its 4-0-nmethyl derivative and |
D-gal act uroni ¢ aciwf clesely redatad qnolequiar| speries; v 6D)ithe VERi highgedwndagey agseeigtegl with -

supraj. In m)s_t Cat?\gschgracteristic amino acid sequence of an AGP peptide, i.e., (a) a high
hydrde;cyproliné-content and (b) regions containing a high content of hydroxyproline,
alanine, serine, and threonine (OAS'IS; and (3) the GC-richness of corresponding
5 oligonucleotides leading to problems with the specificity of hybridization. Indistinct
and imprecise alignment during nucleic acid hybridization, for example, in the PCR
technique, has resulted in lack of success in the ability to obtain an AGP clone. This
results in the amplification of incorrect sequences when compared to the original
/ ' template. Plants are also known to contain a variety of glycine-rich proteins which
: 10 are also encoded by GC-rich DNA. Applicants’ disclosure circumvents this_pro_b.lg_r}l.

and enal_)_lqs the isolation of AGP genes.

PR e

Two approaches to the isolation of the AGPs from plant extracts have been
used in previous studies. One approach consists of classical fractionation of plant
extracts [Fincher et al. (1974) Aust. J. Biol. Sci. 27:117-132; Aspinall (1969) Adv.

15 Carbohydrate Chem. 24:333-379]. Another approach to the isolation of AGPs from
plant extracts istgrecipitat_iqn_with a class of dyes-prepared by coupling diazotized 4-
aminophenyl glycc;sirli:s.;o I;hloroglucinol [Jermyn et al. (1975), supra]. These dyes
were first prepared by Yariv et al. [(1962) Biochem. J. 85:383-388)] as precipitating

antigens for antibodies to glycoside determinants, and the B-glycosyl artificial

20 carbohydrate antigen was shown to precipitate an arabinose-and-galactose-containing
polymer from soya bean, jack bean and maize [Yariv et al. (1967) Biochem. J.
105:1c-2c]. Since then, this precipitation reaction has been widely used to isolate
AGPs.
iThese dyes have also been used as cytochemical reagents for the localization
25 of AGPs in plant tissues [Clarke et al. (1975), J. Cell Sci. 19:157-167; Clarke et al.
(1978), Q. Rev. Biol. 53:3-28). The nature of the binding of AGP to the Yariv
reagent is not understood, but it is likely to involve both carbohydrate and protein
residues. The binding of Yariv’s reagent to AGP is not affected by removal of the
arabinose residues [Gleeson et al. (1979), supra; Akiyama et al. (1981), supra], but is
30 abolished by progressive acid hydrolysis of the AGP |Fincher et al. (1983), supral.
In higher plants AGPs are classified as belonging to a group of proteins
characterized by their high hydroxyproline content. These hydroxyproline-rich
glycoproteins (HRGPs) are characterized by carbohydrate side chains that contain

arabinose and galactose. The group has been traditionally divided into three main
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cause difficulties in sequencing; attenpts to chemi cally renove

car bohydrate noi ety GRGPS grer gbermopnt, |Cﬁm9EiF1§tleafcﬁe@qy©m§y0fahemlcaﬂ:oﬂydrate
products with variabl e |evels, of

car bohydr at e- pr ot & n“PTREY W5§e®§8€ F'%cghf‘rp??sgtgorbgpéne poly peptide backbone, the linkage

[err]-gal actosyl - hydb@@%@ﬁ@hfb@ﬁydrmkaaﬂeprbfenﬁ%uswl,aﬁiﬁfbnfrom wheat and
ryegrass [ d eeson et al. (1985)" AGP News _5:.30-36 .and McNapmara and Stone

981) Lebensm -Wss. u- Taﬁchcm Igroumoﬂm&eim |the proline-richGhroteimse(RREs)ohas-heen alescribe

T a;r abic, a gumy ?é(c%gﬁ The ¥ | na%telatl]s% ll;ere?lrpe%err%d to as the hydroxyproline/proline-rich

| proteins or the repetitive proline-rich proteins. Amino acid compositions of some

10 PRPs [Averyhart-Fullhard et al. (1988) Proc. Natl. Acad. 85:1082-1085; Datta et al
(1989) Plant Cell 1:945-952; Kleis-San Francisco et al. (1990) Plant Physiol.

94:1897-1902] indicated equimolar amounts of proline and hydroxyproline.

A i A A b

However, the PRPs do not appear to be glycosylated and, in this way, are
distinguished from the HRGPs (hydroxyproline-rich glycoproteins).
15 Summary of the Invention The present invention provides for the first tim
: DNA frapments encoding protein backbones of plant arabinogalactan proteins
' (nonglycosylated AGPs). Specific embodiments of the invention present cDNA
clones encoding nonglycosylated AGPs from cell suspension cultures of Nicotiana
alata (NaAGP1), Nicotiana plumbaginafolia (NpAGP1), and Pyrus communis
20 (PcAGP23, PcAGP9, and PcAGP2) and from Nicotiana alata styles (Na35_1 and
AGPNal 1). Full length and partial nucleotide sequences of the cDNAs encoding
said nonglycosylated AGPs are disclosed. DNA recombinant vectors containing the
. _ cDNAs are also provided. In further embodiments of the invention, genomic DNA
encoding plant nonglycosylated AGPs and recombinant vectors containing said
25 genomic DNAs are provided. This invention further contemplates the use of
oligonucleotide probes based on the amino acid sequences of plant AGPs for the
detection of hybridizing sequences and the isolation of plant AGP genes.
The invention also provides isolated plant AGP peptides and amino acid
sequences of AGP peptide fragments. AGP peptides were isolated from Nicotiana
30 alata, Nicotiana plumbaginafolia, and. Pyrus communis. The amino acid sequences
~ obtained from isolated AGP peptide fragments were either enriched in hydroxypre!
or not enriched in hydroxyproline. In particular, hydroxyproline-enriched sequenct
were characterized by having (i) a high content of hydroxyproline and/or (ii) a higl

content of hydroxyproline, alanine, serine, and threonine (OAST-enriched). The
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Acaci a tree and known to be produced by stress conditions such as heat, :
drought, and wounding [Clarke et al. (1979) Phytochem stry 18:520-540]. The
gum finds wi de use as a flavor encapsulator in dr% m x products such as

puddi ngs; desserts, cake mxes andg so i xes,. and is, al so ed to emulsify
essential oils in sHARCREET Had VEES) “T‘B‘egﬁﬁyﬁgfgh’@a&t@%% ﬁﬂ.’}aﬁlﬁn“’?rﬁ ose
confectionery produ lc@? : A 3RY; o] g3 8o 7 :
The significance of&hﬁé prgﬁgilv}r?r%&lr)rpq%ghgnt tg1{1Eg@%\}g?ﬁgqlﬁébHdggfﬁi})gxr(ﬁgérr{éﬁed n
functional char act ehydibkolre, ldtiind) a8ribe,eandr thedonitecconiéne deoted AST@nrighed). Prior to
(1985) Carbohydr. Polyners 5:251-273; Connolly et al. (1987) Food

Hydr ocol | oi ds 1: 477theguesgntiingentins, the aming acid sequenceef aw intant plans|AGR has not been

pr opert1es of . gt YR, SN abla® 1o ERekp G e e Tes gy ble "
Hydrocol | oi ds, 2: 13dvidéek of a match bétweeenr thekéCseljidhces ambhmirR acid Bdjueiice data from
car bohydrates or polysaccharides is frequently.problematic. For plant

exudat es, seed or risolatedxAGRS ismissingdincthPsercases. dependent on clinmate and
rarv_est conditions. For exanple, the production of gum
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function of we ns particul arly dro _ght, | abor supply, natural
di sasters, polﬂ “ ons etc.. [Meer et al. (1975) Food Technol ogy
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29: 22- 30. ] The pIy resul ts in variable gum arabic cost. Agar
from seaweed extracts is expensi ve Table 1.0
3 . . . . .
Biochemical and structural features of hydroxyproline-rich glycoproteins (HRGPs)
HRGP8
Property Extensins Arabinogalaétan- Solanaceous
proteins (AGPs) Lectins |
% Protein (w/w) 40-50 2-10 50-60
Galactose/ 3% >1 <1
Arabinose ) _
| Galactose terminal 1,3-1linked terminal
Linkage Types 1,3,6-linked
1,6-1linked
terminal _
Arabinose 1,2-linked terminal 1,2-linked
Linkage Types . 1,3-1inked ' 1,3-linked
terminal terminal
Glycopeptide O-linked: O-linked: O-linked:
linkages Ara-Hyp & Gal- Gal-Hyp Ara-Hyp & Gal-
Sexr Ser .
Abundant Amino Hyp, Lys, Tyr, Hyp, Ala & Ser Hyp, Cys, Gly .
Acids Ser & Pro Ser 44
mol% Hyp (of >30 >18 >13
protein domains) .
Amino Acid Ser (Hyp) ? ?
Repeats
Isolectric Point 9.5-11 2-5 9.5
Localization Cell wall Extracellular Cytoplasm &
matrix; plasma vacuole
membrane
B-glucosyl Yariv No Yes No
reagent binding

; The invention further provides a substantially pure AGP having an amino acid
sequence which is essentially that derived from a nucleotide sequence of an AGP
gene. Specific embodiments of the invention provide an AGP comprising an amino
acid sequence consisting essentially of that derived from the nucleotide sequence of an

5 AGP gene from Nicotiana alata, Nicotiana plumbaginafolia, or Pyrus communis.
It is also an object of the invention to provide a method for obtaining a plant
AGP gene. This method comprises the step of obtaining from an AGP peptide a
fragment having an amino acid sequence that is hydroxyproline-poor, e.g., not
enriched in OAST content. This hydroxyproline-poor sequence is then used to design

10 a nucleotide primer which can be used to obtain, for example, a PCR fragment useful

in screening a plant gene library for a hybridizing clone. This approach is contrary

to that generally used. Usuaily, a sequence which particularly characterizes an AGP
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used as a substitut@.eg os sequente dat istiyasoxypeslinesdiclponemicieddn QAST cgotent) is utilized
xant han gum alginic acid, agar, calcium.alginate, carrageenan, karay. .?um
::ocust beian guLn pot0|a¢§9§l&mrﬁfb¢ ignpuclaptida primer for ysedp aHemp tQLPraW%P a@%ﬁﬁﬁ&. ng clone.
or exanple, the isgl:t of.,culture | . :
t hi ckeni ng agents, ghgpﬁﬁ?a?#nég rag{n,ga H%\“Sﬁ%%pﬁ-\gliéé?g?n g?@d&a%ﬁ{:gi,ﬁﬁ%lgﬁggr&cgl’arly
cosmetics, phar maceghdriciérizes b A GP Proteinnisi o utitized, ngdds dvoided;i ingieadyid seqeeérce

drilling nmuds, concrete, etc. Often, plant cell gums can be used in smaller
quantities than pri whichrdoegnetcoroprserd ehasactefizing Sequenee At aR S G Rity .

cel 1-cal| adnesi on, tgupruoba i eaRbREF Ao ot B A AOP BRI,

esistance. AGPS Mayhefiic/émBodifers of the BiveHfioH, dmiho iaidl seqhiticed whiidhwereaidt enriched
ubes. It has been

po- in hydroxyproline or OAST content were isolated from peptides from AGPs isolated

from culture filtrates of suspension cultured cells or from style extracts of N. alata,
10 N. plumbaginafolia, and P. communis. These sequences enabled the isolation of
corresponding cDNA clones.

The present invention also provides a method for obtaining an AGP gene by
utilizing a hydroxyproline-rich AGP sequence. Prior to the instant disclosure, public
knowledge of hydroxyproline-rich AGP fragments has not enabled the isolation of

15 corresponding AGP genes, due to difficulties imposed by resultant GC-rich domains.
A method is provided herein that enables the use of a specific hydroxyproline-rich
AGP peptide sequence for the isolation of a corresponding gene. The approach for
using a hydroxyprdline-rich sequence comprises the use of long guessmers combined
with single- stranded antisense RNA probes for the screening of a library. The use o

20 a long guessmer together with an RNA probe overcomes the problems presented upor
using short oligonucleotide probes. A long guessmer can more easily accommodate
mismatches and the use of an antisense RNA probe allows "U" to be used at the thirc

_ position of the anticodon for AST amino acids, thus increasing the likelihood of the
guessmer hybridizing to the target sequence. The resultant RNA molecule can be

25 heavily labeled, permitting greater levels of detection, and also can bind more
strongly to its target sequences than a DNA probe.

The invention also provides specific AGP cDNA sequences and specific
oligonucleotide probe sequences for screening cDNA libraries to isolate specific plan

AGP genes. For example, in specific embodiments, the following cDNA clones are
30 provided:

Source cDNA clone
N. alata cell suspension culture NaAGP1 (SEQ ID NO:24)
N. plumbaginafolia cell suspension culture NpAGP1 (SEQ ID NO:25)
P. communis cell suspension culture PcAGP23 (SEQ ID NO:49)

35 P. communis cell suspension culture PcAGP9 (SEQ ID NO:66)
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suggested [Fincher et al. (1983) supra] that AGP proteins may interact with
Iecgi!y or other proteins in the extracellular spaces and may be invol ved
in t cellular response to extracel lul ar. oligggaccharide signal nolecul es
[Norman et al. (1990) Planta 181:365-373]. Since AGPs interact with Yariv

anti gens and flavpneém;ﬂb,ymanqﬁ chelBh Bfiure1978) J. PRRAGEIVSHEID No; 91)

5:563-571], they th ou ht to have |ectin- §5pf
nmol ecul ar structu %ﬁgs has been proposed [Randa gi Qgg% %))d
Hydrocol | oi ds 3: %]' %esenble a type of bl ock c

car bohydr at e blocks are covalently linked te-a-central pol ypeptide chain,
thus explaining its ability to sterically stabilize emulsions and

di sper si ons. Pl A kno r or art_and &
nucl eoti de sequence of?‘ Biugcﬁst&i&%%glﬁgl %‘3’% o?mﬁg%aﬁenfpﬁnd ﬁgxafquppgqur{gqg]go
present invent 5oncloNéy of thesecsthbodimeats \assfolleR@r t ed [ Sheng et al . (1993)
Abstract no. 639 in Supplement to Plant Physiol.. 102, Number 1, My 1993]
that a PCR strategy is being used to cl one pot ato tuber |ecti n, extensins
and AGP sequences from a potﬁmwber CDNA [i br%rx. It was

¢ clone ehe

3

: Na AGP1 AGP Nal
C Np AGP1 AGP Np2
Pc AGP9 AGP Pcl

10 Pc AGP2 AGP Pc2

AGP Nal 1 . AGP Nal

The invention further provides antisense RNA probes designed such that they
comprise one or more nucleotide sequences encoding amino acid sequences that are
OAST-rich, representing the same or different AGPs. Also provided are RNA probes

15 comprising a nucleotide sequence encoding an OAST-rich consensus sequence for
plant AGPs. A guessmer-antisense RNA probe approach may also be used with an
OAST-poor AGP sequence to isolate a corresponding AGP gene.
It is also an object of the present invention to provide an antibody to a
substantially pure plant AGP, or fragment thereof, comprising an amino acid
20 sequence consisting essentially of a whole or partial amino acid sequence derived
from a plant AGP gene. Also provided is an antibody to an isolated AGP peptide
i fragment that is not enriched in hydroxyproline. Also provided by the invention is
an antibody to a synthetic AGP peptide, or fragment thereof. |

This invention further contemplates the use of antibodies to substantially pure

25 AGP peptides, AGP peptide fragments not enriched in hydroxyproline or OAST
content, or synthetic AGP peptides for (a) the detection, isolation, or diagnosis of
AGPs in AGP-containing mixtures or tissues, and (b) in reducing or inhibiting natural
biological and chemical AGP activities. In this regard, that polyclonal and
monoclonal antibodies to AGPs or AGP peptides will most effective in detection,

30 isolation or diagnosis of AGPs in AGP-containing mixtures or tissues that are

deglycosylated or otherwise precondmoned to expose the protein backbone of the
AGP.
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reported that PCR product®¥s "éied to a carrot exten5| n probe gave
several putative clones | tly under investigation. No cl ones
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corresponding to AGP gen The process of obtaining
an AGP cl one has been found to be conpl ex and bﬁ)obl ematic. Three of the
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comprising a plant AGP gene under control of a heterologous promoter such that a
nonglycosylated AGP is expressed. -In a specific embodiment of the invention, an
AGP gene obtained from N. alata., N. plumbaginafolia, or P. communis is inserted

5 behind a heterologous promoter (e.g. a bacterial, viral, plant, etc., promoter) in a

host cell such that a nonglycosylated AGP .is expressed.

It is also an object of the invention to provide a genetically-engineered DNA
molecule comprising a plant AGP gene under control of a heterologous promoter such
that a glycosylated AGP is expressed. For example, this invention contemplates the

10 utilization of the expressed nonglycosylated AGP as a substrate for glycosylating and
carbohydrate-protein linking enzymes (e.g., prolyl hydroxylase, glycosy! transferase,
etc.), to produce a glycosylated AGP. It is also an object of the invention to provide
a host cell.(for example, monocots, dicots, etc.) transformed with genetically-
engineered DNA comprising a plant AGP gene under control of a heterologous

15 promoter such that a glycosylated AGP is expressed. It is a further object of thé
invention to provide a plant AGP gene-transformed host cell capable of over-
producing or under-producing nonglycosylated AGP. It is an additional object of the
invention to provide an AGP gene-transformed host cell capable of further metabolic
processing of an expressed nonglycosylated AGP.

20 This invention further provides a genetically-engineered DNA molecule
comprising a plant AGP promoter. In specific embodiments of the invention, AGP
promoters are isolated from N. alata, N. plumbaginafolia, and P. communis.

_ Subsequently, a recombinant DNA molecule is genetically engineered to comprise a
plant AGP promoter situated adjacent to a heterologous structural gene such that the

25 structural gene is expressed under the control of the plant AGP promoter. Also, the
coding region of the gene could be used behind tissue-specific promoters to express
the AGP at particular sites in a whole plant. .'I’his could change the phenotypes with
respect to such functions as pest resistance, for example. _

The instant invention provides a source of AGP that is not dependent upon its

30 isolation from plant exudates, e.g., gum arabic, guar gum, etc. The availability of
natural sources of AGP-containiﬂg gums, e.g., from trees, roots, seeds, seaweed,
etc., present problems associated with harvesting, climate, man-power, fermentation,
isolation, purity, and high costs. The production of AGPs using recombinant gene

technology ensures (a) a method of supplying AGP that is independent of harvesting
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Tﬁs‘s m‘mgl ated nol ecul ar species; (2) the very high redundancy

the characteristic amno acid sequence of an AGP pepti de,
h hydr oxyprol i ne content and (b)l{egi ons contai ning a high
ent of hydroxyproline, alanine, serine, and*threonine (QAST); and (3)

the GC-ri chness of gs | | j ' . ' .Lh
the specificity ofpr ﬁ&?qutr&aa ég@u@kggggﬁg‘aftkgggg:age&j) fhg{ ﬁ%ﬁ@&%"ﬁ’ﬁg of
nucl ei c acid hybr lsdbétﬁitiaﬂ? puk® AGHX product, (d)tHabpefti irﬁﬁ%?pﬂjdﬁcndtﬁﬁf AGRIiH £8ost
in lack of success in the ability to ohtain an AGP clone. This results in

the anplification ¢, am&)rtb@tcagéwéhp'@@l toupseduce mpweeifically engineared)AGH having
Lerplate: 1 ant s ol SRpkARLD ol P BonT oSSl BBl e fonctions
circunvents this Wnﬁhitﬁiﬁ'b@ﬂﬂpﬁﬂﬁﬁhﬁ§ &.ge, maRadbi®)ret®f witHdubeeaseed for findingWo
approaches to the isolation of t AGPs from plant extracts have been
renewable but shrinking natural sources of plant gums. .These functions find wide
applications as thickening, gelling, emulsifying, dispersing, suspending, stabilizing,
; : encapsulating, flocculating, film-forming, sizing, adhesive, binding and/or coating
{ : agents, and/or as lubricants, water-retention agents, and coagulants.
B 10 Brief Description of Drawings Figure 1.0 presents different strategies for the
preparation of single-stranded antisense RNA probes from oligonucleotides. A.
Single oligonucléotide probes: (Al) Two complementary guessmers annealed to
each other to form a double-stranded construct containing the T7 promoter. (A2) A
short primer annealed to form double-stranded T7 promoter sequence. B. Double
15 oligonucleotide probes: (B1) Two guessmers annealed to each other through the
complementary adaptor sequences at their 3'’-ends. (B2) Two guessmers annealed to
each other through the complementary adaptor sequences at their 3’'-ends. (B2) Two
guessmers annealed to a mediator DNA through their adaptor sequences

{ 1
20 L 1 : adaptor sequence. Other promoters, for example, T3

or Sp6 RNA polymerases, may also be used.
Figure 1.1 presents a Coomassie blue stained SDS-PAGE gel blot of
“deglycosylated and non-deglycosylated AGPs from various sources. AGPs were

isolated from suspension culture filtrates of N. alata; N. plumbaginafolia and pear

25  (Pyrus communis) by Yariv precipitation and deglycosylated with
trifluoromethanesulfonic acid (TFMS). The deglycosylated and non-deglycosylated
AGPs were separated on a 17.5% SDS-PAGE gel and blotted onto a PVDF
membrane. After staining with Coomassie blue, the major band (MW 20-30 kD,
indicated by an arrow) from deglycosylated N. alara AGPs was excised and

30 sequenced.

Figure 1.2 presents a PCR strategy for cloning of the NaAGP1 gene
corresponding to an amino acid sequence of a deglycosylated AGP backbone from N.
alata cell suspension culture. The sequences of the NaR1, NaF1, and NaF2 primers

used to isolate the clone for NaAGP1 are given in Table 1.1 and Figure 1.3.
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sﬂéeanzsmm 8 [Fincher et al. (1974) Aust. J. Biol. Sci. 27:117-132;
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AGPs from plant extracts is precipitation with a class of

coupl Figred] 37stkicatta fucléstidecpdany degved amimescid sequences of the
phI oroglucinol [Jernyn et al. (1975), supr%ll These dyes were first
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t f ti bo t d h *
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i

mai ze [Yariv et 1967) Biochem J. 5:1c-2c nce then, this
precipitation §eaidentioal hith thednrlwdjsﬂqycn@edrhﬂ)sdtﬁen%@fﬁhpswo oligonucleptidee

d h I b

dyes have al so begpuieqol 8 4 CCNEI 2L, LRGSR e 3t Mgk HFLE AELAGR Rlne are

Garke et al. ( 193<§fble-%d§ﬁf{ed Brhé nucidotite?huentl @ofRipnAind tol the pRinfds (MaRi) is

AGP to the Yariv
- underlined.

Figure 1.4 presents the nucleotide and predicted amino acid sequences the
10 NaAGP1 cDNA from N. alata cell suspension culture (NaAGP1). The nucleotide
sequence obtained by PCR, which does not overlap with the cDNA clone, is in
jtalics. The derived amino acid sequence corresponding to the peptide sequence by
protein microsequencing is underlined. The asterisks (*) indicate the amino acids of
the peptide obtained by direct microsequencing which are identical with the derived
15 sequence. A predicted signal sequence is dot-underlined. X = undetermined
residue.

Figure 1.5 presents a summary of key structural features of the derived amino
acid sequence of the NaAGP1 cDNA. The hydropathy values of each amino acid
have been determined using an interval of nine amino acids according to the weight

20 system of Kyte and Doolittle (1982). Values above the dotted line indicate
hydrophobic regions, and the values below the dotted line represent hydrophilic
regions.

o Figure 1.6 presents the nucleotide and predicted amino acid sequences of an
-N. plumbaginafolia AGP derived from cell suspension culture (NpAGP1). The

25 derived amino acid sequences corresponding to the peptide sequence by protein

microsequencing is underlined. The asterisks (*) indicate the amino acids of the

peptide obtained by direct microsequencing which are identical with the derived
sequence.

O: hydroxyproline.

30 Figure 1.7 presents the alignment of the derived amino acid sequences of the
NaAGP1 and NpAGP1 cDNAs. The derived amino acid sequence of NaAGP1
cDNA is shown in the upper line and that of the NpAGP1 shown in the lower line.
Identical aligned residues are indicated with ’|’. Gaps were introduced when required

to maximize the alignment.
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This éttHakBeenaﬁplamtierstood, but it is likely to involve both carbohydr

aq ﬂmﬁum dues. The binding of Yariv's reagent to AGP is not affected
b

e arabi nose residues [d eesoni®t al. (1979), supra; Akiyama
et , supra], but is abolished by progressive acid hydrol ysis of
the AGP [Fincher et dfigurello83pyesentspheaplignment of thd NahiGRHeandtheNpAGEP< N A

v oxybr ol (e SRR e BudfeR R o o N SRS 5roR i lfkhager®”
are characteri quleb»ﬁdq%ttrgehg%gzt ie&gona f e 1bRet 1i6O N1 dlica P4l FE8d R thire

gal act ose. The group has l'y divided Into three main
indicated with ’|’. Gaps were introduced when required to maximize the alignment.

5 Figure 1.9 presents northern blot analyses of the NaAGP1 and NpAGP1
genes.
A: Total RNA was isolated—tiam N.-al&ta 6)) lea-ve-s, (2) pollen, (3) styles,
(4) stems, (5) petals, (6) roots and (7) suspension-cultured .cells. Equal amounts (10
ug/lane) of RNA were fractionated on formaldehyde agarose gels, transferred to
10 Hybond-N membranes, and hybridized with 3*P-labeled 5'-probe (1-540 bp) and 3'-
probe (541-1700 bp) of the NaAGP1 cDNA respectively.
B: Total RNA (10 ug/lane) isolated from suspension- cultured cells of M.
alata and N. plumbaginafolia was blotted and hybridized with the NaAGP1 cDNA.
The size of RNA transcripts is indicated at the right.
15 Figures 2.1-2.4 present a flow chart describing the isolation and sequencing of
AGP peptides from cell suspension culture filtrates of Nicotiana plumbaginafolia.
Figures 3.1-3.6 present a flow chart describing the isolation and sequencing of
AGP peptides from cell suspension culture filtrates of Pyrus communis.
Figure 3.7 presents the nucleotide and derived amino acid sequences of the
20 350-bp PCR fragment. The derived amino acid sequence matching the peptide
sequence by protein sequencing is underlined. The nucleotide sequence
corresponding to the PcA23F2a primers is double-underlined.

) Figure 3.8 .presents the nucleoﬁde and predicted amino acid sequences of
PcAGP23 cDNA clone encoding an AGP backbone from pear cell suspension culture.
25 The translational initiation and stop sites are in bold-face. The predicted secretion

signal is underlined with dots. The two potential N-glycosylation sites are double-
underlined. The sequence matching the peptide sequences obtained from the AGP
protein backbone are underlined. The proline residues which are hydroxylated, as
identified by protein sequencing, are indicated by an "O" underneath.
30 Figures 4.1-4.3 present a flow chart describing the isolation and sequencing of

AGP peptides from style extract of Nicotiana alata.

Figure 4.4 presents the cloning strategy of the Na35_1 gene.

Figure 4.5 presents the nucleotide sequence of the PCR fragment by using

RT35-specific primer and the predicted amino acid sequences. The derived amino
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1 m -proteins. (AGs), and the sol anaceous | ectins. The
[ ween these groups are sumari zedj4 n Table 1.0. The nost

inportant factors in the classification of the HRGPs are: the anpunt, )
conposi tion, and sgruRgténcefcofrésiondinpr toahy getide saueechyt protdie mierpsequeaciag ds

conposition of the pol ypepti de backbone, the |inkage between carbqghydrate
and protein and i tundenined. ZEheiRR35 specific primprseqgerngps sioupledinderifeds he
Do R e e PR RSl NS B o e
Dot i - L) gAY A8 e e b ot siqgamedTipondin
al . 5 the peptide' sequence by prote'in microéequenciﬁg is underlined.

Figure 4.7 presents nor@im blot analyses of the NA35_1 gene expression in
various parts of N. alata. Total RNAs from N. alata styles (S,S,, 8355, S¢S¢; 10 pg
each), leaves (S¢S¢, 10 pg), stems (S¢Ss, 10 pg) and roots (S4S;, 6.3 ug) were

i 5 fractionated on a formaldehyde agarose gel, transferred to a nylon membrane, and
10 hybridized with P labeled NA35_1 probe. The size of the RNA transcripts is
indicated in kilo nucleotides.

Figure 4.8 presents northern blot analyses of the NA35_1 gene expression in
various suspension-cultured cells and plants. Total RNAs (10 pg/lane) isolated from
suspension cultured cells of N. alata and N. plumbaginafolia, Pyrus, and styles of N.

15 alata (S¢S and L. peruvianum were blotted and hybridized with the NA35_1 probe.
b The size of the RNA transcripts is indicated in kilo nucleotides.
= Figure 4.9 presents reversed phase HPLC (RP-HPLC) separation of
thermolysin cleavage products of the RT25 protein backbone. RT25 protein |
backbone (5-10 pg) was digested with thermolysin and loaded onto an RP-300 column
20 (2.1 x 100 mm, C8, ABT) equilibrated in 0.1% TFA at 1 ml/min. Unbound material
was collected and bound material eluted with a linear gradient (0-60% acetonitrile in
0.1% TFA; 60 min; 100 ul/min). Peptides (P1-6) eluted from the column were
. _ monitored at Ajs,,. Thermolysin was eluted after retention time 40 min. Individual
- peptides were subjected to amino acid sequencing.
25 Figure 4.10 presents reversed phase HPLC separation of endoproteinase Asp-
N cleavage products of the RT25 protein backbone. RT25 protein backbone was
digested with endoproteinase Asp-N. The resulting peptides were loaded onto an RP-
300 column (2.1x 100 mm, C8, ABI) equilibrated in 0.1% TFA at 1 ml/min.
Unbound material was collected and bound material eluted with a linear gradient (0-
30 60% acetonitrile in 0.1% TFA; 60 min; 100 ul/min). Peptides eluted from the
column were monitored at A,s,,. Peptides, Al and A2 were subject to amino acid
sequencing. Undigested starting material (R'f25) was also detected.
Figure 4.11 presents nucleotide and deduced amino acid sequences (SEQ ID

NO:72) of the AGPNal 1 cDNA clone. The putative secretion signal (dot underlined)
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(1989) Plant Cell 1:945-952; Kleis-San Francisco et al. (1990) Pl ant
Physiol . 94:1897-1902] indicated equi nol ar anmounts of proline and

hydr oxypr ol i ne. However, the PRPs do not appﬁgr to be glycosylated and, in
this way, are distinguished fromthe HRGPs (hydroxyproline-rich

gl ycopr ot ei ns) . yag predicte%m%%e PSRGNAY. Sitbiiath (PC/G¥ne$6ftivate) fR1liGehetics)
provides for the first tine fragnments 'encodi ng protein backbones of
pl ant ar abi nogabased an the otethiodsdescribegl by Yon (Hetijed (A086)) Nucdpdcids iRes 86834630
ANy e TN R e e
e ot HARERE e 8008 SRR, DR TRy ot 0%
partial nucl §otide sPipuendd mresentsea hiphidpathy ptotiofghe deduced agiige asigl saqeance
brovi ded. 1 f oMo oHEBNARL AP A FIoPo LI BATPRIPbIGIGrRAARE CORURSIGTROR R
pl ant nongl ycosylated SERS1aRed 85 WPEOAH prbgEi? (PGt Yokvge, ShtefliGenetics)
based on the method developed by Kyte and Doolittle (1982) J. Mol. Biol. 157:105-
132. The putative secretion signal (shadowed) was predicted by using the PSIGNAL
10 program (PC/Gene software, IntelliGenetics) based on the method described by Von
Heijne (1986) supra.
Figure 4.13 presents an RNA blot analysis of expression of the AGPNal 1
gene in N. alata and other plants. Total RNA (10 ug/lane) isolated from A. tissues
of N. alata (genotype S¢S): style, ovary, petal, anther, stem, leaf and root; and B.
15 styles of N. alata, N. sylvestris, N. tabacum, N. glauca, L. peruvianum and leaves of
Arabidopsis and rye grass were run in a 2% agarose gel (15% formaldehyde; 40 mM
MOPS buffer, pH 7.0) and blotted onto a Hybond-N nylon membrane (Amersham).
AGPNal 1 cDNA fragment was labeled to 10® cpm/ug with ¥*P-dCTP. Hybridization
was performed at 60°C overnight in 0.22 M NaCl, 15 mM NaH,PO,, 1.5 mM
20 EDTA, 1% SDS, 1% BLOTTO and 4 mg/ml herring sperm DNA. The membrane
was washed for 2x 10 min., at room temperature, in 2x SSC, 1% SDS; 2x 10 min.,
60°C, in 0.2x SSC, 1% SDS.
| - Figure 4.14 presents an SDS-PAGE analysis of N. alata style AGPs at various
stages of purification. SDS-PAGE (10% gel) followed by A. silver staining and B.
25 staining with B-glucosyl Yariv reagent. Lane 1, total style extract (1 ug AGP). Lane
2, 95% (NH,),SO-supernatant (4 ug AGP). Lane 3, Mono Q-bound AGP-containing
fraction (4 ug AGP). Lane 4, Superose 6 AGP-containing fraction (4 pg AGP).
Lane 5, as Lane 3, but containing 20 ug AGP. Lane 6, as Lane 4, but containing 20
pg AGP. Protein molecular weight markers (M) are shown on the left.
30 Figure 4.15 presents crossed-electrophoresis of AGPs from styles of N. alata
during fractionation. AGPs from A. crude style extract, B. 95% (NH,),SO,-
supernatant, C. Mono Q-unbound AGP-containing fraction, and D. Mono Q-bound

fraction were first electrophoresed in a 1% agarose gel horizonatally then vertically

into a gel containing the B-glucosyl Yariv reagent. This Sheet Has Been R:

L
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5 underlined. The proline residues which are modified post-translationally to
hydroxyprolines are indicated by "O" underneath. X: undetermined residue.
Figure 5.2 presents northern blot analyses of the.PcAGP9 gene. A: Total
RNA was isolated from pedicels (1) and cultured cells (2) of Pyrus communis,
cultured.cells of Nicotiana plumbaginafolia (3), shoots of Brassica napu.f 4),

10  Arabidopsis thaliana (5) and Lycopersicon esculentum (6) and leaves of Lolium
temulentum' (N. Equal amounts (10 ug/lane) of RNA were fractionated on
formaldehyde agarose gels, transferred to Hybond-N membranes, and hybridized with
32p_jabeled PcAGP9 cDNA at 55°C. The final wash was carried out at 55°C for 30
min with 1xSSC + 0.1% SDS. B: The same RNA blot was hybridized and washed

15  at higher stringency (65°C). The size of the PCAGP9 RNA transcript in Pyrus

- communis cuitured cells is indicated at the left. |

Figure 5.3 presents a'hydropathy plot of the deduced amino acid sequence of
| PcAGP9 (SEQ ID NO:66). The hydropathy values of each amino acid have been .
determined by using an interval of five to fifteen amino acids according to Kyte and

20 Doolittle (1982) supra. Values above the dotted line indicate hydrophobic regions
and values below the dotted line represent hydrophilic regions.

Figure 5.4 presents a flow char_t of the separation of AGPs from Pyrus
| _communis (pear) cell suspension culture and the isolation of their protein backbones.
- A. RP-HPLC (RP-300 column, 4.6 x 100 mm) profile of AGPs prepared by

25 precipitation with the B-glucosyi Yariv reagent. AGPs.were loaded and the column
washed with So_lvent A (0.1% TFA in H,0). The unbound fraction was collected (not
shown). The bound material was eluted with a linear gradient (0-100% solvent B;
flow rate 1 nﬁ/min; 60 min) (solvent B: 60% aéetdnitrile in solvent Ajy. Individual
fractions from five separate runs were pooled for subsequent purification. |

30 B. RP-HPLC (RP-300 column, 4.6 x 100 mm) profile of AGPs from the

- major bound peak shown in A (reterition time 5.0-10.57 min). Bound material was
eluted With a shallow gradient (0-15% solvent B; flow rate 1 ml/min; 60 min). Two

fractions (1 and 2) were separately collected and subjected to size-exclusion FPLC.
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that were (i) not enriched in hydroxyproline, and/or (ii)
hydroxyprollne al ani ne, seripge, and threonine content' (not

1@! s Shéeiis BedRe @t were i nmediately useful in obtaini ng an AGP gene were

Prior to the present invention, the am no acid sequence of

an Int act plant AGP as Sigeroee® FRLO bidH1¥s @mdp%tihqne ﬁ%ﬁudtﬂammtfrémAand
encode AGPs have been descri bed, . but "evi dence of a natch between these

sequences and atweelused fractionsdrem BlaSamplesrwérs sluted in A8Hsadetonirile,i 1@ MKC, S

t hese cases.

10

15

20

25

30

mM &f,P0, (flow rate 0.4 ml/m_m). The unbound fraction and Fraction 1 gave
single peaks; Fraction 2 resolved into two peaks (Peak 2A and 2B)_.
D. Superdex-75 FPLC profiles of protein backbones derived from AGPs in C

by HF deglycosylation. Samples were eluted in the same buffer used in C (flow rate

of 0.8 mi/min). The size of the protein was estimated from standard protein markers
(Pharmacia).

The x axis is retention time (min). The pathway for purification of the AGP
fractions, from which peptide sequences were obtained, is stippled.

Figure 5.5 presents the nucleotide and predicted amino acid sequence of

- PcAGP2 cDNA (SEQ ID NO:91) encoding a putative AGP backbone from suspension

cultured cells of P. communis. The translational initiation and stop sites are in bold-
face. The predicted secretion signal is underlined with dots. The two long direct
repeats are double-underlined. The sequence matching the peptide sequences obtained
from the AGP protein backbone are underlined. The proline residues modified to
Hyp are indicated by an "O." '

Detailed Description of the Invention The following definitions are provided
‘in order to provide clarity as to the intent or scope of their usage in the specxﬁcanon
and claims.

The term Mgmm or AGP as used herein refers to a Yariv
réagent-precipitable, glycosylated molecule in which the protein constituent typically

~_accounts for approximately 2 to 10% of the molecular weight of the molecule

[although AGPs having protein values outside this range are known (Anderson et al.
(1979) supra)] and in which carbohydrate usually accounts for most of the weight of
the molecule. Galactose and arabinose form the major carbohydfate constituents with -
other monosaccharides and uronic acids as minor components; the galactosyl residues
are organized to _foﬁn a backbone of 3-linked galactose with branches through C(0)6;
the arabinosyl residues are predominantly in terminal ﬁositions. AGPs specifically
bind to and are precipitated by B-glycosyl-Yariv reagents as a red colored éomplex.

AGPs usually compnse a domain(s) enriched in hydroxyprohne, alanine, serine, and
threonine.

The term Yariv reagent-precipitable as used Herein réfers to an AGP that is

‘capable of being precipitated by B-glucosyl-Yariv reagents.
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7 Table 1.0 Biochenical and structural
features of hydr oxyproline-rich gl ycopr ot ei ns ( HRGPs)

/ 18

[  The term pative AGP as used herein refers to an AGP in its native state, i.e.,

glycosylated.
The term glycosylated AGP as used herein refers to an AGP molecule
comprising the carbohydrate components linked to the protein skeleton or backbone.
5 The term déglycosylated AGP as used herein refers to a native AGP or a
glycosylated AGP which has been subjected to treatment for removal of carbohydrate
and as a result of which contains a decreased but vafiaiale carbohydrate content.

The term nonglycosylated AGP or AGP backbone as used herein refers to a
protein skeleton or backbone of an AGP molecule which is not glycosylated.

10 The term synthetic AGP as used herein refers to an AGP molecule which is

chemically synthesized.
The term synthetic nonglycosylated AGP as used herein refers to a peptide
backbone of an AGP which is chemically synthesized.
The term enriched in hydroxyproline or hydroxyproline-enriched or
15 hydroxyproline-rich as used herein refers to a region or domain or segment of an
P amino acid sequence that has a hydroxyproline content of greater than 15%, and

usually about 50% or greater.

The term QOAST-enriched or high content of hydroxyproline, alanine, serine

and threonine or enriched in OAST content as used herein refers to a region of an
20 amino acid sequence wherein the sum of the hydroxyprolyl, alanyl, seryl, and

threony! residues constitutes at least about 35%, and preférably at least about 60%, -

the total amino acid residues.

The term hydroxyp_roline-poof or not enriched in hydroxyproline as used

herein refers to a region or domain of a peptide sequence that has a hydroxyproline
25 content that is preferably less than 15%, more preferably less than 10% and most

preferably less than 5%. A hydroxyproline-poor region may also have an OAST

content that is preferably less than 50%, more preferably less than 35% and most
preferably less than 20%.

The term a characterizing sequence or a sequence characterizing an AGP as
30 used herein refers to a sequence that is hydroxyproline-rich and/or sequences that a:
enriched in OAST content.
The term a _guessmer as used herein refers to an oligonucleotide that ¢tz

only a subset of the possible codons at each position. Guessmer is a term used

This Sheet Has Been Reﬁaced routinely in the art and is thoroughly elucidated in Molecular Cloning, A Laboratos

L
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Sol anacepus proteins (AGPSs)

Lectins ™ % Protein (ww) 40- 50 19 2-10

50- 60 Gal act ose/ <1l >1

Ar abi nose Gal abtansa, J. Sambrook; ErFvi Fetsh and T. Mamatls R1d ediden. Cold Sprmg Harbor

- nkagfaborgtory Press, 1989, pp. 11.11-11.16. In many c%scl.sI ra}kguessmer isa
chemically-synthesized, single oligonucleotide, 30-70 nucleotides in length, that
contains the combination of codons most likely to match the authentic gene.

5 The term antisense RNA probe as used herein refers to a RNA strand
produced from a DNA template encodmg a desired amino acid sequence. The
nucleotide sequence of the RNA is complementary to the coding strand of the DNA

- template sequence.
The term substantially pure as used herein refers to a protein that is

10 substantially free of other proteins with which it is associated in nature.

The isolation of AGP genes from N. alata, N. plumbaginafolia, and P.
communis suspension cultures and N. alata styles, as illustrated herein, exemplifies
the present invention which embraces the utilization of an amino acid sequence of a
region of an AGP peptide from a plant cell to isolate a corresponding plant AGP
15 gene. Not all regions or domains of AGP peptide sequences can be used equivalently
to produce viable oligonucleotide primers for the isolation of AGP genes. AGP gene:
have been successfully isolated by using two different strategies: _
(A) the use of a non-hydroxyproline-rich sequence as a primer template to
obtain a corresponding AGP gene, and
20 (B) the use of a guessmer-antisense RNA probe approach wherein the guessmer
can comprise a nucleotide sequence encoding a hydroxyproline-rich
segment to obtain an AGP gene encoding the sequence of the

hydroxyprolihe—rich segment.

In strategy A, the preferred sequences are those that have a low content, or are
25 deficient in, hydroxyproline. Hydroxyproline-poor sequences are found in terminal
regions as well as in internal domains of AGP peptides. It is also preferable that
sequences of AGP peptides or fragments thereof, selected for synthesis of synthetic
oligonucleotide primers, have a low hydroxyproline, alanine, serine, and threonine
(OAST) content. It is particularly preferable that the content of the sum of these fou
30 amino acid residues be less than 50%, and more preferably less than 35%, and most
preferably less than 20%, of the total amino acid residues. AGP sequences that are

useful in isolating an AGP gene using PCR technology, i.e., sequences that are

Sheet Has Been Reﬁaced hydroxyproline-poor, or OAST-poor, are not available in the prior art.
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5 example, AGP peptide fragments published in the art are the following:

from carrot (Jermyn, 1985, supra)™ - -
(1) A-D/N-A-O-A-O-S-O-A/T-0O/S- (0) (SEQ ID NO:1)
(2) D-E-A-0-A-O-A-0O-S-O-M- (SEQ ID NO:2)
(3). G/E-0-A-0-A-0-A-O-(Q)-(V)- (SEQ ID NO:3)

10 from ryegrass, Lolium muitiflorum (Gleeson et al., 1989, supra)”
(1) A-E-A-O-A-O-A-0O-A-S (SEQ ID NO:4) (N-terminal)
(2) K-A-A-A-S-0-0-A-O-A-O-K- (SEQ ID NO:5)
(3) A-0-A-O-A-O-V/H-O-E-A (SEQ ID NO:6)
(4) S/L-T-A-O-V-A-A-O-T-T-(X)-O- (SEQ ID NO:7)

15 (5) S-0-P-A-O-A- (SEQ ID NO:8)
(6) A-A-A-(S)-L-(K)- (SEQ ID NO:9)

and from rose (Komalavilas et al., 1990, supra)
(A)-D-A-0-A-0-S-0-V (SEQ ID NO:10)

Residues in brackets indicate uncertain residues. X = undetermined residue.

20 Although these amino acid sequences of AGP peptide fragments from carrot,
ryegrass, and rose are known in the art, AGP genes corresponding to these peptide
fragments are still not known m the art. All of these art-known plant AGP peptide
fragments have amino acid sequences that are characterized by a high content of

- - hydroxyproline, alanine, serine, and threonine. These amino acid partial sequences

25 are such that they give GC-rich oligonucleotide primers. For this reason, no one to

date has been successful in obtaining AGP cDNAs directly from these sequences.
Initially, attempts were made to obtain plant AGP genes using hydroxyproline-
rich sequences obtained from isolated AGP fragments. The following sequences were

utilized unsuccessfuily:

30 (i) N.plumbaginafolia, RT21, FAOS/NGGVALPOS (SEQ ID NO:28)
(ii) N.plumbaginafolia, LASOOAOOTADTOA (SEQ ID NO:27)
(iii) N. plumbaginafolia, IGAAOAGSOTSSPN (SEQ ID NO:29)

(iv) P.communis, RT16.4, LSOKKSOTAOSOS(S)TOOT(T) (SEQ ID NO:31)

Each of the sequences (i), (ii) and (iii), which are found in both N. alata and N.
35 plumbaginafolia AGPs, were used in both N. alata and N. plumbaginafolia to isolate
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based primarily on DNA hybridization. All of these sequences produced

oligonucleotide primer_s that were highly redundant and very GC-rich (in some cases

5 gre'ater than 80 %). Consequently, a problem appeared that at high stringency,

" hybridization bands were c_jbtained which, on Sequencing, had no relationship to the
amino acid sequence. On examination of the above sequences, it may be seen that all
four of these sequences are OAST-enriched, i.e., (i) 50%, (ii) 85.7%, (iii) 64.3%, .
and (iv) 84.2%, respectively. (It is noted that in further embodiments of this

10 invention, these sequences could in fact be utilized for the detection and isolation of

corresponding genes with methods based on other hybridization principles.)

The instant disclosure overcomes this problem. Whereas isolated plant AGPs in
the art have been characterized exclusively by peptide fragments having high |
hydroxyproline or OAST contents (AGP sequences having a low content of

15 hydroxyproline, or a low OAST content are not available in the prior aft), the AGPs
isolated a:.d described in the present disclosure are characterized not only by peptide |
fragments that are hydroxyproline-rich but also by peptide'fragments that are '
hydroxyproline-poor, if not hydroxyproline—deﬁcient. The fact that an AGP peptide
fragment that was not enriched in hydroxyproline had been isolated and sequenced
20 and the fact that this sequ_énce, which is also low in hydroxyproline, alanine, serine,
and thre’on_ine content, had been utilized to synthesize degenerate primers, enabled
circumvention of the'problems associated with GC-rich pﬁmers and led to the |
- - isolation of a corresponding AGP cDNA. _
| The N-terminal region of an isolated plant AGP can be used to obtain a
25 corresponding plant AGP gene. Ina particﬁlar embodiment of the invention, the N-
terminal region of an AGP peptide obtained from N. alata suspéhsion culture |
~ comprised a hydroxyproline—pdor région. The N-terminal peptide sequence, A-K-S-
K-F-M-I-I-P-A-S-X-T-X-A (SEQ ID NO:11) was used as a template for the synthesis
of an oligonucleotide primer which was further utilized for the isolation of a
30 hybﬁdizing AGP gene from both N. alata and N. plumbagfnafotia.

In other specific embodiments of the invention, hydroxyproline-poor s;.quences
from internal regions of AGPs from P. communis suspension culture and from N.
alata style were used to obtain corresponding AGP genes. For example, in the case

of P. communis, the AGP backbone encoded by the PCAGP23 gene (SEQ ID NO:49)
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C It is also an object of the invention to provide a nethod

f pl ant AGP gene. This nethod conpmpses the step of

o] ni'ng Troman AGP peptide a fragment having an amno acid sequence

that is h%d_r oxypr ol i RehydeeXyprélir@-pooddiot oRly itahe terinindDAégiosobiltedlso inférnally, and an
hydr oxyprol i ne- poor sequence is then used to design a nucleotide_priner

whi ch car be used t oins¢rnal sequénse (SRQD HO:41pPwrs upedyiveohtaingepasr AGK gene. Similarly,
gg;]te reglr g:g a plant 9¢For L&xé .aarlgtafs?yrle 9\(5'?{ %rari:kqaio%ti:ré cocdcg%ey' myﬁa%sf‘_f’%bﬁlﬁ& U (Figure
‘ 4.6), the N-terminal region and internal regions have low hydroxyproline contents,
5 and, internal sequence (SEQ ID NO:58) was used to obtain an N. alata style AGP
gene.

This basic approach (strategy A) for obtaining a plant AGP gene enabled the
successful isolation of AGP genes from N. alata, N. plumbaginafolia, and P.
communis cell suspension cultures, as well as from N.. alata styles. In each case, th

10 cDNA clone comprised a derived amino acid sequence which contained a
hydroxyproline-poor domain and a hydroxyproline-enriched domain (a region
enriched in OAST content).

In strategy B, a method is provided that enables the use of a specific OAST-ric!
AGP peptide sequence for the isolation of a corresponding gene. This method

15 involves the screening of libraries with RNA probes prepared from a single long
guessmer (oligonucleotides containing only a subset of the possible codcns at each
position) encoding a desired specific OAST-rich AGP peptide sequence. In order tc
produce an RNA probe from a DNA oligonucleotide, a bacteriophage promoter (e.g

T7 or T3 RNA polymerase promoter) is linked at the 5’-end of the oligonucleotide.

20 In addition, the oligonucleotide, which is single-stranded, must be converted into a
partial or complete, double-stranded DNA fragment, because the T7 (or T3) RNA
polymerase will not recognize single-stranded promoter sequences. Relevant

. . procedures for obtaining either DNA or RNA probes from a DNA template are
known in the art [Berger and Kimmel (1987) Methods in Enzymology 152].

25 Figure 1.0 presents schematically several ways of producing an RNA probe
involving the use of a single (Figure 1.0A) or double (Figure 1.0B) oligonucleotide
probe. For example, in Figure 1.0(A1), a second oligonucleotide, which is
complementary to the guessmer encoding a desired AGP peptide, is synthesized anc
the two oligonucleotides are annealed to form double-stranded DNA. Alternatively

30 as shown in Figure 1.0(A2), a short complementary primer is annealed to the -
promoter sequence of the guessmer to form a double-stranded RNA' polymerase
promoter sequence. Using a double oligonucleotide probe approach (Figure 1.0(B!
an adaptor sequence (15-18 bp long) is added to the 3’-end of the guessmer

(oligonucleotide 1) and a second guessmer (oligonucleotide 2), which encodes a
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to the adaptor of the first oligonucleotide, is synthesized. The two guessmers are
thus afmealed through their compleméntary adaptor sequences and the protruding
si_ngle-Stranded regions filled in by primer extension to produce a double-stranded
DNA fragment. Figure 1.0(B2) further demonstrates a method whereby the adaptor
sequences are designed in such a way that they bind to opposite strands of a mediator
DNA, enabling the two guessmers to be joined together by a PCR reaction to form a
double-stranded DNA fragment _

 Single-stranded RNA probes are superior to DNA probes for the screening of
libraries. RNA probes can be labeled to much higher specific activity and bind more
tightly to a target DNA, thus yielding stronger signals in hybridization reactions. The
greater stability of hybrids involving RNA enables the use of higher hybridization
stringency, thus increasing hybridization speciﬁcity. Unhybridized RNA probes can
be removed by RNase digestion further reducing the background.

A single long guessmer (40-70 bp) rather than short degenerate oligonucleotides |
is used to avoid the extremely high degeneracy associated with OAST-rich AGP
peptide sequences. It is preferréd that the guessmer be longer than 40 bp in order

that the increased stability of hybrids formed by the long oligonucleotide out-weigh

the detrimental effects of mismatches. Anti-codons GGU, CGU, UGU, and AGU

should be used for Pro (Hyp), Ala, Thr, and Ser, respectively. This is based on the
consideration that the nucleotide base "A" is the preferred base in the third position
of codons for Pro, Ala, and Thr. The other consideration is that the nucleotide base
"U" can pair not only with "A" but also with "G" to some extent, hence GGU can
pair with CCA or CCG for proline residues, for example. Therefore, it is further
contemplated that antisense RNA rather than the sense RNA probes be used for the |

screening of libraries.

AGP peptides were isolated from plant cell suspensions by precipitation W1th

. Yanv reagent (a red dye, 8-glucosyl reagent described by Yariv in 1967). This dye

was prepared by coupling diazotized 4-aminophenyl glucopyranoside to phloroglucinol
and the reagent was used to p'recipit_ate AGPs. The AGPs from suspension-cultured
cells were prepared by precipitation of AGPs from either the culture medium or from
the Biopolymer products (the high molecular weight materials precipitated with four
volumes of ethanol from a cell suspension culture filtrate). An isolation procedure
independent of the Yariv reagent was also used to obtain AGPs from plant cells.
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e s lacedproach a hydroxyproline-rich peptide sequence which

%ﬂ ﬂlmﬂum Fr acterizes an AGP protein is not utilized, and is avoi ded;
ence whi ch does not conprise a chgracterizi ng sequence of an

AGP (i.e., a hydroxyproline-poor sequence) is utilized for the isolation of

an AGP gene. |n sp€Thd Yariemtagdnnwas ssedflatehén thevisolation prevedume taddentify drastions
whi ch were not enriched.in Edro;%g&éé\me or OAST content were isol atg%

from peptides f romcmqusﬁ romy . @lopg pyleextRctSSHEISRTEPHRI DY
cultured cells or el

P. conmuni s. These {é&c@i‘tﬁ{@g%ﬁ% ﬁ%nqygo\%kﬁ{)%rt\mgfoﬁg?respoﬁ@s%ﬂflb{&%mm
cl ones. Thebp rMean dmnmm(m)rnr@drsacqhmge cleematogeiphyd Inoa differentrprocedure,

an AGP gene by utilizing a drogy proline-rich AGP _sequence. Prior to :{-B
i nstant di scl osdr e AGRRoVERE iRitiBlY w@owempﬂwaﬂfm ghrematagraphy A§ipgihe 1539

has not enabled th n due to

difficulties i mos?}e@o&b?é@tﬁﬂ grﬁ’ﬁ%ﬂcﬁ@h_golngﬁﬁgi %ﬁri;éﬁzﬁc}d I s provided

herein that enabl es thgs isSkhown i theaet, AGP v X isplatdd B séviefd) methods, including
affinity chromatography using, for example, galactose binding proteins, classical
chromatography, for example, gel filtration, ion-exchange, etc., and also precipitation

10 by selective reagents, for example, Yariv reagents, lectins, for example, lectins that

binds galactosyl residues, including but not limited to, tridacnin, peanut agglutinin,

the Ricinus communis (RCA ) lectins and myeloma protein J539 [Clarke et al.

(1979) Phytochemistry 18:521-540; Fincher et al. (1983) Ann. Rev. Plant Physiol.

34:58], or antibodies to specific carbohydrate epitopes [Pennell et al. (1989) J. Cell
15 Biol. iﬁ:1967-1977 and Norman et al. (1990) Planta 181:365-373].

AGP fractions were deglycosylated by treatment with trifluoromethane sulfonic
acid (TFMS) or by treatment with anhydrous hydrogen fluoride (HF). Additionally,
other methods for separating the protein and the carbohydrate components from each
other that are known in the art are contemplated by the invention [see Jermyn et al.

20 (1975) Aust. J. Plant Physiol. 2:501].
AGPs and AGP fragments, glycosylated or deglycosylated, were separated by
known separation techniques, for example, SDS-PAGE, HPLC reverse phase
. . chromatography, etc. In some cases, the peptides were further fragmented by
thermolysin digestion before separation. Separated peptides obtained off HPLC
25 reverse phase and ion-exchange columns were sequenced directly, although in some
cases the separated peptides were transferred to PVDF membranes for amino acid
sequencing [Ward et al. (1990) in Electrophoresis 11:883-891]. The use of other
known proteases, instead of or in addition to thermolysin, is contemplated by this
invention. Similarly, this invention contemplates the use of other techniques known
30 in the art for the preparation of pure peptide samples for amino acid sequencing.
From every source examined, multiple AGP backbones were ‘observed.
Multiple backbones were reproducibly obtained whether the AGPs were separated
first and then individually deglycosylated or whether the whole AGP preparation was
deglycosylated first and then the individual peptides separated.
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bind nore strongly to its target sequences than a DNA prdbe. The

i nvention al so @ oRigirs Ishewas excistdrandBeguenceriie AaeN-tarmiinabperitide sequence, A-K-S-K-

ol i gonucl eoti de pr u for g libraries to isolate

speci fic plant Aﬁ&i‘i‘%-ﬁ%%gﬁ'@?@ﬁﬁﬁ @geﬁﬂ\lia@s drents, the

following cDNA clones arg, 5 pi¢iMEEmbodiment of the invention, the N. alata AGP N-terminal
peptide sequence (SEQ ID NO:11) was used to isolate AGP genes from N. alata and

N. plumbaginafolia libraries (Figure 1.2). Degenerate reverse primers corresponding
10 to part of the AGP N-terminal amino acid sequence, i.e., K-F-M-I-I-P were
synthesized (Table 1.1) and used to obtain a 160-bp primer extension product (Figure
1.3) which was then amplified by PCR. The 160-bp extension fragment was
subcloned and sequenced. The nucleotide sequence (SEQ ID NO:21) included a
derived peptide which matched with the peptide sequence SEQ ID NO:11 isolated
15 from N. alata suspension culture.
Additional primers, corresponding in sequence to parts of tne 160-bp fragment
(e.g., NaF1 and NaF2; Figure 1.3), were synthesized and used to amplify the 3’-part
of the AGP gene by nested PCR. A 1.6 kb fragment was amplified and sequenced.
The alignment of the sequences obtained from the two PCR reactions gave rise to a
20 DNA sequence of 1679 Bp (Figure 1.4). The PCR fragment encoded a protein which
contained the isolated peptide sequence (SEQ ID NO:11) with two mismatches: Arg
for Ala at position 1 and Pro for His at position 12 (Figure 1.4).
. The 1.6 kb PCR fragment was used to screen a cDNA library made from
RNA isolated from N. alata cells in suspension culture and three positive clones were
25 isolated and sequenced. The alignment of the PCR sequences with the cDNA

sequence gave rise

This Sheet Has Been Reﬂlaced
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Sour ce cDNA cl one N. alata cell
suspension/fcul ture NaAGP1 (SEQ ID NG 24) N. plunbagi nafolia
cell suspehsion culture NpAGP1 (SEQ ID NO 25) RB6 comunis cell suspension
culture /! PcAGP23 (SEQ ID NO 49) P. comunis cell suspension culture

PcAGP9 (SIEQ | D NO. 66)

Table 1.1

A Qligo primers used in the primer extension experiments

Ala Lys Ser Lys Phe Met Ile Ile Pro Ala Ser X Thr X Ala (SEQ ID NO:11)

GCA AAA TCA AAA TTT ATG ATA ATA CCA GCA TCA ACA GCcA (SEQ ID NO:12)

G 6 6 G ¢ cC ¢ 6 G @ G G
c c T T T T C c T
T T c ¢ T T c
AGC AGC
T T
B: Oligonucleotide primers designed
Group 1 5’ GG TAT TAT CAT AAA CTT 3’ (SEQ ID NO:13)
G G G
A A
Group 2 5’ GG TAT TAT CAT AAA TTT 3‘' (SEQ ID NO:14)
G G G
A A

|2

Subgroups of the group 1 primers

NaRl 5‘ GG T/G/AAT GAT CAT AAA CTT 3’ (SEQ ID NO:15)
NaR2 5’ GG T/G/AAT AAT CAT AAA CTT 3’ (SEQ ID NO:16)
NaR3 5’ GG T/G/AAT TAT CAT AAA CTT 3’ (SEQ ID NO:17)
NaR4 5‘ GG T/G/AAT GAT CAT GAA CTT 3’ (SEQ ID NO:18)
NaR5 5’ GG T/G/AAT AAT CAT GAA CTT 3’ (SEQ ID NO:19)

NaR6 5¢ GG T/G/AAT TAT CAT GAA CTT 3’ (SEQ ID NO:20)

A: Amino acid sequence obtained from deglycosylated AGPs isolated
from N. alata cell suspension culture and the corresponding
codons.

B: The two groups of degenerate reverse primers designed for the

primer extension experiment.

C: Subgroups of the group 1 primers.

to a 1700-bp sequence (SEQ ID NO:24) including a poly(A) tail of 7 bp (Figure 1.4
This sequence was designated NaAGP1. Further primer extension-experiments
suggested that the 1.7 kb NaAGP1 cDNA (SEQ ID NO:24) represented the full-
length sequence of the AGP transcript. |
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PcAGP2 (SEQ ID'NO 91) N. alata
Na35 1 (SEQ ID NGO 63) N alata style
The nanes set o2t bel ow have been all ocat ed

as follows:
TAGRB1 cDNA comprised pg opezPreading frame spanning 1383 AGp

'\rlﬁ)xcé%ﬁ&es. The open reading frame encode&) a polypeptide containing 461 amino
P polypep g

suspensi on cul ture
NO 72)
The

acid residues with a calculated molecular weight of 51.8 kD and a predicted pI of
3.84. The protein was highly rich in a;s;;afagine (25%), and relatively rich in serine
(8.9%), tyrosine (7.5%), proline (7.2%) and glutamine (7.0%) (Table 1.2), and could
be divided into four domains (Figure 1.5). At the N-terminus (residues 1-25), there

was a putative transmembrane helix which was very h)}d;ophobic.

Table 1.2

Comparison of derived amino acid composition of NaAGP1 and NpAGP1.

Amino Full (Mols%)? Pro-rich | (Mol%)? Asn-rich | (Molw)?
acid sequence | NpAGP1l domain NpAGP1 domain NpAGP1
NaAGP1l NaAGP1l NaAGP1
Asn 25.0 26.2 4.7 3.3 44.1 43.4
Sex 8.9 9.8 8.7 9.4 9.8 10.3

Tyxr 7.5 7.7 1.3 1.3 12.1 11.1
Pro 7.2 7.9 20.2 20.8 0.0 0.3
Glu 7.0 7.7 6.7 6.7 5.7 6.3
Gly 6.0 5.4 6.7 6.0 6.0 5.5
Phe 5.8 4.7 6.0 6.7 3.8 3.9
Thr 5.4 4.5 10.8 10.7 1.5 1.1
Asp 3.9 3.1 4.7 5.4 3.8 1.9
Ala 3.5 4.1 8.7 8.7 1.5 1.5
Leu 3.3 2.9 5.4 4.0 1.5 1.5
I val 3.3 3.1 4.7 4.0 2.2 2.3
|| cin 3.1 2.9 2.7 3.3 1.9 1.5
Ile 2.7 2.9 4.0 4.7 0.7 1.1
Lys 2.5 2.5 2.0 1.3 2.2 3.1
Arg 1.6 1.5 1.3 1.3 1.5 1.5
Met 1.2 1.1 0.6 0.6 0.7 0. z
His 0.8 0.6 0.6 0.6 0.3 0.7
Cys 0.4 0.0 0.0 0.0 0.0 0.0
| Trp 0.0 0.0 0.0 0.0 0.0 0.C
1. The NpAGPl derived amino acid sequence is incomplete as the clone
is approximately 100 bp short.
2. The proline-rich domain is defined by amino acid residues 26-173 in
NaAGPl and 14-161 in NpAGPl.
3. The Asn-rich domain is defined by amino acid residues 174-436 in

NaAGPl and 162-412 in NpAGPl.
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conprising an ani no@%]é&ﬁg_d’%, 23()%, %‘hp, f&%%fa‘and A?a, g.&%gr&lgure l.g). 'I'hls domain is
5 predicted to be the site of glycosylation by Gal/Ara containing chains, linked through
hydroxyproline residues. The proline residues (residues 37, 39, 41, and 43 in Figure
1.4) are known to be hydroxylated, as they appear as hydroxyproline (residues 25,

27, 29, and 31 in Figure 1.6) in the peptide sequence obtained from deglycosylated

AGPs of N. plumbaginafolia. Such hydroxylation and glycosylation would make the
10 molecule considerably more hydrophilic.
The portion of the protein corresponding to amino acid positions 174-436 was
hydrophilic and contained most of the asparagine (95.1%) and tyrosine (94.1%)
residues which accounted for 44.1% and 12.1%, respectively, of all amino acids in
this domain (Figure 1.4 and Figure 1.5). The asparagine residues were distributed in
15  clusters (residues 2-10) along the polypeptide chain. This domain contained no

proline residues. The final 25 residues at C-terminus were hydrophilic (Figure 1.5).

' An N. plumbaginafolia cell suspension cDNA library was also screened with

: the PCR fragment, and four cDNA clones were isolated and sequenced. The four
clones were identical and contained an insert of 1430 bp (SEQ ID NO:25; Figure

20 1.6). This AGP gene was designated NpAGP1. These cDNAs were incomplete and
predicted to be about 100 bp shorter at the 5°-end than the full-length sequence of the
transcript. The NpAGP1 was not identical, but very similar to the NaAGP1 at both

- the nucleotide and derived amino acid sequence level (86% and 84.7% identify,

respectively) (Figure 1.7, Figure 1.8, and Table 1.2). The transmembrane helix was

25 missing in the NpAGP1 cDNA due to the incomplete sequence. The difference

between the two AGP genes was mainly in the middle one-third of the sequence while

the N-terminal and C-terminal parts were highly conserved (Figure 1.7 and Figure

1.8). '

The NaAGP1 cDNA was cut into a 5’-half (residues 1-540) corresponding to

30  the 5’-nontranslated part, the transmembrane helix and the proline-rich domain and a

3’-half (residues 541-1700) including the asparagine-rich domain, C-terminus, and the

3’-nontranslated part. These two parts of the cDNA were used separately to probe

northern blots of RNA [Sambrook et al. (1989) supra] isolated from suspension

cultured cells of N. alata and N. plumbaginafolia and various tissues of N. alata
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tissues, and (b) in redu0| ng or inhibiting natural biological and chem cal

AGP activities. | n although dyad&gxeet Mymmﬂmbomﬂ stmacbf tmmmpts)ram dlﬁfﬂmmamdefferent
to AGPs or AGP i,des st effecti n,de oI at i
i aanoei o of CACRS| tisSHese, 'The, bERRS fin Bk, HEiet G 0% ROTA tota 0 Agpa3usPehsidh cultured

g]‘?g't %gosng ed or Oéé?ﬁr%e?é‘as%égigﬂﬂ'&'ﬁ%&‘i’sdxst&réi‘%&%tédh%&iéht &ld stPR UM IGhave a

smaller transcript of approxunately 1.0 kb compared with 1.6 kb in N.
j o plumbaginafolia cultured cells and 1.7 kb in all other tissues (Figure 1.9). Genomic
southern blot analysis indicated that the AGP gene is a single copy or low copy gene
10 in the genome of N. alata.

YOG
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In a preferred embodiment of the invention, the cDNA library was screened
with the labeled synthetic oligonucleotide probe derived from the hydroxyproline-poor
or the N-terminal AGP protein sequence. In an alternative embodiment of the
invention, individual recombinants within the cDNA. library can be Screened for

15 expression of an antigen (antibody recognition). Procedures for selecting cloned
sequerces from a recombinant cDNA library are described in Kimmel (1987) Meth.
Enzymol. 152:393-399. _

This invention also contemplates the use of oligonucleotide probes, e.g., AGP
cDNA, etc., for the detection of hybridizing sequences and the isolation of monocot

20  and dicot AGP genes. Pear AGP (PcAGP9) transcripts were detected in RNA
prepared from dicots as well as from a monocot.

cDNA clones which show a strong hybridization signal are sequenced to

. _ confirm complimentarity to the AGP amino acid seqﬁence. In addition, the protein
encoded by the cDNA is shown to possess AGP characteristics. This is done, for

25 example, by transcribing the clone sequence with an appropriate RNA polymerase,
then translating the mRNA in, for example, a commercially available wheat germ
extract in vitro translation system. Thus, the identity of a clone is confirmed by
transformation into a suspension-cultured cell and identifying the product using a
suitable tag.

30 In another embodiment of the invention, the presence of AGP protein is
detected immunologically. For example, antibodies raised to an AGP peptide, or
fragment thereof, purified and isolated from an SDS-PAGE gel are shown to cross-
react with the purified AGP peptide. AGP-specific antibodies are also utilized to

bind and precipitate AGP from plant extracts as well as the product of the cloned
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10 This invention also provides a genetically-engi neered DNA
nol ecul e conprising a plant AGP gene under control of a heterol ogous
pronoter such that a nonglycosylated AGP is expr3955ed In a specific
enbodi nent of the invention, an AGPn%ene obtai ned from N. al at a.

pl umbagi nafol i a, oAGP gensambelyelonal 3 gaemdpr@énnmpdacsw@c@nmlt@g%ﬁ& PﬁP@ﬁiﬁ)@fér

(e.g. a bacterial, p\r/ép51§ed acBor%mg toStatidard @lRuS i tlearf  This type of immunological

testing is further utilized, for example, for optimization of expression of the ‘cloned
AGP gene in a recipient organism. | .

5 This invention further contemplates the isolation of a genomic clone of AGP.
Genomic DNA is isolated accordmg to the methods descnbed by Herrmann and
Frischauf (1987) Methods Enzymol 152 180-189 A PCR—based method is used to

~ clone a gene from genomic DNA using partial protein sequence (e.g., Aarts et al.
(1991) Plant Mol. Biol. 1_@:647} or cDNA fragment probes (e.g., King et al. (1988)
10  Plant Mol. Biol. 10:401-412). The genomic AGP gene may be utilized instead of the
~ cDNA to express AGP, in particular, in host systems where it appears that the native
promoter or post-translational system is required for full expression, e.g., plant cells.
As is well known in the art [see, for example, Glover (1984) Gene Cloning,
Brammar and Edidin (eds.), Chapman and Hall, NY], there are various strategies for
15 generation of cDNA libraries and for the cloning of the cDNA into an appropriate
DNA recombinant vector, €.g., the pUC family of plasmids or Agt10 or Agtll phage
vectors. In an embodiment of the invention, a DNA recombinant vector carries a
constitutive or inducible promoter adjacent to the cloning site such that a transcript is
made specifically to either strand of the cDNA simply by using different RNA
20 polymerases. RNAs produced in this way can be used as hybridization probes or can
be translated in cell-free protein synthesis systems.
It is understood in the art that modifications may be made to the structural
~_arrangement and specific elements of a génetically-cngineered recombinant DNA
- molecule described herein without destroying the activity of gene expression. For
25 example, it is contemplated that a substitution may be made in the choices of
enhancer regulatory elements and/or promoters [e.g., preferably, an inducible
promoter (e.g., AdH1)] without significantly affecting the function of the recombinant
DNA molecule of this invention. It will also be understood that optimization of gene
expression also results from the use of preferred codons, the arrangement,
30 orientation, and spacing of the different regulatory elements as well as the multiple
copies of a particular element with respect to one another, and with respect to the

position of the TATA box, as will be apparent to those skilled in the art using the
teachings of this disclosure.

Sheet Has Been Re laced

R



host cell such that a nonglycosylated AGP i s expressed. It is also
an object of the invention to provide a genetically-engi neered DNA nol ecul e
conprising a plant AGP gene under control of a3fjeterol ogous pronoter such
that a glycosylated AGP is expressed. For exanple, this invention

contenpl ates the utili ﬂatanothenémbb&mpoéﬁmadvmmgl WEiRs wettecisolMeR fem aV.

substrate for gl ycosyl ating, and carbohydrate-protein |inking enz ga
prolyl hydroxyl as8 lumpagingfgfia suspensiosy @reset’ghg mef"é‘“})f‘@&h@é cgll gﬂugmvpéﬂl re of

ACP WL TS a0 Ay YikaRsinliohl Sk MRS RokPull AL 65 AESH o€l fRmolecutar

orne - éngl feere

DNA conprising a plegght nfitétige &cqmdeﬁ Wﬂﬂfdlﬁrlvoﬂlfm& dsteemirwlognmaom oaive AGPs
such that a gl ycosyl ated_ AGP |s egéressed It, is a further object of the

i nvention to pPovwgee Rugiiethfromcshe fiinpolymer produetely prssipitation widihie| ¥ary reagent

Sorec: ot mvd BB H S RAREHE T 1 Tl b

z%gabl e of furtheamiRiniialbrémide) paipiation priop te YRFoRespRaial yrm;dmtmve AGPs

were treated by two paths:
Path 1: Deglycosylation followed by reverse phase HPLC fractionation

10 before direct sequencing, or sequencing after enzymatic (proteolytic) digestion
[detailed in Example 2(c)2-5].
Path 2: Reverse phase HPLC fractionation followed by deglycosylation and
further reverse phase HPLC fractionation [detailed in Example 1(c)6-8].
Path 1 (deglycosylation followed by separation of AGPs) produced an
15 unbound peak and two major bound peaks, RT21 and RT32, with retention times of
21 min and 32 min, respectively, in reverse phase HPLC (see Figure 2.1). Peak
RT21 was digested with thermolysin and refractionated by RP-HPLC prior to amino
acid sequencing. The sequences (SEQ ID NOS:26-29) obtained from peak RT21
exhibited a high content of hydroxyproline, alanine, serine, and threonine (OAST-rich
20 sequences).

Peak RT32 was sequenced directly and gave the sequence R-K-S-K-F-M-I-1-
P-A-§-0-T-0-A-O-T-O-I-N-E-I-S-F (SEQ ID NO:30) which, at the 5’-end, very
closely matched the N-terminal sequence (SEQ ID NO:11) obtained from N. alata
cell culfures, and which did not show a high content of hydroxyproline nor of OAST,
25 i.e., hydroxyproline,- alanine, serine, and threonine. The 3'-end of the peak RT32

sequence (SEQ ID NO:30) comprised a domain characterized by a high OAST
content.
The results of amino acid analyses of chromatographic fractions from N.
plumbaginafolia AGPs are presented in Table 2.1. All AGPs that initially bound to
30 the chromatography columns showed an enrichment in hydroxyproline, alanine,
serine, and threonine residues.
In another embodiment of the invention, the total native AGPs were isolated

from Pyrus communis (pear) Blopolymer by Yariv precipitation.

——————
— e ———
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This invention further provides a genetically-engi neered DNA nol ecul e
conprising a plant AGP pronoter. In specific enbodi nents of the invention,
AGP pronmpoters are isolated fromN alata, N pl@2aginafolia, and P.
communi s. Subsequently, a reconbi nant DNA nol ecule is genetically
engi neered to conprise allf ARPsAgre githerodeglycosylated distaandathem sepasated by reverse

| h | is.
under the contr ol ShEEHPERIRP SR Bab, by Br TGV wd B8 hgEBORE e | e
gene coul d be used fhefbmied fifst B9 reREsd phase PIFIID (RPS00P, M@ﬁ%egl?@os&gﬁ?ﬁtdigested

particular sites in a whole plant. This could change the phenotypes w
respect to such funégth bmemelysipesnd perified forsequenginge(Patiplk. The

instant inventi provi rce of AGP that is.no ndent, u i t.S .

i sol ation from pl ant exﬁ?gs%% ?‘?Paéﬁfﬂna?fta%!g&w@ﬂ%& gﬂﬁf Seg(ac‘f? tthle:n@%?ile shown in

availability of naigiral3. soUHeaesuls of@hifie aéidi 4haliSeIbajoR paks g.reo,nmﬁvo_aﬁé,, peak
oots, seeds, seaweed, etc., present praqblens.associated.with harvesting,
limate, man-power RFlér4rand peakoRT18.23 0asasuimomgrizedrinEableadid , indjeatebenrichnine of
rgoc:iuct hon of AGPs h%{'oq&p{o?ﬁlg, a 'arrlli%g,t segfen@,eand threonine residues in the bound fractions. The
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guessners anneal ed to a nediator DNA through their adaptor sequences

adapt or sequence. Ot her pronoters, for exanple, T3 or Sp6 RNA pol ynerases,

may al so be used. Figure 1.1 presents a pmassi e bl ue stained

SDS- PAGE gel bl ot of deglycosyl ated and non-degl ycosyl ated AGPs from

various sources. AGEl6uéraaditlsoRT18Q feaksirons Pise Bnl %etd sibfectdd for themBol9éinN.
al ata; N. plunbagi ncafgol la and pear (Pyrus conmmunis) by Yariv gremlpl tation
and degl ycosyl at ed H4BFSHOR apd M‘S?ﬁé@ﬁ%@%‘lﬂtﬁf wﬁtecseaéﬂaéﬁd(mwﬁl’ Gheolumn. The RP-

o8 ooV a1 00 o AR KESBARATITS YA BOERIR 30 A A i st i

Coonassi e bl ue, theFigaged.3band (MN 20-30 kD, indicated by an arrovv) from

degl ycosylated N. al ata GPs was exc@ied and sequenced gure 1.2
presents a PCR strategy it G"r“ onrbneregpesk (peak heRtrermglysin-digested RT154 Figure 3.2) was

a pure peptide and gave a clear sequence, L-S O-K-K—S O-T-A-O-S-0-S-(S)-T-0-0-

T-(T) (SEQ ID NO:31), which showed a high content of alanine, hydroxyproline,

serine, and threonine. Peaks 3 and 5 of RT16.4 (Figure 3.2) comprised sequences

(SEQ ID NO:11 and SEQ ID NO:12, respectively) that also exhibited high contents
10 of hydroxyproline, alanine, serine, and threonine.

Peaks from thermolysin-digested RT18.2 (Figure 3.3) were resolved into
several peaks (SEQ ID NOS:31, 34-38). These sequences also were characterized by
a high OAST content.

Path 2 (fractionation of the total native pear AGP fracﬁon by reverse phase

15 HPLC) gave the profile presented in Figure 3.4. Peak RT7.8 and the unbound
fraction were analyzed for amino acid composition and both were found to be
enriched in hydroxyproline, alanine, serine, and threonine as shown in Table 3.1.
Peak RT7.8 and the unbound fraction were deglycosylated and fractionated on HPLC.
The profile for the deglycosylated Peak RT7.8 (Figure 3.5) showed a major peak

20 (Peak RT23) which, after thermolysin digestion and further purification on reverse

phase HPLC (RP-300), gave six peptide sequences. Five sequences (SEQ ID

NOS:39-44) were OAST-enriched, whereas one of the sequences, L-V-V-V-V-M-T-

P-R-K-H (SEQ ID NO:41) was also present in sequence obtained by direct

sequencing of the native AGP in RT7.8.

25 The unbound fraction of Figure 3.4, after deglycosylation and further
fractionation on HPLC (Path 2), gave the profile presented in Figure 3.6. The major
peaks RT16-19 in Figure 3.6 [obtained by Path 2 (separation followed by
deglycosylation)] had retention times similar to those of peaks RT16-19.9 in Figure
3.1 [obtained by Path 1 (deglycosylation followed by separation)].

30 It would appear from Figure 3.4 that Peak RT7.8 represents about 27% of the
total AGPs from pear. At least four N-terminal were observed in one fraction which
may represent multiple chains. The unbound fraction represents about 67% of the

total AGPs from pear and gives peaks which correspond to the RT16.4-19.9 of Figure

[
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corresponding to an am no acid sequence of a deglycosyl ated AGP backbone
fromN alata cell suspension culture. The seque?%es of the NaRl, NaFl, and
NaF2 primers used to isolate the clone for NaAGPIare given in Table 1.1

and Figure 1.3. 3.1 which gave several OAST-enriched i i i
Figure 1.3 presents a nucl ot?de and tﬁe eggﬁ:lll?/e%fqg%xc%. e;rclllu ’ g]gdﬁ%gnlgglsl pg?wdes

the 160-bp prinmer eamimosicithsdquenpeaddta froeesbhrdfuibe teoinijor AIGPsSeSHHEMeRs communis.
correspondi ng .

In a particular embodiment of the invention, an AGP gene was obtained from
P. communis. |
5 The sequence L-V-V-V-V-M-T-P-R-K-H (SEQ ID NO:41), which was
hydroxyproline-poor and OAST-poor, was selected as template for obtaining an AGP
gene from pear cell suspension culture.

{ A number of primers corresponding to the L-V-V-V-V-M-T-P-R-K-H
: ' sequence (SEQ ID NO:41) was designed and synthesized for PCR experiments (Table
' 10 3.2).

TABLE 3.2

Sequences of the oligonucleotide primers used in PCR

15 Peptide sequence L-V-V-V-V-M-T-P-R-K-H (SEQ ID NO:41)

Primer designation:

PcA23F1 5’ GTN GTN GTN GTN ATG AC 3’ (SEQ ID NO:45)
PcA23F2a 5’ GTA GTN ATG ACN CCN AGA AA 3' (SEQ ID NO:46)
G
20 PcA23F2b 5’ GTA GTN ATG ACN CCN CGN AA 3° (SEQ ID NO:47)
N =ATGorC

The same nested PCR procedure used for the cloning of the NaAGP1 gene
(Figure 1.2B) was used to clone the gene encoding the above peptide, except that the
25  annealing temperature was 52°C in this case. A 350-bp fragment was amplified after
two successive PCR reactions using the PcA23F1 as the first primer and the
PcA23F2a as the second primer. The fragment was sequenced and found to encode
the correct peptide sequence (SEQ ID NO:48; Figure 3.7).
The PCR fragment was used to screen a cDNA library made from mRNA

30 from pear cell suspension culture, as described above for N. alata cell suspension.
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to the peptide sequence by protein mcrosequencing is underlined. The
.asterisks (*) indicate the am no acids of the peptide obtained by direct
m crosequenci ng which are identical with the der {ed sequence. The

sequences of the t ' ' . ) _designed, fqr,the .
anplification of t\rll\gng'lpb 99%?@%@@%?%% Sgﬁge%aar"g S&B‘?P&?Eﬂ-u%&‘}q?%ﬁqmﬁlﬂﬁd an
nucl eoti de sequenceingért o€ F50bPIand thatchdiethpRARESquen&Rl) i s underlined.

Figure 1.4 presents the nucleotide and predicted am no aci d sequences the

NaAGP1 cDNA from N. al at dhe BrAGRISFAMNAJIERLIR BYQ:4p)Nem@rtey an Gpen reading dtamin which
Peauence SpLaLne0, B HRRSNEA (RIEH Bt 1 R BAR Gnd
sequence by prot @i NegHce @GR ositipn SEOURIGITE i308). Thé epérsteatingkeankd pncodes a
i ndi cate the am no acids of the peptide gbtained by direct mcrosequencing
whi ch are identical polypeptidecontainingd8Q amingaed residiesavith asaleulatad melegulan wieight of
's dot-underlined. >1<9f'2 f&ﬂqx% %rﬂegﬁ&drpqsdfdﬁ& The predicted arhino acid sequence contains the
peptide sequence, L-V-V-V-V-M-T-P-R-K-H (SEQ 1D NO:41), which was used for
the cloning of the PCR fragment. In addition, another peptide sequence, L-G-1-S-O-
10 A-O-S-0-A-G-E-V-D-(G) predicted from nucleotides 428-472, matches SEQ ID
NO:34 obtained from RT18.2 (Figure 3.3). However, other sequences from peak
RT7.8 (SEQ ID NOS:39-44) are absent from the PcAGP23 sequence, indicating they
are from different AGP backbones.
The most abundant amino acid residues in the predicted protein sequence are
15 Ser (12.2%), Gly (10.5%), Leu (9.4%), Val (8.8%), Ala (7.2%) and Lys (7.2%)

[Table 3.3].
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Figure 1.5 presents a summary of key structural features of the derived

am no aci d sequence of the NaAGPl cDNA. The hydropat hy val ues of each am no
acid have been determ ned using an interval of ni3|§e am no aci ds according

to the weight systemof Kyte and Doolittle (1982)." Val ues above the dotted

| i ne indicate hydrophobic regions, and the val ues below the dotted |ine
represent hydrophilic regions. Fi gure Lﬂ%?)lgr ents the nucl eotide

and predicted am no acid sequences of an N. pl 93|e afolia AGP derived
fromcell suspension cul tureélgl AGP1). The derived am no acid sequences -
corresponding to the peptide %&ﬁicwpwmrepﬁthﬁmégwmw pEotein
underlined. The asterisks (*) indicate the am no acids of the peptide

obt ai ned by direct m.crosequencing which are identical with the derived
sequence. O hydroxyproline. Figure 1.7 presents thmaé gnnent of

the derived am no acid sequenggfinefAdide

— - 4SP - - -SP

. Ser 12.2 98
L Gly 10.5 11.1
Leu 9.4 7.8
Val 8.8 9.1
Ala 7.2 6.5
Lys 7.2 7.8
Thr 5.5 6.5
Pro 5.5 6.5
Glu 5.0 52
Phe 4.4 2.6
Asp 3.8 45
Asn 2.7 3.2
Tyr 2.7 2.6
Arg 2.7 3.2
Ile 2.7 3.2
Gin 2.2 2.6
Trp 2.2 2.6
Cys 1.6 1.9
His 1.6 1.9
Met 1.1 0.6

+SP: The putative secretion signal peptide is included.

~-SP: The putative secretion signal peptide is excluded.

The PcAGP23 contains 5.5% Pro residues, some of which are post-translationally
modified to hydroxyproline, as identified by peptide sequencing. Relatively speaking,
the Pro and Ala residues are concentrated in the last 1/3 of the sequence (at the C-
terminus).

5 In the sequence of the PcAGP23 cDNA (SEQ ID NO:49), there is a putative
secretion signal at the N-terminus (1-27) with a potential cleavage sité between Ala?’
and Arg®™. There are also two potential N-glycosylation sites at amino acid positions
36 and 87 (Figure 3.8).
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and NpAGP1 ‘cDNAs. The derived amino acid sequence of NaAGPl1 cDNA is

héematslneeunﬁﬁiﬁdl i ne and that of the NpAGPl shown in the |lower Iine.

Ide resi dues are indicated with ' |39 Gaps were introduced
maxi m ze the alignnent.

In another embodiment of the invention, the AGPs in a pear cell culture
filtrate were further purified as illustrated in the flow chart of Figure 5.4. The
unbound fraction and the two minor bound fractions (Figure 5.4A), which accounted
for 7.2%, 0.9% and 0.1%, respectively, of iotal AGPs loaded on the column, were

5 purified as described above and in Example 3(a).

The major peak of Figure 5.4A, which accounted for approximately 27% of
the AGPs, was collected and rt:_a\—m)iied 't-o the same cblﬁmn. Upon elution with a
shallow gradient, two peaks (Fractions 1 and 2) were resolved (Figure 5.4B). The

!' AGPs in Fraction 1 were described above and in Example 3(a).
10 Size-exclusion FPLC fractionation of Fraction 2 resolved two components

(peaks 2A and 2B, Figure 5.4C3). Arabinose and galactose were the major

monosaccharides of each fraction (Table 3.4).

Table 3.4
Linkage Analysis of AGP fractions
Monosaccharide Unbound Fraction 1 Fraction 2
and deduced fraction (Fig. 5.4C2) | Peak2A Peak
linkage (mol %) (Fig. 5.4C1) (Fig. 5.4C3)
Araf: terminal 34 36 24 18
3- 3 3 4 4
5- 2 3 1 1
- || Galp: terminal 7 8 12 14
“ 3-. 5 4 8 5
6- 10 10 8 23
3,6- 38 36 44 35

Araf: Arabinofuranose; E‘;le: C_?alactopyranose

Arabinose was present mainly in the terminal position with small amounts of 3-linkec
and 5-linked residues. Galactose was present mainly as 3,6-linked and terminal
residues in both peaks. However, the proportion of 6-linked galactosyl residues was

greater in Peak 2B than 2A, and both had small proportions of 3-linked residues.
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Figure 1.8 presents the alignnment of the NaAGP1 and the NpAGP1 cDNA
sequences. The nucl eoti de sequence of the NaAGPl cDNA is shown in the upper
line and that of the NpAGP1 shown in the |ower 40 ne. ldentical aligned
residues are indicated with '|'. Gaps_ were introduced when required

maxi m ze the al i grfwmino, acid composm‘gumalwsgofp&hes%ﬁl’% imBeaksedh 3B¢ éB "éﬁéf‘?f‘gﬁén

f the NaAGPl d A Tot
gl at a,(f?( 1) | eavgg, ’#\% Cﬁé gglhte”f‘@fl grpmo %ld fe%}'lgréct“égrg W%ge)nglk 3%892%6# F 00
and (7) suspensi onegircretd-£4-WsxX-FRUALLQmuvt 4-E-AOX[ B! (SEQ ememoam)RNA

were fractionated on fornmal dehyde agarose gels, transferred to Hybond-N
menby anes, and hybridi zed with [err] P-1abel ed 5 - probe (1-540 bp) and 3'-

be (541-1700 b f GRl ti
Frlg ’[eeg r]g/l ane) Péo?at%&ﬁﬁr‘%ﬁleélﬁwﬁié W %glsgélﬂerg%lycgqglgcoapﬁd aé\dal,bg%gmg
N. jpl unbagi naf o i a,yash BhAbbRL i8digel rélﬂt’-é&ﬁlsi’ént FPLCE(F?E‘%IC@NATM apparent M,
The size of RNA transcri pts Is I ndi cated .at .the right.

; of the proteins was different for each fraction. Pezk 2B gave one protein backbone
_/ (M, 10k), Peak 2A resulted in two protein peaks (M, 10k and 54k). The 10k protein
/; backbone in Peak 2A is a contamination from Peak 2B. N-terminal amino acid
sequencing of the 54k protein backbone gave the sequence T-O-A-O-A (SEQ ID
10 NO:75) while the 10k protein backbone in Peak 2B gave the sequence A-E-A-E-A-O-
T-0-A-L-Q-V-V-A-E-A-O-E-L (SEQ ID NO:76). The latter sequence is identical to
the N-terminal sequence obtained
from the AGP in Peak 2B before deglycosylation, assuming the unassigned residues

"X" are Hyp.

15 The amino acid compositions of the 54k and 10k protein backbones are very
similar to that of their parent AGPs in Peaks 2A and 2B, respectively. The 54k
protein backbone contained a higher proportion of Hyp (27.5%), Ser (18.4%) than
the 10k protein backbone in Peak 2B (Hyp, 19.5%; Ser, 6.0%). On the other hand,
the 10k protein backbone had a higher content of Glx (14.3%) and Val (10.1%) than

20 the 54k protein backbone in Peak 2A (Glx, 6.6%; Val, 4.2%) (Table 3.5). The 10k
and 54k protein backbones were digested separately with thermolysin and the

] resulting peptides purified by RP-HPLC for sequencing.

Sequences of eight peptides were obtained from the 54k protein Peak 2A and
three from the 10k protein in Peak 2B (Table 3.6). Two of the three sequences and
25 the N-terminal sequence overlap to give a sequence A-E-A-E-A-O-T-O-A-L-Q-V-V-
A-E-A-O-E-L-V-O-T-0-V-0O-T-0-S-Y (SEQ ID NO:88) for the 10k protein in Peak
2B.
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identifiﬁd by protein sequenci ng,
Fi gures 4. 1- 4. 18is BhaSiBi Beent REPISVA Chart describing the isolation and
romstyle extract of N cotiana al ata.
ng strategy of the4 35 1 gene.
equence of the PCR
RT35-sZecific primer and the predicted am no acid sequences.

sequenci ng of
Figure 4.4 pres j“!%
4.5 prdsents th

am no

/

Table 3.6

Peptide sequences obtained from Peaks 2A and 2B

are indicated by an "O' under neat h.

ragnment by using

Fi gure
The deri ved

Peak Peptide sequence

Peak 2A T-0-A-0-A (N-terminal) (SEQ ID NO:7¢

V-§-X-0-V-Q-8-0-A-X-0 (SEQ ID NO:77

V-X-X-0-V-Q-S-0-A-S-0-0-0-T-T (SEQ ID NO:7¢

1-S-0-A-S-T-0-0-T- {SEQ ID NO:7¢

I-S-0-A-S-T-0-0-T-0-A-8-0-0-T {SEQ ID NO:8(

F-S-O-T-1-S-0-A {SEQ ID NO:81

X-A-(A)-T-O-5-L-D-V-G-1-0-S-S-N-A-T {SEQ ID NO:8:

T/IP-S-0-A-T-0-0-A-T (SEQ ID NO:8:

X-A-A-0-A-0-S-(0)-X-P-T-(N)-T (SEQ ID NO:8¢

/ Peak 2B A-E-A-E-A-X-T-X-A-L-Q-V-V-A-E-A-X-E-L (N-terminal)’ # (SEQ ID NO:7¢
. A-E-A-E-A-O-T-0-A-L-Q-V-V-A-E-A-0-E-L (N-terminal)’* # (SEQ ID NO:7¢
V-V-A-E-A-0-E-L-V-0-T-0-V-0O-T-0-S-# (SEQ ID NO:8¢

L-V-O-T-0-V-O-T-0-8-Y # {SEQ ID NO:8t

Y-T-E-R- # {SEQ ID NO:8

Note: All the residues of ambiguous assignments are shown, uncertain residues are in
brackets. "X" indicates no signal or an unknown residue. "O" represents

hydroxyproline. Sequences included in the cDNA are marked #.

Obtained from the AGP in Peak 2B before deglycosylation.

Obtained from the deglycosylated protein backbone of the AGP in Peak 2B.

In another embodiment of the invention, AGPs were isolated from N. alata

styles. In this example, the total native N. alata style AGPs were not purified by the

Yariv reagent precipitation technique, but by ion exchange chromatography (IEC)

- followed by gel filtration chromatography (GFC). The presence of AGP in column

5 fractions was verified by precipitation of AGP with a Yariv reagent. The AGPs were

then deglycosylated by HF and fractionated by reversed phase HPLC.

Two major peaks: RT25 and RT35 (Figure 4.3) were obtained after

deglycosylation and HPLC fractionation. Amino acid analysis of each fraction and

" the native materials are shown in Table 4.1.

10 Distinct differences are apparent in the amino acid composition between the

three fractions. The unbound fraction contains little Hyp but is rich in Gly, Glx, Ser

and Asx. The RT3S5 fraction is also Hyp-poor but rich in Asx, Glx and Ala.

Together, these two fractions account for the bulk of the Asx and Glx detected in the

native and deglycosylated AGPs. The amino acid composition of the material in
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14 acijd sequence corresponding to the peptide sequence by protein

m cros¢quenci ng i s underlined. The RT35 specific prinmer sequence is double
under | | ned. Figure 4.6 presents the nd8l eoti de sequence of NA35 1

cDNA ¢l one and the predicted am no acid sequences. The derived am no acid

sequerice cor r esfraetihmBT2% is demipaiedibycHyp (LR Y. cAley (2070t asidnSari (d 5 &3 avjthe Meryrlijtle

i's ungerlined. . Fi e 4..7.presents norther ot al f the
NA35 /i gene exph&bsilBif #ﬂ%/&’ﬂ%ﬂﬂsﬁ% € VS Rps &‘??%‘{gsﬂ%@ﬁﬂehﬁzf? ‘om N.

alatd styles (S[err]S[err], S[err]S[err], Serr]S[err]; 10 [err]g each),-

| eaves (S[err]S[err], 10 [err]g), stens (S[err]S[err], 10 [err]g) and roots
(S[err]S[err], 6.3 [err]g) were fractionated on a fornmal dehyde agarose gel,
trafsferred to a nylon nenbrane, and hybridized with [err]P | abel ed NA35 1
prope. The size of the RNA transcripts is indicated in kilo nucleotides.
Figure 4.8 presents northern blot analyses of the NA35 1 gene expression in

I ———
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dirgestica tiayBeemR pr ot ei nase Asp-N. The resulting peptides were | oaded onto
an (2.1x 100 nm C8, ABI) equilibrated in 0.1% TFA at 1

m /Jm terial was collected and boundsmaterial eluted with a

i gradient (0- 60%.acefonitrile in 0.1% TFA; 60 mn; 100 [err]l/mn).
Pepti des el uted from t hE¥y ER¥T PUISRAUEHERSASEQ WP &103:50B38p inhitdsare AJA ST

A bi ect t > : . . ) ot al
(RT25) was &l o defiiiay. “ficte F R Eldiberk 1GEGTH ROSSE 21, Goaiogs clavely matched
deduced ami no aci dSEQUDNGS:21-38QrdspectiVely( Tor RT21 HRrAFP Wmdagsidiyif! one. -
The putative secretion ?&IngIDJal (dot underli ned)

-terminal sequence was not obtained for the RT25 peak. Pyroglutamate
5 aminopeptidase was then used to remove the N-terminal blocked pyroglutamate |

residue
and the sequence Ala-Hyp-Gly was obtained. The RT25 backbone was also
fragmented
by treatment with the endoproteinase thermolysin. The resulting peptides were

10 separated and further purified by RP-HPLC. Six major péptides (Figure 4.9) were
subjected to amino acid sequencing and four sequences were obtained (SEQ ID
NOS:50, 51, 53, 67). All the sequences were rich in Hj}p, Ser and Ala (33 of 52

/ amino acid residues).
Endoproteinase Asp-N was also used to cleave the RT25 protein backbone at

15 the Asp residues. Two major peptides were produced (Al and A2; Figure 4.10)
indicating that there is only one Asp residue in the RT25 protein. The cleavage was
incomplete as indicated by the presence of the starting material (RT25 protein; Figure
4.10). Peptide sequence was obtained for A2 (SEQ ID NO:68). The other peptide
(A1) gave no sequence data, indicating a blocked N-terminal residue. Overlaps were

20 identified between A2 (SEQ ID NO:68) (Figure 4.10) and Peak 3 (SEQ ID NO:51)
(Figure 4.9) and gave a

continuous amino acid sequence of 26 residues:

LASOOAOOTADTOAFAOSGGVALPOS (SEQ ID NO:69).

Peak RT35 ga\;e four sequences (SEQ ID NOS:54-57) which had a low OAST

25 content. Three of these sequences (SEQ ID NOS:55-57) were characterized by the
sequence T-A-I-N-T-E-F-G-P (SEQ ID NO:58).

In an alternative method of preparation, N, alata style AGPs were isolated
according to Bacic et al. (1988) Phytochem. 27:679-684. The sequence A-V-F-K-N-
K-X-X-L-T-X-X-P-X-I-I (SEQ ID NO:59) was obtained.

30 In other embodiments of the invention, AGP genes from N. alata style were
isolated. The cloning strategy of Figure 4.4 was used to obtain the genes. Several of
the peptide sequences of peak RT35 isolated from N. alata style contained the
sequence T-A-I-N-T-E-F-G-P (SEQ ID NO:58). In a specific embodiment, gene-

specific degenerate oligonucleotide primers were designed based on the sequence A-I-



15 was predi cted bsrmusneag{aw@nﬁ I4AL program (PC/ Gene sofiawBed / 0 07 4 4
IntelliQenetics) bas d described by Von Heijne (1986 NucI

Acids Rgs. 14:4683- 4 epti de sequences fromanm no acid
sequenciing are indi cat nderl i nes agg Hyp is shown encircl ed.

Diash (]c |hnd:jcgt es the stop codon Figure 4.12 presents a hydropathy

pl ot off{ the deduc ' ' ce. i W :

hydr ophobi city of ﬁ?ﬁﬁ[tg&gggq%ﬁ?ég@c&g isggell}teﬁg lﬁ\gﬁl\{%s %mij ; ng ﬂ% fﬂ&ﬁ%tyle

SCAP prfogr am ( PC/ s of M tanma e A BBO%SWCerfatgmi (SEQEID NO: BitanlgBtehftld) was used to
devel oped by Kyte and Doolittle (198 : Biol. 157:105- 132. The

putatife secreti oscregmymatyly Sl%ldohbfé)')' %a SPONA clang was iselated andfuPysegyepced.
progrgm (PC/ Gene spf tyane, |1 eHNARRGE WiddaelRRfEa WhasNE. "Ri-"AGkI6F ! AS¥A

e 5 clone was 800 bp in length with a poly(A) tail at the 3’-end. The cDNA sequence
(SEQ ID NO:63) matched the PCR sequence except that it was 3 bp shorter at the 3’-
end (Figure 4.5 and Figure 4.6). '

The Na35_1 sequence (SEQ ID NO:63) had an open reading frame starting

J with an initiation codon (ATG) at position 21 and ending with a termination codon
/ 10 (TAA) at position 530 (Figure 4.6). The open reading frame encoded a polypeptide
containing 169 amino acid residues with a calculated molecular weight of 19.5 kD
and a predicted pI of 8.1. The most abundant residues in the sequence were: proline
(11.2%), phenylalanine (9.5%), alanine (7.7%), leucine (7.7%), and lysine (7.7 %)
(Table 4.2). '
15 The amino acid sequence derived from the N. alata style cDNA (SEQ ID
NO:63) comprised regions that matched peptide fragments of peak 35 isolated from
N. alata styles, i.e., SEQ ID NO:55, SEQ ID NO:56, and SEQ ID NO:57. Northern
blot analyses of the Na35_1 gene (Figure 4.7) indicated a specificity of the gene to N.
alata and to style tissue. Signals were not detected in transcripts from tomato style,
20 N. alata cell suspension, N. plumbaginafolia cell suspension, and pear cell suspension
(Figure 4.8), indicating that the Na35_1 PCR fragment was specific for an N. alata
style AGP gene. '
I T Further, the isolation of a different gene for an N. alata style AGP is
described in another specific embodiment of the invention. The five peptides isolated
25 from fragments of the AGP protein backbone (SEQ ID NOS:50,51,53,67 and 68)
together gave 52 amino acid residues. Much of the sequence contained adjacent
residues of Hyp, Ser and Ala for which the codons are highly redundant and GC-rich.
However, the sequence TADTOAF from the continuous 26 amino acid sequence
resulting from the overlaps of the isolated peptides contained two amino acids which
30 are not GC-rich and only have two degenerate codons. This TADTOAF sequence
allowed design of an oligonucleotide suitable for PCR and the eventual cloning of the
AGPNal 1 cDNA.
A gene-specific oligonucleotide (20 nucleotides) was designed from one region
of the continuous 26 amino acid sequence: TADTOAF (SEQ ID NO:70). Inosine




Hei j ne (1986) supr a. Figure 4.13 presents an RNA biPSTAR A ik 010 7 4 4
expression of the AGPNal 1 gene in N alata and other plants. Total RNA (10
[err]g/lane) isolated fromA. tissues of N. alata (genotype S[err]S[err]):
style, ovary, petal, ant her, stem |eaf and root47 and B. styles of N

alata, N. syl vestrls N. tabacur‘réI g g a, L. peruvi anum and Ieaves of
Ar abi dopsi s and ry&a§usessatsie dhird, gosition ob dhefiest bue Cg@ns(tﬂ?g%“f%r E&WFEP@}' of the

40 mM MOPS buffer, tt

(Amer sham . AGPNaI Oﬁgtg!ﬁﬁ%)o]tlﬁgg%@%? \A'lg% Q%RPQBWW%PEPQ er r°] PNA
[err] P-dCTP. Hybri gja3ayht@esixasfromr tonl RN A Qkiag pofy Wﬁﬂd&dgﬁth arﬂa&hp?& déquence.
NaCl, 15 mM NaH err]PQerr], 1.5 nM EDIA 1%SDS 1% BLOTTO and 4

herring sperm DNA. Repisl amplification wishe\aBNewi3t end 63 RACE) was p&rfonocﬁrggmg the gene-

Fi gur o 4. 14 pr egensaeelic Becpastitr digh 3" griterin i duapltsateabe’ 2 P0R fragwent

ZL Sggs of purificalgkqny vasdSpdA Bp) Wakpseduced O THRBARDagineriti wasilofeldPdndl s2guericed.
The deduced

———m e S e

Table 4.2

Amino acid composition of the predicted Na35_1 polypeptide
and purified RT35 peptide peak

Amino acid Na35_1 cDNA RT35 peptide
Asn/Asp 11.8 14.5
- Thr 3.0 6.7
Ser 5.9 5.5
Gln/Glu 7.1 12.4
Pro/Hyp 11.2 7.8
Gly 1.8 4.3
Ala 7.7 10.8
Val 2.4 42
1/2 Cys 4.7 1.1
Met 2.4 3.0
] Ie 7.7 4.8
Leu 7.7 6.6
Tyr 3.0 3.1
Phe 9.5 42
Trp 1.8 ND
Lys 6.5 53
His 1.8 2.1
Arg 4.1 3.4

N.D.: not determined

amino acid sequence from this PCR clone matched isolated AGP sequences, i.e.,
SEQ ID NOS: 50, 51, 53, 67, 68.
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staining with.[err]- gﬁbsm-iasn'anikvplace’agent Lane 1, totaPCTIAU & tﬁa@to(l 4 4
[err]g AGP). Lane 2,

9 rr]Sqerr]- supernatant (4 [err]g A
Lane 3, Mono Qbound fraction (4 [err]g AGP). Lane 4,

Superose 6 AGP-

contain

|on 4 [err]g ). Lane 5, as Lane 3, but

containing 20 [err]g AGP. Lane 6, as Lane 4, bUt containing 20 [err]g AGP.
4 15 present s cr ossed ek S 1A B g Rl k' i cONA TS
during fracti onat@omo0d\phigués)ormwo cDNAleloney herecsbtaned .wiich afffér only in the length
(NH err])[err]SOerr] 3Qamger natant, C. Mono @ unbound AGR-cont ai ni ng

fraction, and D. afth®

Shendsr 20n¢ 6F theclanes; ﬁlg&lg@t&mﬂe@%&urﬁﬂ h1)1 gas
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10

15

20

25

30

identical to the PCR clone except that the PCR clone was 20 bp shorter and contained
a poly A tail, The 712-bp AGPNal 1 clone encodes a Iiut-ative protein of 12.5 kD
(Figure 4.11). The derived amino acid sequence includes sequences identical to
isolated AGP pei)tides (SEQ ID NOS:50, 51, 53, 67 and 68). Most of the proline
residues in the peptide sequences obtained by amino acid sequencing are
hydroxylated. A secretion signal peptide is predicted (Figure 4.11 and 4; 12). The
deduced N-terminus of the mature protein (10 kD; pl 6.8) is Gln-Ala-Pro-Gly which
matches the N-terminal sequence data obtained. The Pro residue in the N-terminal
seqﬁence is also hydroxylated. The amino acid composition of the deduced mature
protein and the isolated RT25 protein backbone are in general agreement (Table 4.1).
The C-terminus of the deduced protein is very hydrophobic and predicted to be a
transmeriorane helix. '

The cDNA clone obtained (Figure 4.11) predicts a 132 amino acid protein
characterized by hydrophobic stretches at both the N-and C-termini (Figure 4.12).
The N-terminal hydrophobic sequence corresponds to a signal peptide which would
lead to secretion of the encoded protein. This is consistent with the known secretion

and extracellular localization of the style AGPs [Sedgley et al. (1985) Micron

Microscop. Acta 16:247-254]. Modification of the N-terminal residue, Gln, by intra-

molecular cyclization to form pyroglutamate is not unusuai. The cyclization could
occur during purification, or it could occur in sit¢ and might be involved in the
stabilization of the AGP backbones. The same N-terminal sequence: Gln-Ala-Pro-
Gly-Ala is also present in the AGP backbone isolated fro.m pear (Figure 5.1). The C-
terminal hydrophobic sequence is predicted to be a transmembrane helix (Figure 4.12)
which might anchor the AGP in plasma membrane. The hydrophobic C-terminal
region could also potentially enable the interaction of the AGP with other proteins,
such as S-RNase which also contains a very hydrophobic sequence (in this case at the
N-terminus of the mature protein; Mau et al. (1986) Planta 169:184-191. The central
part of the protein contains most of the Hyp, Ala, Ser residues. The fact that most of
the Pro residues within the peptide sequences are hydroxylated suggests extensive O-

glycosylation in the central part of the protein. No potential N-glycosylation sites are



16 Figure 5.1 presents the nucl eotide and predi cPEWARhONG i Q 7 4 4
sequences of PcAGP9 encodi ng the protein backbone of an AGP from Pyrus
communi s cell suspension culture. The putative secretion signal peptide is
underlined with dots. The sequences which matgb the peptide sequences

obt ai ned by protein sequencing are underlined. The proline residues which

are modi fied pospresemnsThat abnndddcy df@otmdab@ygjycﬂsylaaen aites isroonsistentiwith thdhigh
underneath. X: undeterm ned,r 5.2 presents northern

bl ot anal yses of C?‘H@tﬁlfmhagfﬁ@ (8/&% MWW Imld}aalsAﬁ?éﬂa%elfﬁrd%%WE%pg
(1) and cul turedggeblfiel dhifdTandth e FOHB U location of glycosylanon sites along the

protein backbone.

5 mRNA hybridizing to AGPNal 1 cDNA is present in most tissues of N. alata
and in the styles of related solanaccous species (Figures 4.13), suggesting.a general
role of this transcript (or closely related transcripts) in plant development. Various
tissues from N. alata were examined for the expression of the AGPNal 1 gene. As
shown in Figure 4.13A, mRNA transcripts of similar length of about 700-750

10 nucleotide were detected in all tissues examined. This suggests that the AGPNal 1
gene or its homologs are expressed in many parts of the plant. Style, ovary, petal,
leaf and stem have similar levels of transcript, but the highest level of mRNA
expression is found in roots.

Some expression of hybridizing transcript was detected in the styles of N.

15 sylvestris and N. tabacum and a lower level in N. glauca and Lycopersicon
peruvianum (Figure 4.13B). Arabidopsis and rye grass (Lolium perenne, a monocot)
leaves had no detectable hybridizing transcﬁpt.

In another embodiment of the invention, an AGP gene was isolated from P.
communis using a guessmer oligonucleotide sequence encoding a hydroxyproline-rich

20 pear AGP segment and linked to a double-stranded promoter sequence for RNA
polymerase, allowing the synthesis of an antisense RNA probe (see Figure 1.0)
(strategy B). Strategy B thus enabled the isolation of an AGP gene (SEQ ID NO:66)

" that specifically encodes a particular hydroxyproline-rich peptide segment (see Figure
5.1). Hydroxyproline-rich and OAST-rich domains appear to represent characterizing

25 features of AGPs.

AGP peptide fragments were isolated and sequenced essentially as described in
Example 3(a). The sequence A-K-S-O-T-A-T-O-O-T-A-T-0-0-S-A-V (SEQ ID
NO:37) of an isolated pear AGP fragment exhibited hydroxyproline-enrichment and
OAST-enrichment. This sequence was selected for the isolation of a corresponding

30 pear AGP gene. The codon usage for proline is strongly biased towards CCA which
accounts for 73.3% of all proline codons; the codon for alanine is biased, to a lesser

extent, to CCT (44.8%); there is no significant bias in codon usage for other amino

acids.
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cultured cells of Nicotiana plunbaginafolia (3), shoots PETRARGkcY 7 4 4

(4), Arabidopsis thaliana (5) and Lycopersicon escul entum (6) and | eaves of
Loliumtenmul entum (7). Equal amounts (10 [err]g/lane) of RNA were

fracti onated on fornmal dehyde agarose gels, trang{erred to Hybond-N

menbr anes, and hybri di zed with [err]P-1abel ed GP9 cDNA at 55[err]C. The

The-same RNA bl ot s, roLr hapad BUERAlecklts (RRTH Wil ARZIYY. Sl bt oE:

(65[err]C). The Slehﬁcﬁéd §éq3erfffé:‘h(ﬁ€8dlﬂg~|é Hyrd%)@@mlme-mdh RGPuse ﬁﬁﬁfﬂ%r& constructed as
cultured cells is indicated at the left. gure 5. presents a

hydropat hy pl ot ofprimessdekhgcequensesof aamrsSé‘q‘m]@ad étRziﬁcA@lgcqrsmsta GC-rich

usi ng an i nt ot val BramvaesEe et 3B TR0 AL (G R o TR IR

Doolittle (1982 spteineter é«%ﬂéﬁée , 8B tGE-edfitheddnmiclddBide @@h&ﬂé@c&l‘é&b@ﬂmg It6 an
regions and values below the dotted |line.represent hydrophilic regions.

Fi gure 5.4 presentisolated |Nowlignbaginafblie AGR peptide: fragment (3BQSID NEwR2 Py rtbat is OAST-
enriched, and an
18-bp sequence corresponding to position 150-167 from the NaAGP1 (SEQ ID
NO:24). The AR2T7 primer (SEQ ID NO:65) consists of a T7 promoter, a 47-bp
'10 GC-enriched nucleotide sequence corresponding to a hydroxyproline-rich (OAST-

enriched) AGP sequence from pear (SEQ ID NO:37) and another 18-bp sequence
corresponding to position 444-461 from the NaAGP1 cDNA (SEQ ID NO:24).
An antisense RNA probe was synthesized from the guessmer oligonucleotide

template by using T7 polymerase, and was used to screen a cDNA library prepared
15 from pear cell suspension culture essentially as described in Example 3(b). Three

cDNA clones were isolated and sequenced. The sequence of the longest clone

PcAGP9 (SEQ ID NO:66) is shown in Figure 5.1. The ¢cDNA clone contains an

insert of 893 bp and
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Tomuni s (pear) cell suspension culture and the isolation (f]cr(‘ﬁgig [brbt@iﬂ 7 4
backbgnes. A. RP-HPLC (RP-300 columm, 4.6 x 100 mm) profile of AGPs
prepad¥ed by precipitation with the B-glucosyl Yariv reagent. AGPs were

| oaded and the columm washed with solvent A (051% TFA in H20). The unbound
fraction was collected (not shown). The bound material was eluted with a

| i near gradient (0-100% solvent B; flow raterdblgiS.mn; 60 mn) (solvent B:
60% acetonitrile in solvent A). Individual fractions fromfive separate

runs were pool ed for subsequ fdef E@ﬁ‘!n'b : : - 300
colum, 4.6 x 100 mm) profil ﬁcf‘&,&@ss rom%feme%%ﬁrs&ﬂ%%eﬁé slril\!zvm in A

(retention tine 5. 9=0- 57 mm—BoumdTmaterTat—was—etuted—wtihr—=a—stattow
gradi ent (0-15% solvent B;_ fl ow Two fractions (1

{ /mn; 60 m .
and 2) were separ af‘E’rV’cofﬁb&’?’é"dggh‘geriug%ﬁfgdm[‘&“g} Q)e excl usi on FPLC,

N-terminus o-osssrsrss C-terminus
T3 promoter A I_0 OA O O T-A D T P A
5/ TGTTATTAACCCTCACTAAAGCATCACCACCAGCACCACCAACAGCAGACACACCAGCAG

Nucleotide 150-167
: of the NaAGPl1 cDNA
H CTATGATCATACCTGCATCT3?

AR2T7 (Reverse primer) (SEQ ID NO:65)

C-terminus et N-terminus
T7 promoter A 8 00O TATOOTO ATO
5'NCTAATACGACTCACTATAGGCTGATGGTCGTGTTGCTGTTGGTGGTGTTGCTGTTGGT

Nucleotide 444-461
T K A of the NaAGPl1 cDNA
GATTITGCCGGAGTATCAGTCAAAAG] ¢

Promoter sequences are underlined once. Sequences from NaAGPl cDNA are
double underlined. '

encodes an open reading frame of 145 amino acid residues. There is a putative
secretion signal peptide at the N-terminus. The predicted polypeptide is highly rich
-in Pro, Ala, Ser, and Thr (Table 5.2) and contains two sequences which match
exactly two peptide sequences obtained previously from pear AGPs by protein

5 sequencing: AKSOTATOOTATOOSAYV (SEQ ID NO:37) and :

. . VTAOTOSASOOSSTOA(S)TXA (SEQ ID NO:38). The PcAGP9 sequence (with the
secretion signal included) gave an estimated pI of 10.79 and an apparent molecular
weight of 13.622 kD The PcAGP9 sequence (excluding the secretion signal) gave an
estimated pI of 11.07 and an apparent molecular weight of 11.238 kD.

10 As illustrated in the hydropathy profile of Figure 5.3, the cDNA has three
domains, an N-terminal hydrophobic sequence encoding a secretion signal, a central
hydrophilic domain containing most of the proline residues and a hydrophobic C-
terminal domain which is predicted to be a transmembrane helix. The N-terminus of
the mature protein corresponds to the sequence predicted from processing of the

15 secretion signal. The proline residues within the central region are mainly

hydroxylated and would bear the
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C. Superose-6 FPLC profiles of AGPs in the unbo e} r
d two eluted fractions fromB. Sanples were el uted |ny§g/°}"figg?' ftd é)g 4 4
MKCO, 5 mMMKH err]PJerr] (flowrate 0.4 m/mn). The unboun
/and Fraction 1 gave single peaks; Fraction 2 ggsolved mt'ﬂustsn&tng%lgg“{ePeak

2A and 2B). D. Superdex-75 FPLC profiles of protei n Iaced
derived from AGPs in C by HF degl ycosyl ati qgpjeSeuzp! es vvere Iw

sanme buffer used in C (flowrate of 0.8 m/mn). The size o

was esti mat ed from gandard protein markers

Amino acid composition of the PCAGP9 sequence

ll | +Secretion Signal _ -Secreﬁon Signal_

lAmino acid | No. | Mot% No. Mol%
Po |30 20.6 30 24.5
Ala 29 . |200 26 21.3
Ser 25 17.2 24 19.6
Thr 17 11.7 {16 13.1
Val |8 5.5 6 4.9 |
Gly |8 5.5 5 4.1 B
Leu 6 4.0 2 L6 |
Tle 5 3.4 4 3.2 '
Lys 4 2.7 3 2.4
Phe 4 2.7 2 1.6
Met 3 2.0 0 0.0
Gln 2 113 1 0.8

| Asn 1 0.6 1 0.8

| Asp 1 0.6 1 0.8

| Arg 1 0.6 1 0.8

|l Cys 1 0.6 0 0.0

“ Glu 0 0.0 0 0.0
His 0 0.0 0 0.0

0 0.0 0
0 0.0 0

glycosyl chains. A cDNA encoding the protem backbone of ann AGP from the styles

of Nicotiana alata, has three domains with similar characteristics. Although the

amino acid composition of the proteins encoded by these cDNAs is sumlar, the only

common sequence is at the N-terminal sequence of the mature proteins, Q-A-P-G-A-
5 A (SEQ ID NO:73). The cDNAs encode protein backbones of smgle AGPs from

several present in the plant extracts which are quantitatively a minor part of these proteoegc



B¥Taci a) . The ¥ ¥%iefrids Bedn®efiited on tine (min). ThePERAWG &of 0 0 7 4
ation of the AGP i whi ch peptide sequences were
I'fed, is stippled. L\mﬂ\\mﬁm 5 presents the nucl eotide and
sedi cted amino acid sequ cDNA (SE§3 1D NG 91) encoding a
ut ati ve AGP backbone from suspension cultured cells of P. conmmunis. The

ransl ational initiationTjénstaPparti(dBihoaickisi 24-P28) bf thés@uerdieisoatihftt@ By four
ecretion signal is underlined wth dots. The two |ong direct repeats are

loubl e- under |'i ned. antigo seijadRn 2%% cAland HhicSesepd fodan s Thistdominent feature
arhipo seiga Rt 298 cAland 9iSese 3 ocands Bapubi% bs Tostdominant fi
oo o b o5k B R O e Eaile R FAOE BB R RRPLER bl lner

nvention The fol | ahérechré @bidbvidulifotfs and feW ird@of dhyCsiffle ahfind i OPhere are no
larity as to the intent or scope of their usage in"the specification and

cl ai ns. The predinted Niglycogelatien sitespr ot ei n or AGP as used herein

refers to a yariv The C-terminal region of 22 amino acid residues is very hydrophobic and is
predicted to be a transmembrane helix [Eisenberg et al. (1984) J. Mol. Biol. 179:125-
142; Klein et al (1985) Biochem Biophys. Acta 815:468-476; Rao et al. (1986)
Biochem Biophys. Acta 869:197-214]. There are several potential sites for proteolytic

10 cleavage (Endoprotease Asp-N, Ala'"/Asp!'; V8 protease, Asp''*/Ala"%; Clostripain
and Trypsin, Arg'#/Val'®) around the border between the C-terminal transmembrane
helix and the extracellular domain [Allen et al. (1989) Sequencing of Proteins and
Peptides (2nd ed.); Drapeau (1978) Can. J. Chem.. §_6_:534-544; (1980) J. Biol. Chem.
255:839

15 840]. These represent single cleavage sites, with the exception of trypsin for which
there are several cleavage sites within the sequence.

The PcAGP9 cDNA was used to probe northern blots containing RNA from

.six plants representing both dicotyledonous (Pyrus, Nicotiana, Brassica, Arabidopsis,
and Lycopersicon) and monocotyledonous (Lolium) plants (Figure 5.2). At high

20 stringency (65°C), a 0.9 kb transcript was detected in an RNA sample from
suspension culture cells of Pyrus communis. A smaller transcript was also detected in
pedicels of the same plant together with a larger transcript in N. plumbaginafolia
suspension culture cells (Figure 5.2B). Under reduced stringency conditions (55°C),
RNA transcripts were also detected in all other RNA samples tested indicating the

25 expression of AGP genes homologous to PcAGP9 in both dicotyledonous and
monocotyledonous plants tested (Figure 5.2A).

The PcAGP9 cDNA has similarity to the N. alata sytle cDNA (AGPNal 1

clone). In both cases the cDNA clones predict protein sequences composed mainly of
Pro, Ala, Ser and Thr. Despite the similarity in amino acid composition, these

30 cDNA clones have little sequence identity. In fact, the AGPNal 1 cDNA and
PcAGP9 cDNA did not cross hybridize at medium to high stringency on RNA blot
analysis; the AGPNal 1 detected a single 700-750 nt transcript in most tissues
examined while the PcAGP9 detected a 800-900 nt mRNA. Other AGP-like peptide

sequences have also been reported from N. plumbaginifolia, pear, L. multiflorum and




, 1
I pr eci pi tabl e, : x aceI ecul e in which the proPGTmUQl; /0 07 4
uent typically proximtely 2 to 10% of the nol ecul ar
> of the nDIecuI havi ng protein val ues outside this

. are known (Anderson et al. (1979) supra)] 3gd in which carbohydrate
| y accounts for nobst of the weight of the nolecule. Galactose and

: rabl nose formthe msvm:mmd?DHRdiPaerMIﬁé ishspension oell leuhtifeefiltrate [Kieliszewski et al
pnosacchari des and uroni ¢ acids as _nmnor conponents; the gal actosyl

esi-dues are organi £92) 8lan Fhysioh 91338n s Again.these pratides é@é%ﬁ%ed mainly of
brranches t hrough ( %&Aﬁ?ﬁn@gep @ﬁé@ %étq_gé ?kh%? s %n&rs g?i u:? Fcc)jll %(ample the

term nal posi tions. S Specl are

[err]-glycosyl-Yari mzt-eﬁge.m-m@&paats géeseml A28 QIR hink areé@lsmuwnaid the deduced
conprise a domain(s) enriched in hydroxyproline alanine serine, and

t hr eoni ne. 5 aming aidrseauence remdheAGRNa; hard BrAGHY ¢Bd¥Aher ei n
{ZI (ra]r S to an AGP that | S&ﬁﬁo@.ﬁebrl e?nt%duggﬁt'}g“tﬂé %’Weﬂh&?,t ﬁl%ﬁ?éf P. communis cDNA

-glucosyl -Yariv rea
(PcAGP2; SEQ ID NO:91) was isolated and shown to be distinct from both the

PcAGP9 (SEQ ID NO:66) and the PcAGP23 (SEQ ID NO:49) clones. The approach
to cloning the PCAGP2 cDNA was essentially the same as for the PCAGP9 cDNA
10 (Example 5). '
The 10k protein purified in FPLC as Peak 2B (Figure 5.4D4) and having the
amino acid sequence of AEAEAOTOALQVVAEAOELVOTOVOTOSY (SEQ ID

NO:88) was selected for the isolation of a corresponding pear AGP gene. Two

st v

. s,

reverse and partially complementary long "guessmers” [AcF1 (SEQ ID NO:89) and
15 AcR2 (SEQ ID NO:90), Table 5.3] were synthesized.

Table 5.3

Nucleotide and corresponding peptide sequences
of the "guessmers" AcFl and AcR2

AcFl (SEQ ID NO:89)

S’ TTCCTGCAGAAGCAGARGCACCAACACCAGCACTACAAGTAGTAGCAGAAGCACCAGAA 3/
- _ AcR2 (SEQ ID NO:90)

5! CTGGAGCTCATATGATGGTGTTGGTACTGGTGTTGGTACTAGTITCTCCTGCTTCTGCTAC 3

Note: Restriction enzyme cut sites incorporated into the guessmer for subcloning are
underlined. Reverse-complementary regions are double-underlined.

In the “"guessmers," nucleotide A was used at the third codon position for all
amino acids, and CTA and TCA were assigned for Leu and Ser residues,
respectively. The last 18 bp sequence at the 3’ of the two "guessmers” were reverse
complementary, and they were annealed to each other in PCR to produce a double-

5 stranded DNA fragment of 101 bp encoding the amino acid sequence A-E-A-E-A-O-
T-0-A-L-Q-V-V-A-E-A-O-E-L-V-O-T-0-V-O-T-0-S-Y (SEQ ID NO:88). The PC}




refers to an AGP
to the protein sk

T

SI ng the carbohydrate conponent’s
one The term degl ycosyl at ed

The term natjve, A u]{qpuereinrefersto an AGP inits |
., gly °e“ e’ The term gl ycosy! atpeey46F0 o )nsedo 7 A

18
native state, i.e

AGP as used herein refers to a natlve AGP or a s§5

10

15

20

25

30

fragment was subcloned into the pBluescriptll (Ks) vector. A *?P-labeled anti-sense
RMA probe was synthesized using T3 RNA polymerase from the 101-bp DNA
fragment and used to screen a pear cDNA library. Five cDNA clones were isolated
and sequenced. The consensus sequence of 1040 bp is shown in Figure 5.5. This
cDNA is referred to as PcAGP2 (SEQ ID NO:91). |

The PcAGP2 cDNA sequence encodes a polypeptide of 294 residues and can
be divided into four domains (Figure 5.5). The first 20 amino acid sequence is
hydrophobic and predicted to be a secretion sigtial with a potential cleavage site
between Ser® and Phe®. The second domain (residues 21-51) is rich in Asn and
contains a stretch of five Asn residues. The third domain (residues 52-135) is rich in
Pro, Ala, Thr, and Glu. Most of these four residues are located in this domain. This
domain also includes all the peptide sequences obtained by protein sequencing. The
fourth domain (residues 136-294) is rich in Asn and Gly and contains two direct
repeated sequences of 34 residues. The amino acid composition of the deduced
protein, excluding the signal sequehce, differs from that obtained from the
glycosylated and deglycosylated AGP in Peak 2B in that it is rich in Asn (14.2%),
Glu (8.0%), Gly (10.5%) and Ser (9.1%) (Table 3.5). However, the sequence from
residues 53 to 88 has an amino acid composition closely matching that obtained from
the AGP in Peak 2B.

Except as noted hereafter, standard techniques for isolation and purification of
proteins and protein fragments, sequencing, chromatography, cloning, DNA isolation,

amplification and purification, for enzymatic reactions involving DNA ligase, DNA

* polymerase, restriction endonuclease and the like, the PCR technique and various
 protein separation and purification techniques are those known and commonly

employed by those skilled in the art. A number of standard techniques are described
in Deutscher (1990) Methods in Enzymology &:309—539; Maniatis et al. (1982)
Molecular Cloning, Cold Spring Harbor Laboratory, Cold Spring Harbor, New York
Wu (ed.) (1979) Meth. Enzymol. 68; Sambrook, et al. (1989) supra; Wu et al. (1983
Meth. Enzymol. 100 and 101; Grossman and Moldave (eds.) (1980) Meth. Enzymol
65; Miller (ed.) (1972) Experiments in Molecular Genetics, Cold Spring Harbor
Laboratory, Cold Spring Harbor, New York; Old and Primrose (1981) Principles of
Gene Manipulation, University of California Press, Berkeley; Schleif and Wensink
(1982) Practical Method of Molecular Biology; Glover (ed.) (1985) DNA Cloning
Vols. I and II, IRL Press, Oxford, UK; Hames and Higgins (eds.) (1985) Nucleic




o] yéosyl ated AGP whi ch has been subjected to treatnent for H@h&ﬂag ﬁf/ 0 0 ] 4
carbohydrate and as a result of which contains a decreased but variable

carbohydrate content. The term nongl ycosyl ated AGP or AGP backbone
as used herein refers to a protein skeleton or bdgkbone of an AGP nol ecul e
whi ch is not glycosyl ated. The term synthetic AGP as used herein

refeL s to an AIGP rmlﬁlfm':djmbviﬂizaﬁori,sIRthrdss;aﬂ)Xfprckym;rﬂmlbmd-lollaender (1979 Genatic
synt heti ¢ nongl ycosyl at ed AGP.as ,used rejn,r r a peptide. bac e

(r)]f an AGP which is d&rgineenng P @W’ﬁéﬂ"ﬁ(ﬁ‘)’“’s' %TOFS- ih%o]flél‘ﬁ?‘ggrfﬁscl&dv &rb?%EI and
ydroxyproline or h [ ré .yd | Rz dd UE Yo
herein refers to a %@%ﬁ%@h%@%ﬁ? g’?@%%ﬁ?”‘o? n&g%hh%%g%nges%sﬁénce York.
that has a hydr oxypraybrédatéomns tand tnoafenglatme ewhdrd @mpldyfd, areddeemedl dtandabb it the field

50% or greater. The term QAST-enri,ched or high content, o .
hydr oxyproline, & a@ﬂ@?WhB?edalﬁcPrPf?F%B‘Fﬁ?d@“B?lsé&‘?}} ghHgss ﬁ“?é@ﬁ‘e%nt ent

as used herein refers top kegh QB QLA by-those of ordinary skill in the art that the objects of
this invention can be achieved without the expense of undue experimentation using
well known variants, modifications, or equivalents of the methods and techniques
described herein. The skilled artisan will also appreciate that alternative means, othe;

10 than those specifically described, are available in the art to attain protein purification
and to achieve the functional features of the molecules described herein and how to
employ those alternatives to achieve functional equivalents of the molecules of the
present invention. It is intended that the present invention include those variants,
modifications, alternatives, and equivalents which are appreciated by the skilled

15 artisan and encompassed by the spirit and scope of the present disclosure. |

Ttre following examples are provided to better elucidate the practice of the

present invention and should not be interpreted in any way to limit the scope of the

present invention. Those skilled in the art will recognize that various modifications

can be made to the methods and genes described herein while not departing from the

20 spirit and scope of the present invention.

EXAMPLE 1. General method for the isolation and purification of
s AGP peptides from plant cells comprising AGP
1. Preparation of cell suspension cultures
Suspension cultures of plant cells comprising AGP were initiated from
25 cotyledons of seedlings germinated in the medium of Murashige and Skoog (1977)
Physiol. Plant 15:473-497 supplemented with plant hormones, factors, buffers, salts
etc., as are routinely used in the art to enhance and improve the quality of cell

growth.

2. Preparation of plant tissue extracts

30 Plants were grown from commercial seed stock and were maintained under

standard glass house conditions.
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am no aci d sequence wherein the sumof the hydroxyprolyl, al m*/Ausgerlyl/ 0 0 7
affhis n “Hles constitutes at |east about 35% and preferably at

|l e 1 E of the total am no acid residues. The term

hy dfr or or not enriched in hydroxyproldyne as used herein refers

to a region or domain of a peptide sequence that has a hydroxyproline

content that is preferaRbpibfept 5% nore preferably |less than 10% and
nost preferably | ess than 5% ydr oxypr ol i ne-poor region may al so have an
OAST content that is pref@owblAGPscweret praparéd fomrsuspensiai-culaired céldssby premipitation of

35% and nost preferably_ |less than 20% .. ) he term ag_characierizing,
sequence or ap.sequen&g%%gpﬁ’p EFPE\‘WQ‘%%H*“W‘%QLIUS@GEQ%iXFHVreéf‘{er(%.b%b' %u.)chem..l.
sequence that is hydrl_@é%l@]oﬂlib%ieﬁ'#di@éb@fa%n%‘?%%%ﬂﬁﬁmtre?%& c@gfnrgg%d refbvery

QAST content. e terma guessner as used herein re

ol i gonucl eoti de tfat thoAIGH. nAltermatiyely, tudsAGPoiwerd preparedi fobra plantdaissueaextestshby
position. CGuessner is %term used — g e - - - . : .
(NH,),SO, precipitation, anion exchange chromatography and/or immunoaffinity

chromatography with, for example, an antibody specific for Gal 1-6-B-Gal sequence

followed by gel filtration chromatography using, for example, a superose matrix.
: The AGPs of the total AGP fraction were separated using either ion exchange
10 or reverse phase HPLC. The individual AGPs were then subjected to amino acid
sequencing. Alternatively, the total AGP fraction was subjected to deglycosylation
using, for example, TEMS or HF, and the deglycosylated AGPs were separated eith
on SDS-PAGE or reverse phase HPLC and prepared for amino acid sequencing. In
some cases, the peptides were digested by treatment with proteolytic enzymes before
15 separation of the different deglycosylated peptides.
Hydroxyproline-rich AGP fragments are separated from hydroxypioline-poor
fragments by chromatographic methods based on differentiating characteriétics, e.g..
polarity, immunogenicity, etc. For example, affinity chromatography supports to
which are attached ligands specific for amino acid R-group hydroxyls or antibodies
20 a hydroxyproline-rich peptide fragment that is OAST-enriched are used to retain
preferentially hydroxyproline-rich i)eptides. Other protein purification techniques
useful in the separation of hydroxyproline-rich and hydroxyproline-poor fragments
found in Deutscher, Guide to Protein Purification (1990) Methods in Enzymology
182.

25 EXAMPLE 2. Cloning of genes encoding a protein backbone of ar
AGP from Nicotiana alata, and N. plumbaginafolia

(a) Isolation and purification of AGP peptides from suspension culture:
of Nicotiana alata

1. Preparation of suspension cultures

30 Suspension cultures of N. alata cells were initiated from cotyledons of
seedlings germinated in the medium of Murashige and Skoog (1977), supra,
supplemented with 1g/1 myo-inositol, 2g/1 Mes/KOH pH 5.7, 4% (w/v) sucrose, 0.
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utinely in the aﬁismﬂaam ‘Wg y elucidated in Ml ebor/ayu § ém/ngﬂ (h7 4 4

Laboratory 19 Manual, J.
Sanbr ook, E.F. Frlt tis, 2nd edition. Cold Spring Harbor

Laboratory Press, , pp. 11.11-11. 16. 1n MPgy cases, a guessner is a
chem cal | y- synt hesr zed, single oligonucleotide, 30-70 nucleotides in
| engt h, that mg/1 gibberellic acid and 5 mg/1 a-napthalene-acetic acid. The cells were

subcultured weekly in this medium without gibberellic acid.

2. Purification and deglycosylation and sequencing of AGPs

Cells of N. alata were removed from the culture medium by filtration through
5 two layers of Miracloth. The supernatant was centrifuged (10,000 x g; 50 min) to
remove any cell debris. To the supernatant, NaCl and B-glucosyl Yariv reagent Yariv
et al. 1967) were added to a final concentration of 1% and 0.2%, respectively. The
AGP-Yariv complex was pelleted by centrifugation (10,000 x g; 50 min), washed
twice with 1% NaCl, followed by centrifugation as above. The pellet was dissolved

10 in H,0 and undissolved material removed by centrifugation (10,000 x g; 20 min).
The AGP-Yariv complex was re-precipitated by adding NaCl to 1%, and the
precipitate washed and redissolved in H,0. The Yariv precipitation and NaCl wash
steps were repeated twice. The AGP-Yariv precipitate was finally dissolved in H,0
and sodium dithionite (30%) was added to disrupt the AGP-Yariv complex. The

15 volume of the sample was reduced by Diaflo (YM30 membrane; Mr 30,000 Dalton

: cut off) filtration and the solution desalted by passage through a PD10 column

(Pharmacia) equilibrated with 10 mM NH,HCO,.

' ‘AGPs from N. alata were deglycosylated by trifluoromethane sulphonic acid
(TFMS) using a modification of the procedure of Edge et al. (1981). The

20 deglycosylated AGPs were separated on 17.5% SDS-PAGE according to Laemmli
(1970). The 17.5% SDS-PAGE gels were run at 200V with thioglycollic acid (1 mM)
in the upper reservoir until the tracking dye reached the bottom of the gel. The

“peptides were transblotted onto a PVDF membrane with blotting buffer [10 mM 3-
(cyclohexylamino)- 1-propanesulfonic acid (CAPS) buffer pH 11, 15% methanol,

25 thioglycollic acid (70 p1/1)). Blotting was for 1.5 h at 90V with cooling. The blot
was stained with 0.1% Coomassie Blue in 50% methanol; 10% acetic acid for 5 min
and de-stained in 50% methanol, 10% acetic acid for 5 min. The blot was washed
with distilled water overnight and bands excised and sequenced. A major band
having a molecular weight of approximately 20-30 kD was obtained from the

30 deglycosylated N. alata AGPs.

3. Sequencing _
Purified protein was chromatographed on a reverse phase HPLC microbore
column prior to automated Edman degradation on a gas phase sequencer [Mau et al.

(1986), Planta 169:184-191]. Phenylthiohydantoin amino acids were analyzed by
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1.0 pmoles gene specific radioactive primers in 10 ul of 40 mM PIPES (pH 6.0), 1
mM EDTA and 0.4 M NaCl. The mixture was heated at 80° for 5 min and
incubated at 37° overnight. The RNA/primer mixture was precipitated by ethanol

10  and resuspended in 20 ul of reverse transcription buffer containing: 50 mM Tris-HCl
(pH 8.3), 60 mM KCl, 10 mM MgCl,, 1 mM DTT, 20 U RNase inhibitor and 50 U
AMY reverse transcriptase. After 1 h incubation, the reaction was stopped by
‘addition of EDTA. The RNA was removed by treatment with RNase and the primer
extension product was purified by polyacrylamide éel electrophoresis.

15 The primer extension product was tailed with dGTP by terminal transferase
and amplified by PCR using a (dC),s-adaptor primer and the gene specific primers.
The PCR was carried out in 100 ul solution containing: 1x PCR buffer (100 mM
Tris-HCI pH 8.3, 500 mM KCl), 2 mM MgCl,, 200 uM dNTPs, 100 ng poly dC
primer, 100-200 ng of gene-specific primer and 2.5 U of Taq DNA polymerase.

20 Samples were denatured by boiling for 5 min and then cooled to 80° before Taq
DNA polymerase was added. The PCR cycles are: 25X: 93°, 30 sec.; 42°, 30 sec.;
72°C, 2 min; 4X: 93°, 30 sec.; 42°, 30 sec.; 72°, 5 min and 1X: 93°, 30 sec; 42°,

“ 30 sec; 72°, 10 min. The PCR product was subcloned and sequenced.

2. In vitro amplification of 3’-end of the cDNA

25 c¢DNA was synthesized in a volume of 20 ul solution containing 10 ug total
RNA, 1x PCR buffer, 50 mM MgCl,, 10 mM dNTPs, 5 uM of dT(;;) + adaptors,
30 U of RNasin and 50 U AMYV reverse transcriptase at 42° for 1 h. cDNA (2 pl)
‘was subjected to PCR reaction described as above, except that the annealing
temperature was 60° in this case.

30 3. Screening of cDNA libraries with the PCR fragment

About 5 x 10* pfu phage/plate of cDNA libraries (in Azap) were plated out.

After overnight growth at 37°, phage were blotted onto nitrocellulose membranes and

hybridized with 32P-labeled DNA fragment at 68° overnight in a hybridization buffer
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4. Purification and N-terminal seéquencing of AGPs from the cell suspension culture

The purified AGPs were deglycosylated with TFMS and the resulting peptides
separated on a 17.5% SDS-PAGE gel and blotted onto a PVDF membrane. The
major band (MW: 20-30 kD) (Figure 1.1) was excised and sequenced. An N-

10 terminal peptide sequence: A-K-S-K-F-M-I-I-P-A-S-X-T-X-A (SEQ ID NO:11), was
obtained.
5. In_ vitro amplification of an AGP gene from N. alata cDNA by PCR

The strategy to clone the gene corresponding to the peptide sequence is

illustrated in Figure 1.2. Two groups of degenerate reverse primers of 17 bp

15 corresponding to part of the AGP amino acid sequence were synthesized (Table 1.1).
When the group 1 primers were used in a primer extension experiment (Figure 1;2A),
a single 160-bp cDNA fragment was obtained (Figure 1.3). The primers of group 1

were further divided into six subgroups each containing three 17-mers (Table 1.1).

Primer extension experiments showed that group NaR1 gave the highest yield of the
20 160-bp fragment and these oligonucleotides were therefore used as the gene-specific
primer in subsequent scale-up preparation of primer extension product and PCR
experiménts. The 160-bp primer extension product was purified and tailed with
' "dGTP. The tailed, single-stranded cDNA was then amplified by PCR with the oligo
NaR1 and a (dC),s-adaptor as primers (Figure 1.2A). The PCR fragment was
25 subcloned and sequenced (SEQ ID NO:21; Figure 1.3). The sequence included a
. derived peptide which matched with the sequence obtained from the isolated AGP
peptide (SEQ ID NO:11). There was one mismatch, the Ala obtained from the
peptide sequencing was replaced with an Arg in the cDNA derived sequence. On the
basis of this close match (8/9 amino acidé), the 160-bp fragment was concluded to
30 represent a correct sequence for part of the gene.
Two specific primers with sequences: 5’'CATTATGGGTCATTTCACTAAGC3’
(SEQ ID NO:22) (NaFl); 5'GGTGATCTCAACTCCATTGGTGC3’ (SEQ ID NO:23)
(NaF2), corresponding to positions 56-78 and 101-123 (Figure 1.3) were then

designed and used in conjunction with the two 3’-end nonspecific primers (Adl and
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20 Ad2) to amplify the 3’-part of the AGP gene by nested PCR (Flgure 1.2B). A 1.6-kb
fragment was amplified and sequenced. The alignment of the sequences obtained
from the two PCR reactions gave rise to a DNA sequence of 1679 bp (Figure 1.4).
The PCR fragment encodes a protein containing the peptide obtained by protein

5 sequencing with two mismatches: Arg for Ala at position 1 and Pro for His at

position 12 (Figure 1.4). f— - .-

6. Isolation and sequence analysis of cDNA clones from N. alata and V.
plumbaginafolia cDNA libraries

The 1.6-kb PCR fragment was used to screen a cDNA library made from RNA

_: '. 10 isolated from N. alata cells in suspension culture and three positive clones were
/ | isolated and sequenced. The alignment of the PCR sequence with the cDNA
sequences gave rise to a 1700-bp sequence including a poly(A) tail of 7 bp (Figure
1.4). This sequence is designated NaAGP1 (SEQ ID NO:24). Further primer
extension experiments suggested that the 1.7kb NaAGP1 cDNA represents the full-
15 length sequence of the AGP transcript.
The NaAGP1 cDNA encodes an open reading frame, which starts with an

initiation codon (ATG) at position 60 and ends with a termination codon (TAA) at
position 1443 (Figure 1.4).

7. Northern and Southern blot analyses of the putative AGP gene
20 The NaAGP1 was cut into a 5’ half (1-540 bp) corresponding to the
nontranslated part, the transmembrane helix and the proline-rich domain and a 3’-half
(541-1700 bp) including the asparagine-rich domain, C-terminus and the 3’-
“nontranslated part. These two parts of the cDNA were used separately to probe
northern blots of RNA [Sambrook et al. (1989) supra] isolated from suspension-
25 cultured cells of N. alata and N. plumbaginafolia and various tissues of N. alata

plants.

(¢) Isolation and purification of AGP peptides from suspension cultures

of Nicotiana plumbaginafolia

1. Isolation of total native AGPs from N. plumbaginafolia Biopolymer

30 The total native AGPs were purified from the Biopolymer product by
precipitation with the Yariv reagent after depleting the starting material of pectins by
CTAB (hexadecy! trimethyl ammonium bromide) precipitation prior to Yariv

precipitation. The medium from the cell suspension culture was separated from the
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any remaining precipitate. Four volumes of ethanol were then added to the
supernatant and éentrifuged at 10,000 xg for 20 min. The pellet was dissolved in 100
10 ml of 1% NaCl solution and AGPs precipitated with Yariv reagent as déscribed in
Example 2(a) 2. The desalted AGP sample was re-dissolved in 6 M guanidinium-HCl
and incubated at 50° for 15 min. The sample was then chromatographed on a FPLC
Superdex™75 column equilibrated with 6 M urea and 20 mM Tris-HCl, pH 8.8. The
void (Vo) fraction was collected, dialysed against distilled water and freeze dried.
15 This sample is the total native AGPs. The total native AGPs were treated by one of
| two paths:
Path 1: Deglycosylation followed by reverse phase HPLC fractionation before
direct sequencing, or sequencing after enzymatic (proteolytic) digestion. '
Path 2: Reverse phase HPLC fractionation followed by deglycosylation and
20 further separation by reverse phase HPLC fractionation.
Path 1 [comprising steps (2)-(5)]:

(2) Deglycosylation of total native AGPs using anhydrous HF
The AGP sample was dried in a vacuum oven at 40° in the presence of

P,O; overnight; 0.2 ml anhydrous MeOH and 1 ml of anhydrous HF [Mort and

25 Lamport (1977) Anal. Biochem. 82:289-309] was added and mixed well to dissolve all
the sample. This mixture was incubated at room temperature, under argon, for 3 h
and the HF removed by vacuum aspiration. Ice cold TFA (0.5 ml) was added and
the sample desalted on a PD10 column equilibrated with 0.1% TFA, and freeze
dried. This'sample is referred to as the total deglycosylated AGPs.

30 (3) Reduction and carboxymethylation of the total deglycosylated AGP sample

The total deglycosylated AGP sample was dissolved in 6 M guanidinium-

HCI (in 0.2 M Tris-HCI, pH 8.5 and 20 mM DTT; 600 ul); and incubated at 25°
under argon for 2 h. Freshly prepared iodoacetic acid (100 pl) was added. The
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After reduction and carboxymethylation, the total deglycosylated AGPs were
5 separated on a RP-300 HPLC column with a linear gradient (60ml) (0-100% solvent
/ B; flow rate 1 ml/min) (solvent A: 0.1% TFA in watet, solvent B: 60% acetonitrile
[ in solvent A). The profile is shown in Figure 2.1. Two major peaks RT21 and
. RT32 (retention times 21 min and 32 min, respectively) were collected for further
analysis. .Amino acid analysis was performed on both peaks (see Table 2.1). The
10 RT32 peak was sequenced without further treatment. The RT21 peak was subjected
to thermolysin digestion before sequencing.
(5)  Thermolysin digestion of RT21
RT21 sample (12 pg) was concentrated and Tween 20 added to give a final
volume of 100 pl with a final concentration of 0.01% Tween 20. NHHCO; (1% in
15 0.01% Tween 20; 500 pl), CaCl, (0.1 M; 7 pl) and thermolysin (1 mg/ml; 7 ul) wer
added and the mixture incubated at 55° for 3 h. The products were purified on
reverse phase HPLC and sequenced. The peptide sequences obtained are shown in
Figure 2.1 and were used to construct primers for cloning. The sequences L-A-S-O-
0-A-0-O-T-A (SEQ ID NO:26), L-A-S-0-0-A-0-O-T-A-D-T-0-A (SEQ ID NO:27)
20 F-A-O-S/N-G-G-V-A-L-P-O-S (SEQ ID NO:28), and I-G-A-A-O-A-G-S-O-T-S-S-P-]
(SEQ ID NO:29) from RT21 are either similar to or identical with that obtained from
fraction RT25 of N. alata styles (Figure 4.3) and represent conserved, tissue-
nonspecific N. alata AGP fragments.
Peak 32 gave the sequence R-K-S-K-F-M-I-I-P-A-S-O-T-0-A-O-T-O-I-N-E-I-
25 S-F (SEQ ID NO:30) which at the 5’-end, matched very closely the N-terminal
sequence (SEQ ID NO:1) obtained from N. alata suspension culture. i
Path 2 [comprising steps (6)-(8)]:
(6) HPLC fractionation of total native AGPs
The total native AGPs sample was dissolved in 6 M guanidinium-HCl and lefi
30 at 50° for 15 min. The sample was then fractionatcd on reverse phase HPLC (RP-
300; 4.6 mm x 10 cm column) with a linear gradient (60 ml) (0-100% solvent B;
flow rate 1 ml/min) (solvent A: 0.1% TFA in water, solvent B: 60% acetonitrile in
solvent A). A number of major peaks were obtained from this separation all of whi

reacted with Yariv reagent in a gel diffusion test (van Holst and Clarke, 1985)
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reverse phase HPLC separation (Figures 2.3 and 2.4). The fractions obtained were

10 reserved for further sequencing.

EXAMPLE 3. Cloning of a gene encoding a protein backbone of an

AGP from P. communis suspension cultured cells
(PcAGP23 clone)

(@) Isolation and purification of AGP peptides from cell cultures of 'ﬂrus
15 communis (pear)

1. Isolation of total native AGPs from Pyrus communis (pear) Biopolymer
The total native AGPs were purified by Yariv precipitation from pear

Biopolymer as described for AGPs of Nicotiana plumbaginafolia in Example 2(c)1.
The AGPs were deglycosylated and resulting peptides separated by reverse phase

20 HPLC (RP-300) (Path 1). Alternatively, the total native AGPs were fractionated by

reverse phase HPLC (RP-300), degl'vcosylated, digested with thermolysin and

peptides purified for sequencing.

Path 1 [comprising steps (2) and (3)]:

(2) HPLC separation of total deglycosylated AGPs for sequencing

25 The total native AGPs were deglycosylated using HF. The sample was
reduced and carboxymethylated before sepai'ation on reverse phase HPLC (RP-300) a
described in Example 2(c)(2). The profile is shown in Figure 3.1. The results of
amino acid analysis of major peaks are summarized in Table 3.1.
(3)  Separation of thermolysin digested peaks on a C18 microbore column

30 Deglycosylated AGP fractions (unbound, RT16.4 and RT18.2 from Figure 3.’
were subjected to thermolysin digestion. The products were separated on an RP-300
column (2.1 mm x 10 cm); linear gradient (6 ml) (0-100% B; flow rate at 0.1
ml/min) (solvent A: 0.1% TFA in water, solvent B: 60% acetonitrile in solvent A).
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The unbound fraction after digestion remained unbound, i.e., gave no peptide which

bound to the RP-300 column. The RP-300 profile for digested RT16.4 is shown in
Figure 3.2 and for RT18.2 is shown in Figure 3.3.

Individual peaks (peaks 1-5, Figure 3.2) from thermolysin digested RT16.4
5 (Figure 3.1) were separated ona C18 microbore column (2.1 mm x 10cm) and
resolved on a linear gradient (50°ml, 0-50% B; flow rate 0.1 ml/min) (solvent A: 1%
NaCl, solvent B: 100% acetonitrile). Peaks were further separated on the same
column with TFA-acetonitrile system (solvent A: 0.1% TFA, solvent B:60%
methanol in solvent A; 0-100% B in 60 min at 0.1 ml/min). Neither solvent system
10  gave further separation of peaks. Three of the peaks (peaks 1, 3 and 5) were
subjected to amino acid sequencing. Peak 1 was a pure peptide and gave clear
Qequence L-8-0-K-K-S-O-T-A-0-S-0-S-(S)-T-0-O-T-(T) (SEQ ID NO:31). Peaks 3
and 5 were not single peptides and at least two stretches of sequence were obtained
from each of these two peaks with less certainty. Peak 3 gave the sequence: V/A-
15 A/T-A-O-8/0-0/Y-S-8-T/A-X-O-S-A-T-X-T-X-X-V-A (SEQ ID NO:32); whereas
Peak 5 gavé the sequence: V/A-A-D/A/O-S/0-T/O/K-0-S/0-P-Q-S (SEQ ID
NO:33). |
Individual peaks (peaks 1-5, Flgure 3.3) from thermolysin digested RT18 2

were separated as described above for RT16.4. A number of peptides were obtained

20 . and sequenced:

(i) L-G-I-S-0-A-0-S-0-A-G-E-V-D-(G) | (SEQ ID NO:34)

- (i) X-X-0-0-A-A-0-V-X-A-O/S (SEQ ID NO:35)
(ifi) V-T-A-O-T-0-S-A-S-0-0-S-5-T-(T)-A-A-T-(T)-A (SEQ ID NO:36)

(iv) A-K-S-O-T-A-T-0-O-T-A-T-0-O-S-A-V (SEQ ID NO:37)

25 (V) V-T-A-O-T-O-S-A-S-0-0-S-S-T-O-A~(S)-T-X-A (SEQ ID NO:38)
(vi) L-S-0-K-K-S-O-T-A-O-5-0-S-(S)-T-0-0-T-(T) (SEQ ID NO:31)

The last sequence is identical to the sequence obtained from Peak 1 of RT16.4.

Path 2 [comprising steps (4)-(7]

(4) Fractionation of total native AGPs by reverse phase HPLC
30 The total native AGPs samples were separated by reverse phase HPLC

essentially as described in Example 2(c)2-4. A number of major peaks were obtained
from this separation all of which reacted with Yariv reagent in a gel diffusion test
(van Holst and Clarke, 1985) (unbound, RT7,8, RT17.2 and RT19.1) (Figure 3.4).

Amino acid analyses of unbound and RT7.8 fractions are shown in the Table 3.1.
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(7) Thermolysin digest of deglycosylated pear AGPs

Peak RT23 from Figure 3.5 was digested with thermolysin and the resulting
peptides were further purified on reverse phase HPLC (RP-300). Six peptides were

selected for sequencing and gave the following amino acid sequences (also shown in

15 Figure 3):
(i) I-S-O0-A-S-T/Q-O-O-T-T-S-0-A-S-O-O-T (SEQ ID NO:39)
(i) V-S-P/S-0-V-Q-S-0-A-S-0-0-0-T-(T) (SEQ ID NO:40)
(iii) L-V-V-V-V-M-T-P-R-K-H (SEQ ID NO:41)
(iv) X-N-O-A-T-O-O-A-T/K-P (SEQ ID NO:42)
20 (v) I-A-A-T-0-S-(L) (SEQ ID NO:43)
(vi) (G)/(S)-N-A-O-A-O-X-O-K-P (SEQ ID NO:44)

(b) Cloning of genes from P. communis cell suspension culture
To obtain an AGP gene from P. communis the methods and procedures
essentially as described for the cloning of genes from N, alata and N.
25 plumbaginafolia were followed.
A number of primers corresponding to the L-V-V-V-V-M-T-P-R-K-H (SEQ
ID NO:41) sequence (Figures 3.4 and 3.5) were designed and synthesized for PCR
experiments (Table 3.2). The same nested PCR procedure used for the cloning of the
NaAGP1 gene (Figure 1.2B) was used to clone the gene encoding the above peptide,
30 except that the annealing temperature was 52°C in this case. A 350-bp fragment was
amplified after two successive PCR reactions using the PcA23F1 as the first primer
and the PcA23F2a as the second primer. The fragment was sequenced and found to .
encode the correct peptide sequence (SEQ ID NO:48; Figure 3.7).
The PCR fragment was used to screen a cDNA library made from mRNA

35 from pear cell suspension culture, as described above for N. alara cell suspension.
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suspensi on culture conprised a hydroxyproline-poor region. The N-term nal
peptide sequence, A-K-S- K-F-MI-1-P-A-SX-T-X-A (SEQ ID NO 11) was used as
at_tle_rml gtfe fo[ ht heE}f{Agmsfm.f ﬁ@l@niﬁgm&g@ﬂés éﬁcaa]gﬁ%ra ?ﬁéixNxmﬁlcmtybhéQ{jf an
utilized for e isolation of a hy, g .gene . alata an

N. pl unbagi naf ol i a. I n ot her ‘gggﬁéf@ éﬁ@ﬂ'gﬁ@rﬂ@}%g}: e invention,

hydr oxypr ol i ne- poor sequences frominternal regions of .AGPs from P.

comuni s suspensi oifakul tIsotatiom ahdoparification of AGP peptides from the styles of

/ ,_ Nicotiana alata

'Total native AGPs of N. alata styles were purified by ion exchange
chromatdgraphy (IEC) and gel filtration chromatography (GFC). The AGPs were
then deglycosylated by HF and fractionated by reverse phase HPLC. Peptide

10 sequence data were obtained after thermolysin digestion of these deglycosylated
fractions. |
1. Purification of total native AGPs

Styles (500-1000 styles including the stigma) were collected fresh or were

stored at -70°C. The styles were ground with polyvinyl pyrrolidone (1% w/v) in the

15 presence of liquid nitrogen, and extraction buffer (50-100 ml; 100 mM Tris pHS, 1
mM EDTA, 14 mM B-mercaptoethanol) was added. The mixture was centrifuged
(10,000 xg, 20 min) and cell debris discarded. The extract was brought to 95%
ammonium sulfate at 4°, centrifuged (10,000 xg, 20 min) and the supernatant
collected and concentrated by ultrafiltration using a Diaflo system (YM-30 membrane,

20  Mr 30 kD cut off) to about 10-20 ml. The solution was desalted on 2 PD-10 column

. - (Pharmacia) equilibrated with 10 mM Tris pH8. The sample was applied to a FPLC
Mono Q column (Pharmacia; buffer A: 10 mM Tris pHS; buffer B: 10 mM Tris
pHS8, 1 M NaCl; gradient: 0-30%B 15 min, 30-100%B 0.1 min). The bound AGP
fractions were detected by the Yariv reagent gel diffusion test on samples of each

25 fraction; AGP containing fractions eluted at about 5-15% buffer B (Figure 4.1). The
AGP fractions were pooled, equilibrated into 10 mM NH,HCO, with a PD-10
desalting column, freeze dried, and further purified on a Superose 6 8 column
(Pharmacia) in 6M urea, 10 mM Tris pH8 (Figure 4.2). The AGP containing
fractions were exchanged as above into 10 mM NHHCO, and freeze dried.

30 Recovery of style AGP during the purification procedure is as follows: crude
style extract (1000 styles), 100%; 95% (NH,),SO,-supernatant, 68.2%; Mono Q
anion-exchange column, Unbound AGPs 5.4%, Bound AGPs 44.5%; Superose 6 gel
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the case of Hmllﬁémrze AGP backbone encoded by the PcAGP23 gene (SEQ
| D NO 49) _ _ 68 22 1s
hydr oxyprol i ne-poor not only at the termnal regions but also internally,
gi”‘% f‘gr : ;t ernal  segueifon oRff, 213.0%. 4hk pieents 6 AGPsO idifétedt 85 of Pirifiefton is
demonstrated on SDS-PAGE gels in Figure 4.14. Crossed-electrophoresis of AGPs
from styles of N. alata during fractionation is presented in Figure 4.15.
2. Deglycosylation of total native AGPs and sequencing of peptides
5 Deglycosylation, peptide cleavage and sequencing were performed as
described in Example 2(c)2. ’I_‘W_o I_najo_; peaks, RT25 and RT35 (Figure 4.3), were
obtained after deglycosylation as well as an unbound fraction. Amino acid analysis of
each fraction and the native materials are shown in Table 4.1. Each fraction was
| digested with thermolysin. No peptide which bound to the RP-300 column (2.1 x 100
.' 10 mm) was obtained from the unbound fraction. Three of the sequences from RT25, F-
A-O-§-G-G-V-A-L-P-O-S (SEQ ID NO:50), L-A-S-0-0-A-0-O-T-A-D-T-0O-A (SEQ
ID NO:51), and I-G-S-A-O-A-G-S-O-T-S-S-P-N (SEQ ID NO:53) match closely that
obtained for RT21 from N. plumbaginafolia (SEQ ID NOS:27-29, respectively;
Figure 2.1). A fourth fragment gave the sequence I/V-G/S-A/S-A/O-O/S-A/Q-G/S-
15 S/0-O/S-T/A-S/A-S/A-P-O (SEQ ID NO:52).

Since no N-terminal sequence was obtained for the RT25 protein backbone,
pyroglutamate aminopeptidase was used to remove the N-terminal blocked
pyroglutamate residue [20 ug pyroglutamate aminopeptidase (Boehringer Mannheim)
in 100 mM potassium phosphate buffer pH 8.0, 10 mM EDTA, 5 mM DTT, 5%

20 _ glycerol at 37°C overnight; deblocked protein was separated by RP-HPLC and N-

terminal amino acid sequencing was performed] and the sequence Ala-Hyp-Gly was

obtained. The RT25 backbone was also fragmented by treatment with thermolysin

[thermolysin (Boehringer Mannheim) at 0.2 ug/ug protein was added to RT25 protein

backbone (2-10 pg) and incubated at 55°C for 2 hours in 500ul of 1% ammonium

25 bicarbonate, pH 7.8, 1 mM CaCl, and 0.01% Tween 20]. The resulting peptides

" were separated by RP-HPLC. Six major peptides were obtained (Figure 4.9). Peak

2 gave the amino acid sequence VSAOSQSOSTAA (SEQ ID NO:67), as well as
IGSAOAGSOTSSPN (SEQ ID NO:53) and IGSAOAGSO (contained in SEQ ID
NO:53). Peak 3 gave the sequence LASOOAOOTADTOA (SEQ ID NO:51) and

30 peak 5 gave the sequence FAOSGGVALPOS (SEQ ID NO:50). Both sequences were
rich in Hyp, Ser and Ala (33 of 52 amino acid residues).

b+ e anes st md .

Endoproteinase Asp-N (Sigma; 0.1 pg/ug protein) was also used to cleave the
RT25 protein backbone at the Asp residue [30°C overnight in 500 pl of 1%

ammonium bicarbonate, pH 7.8, and 0.01% Tween 20], followed by separation with
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hydroxyp and, internal sequence (SEQ ID NGO 58) was used to
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hydr oxypr ol i ne- poorinceriplete &nddmﬂadd:yahy}pmhnomeefethe istalming chatemiah (laxerfa'gﬁ peptide

enriched in OAST t ent I trat d ded

enalbl es the use 01(‘: Oé]luégé%traﬂq QIU&FSIPJ%‘IS% dﬁéap’c lftép‘g%alﬂﬁ’@‘ég}j%t‘gr{m%a residue. The
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(ol i gonucl eoti des cegguéiceiofAD (Figure 4010 aterhabs tWith .qhmssﬂ pak % (REQ dDaNOeS)(Figure
4.9) and yields a continuous amino acid sequence of 26 residues
LASOOAOOTADTOAFAOSGGVALPOS (SEQ ID NO:69). Four sequences were
obtained from the RT35 peak of N. alata style:

10 (i) X-X-X-Q-S-A-O-A-A-(D)-X-N (SEQ ID NO:54)
(ii) X-T-F-S/A-Y/L-D/I-I-K/E-T/A-A-I-N-T-E-F-G-P-(E) (SEQ ID NO:55)
(ili) X-T-F-S/A-Y/L/V-D/I/A-I-E-T-A-I-N-T-E-F-G-P-X-E-X-X-Q (SEQ ID NO:56;
(iv) X-T-F-S-Y-D/I-K/E-T-A-I-N-T-E-F-G/M-P-A-E (SEQ ID NO:57)

Three of these sequences were characterized by the sequence T-A-I-N-T-E-F-G-P

15 (SEQ ID NO:58).
3. Purification of style AGPs by J539 affinity chromatography

AGPs were prepared from styles according to Bacic et al. (1988), Phytochem.

27:679-684. The sample was deglycosylated with TFMS, separated and blotted onto
a PVDF membrane as described in Example 1(b). A 30 kD band, running at the

20 same position as the major band prepared by Yariv precipitation from N. alata
suspension cultured cells Example 1(b) was sequenced. The sequence A-V-F-K-N-K-
X-X-L-T-X-X-P-X-I-I (SEQ ID NO:59) was obtained.
(b) Cloning of genes from N. alata styles
1. In vitro amplification of 3’-end of the cDNA

25 : cDNA was synthesized in a volume of 20 pl solution containing 5 ug total
style RNA from N. alata, 1x PCR buffer (10 mM Tris-HCI pH 8.3, 50 mM KC), 5
mM MgCl,, 1 mM dNTPs; 5 uM of dT, + adaptors, 30 U of RNasin and 50 U
AMYV reverse transcriptase at 42° for 1 h cDNA (2 pl) was subjected to polymerase
chain reaction. The PCR was carried out in 100 pl solution containing: 1x PCR

30 buffer, 1.5 mM MgCl,, 200 uM dNTPs, 30 pmole of the gene-specific primer
(Figure 1.2), 30 pmole of adaptor primer and 2.5 U of Taq DNA polymerase.
Samples were denatured by heating at 94° for 2 min and then cooled to 80° before
Taq DNA polymerase was added. The PCR cycles are: 35 X: 94°, 30 sec; 52°, 30

sec: 72°, 1 min 30 sec. The PCR product was subcloned and sequenced.
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pronoter (e.g., T7 or T3 RNA pol ynerase pronoter)7gas |inked at the 5 -end

of the oligonucleotide. In addition, the oligonucleotide, which is
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Positive Azap clones were converted into plasmid DNA by in vivo excision as

described in the Stratagene’s instruction manual for the sequence analysis.

10 3. Design of a gene-specific primer based on the AINTEFG sequence

As described in Example 2(c)2, pp. 37-38, the purified AGPs were
deglycosylated with HF and the resulting AGP backbones were separated on reverse
phase HPLC. Two major peaks: RT25 and RT35 were obtained after
deglycosylation as well as an unbound fraction. Amino acid sequences were obtainec

15 from both peaks after protease digestion. Three of the four peptide sequences from
peak RT35 contain the sequence: TAINTEFGP (SEQ ID NO:58). A degenerate
oligonucleotide was synthesized based on the sequence: AINTEFG (SEQ ID NO:60;

RT35-specific primers synthesized had the sequence:

5/GCIATTAATACTCAATTTGG3’ (SEQ ID NO:61)
20 cC ¢ ¢ G ¢
A A
G

where I is an inosine residue.

(a) In vitro amplification of an AGP gene from N. alata cDNA by PCR

25 The strategy to clone the gene encoding the RT35 peptide sequence is
illustrated in Figure 4.4. The RT35-specific primer was used in conjunction with th
adaptor primer in a polymerase chain reaction and a single 380-bp DNA fragment
was obtained. The PCR fragment was subcloned and sequenced (SEQ ID NO:62;
Figure 4.5). The sequence included a derived peptide that matched with the sequen

30 obtained from the isolated AGP peptidé.

) Isolation and sequence analysis of a cDNA clone from N. alata

This Sheet Has Been Reﬂlaced
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pr BigBhest H Replacedf t he guessner to form a doubl e-stranded RNA pé‘?t;;ﬁéréas/eo 0 4

pro . Using a doubl e oligonucl eotide probe approach (Figure

1.0 ' r sequence (15-18 bp long) is7added to the 3'-end of the
guessner (ol gonucleotide 1) and a second guessner (oligonucleotide 2),

whi ch encodes a The 380-bp PCR fragment (SEQ ID NO:62; Figure 4.5) wagaised to screen a
different OAST-rich AGP peptide sequence, wth an adaptor sequence .

conpl ement ary ¢DNA library made from RNA isolated from N. alata styles and one positive clone

was isolated and sequenced (SEQ ID NO:63; Figure 4.6).
(c) Northern blot analyses of the Na35 1 gene .

5 The Na35_1 PCR fragment was used to probe northern blots of RNA
[Sambrook et al. (1989) supra] isolated _f_ron_l various parts of N. alata plants (Figure
4.7), L. peruvianum (tomato) sfy_l:z;nd suspension-cultured cells of N. alata, N.
plumbaginafolia and pear (Figure 4.8). The Na35_1 probe hybridized to a style
transcript of 800 nucleotide which corresponds to the length of the Na35_1 cDNA.

10 Longer exposure of the northern blot did not reveal aﬁy signal in other parts of the
plant (i.e., leaf, stem, root). The signal strength varies in different genotypes of N.
alata. The strongest signal was.detected in RNA from S¢S, style. The same probe
did not detect any transcript from tomato style or suspension-cultured cells (Figure

4.8).

15 4. Design of a gene-specific primer based on the TADTOAF sequence

(a)  Oligonucleotide design and synthesis

A gene-specific primer of 20 nucleotides long was designed according to the
overlapping peptide sequences of SEQ ID NOS:50, 51, 53, 67 and 68. Inosine was
used to reduce the degeneracy as shown:

20 T A D T O A F (SEQ ID NO:70)

5’ ACI GCI GAT ACT CCT GCT TT 3° (SEQ ID NO:71)
. C A A A
.- c ¢ c
G G G
25 The oligonucleotide was synthesized on an Applied Biosystems DNA synthesizer

(model 391, ABI).

(b) Rapid amplification of 3’ End of the cDNA (3’ RACE)
Total RNA was isolated from N. alata styles as described by McClure et al.
(1.990) Nature 342;955-957. Complementary DNA (cDNA) was synthesized from
30 total style RNA (5 pg) in a 20 ul solution containing 10 mM Tris-HC, pH 8.3, 50
mM KCl, 5 mM MgCl,, 1 mM dNTPs, 5 uM dT,,;, + adaptors, 30 U RNasin, and
50 U AMY reverse transcriptase (Promega) at 42°C for 1 hour. cDNA (2 ul) was
subjected to polymerase chain reaction (PCR) in 100 p..l solution containing: 10 mM
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to the adaptor of the first oligonucleotide, is synthe5|zed The tmg / O 0 7
guessners are thus anneal ed through their conpl enentary adaptor sequences
and the pr.otruding single-stranded regions filleg in by prinmer extension to
produce a doubl e-stranded DNA fragnment. Figure 1.0(B2) further denonstrates

a met hod whereby t Mgisai@ntpH 8% Hlemde KCly ¢. dmM QMO 200 uMhdNTRBY30 patole bEthe
bind to opposite strands of a_ nedi ator DNA enabling the two _guessmers to

be j oi ned toget her 89*}6 sperifR primaen, i39rpmejerodthe adaptarprimer andnid U ofidaq DNA

the scr eeni ng of | PRVAITEE Rt bitoB-CO88), “SfimPtg Sekborp iyt y Heflfie of 96°C ror 2
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stronger signals in hybridization reactions, greater stability of
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long guessmer (40- 393RP)ABIR! The debadedSdMinb aBRIRGEERE Troth 1O PCR EOhe Riiched

" isolated AGP sequences, i.e., SEQ ID NOS:50, 51, 53, 67, 68.
()  cDNA library screening

10 A style cDNA library (AZAP II; Stratagene) was constructed using mRNA
from styles (6 hours after touching) of N. alata (S,S¢) by Dr. Joaquin Royo, Plant
Cell Biology Research Center, School of Botany, The University of Melbourne,
Parkville, Australia (PCBRC). ¢DNA library (300,000 pfu) was plated out and.
blotted onto Hybond-N nylon membranes (Amersham) according to the

i
A
b

]
H
H

15 manufacturer’s instruction. The PCR fragment was labeled to 10® cpm/ug with *2P-
dCTP. Ifybridization was carried out at 55°C overnight in 0.22 M NaCl, 15mM
NaH,PO,, 1.5 mM EDTA, 1% SDS, 1% BLOTTO and 4 mg/ml herring sperm
DNA. The membranes were washed for 2x 10 min at room temperature in 2x SSC,
1% SDS followed by 2x 10 min at 55°C in 0.2x SSC, 1% SDS. Positive AZAP

20 clones were in vivo excised (Stratagene) and DNA sequences were analyzed. The

| clone encoding the RT25 protein backbone was designated AGPNal 1 cDNA. The
nucleotide and deduced protein sequences were analyzed using the PC/Gene software
 _ (IntelliGenetics). -
(d) RNA Blot Analysis

25 RNA blot analysis was performed as described by Sambrook et al. (1989)

supra. Hybridization and washing conditions were the same as described above

except that the AGPNal 1 cDNA was used as probe and hybridization was carried out
at 60°C.
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nces It is preferred that the guessner be | onger than 40
J the i ncreased stability of hybr13ds formed by the | ong

e out-wei gh the detrinental effects of m smatches.
Ant | -codons GG, | d )
and Ser, respectlm&wg‘ﬁjg %Wﬁ%@g@omg‘ﬁtﬂ#w anlIMSlng an
nucl eoti de base "A" is the preferraif berd position of codons
for Pro, Ala, and Thr The ot her consi deratlon |s t hat the nucl eoti de base
"U' can pair not ornjqyyw "B hence GGU
can pair with CCA (Trl & I%A %'WA f&he F§Ed)exartr%pgp%(&)?'herefore It

is further contenpl ated that.antlsense RNA rat her than .Lhe sense RNA probes
be used for the scri@ni nigols and rpurification of AGPopeptides;from cellg g P

fromplant cell suspensignamunio(wearpi tation with Yariv reagent (a red
dye, [err]-glucosyl reagent described by Yariv.in 1967). This dye was

BLFE?LSFUEYHSFUN ing di SFRd bt%%hu‘xlé @@cﬁ@ﬁ@eﬁy&es%&ﬁoﬁyﬁme g?a)t@as followed to obtain
: amino acid sequences of AGP peptide fragments. The sequence A-K-S-O-T-A-T-O-
O-T-A-T-0-0-S-A-V (SEQ ID NO:37) was selected as a template for the isolation of
P a corresponding AGP gene.

10 (b) Cloning of a pear AGP gene encoding SEQ ID NO:37
In the previous examples of the invention (Examples 2, 3, and 4) AGP genes
were isolated by utilizing a hydroxyproline-poor sequence of an isolated AGP peptide
fragment to synthesize an oligonucleotide primer which was not enriched in GC. In
P contrast, in this example (Example 5), a hydroxyproline-rich peptide seuence is
i 15 utilized for the construction of an antisense RNA probe.
The sequences of two oligonucleotide (AF1T3) and (AR2T7) used for the
construction of a GC-rich probe are presented in Table 5.1.
An antisense RNA probe was synthesized from the PCR fragment by using T7
RNA polymerase (Promega) .and used to screen a cDNA library prepared from pear
20 cell suspension culture. The hybridization was carried out at 40°C in hybridization
buffer containing 2x SSPE, 1% SDS, 0.5% BLO'ITo; 50% formamide and 0.5
mg/ml denatured herring sperm DNA. After overnight hybridization, lifts were first
rinsed at room temperature with 2x SSC, 0.1% SDS and then washed at 50°C with
the same buffer for 30 min. The lifts were finally washed at 50°C with 1x SSC,
25 0.1% at 50°C for another 30 min. Three cDNA clones were isolated and sequenced.
The sequence of the longest cDNA clone PcAGP9 (SEQ ID NO:66) is shown in
Figure 5.1.
[2.] The PcAGP2 cDNA clone (SEQ ID NO:91)

(@)  Further purification of AGP peptides from cell cultures of Pyrus
30 communis (pear)

AGPs in pear cell culture filtrate were purified by precipitation with the B-
glucosyl Yariv reagent and fractionated by HPLC as described in Example 3(a). A
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the Yariv reagent was al so used to obtain AGPs from pl an

of Figure 5.4A, which accounted for approximately 57 %eclfl tﬁé AGPs loaded onto the
column, was collected and reapplied to the same column. Upon elution with a
shallow gradient, two peaks (Fractidns 1 and 2) were resolved (Figure 5.4B). The
AGPs in Fraction 1 were described in Example 3 and Example 5[1].

Fraction 2 (Figure 5.4B) was subjected to size-exclusion fractionation on
superose-6 FPLC and was re-sc;ﬁ:c-l int[) t\a;fo éompor;e;lts, peaks 2A and 2B (Figure
5.4C3). N-terminal amino acid sequencing of material in Peak 2B gave the sequence
AEAEAXTXALQVVAEAXEL (SEQ ID NO:74).

AGPs in Peaks 2A and 2B were separately deglycosylated and the resulting
protein backbones were isolated by size-exclusion FPLC (Figure 5.4D1-4). Peak 2B
gave one protein backbone with a molecular weight of 10k. Peak 2A resulted in two
protein peaks having molecular weights of 54k and 10k. N-terminal amino acid
sequencing of the 54k pfotein backbone gave the sequence TOAOA (SEQ ID NO:75)
while the 10k protein backbone in Peak 2B gave the sequence
AEAEAOTCALQVVAEAOEL (SEQ ID NO:76).

The 10k and 54k protein backbones were digested seﬁarately with thermolysin

~ and the resulting peptides were purified by RP-HPLC for sequencing. Sequences of

eight peptides were obtained from the 54k protein of Peak 2A and three from the 10}
protein in Peak 2B (Table 3.6). Two of the three sequences and the N-terminal
sequence overlap to gi\?e a sequence AEAEAOTOALQVVAEAOELVOTOVOTOSY
(SEQ ID NO:88) for the 10k protein in peak 2B.
(b) Isolation of a cDNA encoding the 10k AGP protein backbone

The approach to cloning of cDNA encoding the 10k protein backbone was
essentially the same as that used to clone the PcAGP9 cDNA. Five cDNA clones
were isolated and sequenced. The consensus sequence of 1040 bp is shown in Figur
5.5. This cDNA is referred to as PCAGP2.

EXAMPLE 6: Cloning and Expression of Genomic AGP Genes

(a) Cloning -of genomic AGP genes and identification of an AGP
promoter region.

The procedure essentially as used for the isolation of cDNA clones is used to

obtain a genomic clone of a plant AGP. Whenever possible, AGP cDNA clones wi
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Ann. Rev. Pl ant PhyAftet size selection by ultracentrifugation under a glycerol gradient, DNA fragments
of 10-23 kb in size are ligated into vectors such as ADash (Stratagene) to form a
genomic library. The libraries are then screened with the NaAGP1 and NpAGP1
' 10 cDNAs, respectively, to isolate their corresponding genomic clones. The resulting
genomic clones are studied by Southem analysis and some clones are sequenced. The
promoter region of the AGP gene is then identified from the DNA sequence.
(b) Recombinant Gene Construction.
The expression of a plant gene which exists in double-stranded DNA form
15 involves transcription of messenger RNA (mRNA) from one strand of the DNA by
RNA polynierase enzyme, and the subsequent processing of the mRNA primary
- transcript inside the nucleus. This processing involves a 3’-nontranslated region
which adds polyadenylate nucleotides to the 3’-end of the RNA. Transcription of
DNA into mRNA is regulated by a promoter. The promoter region contains a
20 sequence of bases that signals RNA polymerase to associate with the DNA and to
initiate the transcription of mRNA using one of the DNA strands as a template to
make a corresponding strand of RNA.
- A number of promoters which are active in plant. cells have been described in
the literature. These include the nopaline synthase (NOS) and octopine synthase
25 (OCS) promoters (which are carried on tumor-inducing plasmids of Agrobacterium
tumefaciens, the Cauliflower Mosaic Virus (CaMV) 19S and 35S promoters, the light
inducible promoter from the small subunit of ribulose bis-phosphate carbbxylase
(ssSRUBISCO) and the mannopine synthase (MAS) promoter [Velten & Schell (1985)
Nucl. Acids Res. 13:6981-6998]. All of these promoters have been used to create
30 various types of DNA constructs which have been expressed in plants (see, e.g., PCT
publication W084/02913).
Promoters which are known or are found to cause transcription of RNA in
plant cells can be used in the present invention. Such promoters may be obtained

from plants or plant viruses and include, but are not limited to, the CAMV335S
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3his 5Lt HaOBecAREJIRQI €s t o specific carbohydrate epitopes [Pennell et al.
( [(§#Bi ol . 108: 1967-1977 and Norman et al. (1990) Pl anta

1 H AGP fractions were deglycosyl @ed by treatnment with

tri sulfonic acid (TFM5) or by treatnent with an%drous .
hydr ogen fl uoride (pfomotéwatidt prommters jsotatadefromeplamtogenes sucheasassRIUBI§COngenes. It is
protein and the carbohydrate conponepts from each other .that are knowa | .
the art are contenpP é’ﬁedoé/’aﬁﬁ‘é HaFﬂFé‘Pf’triPGan’@ééglﬁgF HOLQQ 5|qapﬁ§?§)ca%%§ ghfﬁment
J. Plant Physiol. 2,801 Yis? A PectiyANERR Y HreRitr

degl ycosyl at ed, wergﬂss}é%éornattoéas yri%lg\%go seﬁ%ég??gﬁ teami ques, ?Hor exanpl e,
SDS- PAGE, HPLC reverse piTas prorhotersatsed)imiieyDNat constrcts dive. , chirpesic plast genes) of the
pepti des were further fragnmented by thernolysin di gestion hefore . s
separation. SepaPat BEF%‘%PY%Q“(B‘R%‘?%@B“&DW' lﬁ@eé“ﬁ* v@r%fgecbﬁ}%‘ec%’i?l characteristics.
| on- exchange col um q r@a‘ig‘f : | eRSESE thae
separated peptides %ﬁ*ﬁgﬁ’s@grre ?%S g@“ﬁ%@%&ﬁgg}%&g&% 8 acid

sequenci ng [Ward et seRUBISCI®@¢nd thatteprdssasithe exmiessidi oB&REBISCO iihtheuahsenge of light,
ot her

i to create a promoter which is active in leaves but not in roots. The resulting

chimeric promoter may be used as described herein. For purpose of this description,

10 the phrase "CaMV35S" promoter thus includes variations of CaMV35S promoter,
e.g., promoters derived by Imeans of ligation with operator regions, random or
controlled mutagenesis, etc. Furthermore, the promoters may be altered to contain
multiple "enhancer sequences” to assist in elevating gbne expression.

The RNA produced by a DNA construct of the present invention also contains

15 a 5’-nontranslated leader sequence. This sequence can be derived from the promoter
selected to express the gene, and can be specifically modified so as to increase
translation of the mRNA. The 5’-nontranslated regions can also be obtained from
viral RNAs, from suitable eukaryotic genes, or from a synthetic gene sequence. The
present invention is not limited to constructs as presented in the following examples.

20 Rather, the nontranslated leader sequence can be part of the 5’-end of the
nontranslated region of the coding sequence for the virus coat protein, or part of the
promoter sequence, or can be derived from an unrelated promoter or coding sequence

. _ inany case. It is preferred that the sequence flanking the initiation site conform to
the translational consensus sequence rules for enbanced translation initiation reported

25 by Kozak (1984) Nature 308:241-246.

The DNA construct of the present invention also contains a modified or fully-
synthetic structural coding sequence which has been changed to enhance the
performance of the gene in plants. For example, the enhancement method can be
applied to design modified and fully synthetic genes encoding a plant AGP protein.

30 The structural genes of the present invention may optionally encode a fusion protein
comprising an amino-terminal chloroplast transit peptide or secretory signal sequence
etc.

The DNA construct also contains a 3’-nontranslated region. The 3’-

nontranslated region contains a polyadenylation signal which functions in _plants to
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edi nstead of or in addition to thernolysin, is contenplated

KHOMaet PlaiBceaR !
g“ﬁ“ n. Simlarly, this invention contenplates the use of other

OB

b1

ti{“ﬂ B!H inthe art for the preparationf pure peptide sanples for

a I'd sequenci ng. From every source exam ned, multiple AGP

backbones were obseaws@dhe additibh BE polyadédydate auvtesdes aptheiBbetd gf thetvirahRNA.

whet her the AGPs were separated irst _and then individually degl ycosyl at ed

or whether the wholExampiesmfespitatie Bomregiens am (1)yibe 3y transcgibed, aen aF’ﬁé’ﬁg‘PH\%

i ndi vi dual peptides_sgpar aE ed. S , . . . .
contaiming the polyadenylation signal of Agrobacterium tumor-inducing (Ti) plasmid

genes, such as the nopaline synthase (NOS) gene, and (2) plant genes like the soybean
5 storage protein (7S) genes and the small subunit of the RuBP carboxylase (E9) gene.
An example of a preferred 3’-region is that from the 7S gene.

(c) Plant Transformation.

A chimeric plant gene containing a structural coding sequence of the present

ien mavraddeiet auf @

invention can be inserted into the genome of a plant by any suitable method. Suitable
10 plants for use in the practice of the present invention include, but are not limited to,
soybean, cotton, alfalfa, oilseed rape, tlax, tomato, sugarbeet, sunflower, potato,
tobacco, maize, rice and wheat. Suitable plant transformation vectors include those
derived from a Ti plasmid of Agrobacterium tumefaciens, as well as those disclosed.,
e.g., by Herrera-Estrella et al. (1983) Nature 303:209, Bevan et al. (1983) Nature

15 304:184, Klee et al. (1985) Bio/Technology 3:637-642, and EPO publication '

i 120,516. In addition to plant transformation vectors derived from the Ti or root-

: inducing (Ri) plasmids of Agrobacterium, alternative methods can be used to insert
the DNA constructs of this invention into plant cells. Such methods may involve, for
example, the use of liposomes, electroporation, chemicals that increase free DNA

20 uptake, free DNA delivery via microprojectile bombardment, and transformation
using viruses or pollen. |
A useful Ti plasmid cassette vector for transformation of dicotyledonous
plants, for example, may consist of the enhanced CaM V35S promoter and the 3’-end
including polyadenylation signals from a soybean gene encoding the alpha-prime
25 subunit of beta-conglycinin. A multilinker containing multiple restriction sites for the

insertion of genes may be positioned between these two elements.

(d Over- and under-production of AGPs by transformed cell lines.

It is generally acknowledged that all plant natural cell lines produce some
AGPs, probably at the level of approximately 2-10% (w/w) of total structural
30 complex carbohydrate [Showalter (1993) Plant Cell 5:9-23] These natural plant cells
comprise all the regulatory factors (promoters, enhancers, enzymes, etc.) for
transcription, translation and post-translational processing to produce a glycosylated

AGP as the natural product. Glycosylation comprises the steps of (a) proline
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25 _ In a specific enbodi ment of the invention, total native AGPs
were-isolated by Yariv reagent precipitation fromthe suspension culture
filtrate of N. alata and degl ycosyl ated using THBB. The resulting peptides
were separated on a 17.5% SDS- PAGE gel and blotted to a PVDF nenbrane. The

KI-BJt g{ mbﬁgld I(o (I;Aé\tl | ggh%ﬁokﬂatldfn g%meKa groiyl hg@so?ia:sc?e% gaéta;tasmmn@emg asgnique B-Hyp-
equence - - -1 - - X-

was obt ai ned. galag HSYA t{?&? Fased l’é‘?’rﬁ%?%ﬂ BYRCIPICCHARS %"5?1?9’{‘]%&? I

alata AGP N-termn

AGP genes from N ﬁ%ﬁ%}%& gﬁ@@ﬂ?ﬁ § tﬁlﬁgf odngb\ﬁeb%gd)rnlleggéf ih:'ﬁigglr" gé)by %)?Abi\ﬁcfsyl

Degener ate rever setpniferass Thos em;lmrmli mgunabptaat tcetl$ (¢.pe DAGEOCNS @I ¢iceia) can be

am no acid sequence, i.e., K:F-MI-1-P were
5 transformed with heterologous recombmant gene fragments and used for

overproduction or underproduction of nonglycosylated AGPs. In some cases, a dicot
host may be transformed with a monocot géne or, altérﬁatively a monocot host may

be transformed with a dicot gene. Alternatively, a host cell which normally does not
produce glycosylated AGP (e.g., E. coli) may be transformed and used for the over-

10  or under-production of a nonglycosylated AGP peptide backbone in which the proline
residues have not been hydroxylated.

To transform a host cell for overproduction of AGP, an AGP cDNA (e.g.,
NaAGP1 or NpAGP1) is linked at the 5’-end with a heterologous promoter (e.g.,
CaMYV 35S promoter) and at the 3’-end with a terminator (e.g., 'NOS-terminator).

15 Thus, the AGP gene will be under the control of the CaMV 358 promoter, which is
known to be a strong promoter. This expression cassette is then subcloned into a
binary vector derived from the A. tumefaciens Ti plasmid to transform the cultured
cells of either N. alata or N. plumbaginafolia to create cell lines that overproduce
AGPs. The AGP is also tagged by histidines at the C-terminus by introducing a six-

20 histidine coding DNA fragment into the AGP cDNAs. The six-histidine tagged AGP
can then be readily isolated by using nickel-nitrolotriacetic acid Sepharose column
(Hochuli et al., 1988, Bio/Technology 6:1321-1325). An alternative approach is to

. . use the tag, Flag™, [Hopp, T.P. et al. (1988) Biotechnology 6:1204-1210], which can
be incorporated into the AGP sequence to allow purification with an ant'i—l'*‘lagTM

25 monoclonal antibody. -

To transform a host cell for underproduction of AGP, an antisense construct is
utilized. In this construct, the AGP cDNA is situated in the opposite direction of the
CaMV 35S promoter so that an antisense transcript is produced. This transcript
hybridizes to its corresponding sense mRNA eventually leading to the inhibition of

30 gene expression. |
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synt hesi zed (Table 1.1) and used to obtain a 160-bp prinmer extension

pr@gt (Figure 1.3) which was then anplified by PCR The—166-bp—extension—
fr nt was subcloned and sequenced. The nuchgotide sequepcel

I
NG 21) included a derived peptide which matched with the p %%WIPR aged
SEQ ID NGO 11 is(gtgjﬁg.from N. al ata suspension cul ture. ]Mﬂ mﬂ I
primers, corresponding in sequence to parts of the 160-bp !
NaF1l and NaF2; Figure 1.3), were synthesized and used to anplify the
3'-part of the AGP gene by nested PCR A 1.6 kb fr nt S | ifi.ed an
sequenced. The ali g%@%ﬁdgp%@oé@amg@ng&%0%6%8%%?}2’2atlagﬁlg&?moga?ac n
reactions gave rise tgi@(g&\%sequence of 1679 bp (Figure 1.4). The PCR
fragnent encoded a B’P? [ ich contained the isolated peptide seguence

(SEQ I D NO 11) wvgt hAt menéti BN ffobulefergoling a’proteih backtione @ff ah anabinégalactay
H's at position 12 (Fiqure 1.4). .. The 1.6 kb_PCR fragnment was used to
screen a cDNA | i br apsoteiadeom theplanifamily 39lanaceac,pf Rosageaf-a cells in

suspension cul t ue ﬂg c}orﬁrég ?)I*?Rsrhct)lieglﬁe %If 24%n 2'%hérein said arabinogalactan protein is

from Nicotiana or Pyrus.

4. The cloned DNA molecule of claim 3 wherein said arabinogalactan protein is
from Nicotiana alata or Nicotiana plumbaginafolia.

5. The cloned DNA molecule of claim 3 wherein said arabinogalactan protein is
from Pyrus communis.

6. The cloned DNA molécule of claim 3 wherein said arabinogalactan protein is
from style of Nicotiana. |

7. The cloned DNA molecule of claim 2 wherein said cloned DNA molecule is
from Solanaceae and hybridizes to a nucleotide sequence encoding an amino acid
sequence selected from the group consisting essentially of amino acid sequences
SEQ ID NOS:11 and 26-30 or to a nucleotide sequence selected from the group
consisting essentially of nucleotide sequences SEQ ID NOS:13, 14 and 21-25.

8. The cloned DNA molecule of claim 2 wherein said cloned DNA molecule
consists essentially of the nucleotide sequence SEQ ID NO:24 or SEQ ID
NO:25.

" - 9. The cloned DNA molecule of claim 7 wherein éaid cloned DNA molecule is a
genomic AGP gene.

10. The cloned DNA molecule of claim 6 wherein said cloned DNA molecule
hybridizes to a nucleotide sequence encoding an amino acid sequence selected
from the group consisting essentially of amino acid sequences SEQ ID NOS:50-
60 or a nucleotide sequence selected from the group consisting essentially of
nucleotide sequences SEQ ID NOS:61-63.

11. The cloned DNA molecule of claim 6 wherein said cloned DNA molecule
hybridizes to an RNA sequence transcribed from a DNA sequence encoding an
amino acid sequence selected from the group consisting essentially qf amino acid

sequences SEQ ID NOS:50-60 and 67-70 or from a DNA sequence selected from
___————— the group consisting essentially of SEQ ID NOS:71-72.

R L
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12.

13.

14.

15.

17.
18,
19
20.
21.

22,

23.

R

A

16.
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The cloned DNA molecule of claim 6 wherein said cloned DNA molecule
consists essentially of nucleotide sequence SEQ ID NO:63 or SEQ ID NO:72.
The cloned DNA molecule of claim 10 or 11 wherein said DNA molecule is a
genomic AGP gene.

The cloned DNA molecule of claim 2 wherein said cioned DNA molecule is
from Pyrus and hybridizes to a nucleotide sequence encodmg an amino acid
sequence selected from the group conmstmg essenually of amino acid sequences
SEQ ID NOS:31-44 or to a nucleotide sequence selected from the group
consisting essentially of nucleotide sequences SEQ ID NOS:45-49.

The cloned DNA molecule of claim 2 wherein said cloned DNA molecule is
from Pyrus and hybridizes to an RNA sequence transcribed from a DNA
sequence encoding an amino acid sequence seiected from the group consisting
essentially of amino acid sequences SEQ ID NOS:31-44 and 73-88 or from a
DNA sequence selected from the group consisting essentially of SEQ ID
NOS:64-66 and 89-91.

The cloned DNA molecule of claim 2 wherein said cloned DNA molecule
consists essentially of a nucleotide sequence selected from the group consisting
essentially of SEQ ID NOS:49, 66 and 91.

The cloned DNA molecule of claim 14 or claim 15 wherein said DNA molecule
ié a genomic AGP gene.

A DNA recombinant vector comprising a cloned DNA molecule of claim 1 or
claim 2.

A host cell transformed with a cloned DNA molecule of claim 18 so that a
glycosylated or nonglycosylated arabinogalactan protein is expressed.

The host cell of claim 19 wherein said host cell is a bacterial or plant cell.

A genetically-engineered DNA molecule comprising a plant arabinogalactan
protein gene of claim 1 or 2 under control of a heterologous promoter so that a
glycosylated dr nonglycosylated arabinogalactan protein is expressed.

The genetically-engineered DNA molecule of claim 21 wherein said
arabinogalactan proiein gene comprises a nucleotide sequence selected from a
group consisting essentially of SEQ ID NOS:24, 25, 49, 63, 66, 72 and 91.

A genetically engineered DNA molecule comprising a plant AGP promoter
situated adjacent to a heterologous structural gene such that said structural gene

is expressed under control of said plant AGP promoter.



Table 1.1
Al a Lys Ser
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aigo pri mers used in the primer extension experinents

Lys Phe Met Ile Ile Pro Ala Ser XT8h1r X Ala (SEQ ID NO 11)

24\ A substantially pure plant arabinogalactan protein.

25

26.

27.
28.

29.

30,

The plant arabinogalactan protein of claim 24 wherein said plant is from the
family Solanaceae or Rosaceae.

The substantially pure plant arabinégaiactan protein of claim 24 consisting
essentially of the amino acid sequence derived from a nucleotide sequence
selected from a group consisting essentially of SEQ ID NOS:24, 25, 49, 63, 66,
72 and 91. - o

An antibody to a substantially pure plant arabinogalactan protein of claim 24.
A method of obtaining a plant arabinogalactan gene comprising the step of
utilizing an amino acid sequence from an isolated AGP peptide, or molecule
thereof, to design a nucleotide sequence useful in screening a plant gene library
for a hybridizing clone.

A method of obtaining a plant arabinogalactan gene comprising the step of

. utilizing a hydroxyproline-rich amino acid sequence from an isolated AGP

peptide, or molecule thereof, to design an RNA probe useful in screening a plant
gene library for a hybridizing clone, wherein said hydroxyproline-rich amino
acid sequence is enriched in hydroxyproline, alanine, serine, and threonine
(OAST) content, and wherein said RNA probe comprises a nucleotide sequence

containing a coding sequence of said hydroxyproline-rich amino acid sequence.

‘A chemical or pharmacological reagent comprising a plant arabinogalactan

protein produced from a cloned DNA molecule encoding a protein backbone of
said plant AGP wherein said reagent is useful as an agent selected from the
group consisting of an emulsifying agent, emulsion stabilizer, a thickening agent,
a gelling agent, a texture modifier, a sizing agent, a binding agent, a coating
agent, an adhesive agent, a dispersing agent, an encapsulating agent, a
suspending agent, a lubricating agent, a coagulating agent and a combination

thereof.
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GCA AAA TCA AAA TTT ATG ATA ATA CCA GCA TCA ACA GCA (SEQ ID NO12) G
G G C C C G G G G G C C

T T T T C C T T T c Cc T
T C AGC | 82 acc T

T B: - digonucleotide priners designed oup 1 5" GG TAT TAT
CAT AAA CTT 3' (SEQ ID NO 13) ABSTRACT” G G G

A A Goup 2 5 GG TAT TAT CAT AAA TTT 3' (SEQ I D NO 14)

This invention provides plant arabinogalactan proteins (AGPs) and their genes.
AGPs were isolated from Nicotiana alata, Nicotiana plumbaginafolia, and Pyrus
communis. Amino acid sequences of isolated AGP peptide molecules are pfesented.
Isolated AGP molecules were used ta synthesize oligonucleotide probes to prepare
oligonucleotide primers for PCR or prepare RNA probes to screen cDNA libraries of
N. alata, N. plumbaginafolia, and P. communis. cDNA clones encoding amino acid
sequences of isolated AGP molecules were isolated. The invention presents for the
first time an intact AGP amino acid sequence derived from a corresponding AGP
gene. The instant invention further provides methods useful in obtaining AGP genes
encoding an AGP peptide comprising a specific isolated hydroxyproline-rich (OAST-

rich) sequence ora specific isolated hydroxyproline-poor sequence.

_—
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1 primers - I%IQASR%ITF9£¥GAT’ CAT “RAK \CTT 3' (SEQ I D NO 15)

NaR2 5' GG T/ G AAT AAT CAT AAA CTT 3' (SEQ I D NO 16) NaR3 5' GG

T/ G AAT TAT CAT AAA CTT 3 (SEQIDNOl?) NaR4 5' GG T/ G AAT GAT

CAT GAA CTT 3. 6BER dligoMieblifie probes:

(A1). Two complementary gucssmers A
annealed 1o cach other to form a =
double -sranded conszuct 2 T7 promoter
containing the T7 promoter T7 RNA polymerase
unlabelled ATP, GTP, CTP
Labelled UTP
RNA probes A --8-0-00-6~0-0~0-0
. s'f\ [ATN oY ol & 3
. (A2). A short primer annealed ?
| ‘ z 1o form double-soanded T7 promoter
v T7 promoter sequence

i T7 RNA polymerase

. unlabelled ATP, GTP, CTP

' v Labelled UTP
RNA probes A -6 00 -0

B. Double oligonucleotide probes.
(B1). Two guessmers annealed Olivonucleotide 2

to each other through the H—d A e h'gmu el “ T7 promo
complementary adaptor Oligonucicotide | 3 v
(any) sequences at their 3°

i ends. DNA polymerase

e dNTPs

The proguding single
-stranded regions filled
in with dNTPs

Sy drrsiien rms 20w

Double-stranded DNA
construct containing
the T7 promoter

RNA probes

Two gucssmers annealed 10
a mediaior (any) DNA
through their adaptor
sequences

Double-strandcd DNA
construct containing
the T7 promoter

RNA probes

T7 RNA polymerase
unlabelled ATP, GTP, CTP
Labclled UTP

mediator DNA

PCR amplification

P W IR < SR W T T &Y
" A" AN " v U

NO00N000
U

\"2RL."4
T7 promote:
T7 RNA polymerase
unlabelled ATP, GTP, CTP
Labelled UTP '
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NaR5 5' GG T/ G AAT AAT CAT GAA CTT 3' (SEQ ID NGO 19) NaR(?élG’QO74

T/ G AAT TAT CAT GAA CTT 3" (SEQ I D NG 20) A Ami no acid sequence
obt ai ned from degl ycosyl ated AGPs i sol at ed fromN. alata cel
suspension culture and the correspondi ng codons. B: The two
groups of degenerate reverse priners designed for the pri mer
ext ensi on experinent. C.  Subgroups of the group 1 priners.
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to a 1700-bp sequence (SEQ ID NO.24) including a poly(A) taiTCHA%9E / 007 4
(Figure 1.4). Thi s sequence was desi gnated NaAGPl. Further priner

ext ensi on experinents suggested that the 1.7 kb NaAGP1 cDNA (SEQ ID

NO 24) represented the full - | engt h sequence of the AGP transcript.

lification of 5' énd of ¢D

N-terminal sequence of peptide

mRNA
Total RNA ettt e
Primner extension l i trinin e f o e o
preduct 160 bp cDNA
G el ;\mf cnlon of pnm:r extmsmefox&;zgnent
Cd G-tailed primer
{ . extension product GOGEGGGG

160-bp PCR Adaptor-CGGC%%%ggE

fragment ¢

Subcloning and Sequencing

B: Amplification of 3' end of cDNA

Total RNA i e e GO et P
l iu_T!Tlﬁ E
c¢DNA with two
3'end non-specific
primers (Adl, Ad2) | s
Y
- NaFl 5
aFL) :
1.6-kb PCR ¢ —CAdT]
fragment | (FD) -

Subcloning and Sequencing
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27 The NaAGP1 cDNA conprised an open reading frame spanning 1383

nucl eoti gles. The open reading frame encoded a pol ypeptide containing 461

am no cid residues with a cal cul ated nol ecul ar wei ght of 51.8 kD and a
predicted pl of 3.84. The protein was highly rich in asparagine (25%, and
relatively rich in serine

— - -

AGAGAACCAAGAAACCAACACATCAAATATTCTTCTTTCCCTTTTGTTCTATTTTCATT 59
R T K K 2 T H Q 1 F ¥ F P P €L § I ¢©r I

/_:_' NaFl primer » NaF2 primer »
ATGGGTCATTTCACTAAGCAAATCGACATTCTTCTTGTTCTTGGTGATCTCAACTCCATTG 119
M G H & ™ K Q M ™ F 7 L, F L VvV I § T 9» L
GTGCAAATTGAAGGTAGAARAAGCAAGTITATCATCATACC 160
v Q I 2 G R K < K = M T T od

! . A x k3 L3 x® = L3 ®* =

b mewe ey
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(8.9%, fyrosine (7.5%, proline (7.2% and gl utam ne (7.%:'%/APTgb{'e/1.02ﬂ, 7 4 4
and coul/d. be divided into four donmains (Figure 1.5). At the N-term nus
(residues 1-25), there was a putative transnenbrane helix which was very

hydr opliobi c. Table 1.2 Conpari son of
deriv am no acid conposition of NaAGP1 and NpAGPl.
AGAGAACCAAGAAACCAACACATCAAATATTCTTCTTTCCCTTTTGTTCTATTTTCATTATGGGTCATTTCACT 74

M G H F 35

AAGCAAATGACATTCTTCTTGT TCTTGGTGATC TCAACTCCATTGGTGCAAATTGAAGGTAGAAAARGCAAG 146
K O M T © F L F L VvV I 8§ T P L VvV O I E G_R _K_S X 29
: A *x ® =

TTTATGATCATACCTGCATCTCCTACACCAGCTCCAACACCAATCAATGAAATTAGTTTTCCTCCATTTTCA 218
£ M I T p A § ® T P A P T P I N E I S F P P F S 53

® L * L] = ® a(H)* X L

TCCCTTACTCCAACTCCATCACCAACACCAGCACCAGCAACAGCACCAACACCGTTTTTTAATGATTTTGCG 290
$ L T P TP S P T P A P A T A P TP F F NDF AT?

TTTCCTCCATTGTCATCTTTAAGTCCAACACCAGCACCAGTACCAGTAGGTAATGTTCAAGATCCTGATGTG 362
F P P L §$ $ L S P T P A 2 V P V G N V Q D P D V101

AATGGCGTACCTACGCCTGCATTGGCACCAGGAGGGAGTCGTGAAGATCCAGAGGAAGGTGGCATTGAAGCG 434
N G V P ™ P A L AP GG S GEDU®PEZEGG I E Aal2s

CCAGCACCACTTTTGACTGATACTCCCTATGGACTTTATGGTCCTCATTCTCAGGAAATTTCTTICTACTGTC 506
® A P L L TDTOTU®P Y GL Y G P K S Q E I § 8§ T V148

ACAARATCTTGATGAGGTTGAAACTCAAACTCCTGCCAAGGAATTTCAAGGTGCTAGATTTAATACAGATGAG 578
T N L D 2 V E T Q T P A KET F QG AURTU ETNTD 2173

TCCTACAATAACAATGGTTATGATTCCAACAACRACGACAACAACAATGGTTATGATTCCARCARTAARCAAC 650
S ¥ N N N G ¥ D S N N NDNNNG Y D S N N N N187

2ACAATAACGATGATGGCTTCTCCGAGAATTACAACAACAATGGCTACTCGGAGAATGCTAATAACAARAAT 722
N NN D D G F 8 ENY NNNG Y S 2 N & NN K N222.

AACAATGGCTACTCAGAGAATTACAACAACAATAACAACAATGGCTACGCCAAGAATTACAACAATGGCTAC 794
N N G ¥ S EN Y N NNUNDNNG Y A KN Y N N G Y 245

TCTCAGAGTTACAACAACAACAATAATTTTTACTCGGAGAATTACAACAACAACAACAACAARTGTTTICTCG 866
S Q §$ ¥ NN NNNUF Y S E NUY NNUNNNNV F § 269

GAGAATTCCAACAACAATGGCTACTCCAAAAAGATCAACAATAATGGCTACTCCCAGAATTACATGAACAAC 938
EN S N N N G Y § X K I N NNG Y S Q N Y M N N 293

AACAATGGCTTCTCCGAGAGT TACAACAACAACAACAACAACAACAACAACAACRACGTTTTCTCTGAGAAT 1010
N N G F S E S ¥ NN NNNUNNNNNWNNUV F 5 E N317

TACAACAACAACAATAACAATAATGTTTTCTCCGAGAATTACAACAACAACAATAACAACAATGCTTTCTAC 1082
Y N N NN DNNNUVF S E N Y NNUNNNNNA F Y341

GAGAATTACAACAACAACAACAATGGCTACfCAGAGAACTACAATCAGGCTAGCAGCTACAATAACAATGAC 1154
E NNY N N NNING Y S E N Y N Q 2 8§ S Y N N N D 365

AATACGGTGGAAAGGCAAGGATTAAGTGATACAAGATTCTTGGAAAATGGCAAGTATTATTATGATATCAAG 1226
N TV ER QG L S D TRV F L ENGI K Y Y Y D I K389

AATGAGAATACCAACAACAATGGCTACTCTGAGAATTACAACCATGTTAGCAGCTACAATAACAATAACAAT 1298
N EN TN NNG Y S ENJYNUHUV S S Y NN N N N 413

ATGGTGGAAAGGCAAGGATTGAGTGACACAAGATTCTTAGATAATGGTAACTACTTTTATAGCAACAATGGT 1370
M V E R Q 6L § DT RUPF L DNGNYTF Y S N N G437

GAGAARATGTCAGTGGAAGAGTCTGARAGACAGCAGGAATATCCAGACACTGAAGATCAGTACGAACTTCCT 1442
E KM S VEE S E RQQEYPDTETDGQYE L P46l

TGAAGATAAATATTATTAGTTGGTCCAGAGAAGAGGGACAAACGCAGAGGACGTGAAAATAGATTTAATGAT 1514

TGAATTTTAAGTTATTTTGAGTGTTTGTTTCATTAGTTCCACTTGAGTCTGCAAACACCTTTTTTTICTTTTIT 1586
TTATAGTTCTGCAAATCAGACCGAGGGAACTTTGAGTTGTTTAACACTTTTGGATTATTTTAAAAACTTTTT 1658
ATAATGATCTTGARAGCTTCACGCCTAAAAAAA 1700
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Val
Adn
Ile
Lys
Arg
Met
H s
Cys
Trp
1.

3.3 3.1 4.7 4.0 P?’QU94/QQ74
3.1 2.9 2.7 3.3 1.5
2.7 2.9 4.0 4.7 0.7 1.1
2.5 2.5 2.0 1.3 2.2 3.1
1.6 1.5 1.3 1.3 1.5 1.5
1.2 1.1 0.6 0.6 0.7 0.7
GTT@F3§GTGATCTCAO %F CACTAGTAC ; TTGARGE AAGAGAQﬁGCAAGTTTA?GQTCATTCCTGQ}TF-~72
b.&4 vV I sqgfg? LV gl E 2 24
0.0 0.0 0.0 00" * *380 " " 0.6

The NpAGPEcorsdACeHlc@ricRRC FItiAd TCXTGRACET AGS T T TUCROPA B Te CAECI TR @ ACTAWARCTCCATC -~ 144

i s approxi mately 00eppaslport. 22 IThe BraofiSe-Fi ®h dMomi e i$ deftned by 2 s 48
amno acid residuas 26-47® in 0 * NaA&PI* and 14- 161 i n NpAGPL.

ACCAACACCAACACCAACACCAACATCAGCACCAACACCGTTTTTTAATGATTTCGCGTTTCCTCCATTGTC-~216
P T P T P T P T S A .B-T P.F F N D.F A F P P L 8§ 72

ATCTTTAAGTCCAACACCAGCACCAGTAGGTAGTGATCAAGATCCTGATGTGAACGGTGTACCGGCGCCTGC-~288
§$ L s Pp TP A P V G S D QD P D V N GV P A P AS6

AGTGGCACCAATAGGGAGTGGTCAAGATCCAGAAGAAGGTGGCATTGAAGCACCAGCACCACTTTTAACTGA-~360
vV A P I G S G Q D P EE G G I E A P A P L L T D120

TACTCCTTATGGACTTTATGGTCCTCATTCTCAGGAAATTCCTTCAACTGTCACARATCTTGATGAGGTTGA-~432
T 2 ¥ 6 L ¥ G P H 5 Q g I P 8 TV TN L D E V E 144

AACTCAAACTCCTGCCGAGGAATTCCAAGGTGCTAGATTTAATACAGATGAGTCCTACAATAACAATGGTTA--504
T Q T ? A E E F Q G A R F N T D E § ¥ N N N G Y 168

TGATTCCAACAACAATGGCTACTCGGAGAATAACAACAACAAGAACAACAATGGCTACTCGGAGAATTACAA-~5T6
D S N N NG ¥ 8§ E N N NN KWNNNG Y § E N Y NI192

CAACAACAACAACAATGGCTACTCCGAGAATTACAACAACAACAACAATGGCTACTCCAAGAATTACAACAA-~648
N NN NNG Y S E N Y N N®NNNGUY S K N Y N N21§

CARTGGCTACTCCAARAAAATCARCAATAATGGTTACTCCCAGAATTACATGAACAACAACAACGGCTTCTC--720
N G ¥ S K K I N N NG Y S Q N Y M NNNN G F 8§ 240

CGAGAGTTACAACAGCAACAACAACAACAACAATATTTTCTCCGAGAATTACAACAACAATAATAACAATAA--T792
E § ¥ N S NN NNINNTIUFEF S E N Y N NNN N N N 264

TGTTTTCTCCGAGAATTACAACAACAATAATAACAATAATGTTTTCTCCGAGAATTACAACAACAATAACAA--864
vV ¥ § E'N Y N NN NNWDNNUVF § E N Y N N N N N 288

CAATGCTTTCTCCGAGAACTACAACAACAATAATGTTTTCTCCGAGAATTACAACAAAAACAATAACAACAA--936
N A F §S EN Y N NNNUV F S E N Y N KN N N N N 302

TGCTTTCTCTGAGAATTACAACAACAAAAACAACAATGCCTACTCTGAGAACTACAATCAAGCTAGCAGCTA~-100
A F 5 ENY NNIKWNNNA AY S E N Y NQ A § S Y 326

CAATARCAATGGCAATACGGTGGAGAGGCAAGGAT TAAGTGATACAAGATTCTTGGAGAATGGCAAGTACTA~~108
N NN GNT V ERQGUL S§$ DT RV F L ENG K Y Y 35

TTATGATATCAAGAATGAGAATCCCAACCACAACAATGGCTACTCCGAGAACTACAARTCATGTTAGCAGCTA~-115
¥ P I K N E N P N HNNG Y S E N Y N H V S S Y 374

CAATAACAATAACAATATGGTGGAAAGGCAAGGATTGAGTGACACAAGATTCTTAGATAATGGCAACTACTT-~122
N NN NNMVERQGUL S DT RT FILUDNGN Y F 398

TTATAGTAACAATGGTGAGAAARTGTCAATGGAAGAATCTGARAGACAGCAGGAATATCCAAATACTGAAGA--129
Y §S$ N N G E KM S M EE S E R Q Q E Y P N T E D432

TCAGTATGAACTTCCTTGAAGACTAACATTATCAGTTGGCT TAAAGAAGAGGGACARATGCAGGGAACATG~-136"
Q ¥ E L P -—- . 437

AGAATAGATTTAATTTACAGAGTTTGATTGAATTTTTAAGTTAAAAARAARAAAAARAAAAAA ~=143f

[ —————
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3. The Asn-Jich domain is defined by am no acid residues 175¢Eﬁ§’914 / O 0 7‘4
NaAGP1 and /162-412 in NpAGP1.

28

N

et o

» Lr e BB Sy TV .

P L

The next one-third of the protein (re5|dues 26-173) was al so
hydr ophobfc and contai ned nost of the proline (93.8%, alanine (76.5% and
threonlne (76.2%

NaAGP1l
NpAGP1l
NaAGP1
NpAGP1
NaAGP1l
NpAGP1
NaAGP1l
NpAGP1
Na’AGP1l
NpDAGP1
NaAGPl
NpAGP1
NaAG?21
NoaAGP1l
NaAGP1l
NDAGP1
NaAGP1
NoAGP1
NaAGP1

NDAGP1

MGHFTKQMTFFLFLVISTPLVQIEGRKSKFMIIPASPTPAPTP INEISFP

FRLTVRREEREY bbb v bbbnbben
FLVISTPLVQIEARKSKFMIIPASPAPAPTPINEISFEP

PESSLTPTPSPTPAPA~--TAPTPFTNDFAFPPLSSLSPTPAPVPVGNVQD

rer bt Prrerrrrrrirr et Il
PFSSETPTPSPTPTPTPTSAPTPFFNDFAFPPLSSLSPTPAPVG-~SDQD

PDVNGVPTPALAPGGSGEDPEEGGIEAPAPLLTDTPYGLYGPHSQEISST

Peeeere et e rrererreeerer ittt ererredt 1
PDVNGVPAPAVAP IGSGQDPEEGGIEAPAPLLTDTPYGLYGPHSQEIPST

VINLDEVETQTPAKEFQGARFNTDESYNNNGYDSNNNDNNNGYDSNNNNN
AR RRE R R R ERE R RN RN R RN ERRRRR RS

VINLDEVETQTPAEEFQGARFNTDESYNNNGYDSNNNG—=~~=——=~=== ,

NNDDGFSENYNNNGYSENANNKNNNGYSENYNNNNNNGYAKNYNNGYSQS

Prre rrerirrreerrrnerenel
—————————————— Y SENNNNKNNNGY SENYNNNNNNGYS—~—=—=~——~

YNNNNNEFYSENYNNNNNNVESENSNNNGYSKKINNNGYSQONYMNNNNGES
EERREEN Errrrrrprebiertronrnrtiieid

————————— ENYNNNNNGY-SKNYNNNGYSKKINNNGYSONYMNNNNGE'S

ESYNNNNNNNNNNNVESENYNNNNNNNVE SENYNNNNNNNAEF YENYNNNN

(1 Preere reeerreeerreregeretrreetr ¢ et
ESYN-~—-SNNNNNNIFSENYNNNNNNNVFSENYNNNNNNNVESENYNNNN

N o e GYSENYNQASSYN

| EENERRRERRE
NNAFSENYNNNNVESENYNKNNNNNAEF SENYNNKNNNAYSENYNQASSYN

NNDNTVERQGLSDTREFLENGKYYYDIKNENTN-NNGYSENYNHVSSYNNN

AR R N N N R R RN A RN A RN R RN
NNGNTVERQGLSDTRFLENGKYYYDIKNENPNHNNGYSENYNHVSSYNNN

NNMVERQGLSDTRFLDNGNYFYSNNGEKMSVEESERQQEYPDTEDQYELP

frreertrrevvrerrebeeereeorreer reeetrrert reertid
NNMVERQGLSDTRELDNGNYF YSNNGEKMSMEESERQQEYPNTEDQYELP
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residues.Jﬁhese t hree am no acids accounted for 39.7%of all the am no

acids in this domain (Pro, 20.2% Thr, 10. 8@6and Al a, 8. 7@@ (Figure 1.5).
This domai n rgglctedaé§“£F the site of %ﬁgg E@% on p 55
cont ai ni ng cha g i ke §E3ﬁ¥g£ 2@ =33
resi dues (resi dﬁ‘ 7,7 3GTAUPESTHN Wé‘ci“zf)ﬂﬁr'&c’ Q %%f 210
hydr oxyl at ed, q&mkpey _appear as hydroxyprollne (reS|due TGA Tcégyj §g
in Figure 1.6) in the peptide sequence obtai ned fron1deg ycosffated AGPs of

N. pl unbagi naf alaa@e1 Suchréustirerydainrorc206 T ARSI AGTOTR MR ATATERECATYT ~165
nmol ecul e consi derably noxerthydrpphithiicititr  titiTherpantiomnioefi £ hatprotigi n

correspondi ng tNgAGPl NG am¢¢nqaesraqaaasrqﬁmwumgeumassaapamnmﬁwqamcAzm@@r§©$ncn nag
nost of the asparagine (95.1 9 and t r05|ne;&3 qé& resi dues which

accounted for 42§} ard ﬁ‘?’”‘f Cé"ﬁ ;Egé rﬁ‘ig‘-ﬁ&cﬁ”ﬁ“fqﬁ% =220
al ong

domai n (Figure,l ép nd F éhﬁg. CATCET. -128

distributed in c usters reS| the po ypeptlae cha

domai n cont ai ne@dagey pr-ol tmme&@&arcﬁméxmbcgc&arseﬁ@ues aiedict:ﬁiéﬂd&ume
wer e hydrophilic (FIgUFEJﬂnﬁhnllnlllnlnllllnll PETEL 1) 1) TEERRRINRR

NpAGP1 TTACTCCAACTCCATCACCAACACCAACACCAACACCAACATCAGCACCAACACC -~183
: Na2AGP)l ~ GTTTTTTAATGATTTTIGCGITTCCTCCATTGTCATCTTTAAGTCCAACACCAGCA -324
’ R R R R R R R R R R R R R R R R R R R AR R R R R RR R R AR
// : - NpAGPl - GTTTTTTAATGATTTCGCGTTTCCTCCATTGTCATCTTTAAGTCCAACACCAGCA -238
{ NaAGPl - CCAGTACCAGTAGGTAATGTITCAAGATCCTGATGTGAATGGCGTACCTACGCCTG -379
Lt N R R R R R R A E R R R N R A RN
NpAGPL - CCAGTA-——--=- GGTAGTGATCAAGATCCTGATGTGAACGGTGTACCGGCGCCTG ~287
NaAGPl - CATTGGCACCAGGAGGGAGTGGTGAAGATCCAGAGGAAGGTGGCATTGAAGCGCS -434
N R R N R R RN R R R R R R R R RN R AR RN I
NpAGPl - CAGTGGCACCAATAGGGAGTGGTCARGATCCAGAAGAAGGTGGCATTGAAGCACS -342
) NaAGPl - > 5CACCACTTTTGACTGATACTCCCTATGGACTTTATGGTCCTCATTCTCAGGAA -489
: BEEE RN R R R R N R N R R R R R RN R RN R R R N R D N
: NPDAGPl - AGCACCACTTTTAACTGATACTCCTTATGGACTTTATGGTCCTCATTCTCAGGAA -397
E NaAGPl -~ ATTTCTTCTACTGTCACAAATCTTGATGAGGTTGAAACTCAAACTCCTGCCAAGG -544
FOE SE0E ST 0r ettt et et etneeeerrnteretry ol
NpAGPL - ATTCCTTCAACTGTCACAAATCTITGATGAGGTTGARAACTCAAACTCCTGCCGAGG -452
NaAGPl - AATTTCAAGGTGCTAGATTTAATACAGATGAGTCCTACAATAACAATGGTTATGA =599
AR R R R AR R R RN R RN R AR R R R R R R R RN R R AR A RN RE R
NpAGPl - AATTCCAAGGTGCTAGATTTAATACAGATGAGTCCTACAATAACAATGGTTATGA -507
. NaAGPl - TTCCAACAACAACGACAACAACAATGGTTATGATTCCAACAATAACAACAACAAT -654
: IRRREEBRERN PEVEY VB 100 RERERRERERERE!
NDAGPL - TTCCAACAAC-==—m=m————= AATGGCTACTCGGAG~--AATAACAACAACAAG -547
NaAGPl -~ AACGATGATGGCTTCTCCGAGAATTACAACAAC-——===m—=— AATGGCTACTCGG ~-700
crerretrrenrrrenteretrveenonggd IRRRRERR RN
NpAGPl -~ AACAACAATGGCTACTCGGAGAATTACAACAACAACAACAACAATGGCTACTCCG -602
NaAGPl - AGAATGCTAATAACAAAAATAACAATGGCTACTCAGAGAATTACAACAACAATAA -7S5
IRERN Pobretrl e rerrneventennd v teinynntl
NpAGPl -~ AGAAT---TACAACAACAACAACAATGGCTACTCCAAGAATTACAACAACAAT-- -652
NaAGPl -~ CAACAATGGCTACGCCAAGAATTACAACAAT---GGCTACTCTCAGAGTTACAAC -807
PRIELY BN 1 HEend PEorrnnl orbiy il
NDAGRPLl = ——cewme- GGCTACTCCAAAAARATCAACAATAATGSTTACTCCCAGAATTACATG ~700
NaAGPl -~ AACAACAATAATTTITTACTCGGAGAATTAC-=——=- AACAACAACAACAACAATG -~856
RERRRRE NN Py et et ferrrririireni el
NpAGP1 ~ AACAACAACAACGGCTTCTCCGAGAGTTACAACAGCAACAACAACAACAACAATA -~755
NaAGPl ~ TTTTCTCGGAGAATTCCAACAACAATGGCTACTCCAAAAAGATCAACAATAATGG ~911
PO ekl 1yre e I RN NN EE!
NpAGPl ~ TTTTCTCCGAGAATTACAACAAC-—~mem—mmmm—mm——— AATAATAACAATAATGT -795

This Sheet Has Been Replaced
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An N. plugbagi nafolia cell suspension cDNA |ibrary was al so screened with
the PCR fragnment, and four cDNA clones were isol ated and sequenced. The

four clones veggassienti cadacapek aeantfildied- A TeRRECARE ARG T PircCEREAdRAc ~960
NG 25; Figure 1.6). This AGP;geneiwas designated NeAEPL. Thesa 1¢PNAS wer e
i nconpl et e andnpaegli ct-edritgTbecAERATTACRAOANIAATADT ANEh A PAA TGTETEC TOEGAGAATIACT +E50
full-length sequence of the transcript. The NpAGPl1 was not identical, but
very simlar to the NaAGP1 at both the nucl eotide and derived am no aC|d

sequence | evel NeB®3% and 58‘4?"?‘%4% QVCMW?W‘WWW GFRCPAPTAGHAGH el°15
1.8, d Tabl . Th |

LS ang Tabl o byl The aiitilbltlahel 1 x vas msoil s ébﬁ@

was mainly in fhe. ddl eac%?l%aﬂ%Hkﬁla%m‘ch‘?rﬁ%%ﬁ&%%b%ﬂ@&&b&ﬂm 2o

C-termnal parts were highly,conserved (Figune Lidiand Rhoureiba8)riiin
The NaAGPl cDNApues: cut +m-eazecp§cmw.»fm¢r'em uesGrhTDACAACRARX IR ORREARTARO-936

the 5'-nontransi at ed part t he transnmenbrane heli.x and the proline-rich

domai n and a NaAGPl TGCTTTCTACGAGAATTACAACAAC-——AACAACAATGGCTACTCAGAGAACTAC -1122
FLECLEr e rnitt et CrEerestpnrtebnse ettt
NDAGPl - TGCTTTCTCTGAGAATTACAACAACAAAAACAACAATGCCTACTCTGAGAACTAC -991
2 NaAGPl - GCAGCTACAACAATAACGACAATACGGTGGAAAGGAATCAGGCTACAAGGATTAA -1177
- AR AR NN AR A R R RN R R R R R R R R R R RN AR R AR AR RN
: NpAG?l - GCAGCTACAATAACAATGGCAATACGGTGGAGAGGAATCAAGCTACAAGGATTAR -1046
NaAGP?l - GTGATACAAGATTCTTGGAAAATGGCAAGTATTATTATGATATCAAGAATGAGAA -1242
RN RN AR R R R AR R R R AR R R R R R R R RN R R RR R AR EEE R RRY
NpAGPl -~ GTGATACAAGATTCTTIGGAGAATGGCAAGTACTATTATGATATCAAGAATGAGAA ~1101
NaAGPl - TACCAAC--~AACAATGGCTACTCTGAGAATTACAACCATGTTAGCAGCTACAAT ~129%4
[RERERE (RERARRRRR R R R R AR R AR R R AR R R AR AR RN R AR RN
NpAGPl -~ TCCCAACCACAACAATGGCTACTCCGAGAACTACAATCATGTTAGCAGCTACAAT ~1156
Na2AG?Y - AACAATAACAATATGGTGGAAAGGCAAGGATTGAGTGACACAAGATTCTTAGATA -1349
i SRR R AR R R R R R R R R RN R R A RN R R AR R R AR A NE AR R !
: NpAG?1l -~ AACAATAACAATATGGT GGAAAGuCAAGGATTGAGTGAC§CAAGnTTCTTAGATA -1212
2 NaAGPl - ATGGTAACTACTTTTATAGCAACAATGGTGAGAAAATGTCAGTGGAAGAGTCTGA -1404
PEUD rretrereettrerbienertrerrrrooereedptirnbrrinen i
NpaAGPl - ATGGCAACTACTTTTATAGTAACAATGGTGAGAN "ATGTCAATGGAAGAATCTGA -12686
NaAGP?l -~ AAGACAGCAGGAATATCCAGACACTGAAGATCAGTACGAACTTCCTTGAAGATAA -1459
PRV EELREY IR e Ph e terer e vt i
NpAG2l -~ AAGACAGCAGGAATATCCAAATACTGAAGATCAGTATGAACTTCCTTGAAGACTA -1321
NaAGPl - ATATTATTAGTTGGTCCAGAGAAGAGGGACAAACGCAGAGGACGTGAAAATAGAT -1514
R EREERR R R R R R R R NN R R R RN R AR RN R RN
NPAGP1 - ACATTATCAGTTGGCTTAAAGAAGAGGGACAAATGCAGGGAACATGGAAATAGAT -1376
NaAGPl -~ TTAAT~~—~——=————= GATTGAATTT-TAAGTTATTTTGAGTGTTTGITTCATT -1537
INERE PLVTVLREYE vret i
NpAGP1 - TTAATTTTACAGAGTTTGATTGAATTTTTAAGTTAAAAAAAAAAAAAARARAAAR 1430
NaAGPl -~ AGTTCCACTTGAGTCTGCAAACACCTTTTTTTCTTTTTTTATAGTTCTGCAAATC -1612
Na2AGPl - AGACCGAGGGAACTTTGAGTTGTTTAACACTTTTGGATTATTITTAAAAACTTTTT -1667
NaAG?l -~ ATAATGATCTTGAAGCTTCACGCCTAAAAAARAA -1700
This Sheet Has Been Repl
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3'-half (Jresi dues 541-1700) including the asparagi ne-rich domain,
C-termnys, and the 3'-nontranslated part. These two parts of the cDNA were
used separately to probe northern blots of RNA [ Sanbrook et al. (1989)
supra] isolated from suspension cultured cells of N. alata and N.

pl unbagi nafolia and various tissues of N alata

29

5'-probe 3'-probe
i 2 3 4 5 687 1234 5 6 7
| -1.7kb
L - .
- _
| « —1.0kb
B
1 2

-
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pl ant s. ghe two probes gave an identical hybridization pattern, confirmng
that these two distinct donains are parts of the sanme transcript (Figure
1.9). The NaAGPl cDNA probes hybridized to the RNA sanples fromall the
tissues of N. alata tested, although the degree of hybridization and size
of transcripts are different in different tissues. The hi ghest signal was
detected in RNA from N. al ata suspension cultured cells whereas the signa
in petals is barely detected. Pollen and style tissues havg_asmatter
transcript of approximately 1.0 kb conpared with 1.6 kb in N
pl unbagi nafolia cultured cells and 1.7 kb in all other tlscués (Figure
1.9). Genom c southern blot analysis indicated that the A&?’gene Is a
single copy or |ow copy gene in the genone of N alata:c In a
preferred enbodi nent of the invention, the cDNA-%Lbracy-maq screened with
t he | abel ed synthetic oligonucl eotide probe deriged fmnnlgje

Thne in Minutes

hydr oxypr ol i ne-poor or the N-term nal AGP prote'%?sequ&h In an
al ternative enbodi nent of the invention, individual re&ﬁnb| j
CDNA library can be SC'sened for eg
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expression of an antigen (antibody recognition). Procedures for selecting
cl oned sequences froma reconbinant cDNA |ibrary are described in Ki mrel
(1987) Meth. Enzynol. 152:393-399. This invention al so contenpl ates
t he use of oligonucl eotide probes, e.g., AGP cDNA, etc., for the detection
of hybridizing sequences and the i sol ation of ronocot and dicot AGP genes.
Pear AGP (PcAGP9) transcripts were detected in RNA prepared fromdicots as
well as froma nonocot. cDNA cl ones mthn_shgw a strong
hybri di zati on signal are sequenced to conflrﬁlcoinlnentarlty to the AGP
am no acid sequence. |In addition, the proteln encdded by the cDNA is. .shown
to possess AGP characterlstlcsnzIﬁiﬁula dome—for—exanptebii-4 Lanaed | bi ng
the cl one sequence with an appropri ate RNA pol yner ase,

then tranglating the

MRNA in, for exanple, a commercially available wheat germextract] in vitro
transl ation system Thus, the identi'ty of a clone is CoqLLLnEd by
transformation into a suspensiofl; cultured:gell and i dentlf'f'yi ng the pr oduet
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sui tabl e tag. I n anot her enbodi nent of the invention, the presence
of AGP protein is detected inmunol ogically. For exanple, antibodies raised
to an AGP peptide, or fragnment thereof, purified and isolated from an
SDS- PACE gel are shown to cross- react with the purified AGP pepti de.
AGP-specific antibodies are also utilized to bind and precipitate AGP from
pl ant extracts as well as the product of the cloned
30

10 20 30 40 50 60
GTAGTGATGACGCCGAGGAAGCACCTCGGTATTTCTCCCGCTCCTTCTCCGGCAGGGGAA

v v M T ©® R X H-—~% - G-I- S P A-P S P A G E

70 80 90 100 110 120
GTCGACGGTCCTGCTATTGCTCCGACAAGCGGCGCTACAAGCTTGAAGGGTGGTGTTCTG
vV D G P A I AP T S G AT S L K G G V L

130 240 150 160 170 180

ACTGTGGTGGCATTGGGAGGGTTTTGTCIGTGGTTTTAGCCGAGGGGCAGATTTTTTGAAC
T VvV VvV A L 6 G F C L W F ==x

' 190 200 210 220 230 240

CGTGGTIGTTATCT T TCTGGGTTTTTGTTTTGAGAGTGGGGGATAATTATTTGITTAATT

250 260 270 280 290 . 300
CoTTATTTTTTTTATACATATGAGACGAGATATTATGTAATTCTATTTCGAATGTCATAA

H 310 320 330 340 350
TATCAATATATTCATTTCCTAAATATARAAAAAAAAARARANAAAARARA

Cra vl b Sy,

——
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AGP gene. Pol ycl onal and nonocl onal anti bodies specific to X&y‘%{a& i4d«,1 aQeo 7 4
prepared according to standard nethods in the art. This type of

i mmunol ogi cal testing is further utilized, for exanple, for optimzation of
expression of the cloned AGP gene in a recipient organism Thi s

i nvention further contenplates the isolation of a genom c clone of AGP.

Genomic DNA is isolated according to the nethods described by Herrmann and
Frischauf (1987) Methods Enzym)l. 152: 180-189. A PCR-based nethod is used

to clone a gene from genoni é9DNA u

artial3%rotein $8quence 60
Aarts et al. (1991) GRTCABPAAT B CAMECS ?IfGSF%'E I ‘%T&j‘%é%[:'cﬁ? %)e AT('@C-éCTC
King et al. (1988) Plant Ml . Biol. . m-c—ﬁ@—g'em?—miy—*

be utilized instead of the ENA to e>%%'r ess AGP ' | n par ul ar, &wst 120
systens where it ap % I g GGTGG
evetomis required Pﬁ(?‘r'f%'l‘tc? %é@ddﬁ%’r%& pftf'r&r A&ﬁé‘i@@l d&'@;?:‘lc

Ny €r9 7ASV S @
well known in the ar

e CI on| ng,

130 140 150 160 170 180
CAAGAATGGCTCATGGGCAGTCCCCTCCTCCGAATCGCAATCCCTCAACAAATGGGLCGA
K N G 8§ W A V ?» § S E § Q § L N K W A E

PRSP U P

190 200 210 220 230 240
AAGCACCCGCTTTCGCGTCGGCGACACTCTTGTGTGGAAGTACGACAGCGCCAAAGACTC
S T R F RV GPB TL V W X Y D S A K D 5

250 260 270 280 290 300
AGTCTTGCGAGTGACGAAAGAAGACTACTCAAACTGCAATGCGTCAAACCCAATTGAGCA
vV L RV T K E D ¥ S N C N A S N P I = Q
310 320 330 340 350 360

GCTCAAGGACGGCGAAACARAGCTCCACCTTGACCAGCCAGGGCCTTACTACTTCATCAG
L K DG E T K1 H#L b QP G P ¥ ¥ F I S

370 380 390 400 410 420
CGGAACCAAGGGGCACTGCGAGAAGGGGCAGAAACTGGTGGTGGTGGTTATGACTCCAAG
G T K G # C £E X G Q X L v Vv Vv v M T 2 R

C et e e i et

430 440 450 460 470 480

GAAGCACCTCGGTATTTCTCCCGCTCCTTCTCCGGCAGGGGAAGTCGACGGTCCTGCTAT

¥x H L G T S P A ®P § ® A ¢ T VvV D G P A I
0 ) 0

490 500 510 520 530 540
TGCTCCGACAAGCGGCGCTACAAGCTTGAAGGGTGGTGTTCTGACTGTGGTGGCATTGGG
A P TS GATS LK GGV L TV VA LG

550 560 570 580 590 600
AGGGTTTTGTCTGTGGTTTTAGCGAGGGGGAGATTTTTTGAACCGTGGTTGTTATCTTTC
G F C L W F **x

610 . 620 630 640 650 660
TGGGTTTTTGTTTTGAGAGTGGGGGATAATTATTTGTTTAATTCTTTATTTTTTTTATAC

670 680 690 700 710 720
ATATGAGACGAGATATTATGTAATTCTATTTCGAATGTCATAATATCAATATATTCATTT

730 740 7150 760
CCTAAATATAAAAAAAAAAARAAAAAAAAAARAARARAARAR
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Brammar and Edidin (eds.), Chapnman and Hall, NY], there are various
strat egi es—for—generation—of- cDNA |ibraries and for the cloning of the cDNA

into an apfy i onbi nant vector, e.g., the pUC famly of
pl asm ds g@ﬁ%ﬂé& ashe ﬁe%rr]gtll phage vectors. In an enbodi ment of the
i nvention, <+ m& rm nt vector carries a constitutive or inducible
pronot er adj '  oning site such that a transcript is nmade
specifically to either strand of the cDNA sinply by, using different RNA

pol ymer ases. RNAs produced in this way can be used as hybridization probes
or can be translated in cell-free protein synhesi.s.Sysiens.. It is
understood in the.art that nodifications mayihe -sade=t-g=itdxe=s8truct ura
arrangenent and specific elenents of a gengtically-engi negrgd:ur econbi nant
DNA nol ecul e descri bed herein w thout destrloying the dcti%ity;of gene
expression. For exanple, it is contenplateg hat ia suﬁstiguti@n may be nmade
in the choices of enhancer regul atory eleﬁfnisﬂaﬂd/orépro@nteﬁs [e.q.,
preferably, an inducible pronoter (e.g., AdHL)J %ﬁthgﬁt stigni {i cantly

af fecting the function of the reconmbinant{; ji i ﬂ 1 oo
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DNA nol ecul e of this invention. It will also be understood that

optim zation of gene expression also results fromthe use of preferred
codons, the arrangenent, orientation, and spacing of the different

regul atory elenents as well as the multiple copies of a particular el enent
with respect to one another, and with respect to the position of the TATA

box, as will be apparent to those skilled in the art using the teachings of
this disclosure. 31
mRNA
AAAAARARAA
-~ DNA ““L““‘.Adapfo,

cDNA synthesis

. ntrn Mmelivion

cDNA
TTTTITTTTT-Adaptor

-« aaptor
ispecmc pnmer} E;.

PCR

25w hudt

PCR fragment

l

Cloning and sequending
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I n anot her enbodi nent of the invention, AGPs were isolated fromN.

pl unbagi nafol i a suspension cultures. The nmediumfromthe cell suspension
culture of N. plunbaginafolia was separated fromthe cells by filtration
and the high nol ecular weight materials precipitated with four vol unes of
et hanol. The total native AGPs were purified fromthe Bi opol yner product by
precipitation with the Yariv reagent after depleting the starting materi al
of pectins by CTAB (hexadecyl trimethyl anmoni um brom de) precipitation
prior to Yariv precipitation. The total native AGPs were treated by two
pat hs: Path 1. Degl ycosylation followed by reverse phase HPLC
"fractionation before direct sequencing, or sequencing after enzymatic
(proteolytic) digestion [detailed in Exanple 2(c)2-5]. Pat h 2:
Reverse phase HPLC fractionation foll owed by degl ycosylation and further
reverse phase HPLC fractionation [detailed in Exanple 1(c)6-8].

GCGATCAACACGGAGTTCGTCCTGAGGAATGTAACCAGTATGAATTTGCCATGATCAAR

60

A T N T = ® G P E E C N Q Y E F A M I K20

AATCAGTGTGCAAATCAAGCTGCTCCTCCTCCTACAGATTACTAAGTTATTAAGCGGATG
N Q ¢C 2 N Q A A P P P T D ¥ =

TATGTGTACGTGCGTGTTTATATAGCCGACCCCAACTTGTTTGGACTTAGGCGTAGTTTG
CATTATTIGTTAT T TTATATATGTGTATGTATTCATATAGTCGACCCCAACTTGTTTGGEA
TTGAGACGTAATTGGCTGTTTATTAGTATGTATGTCTGTGTATTTTGATCGAGAATARAATTA

ATGAAGTGATTTGCTTATTGGGTTATCACAAAAAAARAAARARARAANNA
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th 1 idegl ycosyl ation fol | owed by separation of AGPs) produced an unboun

ak t wo rmaj or bound peaks, RT21 and RT32, with retention tinmes of 21
I N an 2 mn, respectively, in reverse phase HPLC (see Figure 2.1). Peak
21 was digested with thernolysin and refractionated by RP-HPLC prior to
m no aci d sequenci ng. The sequences (SEQ | D NOCS: 26-29) obtai ned from peak
21 exhibited a high content of hydroxyproline, alanine, serine, and
hreoni ne (QAST-rich sequences). Peak RT32 was sequenced directly
nd gave the sequence RRK-S-K-F-MI-1- P-A-S-OT-OAOT-OI-NE-I-S-F (SEQ
B0 NO 30) which, at the 5 -end, very closely nmatched the N-term nal
equence (SEQ ID NO 11) obtained fromN. alata cell cultures, and which
id not show a high content of hydroxyproline nor of QAST, i.e.,
ydroxyproline, a|@mﬁT@TTsﬁmGm@ATRN@C¢KEGEHWHGaGTihGABA€EﬁﬂTﬁTTdTEEGﬂIﬂAﬁ?EE&T 6
equence (SEQ I D NO 30) conprised a dori rs clrar &ct 8ri ¥edLbyrFa $i gh @AST * 13
ont ent .

0

~—~

TTCTCATTATTGCCTTAAATTTCACTAATGGATTAGCCATTGATCATAAATCTGATGCTA 12
r 1L I I A L N F T N G L A I D H K S D A 33

ATATTGCATTAATCCCACAAARGAAAGCATTAAAATGGTTGCATTGGCCATTTGCACATG 18!
N I A L I ?» Q K K G L K W L K W P F A H 53

CACCACCACCACCTTCATCTTTTTTTCCTAAGTTTCCATTTCCAAARATATTTCCCTGGC 24
A P P P P S 5 F F P X F P ¥ 2 K I T P W 73

CGCGATTTTTGCCACCTAAGCCTTTTTCGCCTAGTGAAAAACGCGTCAGTGACATAAACA 30
P R ¥ L P 2 K 2 F §$ 7 8 E K R V s D I N 93

TAGACAACAGTCAGAACGTGTTGGACAAGAAATATTATTGTGCTTTAATTATTGAGGCGT 36¢
I D N S Q N V L D K XK ¥ Y C A 1L 1 T 7 A 113

GTATGCTTGAGAGGGATATGCTTTGCGTTCGCAATAGATGTACCTTCTCTTATGATTGTT 42(
CcC M L Z R D M L C V R N R C 2 =& S8 ¥ D C 133

: GTACTGCCAT TAATACTGAATTTGGTCCT GAGGAATGTAACCAGTATGAATTTGCCATGA 48
C . A I N T ®E ® G P E E C N Q ¥ E F A M 133

CAAAMATCAGTGTGCAAATCAAGCTGCTCCTCCTCCTACAGATTACTAAGTTATTAAGG S4f
K N Q ¢ A N Q A A 2 P P T D Y =~ 169

=1 -3

GGATGTATGTGTACGTGCGTGTTTATATAGCCGACCCCAACTTGTTTGGGACTTAGGCGT 60¢
AGTTTGCATTATTGTTATTTTATATATGTGTATGTATTCATATAGTCGACCCCAACTTGT 66(
TTGGGATTGAGACGTAATTGGTGTTTATTAGTATGTATGTGTGTGTATTTTGATGAGAAT 721

AAATTAATGAAGTGATTTGCTTATTGGGTTATCAAARAARARN 168
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The resul ts_;é!l!g% no acid anal yses of chromatographic fractions from N
pl unbagi nafolia AGPs are presented in Table 2.1. All AGPs that initially

bound to the chromat ography col ums showed an enrichnment in hydroxyproline,
al ani ne, serine, and threonine residues. I n anot her enbodi nent of
the invention, the total native AGPs were isolated from Pyrus conmunis
(pear) Biopolynmer by Yariv precipitation.

VPP & &
SELHPS
%‘\f %“J %@ %@ %b %b
%W @‘5 %Q) %Q) gb %b
kb
—28S
; j 1.77 —
P 1.52 — —18S
1.28 — :
0.78 — WgP
0.53 —
0.40 —
-7 0.28 —
0.16 —
Fig. 4.7
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32 The AGPs were either deglycosylated first and then separated by

reverse phase HPLC (RP-300) (Path 1), or alternatively, the total native
AGPs were fractionated first by reverse phase HPLC (RP-300), and then

degl ycosyl ated, digested with thernolysin, and purified for sequencing
(Path 2). Path 1 (HPLC separation of deglycosylated AGPs) gave the
profile shown in Figure 3.1. The results of am no acid anal yses of nmjor
peaks (i.e., unbound, peak RT16.4 and peak RT18.2), as summarized in Table
3.1, indicated enrichnent of hydroxyproline, alanine, serine, and threonine
residues in the bound fractions. The

s of @
(o) ay
¢ & 9
§ IR, §
AN
F SIS $
S S>> 5
T o L 3
C ¢ %) é" &
g &
v
STV
kb
—28S
1.77 — —18S
1.52 —
1.28 —
- 0.78 — -
0.53 —
0.40 — J
0.28 —
Tmss}lii\tfl{ii\fﬂleﬂi\eﬁifm
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35 RT16.4
t her nol ysi

the RT18. 2 peaks fron1F|gure 3.1 were subjected to

di gestion and the digestion products were separated on a RP-300

colum. THe RP- 300 profile for digested RT16.4 is shown in Figure 3.2 and
RT18/2 is shown in Figure 3.3. In all, only one peak (peak 1 of

t hr €oni ne.

Sequence,
showed a

“ 11 and SEQ

e hates Aot o e

A et o,

sin-digested RT16.4, Figure 3.2) was a pure peptide and gave a

L-SOKKS-OT-AO0SOS(S)-T-OO0 T-(T) (SEQ 1D NO 31),
hi gh content of al anine, hydroxyproline, serine, and

Peaks 3 and 5 of RT16.4 (Figure 3.2) conprised sequences (SEQ ID

ID NGO 12, respectively) that also exhibited hlgh contents

hydr oxypr ol i ne, alanlne serine, and threonine.

TGAAGAAACTTACACTTTCTCTCTCTGAAAACTGCTCAACACTTCAAATCAGAGTTTTCG

AAAAGCTTCTAGAGAGAGAAAGAAATGGCTTACTCAAGGATGATGTTCGCTTTCATTTTC
M A Y S R M MTF A F I F

GCTTTCGTCGCCGGATCTGCTTTTGCTCAGGCTCCGGGAGCTTCTCCCGCAGCTTCACCG
ALV AGSAFAQA®GASTPAASH?
AAGGCATCACCGGTTGCACCAGTAGCATCACCTCCAACTGCTGTTGTTACACCGGTATCC
K A §$S PV A.P V A § P P T AV VYV T P V S

GCTCCATCACAATCTCCTTCTACTGCTGCATCTCCTTCTGAATCTCCATTGGCATCTCCA
A®s o s®s TAASPSESTPTLASC®

T2-1
CCAGCTCCACCAACTGCTGACACTCCAGCATTTGCTCCCTCCGGCGGCGTTGCTCTTCCT

@2@®@TArDTOAF A®S GGV AL P
I3 A2

CCATCCATCGGCTCTGCTCCCGCCGGTTCTCCAACCTCGTCTCCTAACGCTGCTTCCTTG
S I G s A®PAGSsS®TSSPNAA-ASTL

T5 T2-1 T2-2

AACAGAGTCGCCGTCGCTGGATCTGCAGTTGTAGCGATCTTCGCTGCATCTTTGATGTTT
N RV AV AG S AV YV A I F AASULMEF

TAGATCTGAGGAGAGTTTGCATTTTGGATTTTCACGAGATGTTTATTATTTTAGGATTTA

TTTAGTTCATCTTACTCGTTGATGTTTATTCGTTTTGTTTTACTTTTACCCGTGGGCGGT
GGTGACTGCGTACATGCTATTGATTTGATTTTTACTCTGGTTATTGTTTATTGTTACTAC

CACTATTATTATTATGGATTCTTTGTTTATTTATGAAGCACTATGATTTACA

Fig. 4.11
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Peaks from t hg® y5|n di gested RT18.2 (Figure 3.3) were resolved into
several peak (SEQ | D NOS: 31, 34-38). These sequences al so were
characterized by a high OAST content. Path 2 (fractionation of the total
native pear AGP fraction by reverse phase HPLC) gave the profile presented
in Figure 3.4. Peak RT7.8 and the unbound fraction were anal yzed for am no
acid conposition and both were found to be enriched in hydroxyproline,

al ani ne, serine, and threonine as shown in Table 3.1. Peak RT7.8 and the
unbound fraction were degl ycosyl ated and fracti onated on HPLC. The profile
for the deglycosyl ated Peak RT7.8 (Figure 3.5) showed a major peak (Peak
RT23) which, after thernolysin digestion and further purification on
reverse phase HPLC (RP-300), gave six peptide sequences. Five sequences
(SEQ I D NCS: 39-44) were QAST-enriched, whereas one of the sequences,
L-V-V-V-V-MT- P-RK-H (SEQ I D NO 41) was al so present in sequence obtained
(by direct sequencing of the native AGP in RT7.8.. . -

ey nal

Hydropathy index

: -2 o T ~r T ~ 1
; 0 so 100 150
Amino acid residues

Fig. 4.12
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a /
The unbound fraction of Figure 3.4, after deglycosylati onpg{{é% art"hér 0074

4

fractionation on HPLC (Path 2), gave the profile presented in Figure 3.6.
The maj or peaks RT16-19 in Figure 3.6 [obtained by Path 2 (separation

fol  owed by deglycosylation)] had retention times sim.ar to those of peaks
RT16-19.9 in Figure 3.-1 [obtained by Path 1 (deglycosylation followed by
separ/ation)]. It woul d appear from Figure 3.4 that Peak RT7.8
repr/esents about 27% of the total AGPs from pear. At |east four N-termnal
wer/e observed in one fraction which may represent multiple chains. The
upbound fraction represents about 67%of the total AGPs from pear and gives
peaks which correspond to the RT16.4-19.9 of Figure

Fig. 4.13

-
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Pave several OAST-enriched sequences. Thus, tRETIAW &Y h0074%

36 3.1 whicle

provi des anjho acid sequence data fromeach of the two major AGPs from
Pyrus co i S. In a particular enbodi nent of the invention, an AGP
gene was tai ned fromP. conmunes. The sequence

L-V-V-V- ¢ M T-P-R-K-H (SEQ I D NG 41), which was hydroxyproline-poor and
OAST- pogf, was selected as tenplate for obtaining an AG gene from pear

cell sySpension culture.

Fig. 4.14
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A nunber of prinErs corresponding to the L-V-V-V-V-MT-P-R-K-H sequence
(SEQ I D hK)41) was desi gned and synt hesi zed for PCR experinments (Table

3.2 TABLE 3.2
Sequences of,

~

‘t he ol i gonucl eotide priners used in PCR Peptide sequence
T-P-R-K-H (SEQ ID NO 41) Primer designation:

Fig. 4.15

-
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5 GIN GTN GTN GIN ATG AC 3' Pt d i/ 007

PcA23F1

NQO 45) 3F2a 5" GIA GIN ATG ACN CCN AGA AA 3" (SEQID
NO 46) G . PcA23F2b
5 GTA GIN ATG ACN CCN CGN AA 3" (SEQ I D NG 47) N=AT Gor C

The sa nested PCR procedure used for the cloning of the NaAGPl gene
(Figur/e 1.2B) was used to clone the gene encodi ng the above peptide, except
that /t he anneal ing tenperatuig was S52[@rr]Cin {fis caseyqA 350- bR f ragment ¢,
was/anplified after crercTCGCTCACTCATCAAATTCTCTCTCTCTCTCTCTCTCTCTCTTTCTCTCTCTCTC
70 80 %0 100 110 120

TCTCTAARAATCAAGATGGGTTTTGCAGGGTTCCAAGTTTTGATGGTTTTGGGTCTGTTG
M K M G F A G F O V L M V L G L L

130 140 150 , 160 170 180
GCCACATCATGCATAGCCCAAGCCCCAGGAGCAGCACCCACAGCTTCACCCCCAACCGCA
A T S C I A Q A P G A A P T A S P P T 2

T

190 200 210 220 230 240
P AAGTCGCCAACCGCCACCCCACCAACCGCCACACCGCCATCAGCCGTACCAGTTCCATCA
b X s p T A T P 2 T A T P P S AV P V P S
: 0 0o o . 0 o

i
!

250 260 270 280 290 300
CCCAGCAAAACACCAACCGCGTCACCAARCTCCATCACCAGTGACAGCACCAACCCCAACT
? § K T P T A § P T P2 S§ p Yy T A P T P S

0 0

310 320 330 340 350 360
GCCTCCCCACCATCTTCCACACCAGCTTCCACCCCAGCTTCCACTCCAGCAGCTAAGTCT
A S p P S S T 2 A S T 2 A S T P A A K S

o O o) X

370 380 390 400 410 420
CCATCGTCGTCAGCTGCTCCCTCAGGCTCAAGCCCGAACTCCCCACCGGCTGACGCTATT
P 8§ § $ A A P S G S 8 P N S5 P 2 A D A I

FRYPR NEI ¢ )

430 440 450 460 470 480
CCTCCAAGTGGCACCTCCGCCATCAGCCGCGTTGCTATTGCTGGAACTGCTCTTGCTGGA
P P $ G T S A I S R VvV aI A G T 2A 1L A G

490 500 510 520 530 540
GTTTTCTTCGCGATTGTGTTGGCTTAGATTCATGGGATTTGCTCTTTCGGGTTTTCCTAT
vV F F A I V L A *=xx*

550 560 570 580 590 600
TGGTCCACGTGGAGACTCACATCTGCTCTTAGATCTGGGTTTTGATGGACGGTCGAGATC
610 620 630 640 650 660
TATTAATTTCTTTTTATTTTGTIGCTTATTTTCGTTAATGTTTTTTGTATTTTTGTTTAA
670 680 690 700 710 720
CTCTGTTTTCATGCCATATGGTGATTATTGGTTTGGCAGTCTATGGTGGATTTGGACGGT
730 740 750 760 770 780
CGTGATGTGATTAATTATGGTGATTCATTGTTTTAGAGTTGACAAGTGCACCCATTTGTA
790 80O 810 820 830 B840
GATGAGTCGTTGGATGTACATCTGTCCGATCATAGTTTAATAAAACAGTTTIGTCATTCTT
850 860 870 880 890 900
TTTCTTATGGATCTTCAAAAAAAAAAAAAAAAAAARNRAAAANARAAADAANA
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two successi PCR reactions using the PcA23F1 as the first priner and the

PcA23F2a as A he second priner. The fragnent was sequenced and found to
~encode the/orrect peptide sequence (SEQ ID NO 48; Figure 3.7). The
PCR fragmgnt was used to screen a cDNA |ibrary made from nRNA from pear

- cell suspension culture, as described above for

N. alata cell suspension.

A _. | B
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37 One positive clone (PcAGP23) was isol ated and sequenced. This clone
contained an insert of 760 bp and matched the PCR sequence. The
PcAGP23 cDNA (SEQ I D NO 49) encodes an open reading frane, which starts
with an initiation codon (ATG at position 20 and ends with a-term nation
codon (TAG at position 560 (Figure 3.8). The open reading frame encodes a
pol ypeptide containing 180 am no acid residues with a cal cul ated nol ecul ar
wei ght of 19.2 kD and a predicted pl of 8.46. The predicted am no acid
sequence contains the peptide sequence, L-V-V-V-V-MT-P-R-K-H (SEQ ID
NG 41), which was used for’the cl oni ng of the PCR fragnent. | addition,
anot her peptide sequence, L-G1-SO AOSOAGEV-D(Q predicted from
nucl eoti des 428472, matches SEQ | D NO 34 obtai ned from RT18.2 (Figure 3.3).

However, other sequences fr’o from
t he PcAGPZS sequence, indicatfng they -are fromdifferent AGP backbones.

. a———

24 7
K\

4 I '
2 A Al m/‘f
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Figure 5.3
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The npbst abunglant ami no acid resi
Ser (12.29%,/dy (10.5%, Leu (9.

[ Tabl e 3. 3]

BCTAUG 4 / 007
dues in the predicted protein sequence are
(8.8%, Ala (7.2% and Lys (7.2%

38

4%, Val
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Table 3.3
protein
Amino Acid
= SP /
9.4

P T A PP FYR

-

pari e Ada -

Am no acid conposition of the predicted MESQ 4 / 0 0

bl %
+SP

" 12.2 9.8
AGCAATG%%%:gCTTTGCAAAACCACTTCCATTT@H?ﬁTCCTTCTGGTGCTAGTﬂRQ;TC
Moo B B P T B B B E Tt Tt Voo B Vo G S

TTCCTTTATACACAfCATTCATGCTAGACAGAGCGTGTCCTTCAGCAAGGTCACCCACAA
8. F I H I I H A R Q S V 8 F S K V T H N

3

CGACAACAACAACAACAACAACGATAATTATGTTATGGAGGCGGAGGCCGAAGCACCAAC
D NNINNNNUDNYVMEA AUZEAEAUZPT
o)
GCCAGCACTACAAGTAGTAGCAGAGGCACCGGAACTAGTACCAACACCGGTACCGACACC
P A L O V V A E AP E L V P T P V P T P
0 ' o 0 &) 0 0o
AAGTTACACCGAAAGAGACCATGGCAGCAACAGCGCCCTGTATGGTCTTGGCTCGACCAA
S Y T E R D HG S N S AL Y GL G S TN

TTCCCCTTCCACGAAGGAGACTCCAACCACAATTACTGATGTTGAAGATCAAATTTTGAG
S P s T K ETUPTTTITUDVETUDTGQTITUL S

TGAAGAACTTAGCGGTGAAAGTTTTGATCATCCGAAAGGTAATTACGAAAGCACCAACTT
E EL S G E S F DHUZPIX GNVYUESTNL

GTTCAACAAGGACAACATTAATCAAAACACTGGCTACACCGGCAACAGCTACTATGTCAA
F N K D NI NOQNDNTG Y T G N S Y Y V K

AAACTACGATGGCAGAGGAGGCTACAACCGCAATCCCCCGGGCGGAGGCAATGGGATTAG
N Y D G R G G Y N R N P P G G G N G I S

TGAACAGCAAGGGATTAGTAATCAGGACATTGGCTACACCGGCAACAGTTACTACGTCAA
E Q0 O G I S N Q D I G Y T G N S Y Y V K

AAACTACGATGGCAGAGGAGGCTACAACCGCAATCCCCCGGGTGGAGGCAATGAGATTAG
N Y D G R G G ¥ N R N P P G G G N E I S

TGAACAGCAAGGGATGAGTGATACAAGGTTTCTGGAAAATGGTAAATACTATCATGATGT
E 0 O G M S DT RV F L E NG XK Y Y HOD V

GAAGAATGAGATTAAAAATAATAATTTCAATGGTAACTCCGAATCAGATGGGAGAGGAAG
K N E I KNNNTFNUGNSESDTGT R G S

TAACAGAAATGATGTTGAGCGCTACTATGCCAACAGTCACAGCTCCAATGAGTTCAACAC
N R NDV ER Y Y A NS H S S NEVFNT

CATGGAGGAGTATGATAAGTACCAGAAGACCCAAGGATATGTGCCCTAAATGATATTCCA
M E E Y D K Y Q KT Q G Y V P oo

TGTTTTTAGGTGTGCGTTGAAAACTTAATCAATATATAAGAGATTTTATGGTTTGTTTTG

GAATTCCATTTGTCTTTTGAATATGTTTTCGCTATAAAAATTAAACCCTTTCCACTCCAA
AAAAAAAAAAAAAAANAAAA

Fig. 5.5
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Val 8.8
7.2 6.5
7.8 Thr
Pro 5.5
5.0 5.2
2.6 Asp . 1
Asn 2.7
2.7 - 2.6
3.2 | IRePr 7 LLETS SG
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PLANT ARABINOGALACTAN PROTEIN (AGP) GENES

Field of the Invention The subject matter of the invention relates to the
isolation of arabinogalactan proteins (AGPs) from plants, e.g., Nicotiana alata,
Nicotiana plumbaginafoiz’a and Pyrus communis, and the utilization of amino acid

' sequences of various AGP fragments for the isolation of corresponding plant genes
encoding the protein backbone of AGPs. '

Background of the Invention Arabinogalactan proteins (AGPs) are found in
flowering plants from every taxonomic group tested. These proteoglycans are widely
distributed in most higher plants, bccurring in almost all tissues including leaves,
stems, roots, floral parts, seeds, and in many of their secretions. The multi-site
localization of AGPs appears to be analogous to the multi-site localization of some
animal proteoglycans. As regards chemical structure, however, little similarity seems
to exist between plant AGPs and animal proteoglycans.

| The AGPs are a family of structurally related glycosylated molecules
containing high proportions of carbohydrate and usually less than 10 percent by
weight of protein [Clarke et al. (1978) Aust. J. Plant Physiol. 5:707-722; Fincher et
al. (1983) Ann. Rev. Plant Physiol. 34:47-70], although AGPs having a protein
content of about 59% are known [Fincher et al. (1983), supra; Anderson et al. (1979)
Phytochem. 18:609-610]. The carbohydrate consists of polysaccharide chains having
a 1,3-B-D-galactopyraniosyl backbone and side chains of (1,3-8- or 1,6-8-)D-
galactopyranosyl (Galp) residues and often té__rr:ninating in 8-D-Galp and o-L-
arabinofuranosyl (Araf) residues [Fincher et al. (1983), supra. Other neutral sugars
and uronic acids have also been detected, although at low levels. Monosaccharides

which can be present are L-rhamnopyranose, D-mannopyranose, D-xylopyranose, D-
This is the replacement sheet
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Cys 1.6 1.9 H s
1.6 1.9 Met 1.1
0.6 +SP: The putative secretion signal peptide is included. -SP. The
put ati ve secretion signal peptide is excluded. The PcAGP23 contains 5.5%
Pro residues, sone of which are post-transjationally nodified to

hydr oxyproline, as identified by peptide sequencing. Relatively speaking,

the Pro and Algmcblﬁ,&mhd@SDiglhﬁ:umﬁ&ﬁm ad R€l4i0Amethel derbiatidd &1d)D~gahemsmmence
(at the G term nus). In the sequence of he PcAGPZ:’i cDNA ( SEQ
NO 49), thereafid aadggﬁag mgthy! derivative [chher et al. (1983), supra]. In most cascs,

however; galactose (Gal) and arabinose (Ara) predominate.

The protein content is usually between two and ten percent [Fincher et al.
.('1983), supra]. Relatively little is known about the structure and organization of the
protein core of AGPs, except that the protein appears to be rich in alanine (Ala), |
hydroxyproline (Hyp), serine (Ser), and threonine (Thr) [Fincher et al. (1983),
gxpg]. Prior to the _presént invention, the entire amino acid sequence of an intact
isolated AGP has not been available publicly. The high carbohydrate content of
AGPs appears to cause difficulties in sequencing; attempts to chemically remove the
carbohydrate moiety usually result in incomplete deglycosylation and products with
variable levels 6f carbohydrate content. The carbohydrate-protein linkage has been
identified as a f-galactosyl-hydroxyproline linkage in AGPs isolated from wheat and
ryegrass [Gleeson et al. (1985) AGP News 5 :30-36 and McNamara and Stone (1981)
Lebensm.-Wiss. u-Technol. 14:182-187].

AGPs are components of gum arabic, a gummy exudation originating from the
Acacia tree and known to be produced by stress conditions such as heat, drought, and

- wounding [Clarke et al. (1979) Phytochemistry-18:520-540]. The gum finds wide use

- as a flavor encapsulator in dry mix products such as puddings, desserts, cake mixes
and soup mixes, and is also used to emulsify essential oils in soft drinks and to
prevent sugar crystallization in confectionery products [Randall et al. (1989) Food
Hydrocolloids 3:65-75). The significance of the protein component to the overall
structural and functional characteristics of gums has been realized [Vandevelde et al.
(1985) Cfirbohydr. Polymers 5:251-273; Connolly et al. (1987) Food Hydrocolloids
1:477-480 and Connolly et al. (1988) Carbohydr. Polym.ers 8:23-32). The
importance of the protein-rich fraction to the emulsification properties of the gum has
been demonstrated {Randall et al. (1988) Food Hydrocolloids, 2:131-140]. '

The production of natural complex carbohydrates or polysaccharides is
frequently problematic. For plant exudates, seed or root extracts, production is
dependent on climate and harvest conditions. For example, the productioﬁ of gum
arabic in Africa, the main country of origin, can vary each year as a function of
weather conditions particularly drought, labor supply, natural disasters, political
conditions, etc.. [Meer et al. (1975) Food Technology 29:22-30.] The unreliable

supply results in variable gum arabic cost. Agar from seaweed extracts is expensive

Thss ts the replacement sheet
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nal at the NNtermnus (1-27) with a potential cleavage site

rr] and Arg[err]. There are also two potential N-glycosylation

o acid positions 36 and 87 (Figure 3.8).

3

due to harvesting co-st's. Further, hand harvesting of agar and seed gums such as guar
gums can introduce a purity problem. Thus, there is a clear need in a number of
industgies for a reliable, relatively inexpensive gum or class of gums.

Cultured plant cell gums containing AGP can be used as a substitute for prior
art gums, such as gum arabic, guar gﬁm, xgnthan gum, alginic acid, agar, calcium -
alginate, carrageenan, karaya gum, locust bean gum, potassium or sodium alginate,
tragacanth gum or others. For exarﬁple, the isolated or cultured plant cell gums can
be used as thickening agents, emulsifying agents, adhesives, inks, paints, toothpaste,
cosmetics, pharmaceuticals, textile printing, sizing and coating, oil-well drilling
muds, concrete, etc. Often, plaﬂf cell gums can be used in smaller quz{ntities than
prior art gums to achieve equivalent functional utility.

AGPs function in several biological processes including plant development,
cell-cell adhesion, pollen-stigma recognition, water retention, and disease resiétance.
AGPs may serve as glues or provide nutrients for growing pollen tubes. It has been
suggested [Fincher et al. (1983) supra] that AGP proteins may interact with lectins or
other proteins in the extracellular spaces and may be involved in the cellular response
to extracellular oligosaccharide signal molecules [Norman et al. (1990) Planta
1_81_:'365~373]. Since AGPs interact with Yariv antigens and flavonol glycosides
[Jermyn (1978) J. Plant Physiol. 5:563-571], they have been thought to have lectin-
like properties. The molecular structure of AGPs has been proposed [Randall et al.
(1989) Food Hydrocolloids 3:65-75] to resemble a type of block copolymer wherein
carbohydrate blocks are covalently linked to a central polypeptide chain, thus
explaining its ability to sterically stabilize emulsions and dispersions.

Plant AGP genes are not known'in the prior art and the nucleotide sequence of
a plant.AGP gene has not been published prior to the present invention. Very
recently, it was reported [Sheng et al. (1993) Abstract no. 639 in Supplement to Plant
Physiol. 102, Number 1, May 1993] that a PCR strategy is being used to clone potato
tuber lectin, extensins and AGP sequencés from a potato tuber cDNA library. It was
reported that PCR products which hybridized to a carrot extensin probe gave several
putative clones which are currently under investigation. No clones corresponding to
AGP genes were .discloscd.

The process of obtaining an AGP clone has been found to be complex and
problematic. Three of the problems associated with AGPs and their genes are (1) the

difficulties of identifying a single AGP species as they are often present as members

This is the raptacemens aheat
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I n anot her enbodi nent of the invention, the AGPs in a pear cell culture
filtrate were further purified as illustrated in the flow chart of Figure
5.4. The unbound fraction and the two m nor bound fractions (Figure 5.4A),
whi ch accounted for 72% 0.9% and 0.1 % respectively, of total AGPs |oaded
on the columm, were purified as described ove and in Example 3(a).

The maj or peak of Figure 5.4A which accounted for approximtely 27% of the

AGPs, was col | %?E%E’e ’Péiatéfﬂ-ﬁs?ﬂlghﬁf' ee.eshqzmgevesohagmeddﬂeﬂ[&yeakwa&aWh a

shal I ow gr adi ent, peaks ractions 1 ‘and were reso Figure
5.4B). The AGPghe maﬂcaustua)mmowetdeseqweﬁr bberdAé}ﬂ)P@Udndl ¢. n(ﬁﬁa‘ﬂp’he 3(a).

0 e oo e A AL R0 RC e A Al PSRBT

nonosacchari dealmnega&mef firaCthredning TOWST) 3ard) (3) the GC-richness of corresponding
oligonucleotides leading to problems with the specificity of hybridization. Indistinct
and imprecise alignment during nucleic acid hybridization, for example, in the PCR
technique, has resulted in lack of success in the ability to obtain an AGP clone. This
results in the amplification of incorrect sequences when compared to the original
template. Plants are also known to contain a variety of glycine-rich proteins wh_ich
are also encoded by GC-rich DNA. Applicants’ disclosure circumvents this problem
‘and enables the isolation of AGP genes. |

Two approaches to the isolation of the AGPs from plant extracts have been
used in previous studies. One approach consists of classical fractionation of plant
extracts [Fincher et al. (1974) Aust. J. Biol. Sci. 27:117-132; Aspinall (1969) Adv.
Carbohydrate Chem. 24:333-379]. Another approach to the isolation of IAGPs from
plant extracts is precipitation with a class of dyes-prepared by coupling diazotized 4-
aminophenyl glycosides to phloroglucinol {Jermyn et al. (1975), supral. These dyes
were first prepared by Yariv et al. [(1962) Bfochem. J. 85:383-388)] as precipitating
antigens for antibodies to glycoside determinants, and the 8-glycosyl artificial
carbohydr.ate antigen was shown to precipitate an arabinose-and—galaétose—containing
polymer from soya bean, jack bean and maize [Yariv et al. (1967) Biochem. J.
105:1c-2c]. Since then, this precipitation reaction has been widely used to isolate

. AGPs.

‘These dyes have also been used as cytochemical reagents for the localization
of AGPs in plant tissues [Clarke et al. (1975), J. Cell Sci. 19: 157—167; Clarke et al.
(1978), Q. Rev. Biol. 53 :3-28]. The nature of the binding of AGP to the Yariv
reagent is not understood, but it is likely to involve both carbohydrate and protein
residues. The binding of Yariv's reagent to AGP is not affected by removal of the
arabinose residues [Gleeson et al. (1979), supra; Akiyama et al. (1981), supra], but is
abolished by progressive acid hydrolysis of the AGP |Fincher et al. (1983), supra].

In higher plants AGPs are classified as belonging to a group ef proteins
characterized by their high hydroxyproline content, These hydroxyproline-rich
glycoproteins (HHRGPs) are characterized by carbohydrate side chains that contain
arabinose and galactose. The group has been traditionally divided into three main

This is the replacememt sheet
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Table 3.4 - Linkage Analysis of AGP fractions

Mbnosacchari de Unbound Fraction 1 Fraction 2

and deduced fraction (Fig. 5.4C2) Peak 2A Peak 2
| i nkage .(mol % (Fig. 5.4C1) (Fig. 5.4C3)
Araf: term nal 34 36 24

18 3- 3 3 3 4
4

1 cladses: the cell wall associated eftensins; the soluble ar§binogalactan-proteins
(AGPs), and the solanaceous lectins. The differences between these groups are
surnmarized in Table 1.0. The most important factors in the classification of the
HRGPs are: the amount, composiiion, and sequence of their carbohydrate

~ component, the sequence and composition of the polypeptide backbone, the linkage
between carbohydrate and protein and its localization.

A new group of proteins, the proline-rich proteins (PRPs), has been described
recently. The PRPs have also been referred to as the hydroxyproline/proline-rich
proteins or the repetitive proline-rich proteins. Amino acid compositions of some
PRPs [Averyhart-Fullhard et al. (1988) Proc. Natl. Acad. 85:1082-1085; Datta et al.
(1989) Plant Cell 1:945-952; Kleis-San Francisco et al. (1990) Plant Physiol.
94:1897-1902] indicated equimolar amounts of proline and hydroxyproline.
However, the PRPs do not appear to be glycosylated and, in this way, are
distinguished from the HRGPs (hydroxyproline-rich glycoproteins).

Summary of the Invention The present invention provides for the first time
DNA fragyments encoding protein backbones of plant arabinogalactan proteins
(nonglycosylated AGPs). Specific embodiments of the invention present cDNA
clones encoding nbnglycosylated AGPs from cell suspension cultures of Nicotiana
alata (NaAGP1), Nicotiana plumbaginafolia (NpAGP1), and Pyrus communis
(PcAGP23, PcAGP9, and PcAGP2) and from Nicotiana alata styles (Na35_1 and
AGPNal 1). Full length and partial nucleotide sequences of the cDNAs encoding
said nonglycosylated AGPs are disclosed. DNA recombinant vectors containing these
cDNAs are also provided. In further embodiments of the invention, genomic DNAs
encﬁding plant nonglycosylated AGPs and recombinant vectors containing said
genomic DNAs are provided. This invention further contemplates the use of
oligonucleotide probes based on the amino acid sequences of plant AGPs for the
detection of hybridizing sequences and the isolation of plant AGP genes.

The invention also provides isolated plant AGP peptides and amino acid
sequences of AGP peptide fragments. AGP peptides were isolated from Nicotiana
alata, Nicotiana plumbaginafolia, and Pyrus communis. The amino acid sequences
obtained from isolated AGP peptide fragments were either enriched in hydroxyproline
or not enriched in hydroxyproline, In particular, hydroxyproline-enriched sequences
were characterized by having (i) a high content of hydroxyproline and/or (ii) a high

content of hydroxyproline, alanine, serine, and threonine (OAST-enriched). The
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Gal p: term nal . 7 8 12

14 3- 5 4 8

5 . 6- _ 10 10 ' 8

23 3, 6- 38 36 44
35 Araf: Arabi nofuranose; Gal p: Gal act opyr anose Ar abi nose was present

mainly in the termnal position with small canounts of 3-linked and
5-1inked residues. Gal actose was present ngi nly ‘as 3,6-1inked and term nal

residues in bot B REAkS  HRYSHakl) sBEPRP b Gaing fn RGP BRS WA BLESY!

resi dues was
sequences that were (i) not enriched in hydroxyproline, and/or (ii) not enriched in

hydroxyproline, alanine, serine, and threonine content (not OAST-enriched). Prior to
the present invention, the amino acid sequence of an intact plant AGP has not been
publicly available. cDNAs thought to encode AGPs have been described, but
evidence of a match between these sequences and amino acid sequence data from

isolated AGPs is missing in these cases.
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greater in Peak 2B than 2A, and both had small proportions of 3-linked

resi dues. 40 Amno acid
conposition analysis of the AGPs in Peaks 2A and 2B are shown in Table 3. 5
N-term nal am no acid sequencing of materi a7l in Peak 2B gave the

Table 1.0

Biochemical and structural features of hydroxyproline-rich glycoproteins (HRGPs)

HRGPs
Property Extensins Arabinogalactan- Solanaceous
proteina (AGPs) Lectins
% Protein (w/w) 40-50 2-10 50-60
Galactose/ <l >1 <1l
Arabinose :
Galactose terminal 1,3-1linked terminal
Linkage Types 1,3,6-1linked
1,6-1linked
terminal
Arabinose 1,2-1linked terminal 1,2~1linked
Linkage Types 1,3-1linked 1,3~linked
terminal texminal
Glycopeptide O-1linked: O-linked: O-linked:
linkages Ara-Hyp & Gal- Gal-Hyp Ara-Hyp & Gal-
Ser Ser

Abundant Amino
Acids

Hyp, Lys, Tyr,

Hyp, Ala & Ser

Hyp, Cys, Gly &

reagent binding

Sex & Pro Ser
mol% Hyp (of >30 >18 >13
protein domains)
Amino Acid Sex (Hyp), ? ?
Repeats
Isolectric Point 9.5-11 2-5 5.5
Localization Cell wall Extracellular Cytoplasm &
matrix; plasma vacuole
membrane
B-glucosyl Yariv No Yes No

The invention further provides a substantially pure AGP having an amino acid
sequence which is essentially that derived from a nucleotide sequence of an AGP
gene. Specific embodiments of the invention provide an AGP comprising an amino
acid sequence consisting essentially of that derived from the nucleotide sequence of an
AGP gene from Nicotiana alata, Nicotiana plumbaginafolia, or Pyrus communis.

It is also an object of the invention to provide a method for obtaining a plant
AGP gene. This method comprises the step of obtaining from an AGP peptide a
fragment having an amino acid sequence that is hydroxyproline-poor, €.g., not
enriched in OAST content. This hydroxyproline-poor sequence is then used to design
a nucleotide primer which can be used to obtain, for example, a PCR fragment useful
in screening a plant gene library for a hybridizing clone. This approach is contrary

" to that generally used. Usually, a sequence which particularly characterizes an AGP
This is the replacemsm sheet
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sequence A-E-A-E-A-X-T-X-A- L-Q V-V-A-E-A-X-E-L (SEQ | D NO 74).

AGPs in Peaks 2A and 2B were separately deglycosylated and the resulting
prot ei n backbones isol ated by size-exclusion FPLC (Fig. 5.4D14). The
apparent -Merr] of the proteins was different for each fraction. Peak 2B
gave one protein backbone (M 10k), Peak 2A8resulted in two protein peaks
"(Merr] 10k and 54k). The 10k protei n backbone in Peak 2A is a

cont am nati on f{iemassguene®thaNist hydnoxyatoliaedrich oaentiched Guéhsi Tnepnesmt)t ik etikizeld

br o 1 1 DacKDOG ARER BiaAOUGI I O i TR Ul nBhdn B

T- O A- L- Q V- V- AmFApplicarits' Lappiofaéh, | D hfdebxiprolindiithlprblidy segesiide Rbichi particdiiyi cal

to the N-term nal sequence gbtained fromthe AG in Peak 2B before

degl ycosyl at i onchapesteuiaesran AHE RIASH BRERlIZES, afcis avoided; iasiqagpa sequence
which does not comprise a characterizing sequence of an AGP (i.e., a
hydroxyproline-poor sequence) is utilized for the isolation of an AGP gene. In
specific embodiments of the invention, amino acid 'Sequences which were not enriched
in hydroxyproline or OAST content were isolated from peptides from AGPs isolated
from culture filtrates of su5pen5ion cultured cells or from style extracts of N. alata,
N. plumbaginafolia, and P. communis. | These sequences enabled the isolation of
corresponding cDNA clones. -

The present invention also provides a method for obtaining an AGP gene by
utilizing a hydroxyproline-rich AGP sequence. Prior to the instant disclosure, public
.knowledge of hydroxyproline-rich AGP fragments has not enabled the isolation of
corresponding AGP genes, due to difficulties imposed by resultant GC-rich domains.
A method is provided herein that enables the use of a specific hydroxyproline-rich
AGP peptide sequence for the isolation of a corresponding gene. The approach for
using a hydroxyproline-rich sequence comprises the use of long guessmers combined
with single- stranded antisense RNA probes for the screening of a library. The use of
a long guessmer together with an RNA probe overcomes the problems presented upon
using short oligonucleotide probes. A long guessmer can more easily accommodate
mismatches and the use of an antisense RNA probe allows "U" to be used at the third
position of the anticodon for AST amino acids, thus increasing the likelihood of the
guessmer hybridizing to the target sequence. The resultant RNA molecule can be
heavily labeled, permitting greater levels of detection, and also can bind more
strongly to its target sequences than a DNA probe.
The invention also provides specific AGP ¢cDNA sequences and specific

oligonucleotide probe sequences for screening cDNA libraries to isolate specific plant

AGP genes. For example, in specific embodiments, the following cDNA clones are

provided: _

Source _ cDNA cione
N. alata cell suspension culture NaAGP!1 (SEQ ID NO:24)
N. plumbaginafolia cell suspension culture NpAGP1 (SEQ ID NO:25)
P. communis cell suspension culture PcAGP23 (SEQ ID NO:49)

P. communis cell suspension culture . PcAGP9 (SEQ ID NO:66)
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The ami no acid conpositions of the 54k and 10k protein backbones are very
simlar to that of their parent AGPs in Peaks 2A and 2B, respectively. The
54k protein backbone contained a hi gher proportion of Hyp (27.5%, Ser
(18.4% than the 10k protein backbone in Peak 2B (Hyp, 19.5% Ser, 6.0%.
On the other hand, the 10k protein backbone had a hi gher content of G x
(14.3 %9 and Val (10 1% than the 54k prote n backbone I n Peak 2A (Glx

6.6% Val, 4. 2 TabI e : nd 54k pr g b
di gest ed separ eﬁ‘?fl %“‘-?'h%ﬁpr%@%%?’%g%d t he res Zﬁ%g@;\% r|f|ed by

RP- HPLC f or Sequences of ei ta| ned
fromthe 54k prM{@Pﬁ’ d8k 2A and three from the A
(Table 3.6). Two of the three sequences and

The names set out below have been allocated for the genes corresponding to

clones of these embodiments, as follows:

cDNA clone Gene

Na AGP1 AGP Nal
Np AGP1 AGP Np2
Pc AGP9 AGP Pcl
Pc AGP2 AGP Pc2
AGP Nal 1 AGP Nal

The invention further provides antisense RNA probes designed such that they
comprise one or more nucleotide sequences encoding amino acid sequences that are
OAST-rich, representing the same or different AGPs. Also provided are RNA probes
comprising a nucleotide sequence encoding an OAST-rich consensus sequence for
plant AGPs. A guessmer-antisense RNA probe approach may also be used with an
OAST-poor AGP sequence to isolate a corresponding AGP gene.

It is also an object of the present invention to provide an anti‘body to a
substantially pure plant AGP, or fragment thereof, comprising an amino acid
sequence consisting essentially of a whole or partial amino acid sequence derjved
from a plant AGP gene. Also provided is an antibody to an isolated AGP peptide
fragment that is not enriched in hydroxyproline. Also provided by the invention is
an antibody to a syntheiic AGP peptide, or fragment thereof.

This invention further contemplates the use of antibodies to substantially pure
AGP peptides, AGP peptide fragments not enriched in hydroxyproline or OAST
content, or synthetic AGP peptides for (a) the detection, isolation, or diagnosis of
AGPs in AGP-containing mixtures or tissues, and (b) in reducing or inhibiting natural
biological and chemical AGP activities. In this regard, that polyclonal and
monoclonal antibodies to AGPs or AGP peptides will most effective in detection,
isolation or diagnosis of AGPs in AGP-containing mixtures or tissues that are

deglycosylated or otherwise preconditioned to expose the protein backbone of the
AGP. |
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the N-term nal sequence overlap to give a sequence
A-EEAE-AOT-OAL-QV-V- AEAOEL-V-OT-OV-OT-0S Y (SEQ I D NG 88)
for the 10k protein in Peak 2B. 41

10

This invention aiso provides a genetically-engine¢red DNA molecule
comprising a plant AGP gene under control of a heterologous promoter such that a
nonglycosylated AGP is expressed. In a specific embodiment of the invention, an
AGP gene obtained from N. alata., N. plumbaginafolia, or P. communis is inserted

. behind a heterologous promoter (e.g. a bacterial, viral, plant, etc., promoter) in a
host cell such that a nonglycosylated AGP is expressed.

It is also an object of the invention to provide a genetically-engineered DNA
molecule comprising a plant AGP gene under control of a heterologous promoter such
that a glycosylated AGP is expressed. For example, this invention contemplates the
utilization of the expressed nonglycosylated AGP as a substrate for glycosylating and
carbohydrate-protein linking enzymes (e.g., prolyl hydroxylase, glycosyl transferase,
etc.), to produce a glycosylated AGP. It is also an object of the invention to provide
a host cell (for example, monocots, dicots, etc.) transformed with genetically-
engineered DNA comprising a plant AGP gene under control of a heterologous
promoter such that a glycosylated AGP is expressed. It is a further object of the
invention to provide a plant AGP gene-transformed host cell capable of over-
producing or under-producing nonglycosylated AGP. It is an additional object of the
invention to provide an AGP gene-transformed host cell capable of further metabolic
processing of an expressed nonglycosylated AGP.

This invention further providés a génetically-engineered DNA molecule
comprising a plant AGP promoter. In specific embodiments of the invention, AGP
promoters are isolated from N. alata, N. plumbaginafolia, and P. communis.
Subsequently, a recombinant DNA molecule is genetically engineered to comprise a
plant AGP promoter situated adjacent to a heterologous structural gene such that the
structural gene is expressed under the control of the plant AGP promoter. Also, the
coding region of the gene could be used behind tissue-specific promoters to express
the AGP at particular sites in a whole plant. This could change the phenotypes with
respect to such functions as pest resistance, for example.

The instant invention provides a source of AGP that is not dependent upon its
isolation from plant exudates, €.g., gum arabic, guar gum, etc. The availability of
natural sources of AGP-conta_iniﬁg gums, e.g., from trees, roots, seeds, seaweed,
etc., present problems associated with harvesting, climate, man-power, fermentation,
isolation, purity, and high costs. The production of AGPs using recombinant gene

technology ensures (a) a method of supplying AGP that is independent of harvesting .
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Pepti de sequences obtained from Peaks 2A and 2B

11

problems, (b) that enables high levels of quality controi, (c) that provides a supply of
substantially pure AGP product, (d) that permits an overproduction of AGP in a host
cell, and (e) that can be adapted to produce a specifically engineered AGP having
desired properties. Thus, this invention provides a means for supplying the functions
and utilities of plant gums, e.g., gum arabic, etc., without the need for finding
renewable but shrinking natural sources of plant gums. .These functions find wide
applications as thickening; gelling, emuléifying, dispersing, suspending, stabilizing,
encapsulating, flocculating, film-forming, sizing, adhesive, binding and/or coating
agents, and/or as Iubricants, water-retention agents, and coagulants.

Brief Description of Drawings Figure 1.0 presents different strategies for the
preparation of single-stranded antisense RNA probes from oligonucleotides. A.
Single oligonucleotide probes: (Al) Two complementary guessmers annealed to
each other to form a double-stranded construct containing the T7 promoter. (A2) A
short primer annealed to form double-stranded T7 promoter sequence. B. Double
oligonucleotide probes: (B1) Two guessmers annealed to each other through the
complementary adaptor sequences at their 3’’-ends. (B2) Two guessmers annealed to
each other through the complementary adaptor sequences at their 3'-ends. (B2) Two

guessmers annealed to a mediator DNA through their adaptor seqilences

[ 1
L J

: adaptor sequence. Other promioters, for example, T3
or Sp6 RNA polymerases, may also be used.

Figure 1.1 presents a Coomassie blue stained SDS-PAGE gel blot of
deglycosylated and non-deglycosylated AGPs from various sources. AGPs were
isolated from suspension culture filtrates of N. alata; N. plumbaginafolia and pear
(Pyrus communis) by Yariv precipitation and deglycosylated with
trifluoromethanesulfonic acid (TFMS). The deglycosylated and non-deglycosylated
AGPs were separated on a 17.5% SDS-PAGE gel and blotted onto a PVDF
membrane. After staining with Coomassie blue, the major band (MW 20-30 kD,
indicated by an arrow) from deglycosylated N. alata AGPs was excised and
sequenced.

Figure 1.2 presents a PCR strategy for cloning of the NaAGP1 gene
corresponding to an amino acid sequence of a deglycosylated AGP backbone from /.
alata cell suspension culture. The sequences of the NaR1, NaF1, and NaF2 primers
used to isolate the clone for NaAGP1 are given in Table 1.1 and Figure 1.3.
| This ia the replacemsmn sheet
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Peak Pepti de sequence Peak 2A
T-OCA-OA (Ntermnal) (SEQ I D NG 75)
V-S-X-OV-QS-OA X0 (SEQ I D NG 77)
V-X-X-OV-QS-OASOOOT-T (SEQ I D NG 78)
|-SSOAST-OCOT- 12 (SEQ I D NG 79)
-SSOAST-O0T-OA-SSOO.T ' ' (SEQ I D NGO 80)
F-S-OT-1-SOA Figure 1.3 présents a nucleotide and the derived amifoke@d bdqubkdeS b} the
X-A-(A-T-O0S L-DV-GI-OS SNAT (SEQ I D NG 82)

T/ P- S- O A- T- O Ol§R-bp primer extension fragment. The derived amino acid sepuenqersoRgospRRyling
Poak 25 A B BB REBIR S by propinmieeequepcine ipapderie T S o
NG 74) indicate theé\amgind-agidé-oDtie ephdd olfrived/bAdiredd-iciostquehbing winiohadry  #
(SEQID NC‘)  76) identical with the derived sequence. The sequences of the two oligonucleotides
(NaF1, NaF2) designed for the amplification of the 3'-fragment of the AGP gene are
double-underlined. The nucleotide sequence corresponding to the primers (NaR1) is
underlined.

_ Figure 1.4 pfesents the nucleotide and predicted amino acid sequences the
NaAGP1 cDNA from N. alata cell suspension culture (NaAGP1). The nucleotide
sequence obtained by PCR, which does not overlap with the cDNA clone, is in
italics. The derived amino acid sequence corresponding to the peptide sequence by
prot_eixi microsequencing is underlined. The asterisks (*) indicate the amino acids of
the peptide obtained by direct microsequencing which are identical with the derived
sequence. A predicted signal sequence is dot-underlined. X = undetermined
residue.

Figure 1.5 presents a summary of key structural features of the derived amino
acid sequence of the NaAGP1 ¢cDNA. The hydropathy values of each amino acid
have been determined using an interval of nine amino acids according to the weight
- system of Kyte and Doolittle (1982). Values above the dotted line indicate

hydrophobic regions, and the values below the dotted line represent hydrophilic

regions.

Figure 1.6 presents the nucleotide and predicted amino acid sequences of an
N. plumbaginafolia AGP derived from cell suspension culture (NpAGP1). The
derived amino acid sequences corresponding to the peptide sequence by protein
microsequencing is underlined. The asterisks (*) indicate the amino acids of the
peptide obtained by direct microsequencing which are identical with the derived
sequence. |
O: hydroxyproline.

Figure 1.7 presents the alignment of the derived amino acid sequences of the
NaAGP1 and NpAGP1 cDNAs. The derived amino acid sequence of NaAGP1
cDNA is shown in the upper line and that of the NpAGP1 shown in the lower line.
Identical aligned residues are indicated with *|’. Gaias were introduced when required

to maximize the alignment.
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V-V-A-E-A-OGE-L-V-OT-OV-OT-O S- # (SEQ I D NG 85)
L-V-OOT-OV-OT-OS- Y # (SEQ 1 D NG 86)
Y-T-BE-R- # (SEQ I D NG 87)
Note: All the residues of anbi guous assignnents are shown, uncertain
residues are in brackets. "X" indicajges no signal or an unknown
residue. "O' represents . hydroxyproline. Sequences included in the

CDNA are narked #. Figure 1.8 pRbet@e aligRntdcve thCGRaAGPPaal UREBNPAGBL @DNA
o e RGP n*Rapsaces, The nucieotde sequence of he NAAGPT DA B e i the ofper "
of the AGP in RQUKCES, q _ pp
line and that of the NpAGP1 shown-in the lower line. Identical aligned residues are
indicated with '|'. Gaps were introduced when required to maximize the alignment.

Figure 1.9 presents northern blot analyses of the NaAGP1 and NpAGP1
genes.

A: Total RNA was isolated from N..alata (1) leaves, (2) pollen, (3) styles,
(4) stems, (5) petals, (6) roots and (7) suspension-cultured cells. Equal amounts (10
pg/lane) of RNA were fractionated on formaldehyde agarose gels, transferred to
Hybond-N membranes, and hybridized with *2P-labeled 5'-probe (1-540 bp) and 3'-
probe (541-1700 bp) of the NaAGP1 cDNA respectively. |

B: Total RNA (10 pg/lane) isolated from suspensfon— cultured cells of N.
alata and N. plumbaginafolia was blotted and hybridized with the NaAGP1 cDNA.

The size of RNA transcripts is indicated at the right.

Figures 2.1-2.4 present a flow chart describing the isolation and sequencing of
AGP peptides from cell suspension culture filtrates of Nicotiana plumbaginafolia.

Figures 3.1-3.6 present a flow chart describing the isolation and sequencing of
AGP peptides from cell suspension culture filtrates of Pyrus communis.

Figure 3.7 presents the nucleotide and derived amino acid sequences of the
350-bp PCR fragment. The derived amino acid sequence matching the peptide
sequence by protein sequencing is underlined. The nucleotide sequence
corresponding to the PcA23F2a primecs is double-underlined.

Figure 3.8 presents the nucleotide and predicted amino acid sequences of
PcAGP23 cDNA clone encoding an AGP backbone from pear cell suspension culture.
The translational initiation and stop sites are in bold-face. The predicted secretion
signal is underlined with dots. The two potential N-glycosylation sites are double-
underlined. The sequence matching the peptide sequences obtained from the AGP
protein backbone are underlined. The proline residues which are hydroxylated, as
identified by protein sequencing, are indicated by an "O" underneath.

Figures 4.1-4.3 present a flow chart describing the isolation and sequencing of
AGP peptides from style extract of Nicotiana alata.

Figure 4.4 presents the cloning strategy of the Na35_1 gene.

Figure 4.5 presents the nucleotide sequence of the PCR fragment by using
RT35-specific primer and the predicted amino acid sequences. The derived amino
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I n anot her enbodi nent of the invention, AGPs were isolated fromN. al ata
styles. In this exanple, the total native N. alata style AGPs were not
purified by the Yariv reagent precipitation technique, but by ion exchange
chromat ography (1EC) followed by gel filtration chromatography (GFC). The
presence of AGP in colum fractions was ven4fied by precipitation of AGP
with a Yariv reagent. The AGPs were then degl ycosyl ated by HF and
fractionated byadidseausme qohasiibnéiRg @ the peptide séquenasdjyoprojsaiicrosRi@Bciagds RT35

8 et e iR e R A0 . Bl om0
Figure 4.6 presents the nucleotide sequence of NA35_1 cDNA clone and the

predicted amino acid sequences. The derived amino acid sequence corresponding to
the peptide sequence by protein microsequencing is underlined.

Figure 4.7 presents northern blot analyses of the NA35_1 gene expression in
various parts of N. alata. Total RNAs from N. alata styles (S,S,, S;S;, S¢S¢; 10 pug
each), leaves (S¢Ss, 10 pug), stems (S¢S¢, 10 pg) and roots (S¢S, 6.3 ug) were
fractionated on a formaldehyde agarose gel, transferred to a nylon membrane, and
hybridized with 2P labeled NA35_1 probe. The size of the RNA transcripts is
indicated in kilo nucleotides.

Figure 4.8 presents northern blot analyses of the NA35_1 gene expression in
various suspension-cultured cells and plants. Total RNAs (10 ug/lane) isolated from
-suspension cultured cells of N. alata and N. plumbaginafolia, Pyrus, and styles of N.
alata (S4S¢) and L. peruvianum were blotted and hybridized with the NA35_1 probe.
The size of the RNA transcripts is indicated in kilo nucleotides.

Figure 4.9 presents reversed phase HPLC (RP-HPLC) separation of
thermolysin cleavage products of the RT25 protein backbone. RT25 protein

. backbone (5-10 pg) was digested with thermolysin and loaded onto an RP-300 column
(2.1 x 100 mm, C8, ABT) equilibrated in 0.1% TFA at 1 ml/min. Unbound material
was collected and bound material eluted with a linear gradient (0-60% acetonitrile in
0.1% TFA; 60 min; 100 pl/min). Peptides (P1-6) eluted from the column were
monitored at Ays,n- Thermolysin was eluted after retention time 40 min. Individual
peptides were subjected to amino acid sequencing.

Figure 4.10 presents reversed phase HPLC separation of endoproteinase Asp-
N cleavage products of the RT25 protein backbone. RT25 protein backbone was
digested with endoproteinase Asp-N. The resulting peptides were loaded onto an RP-
300 column (2.1x 100 mm, C8, ABI) equilibrated in 0.1% TFA at 1 ml/min.
Unbound material was collected and bound material eluted with a linear gradient (0-
60% acetonitrile in 0.1% TFA; 60 min; 100 xl/min). Peptides eluted from the
column were monitored at Ay s.,. Peptides, A1 and A2 were subject to amino acid
sequencing. Undigested starting material (R'I’iS) was also detected.

Figure 4.11 presents nucleotide and deduced amino acid sequences (SEQ 1D
NO:72) of the AGPNal 1 cDNA clone. The putative secretion signal (dot underlined)
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the native materials are shown in Table 4.1. D stinct differences
are apparent in the am no acid conposition between the three fractions.
The unbound fraction contains little Hyp but is rich in dy, dx, Ser and
Ask. The RT35 fraction is also Hyp-poor but rich in Asx, dx and Al a.
Toget her, these two fractions account for tsHhe bul k of the Asx and d x

detected in the natjve and, degl ¥cosyl ated AGPs. The am no acid conposition
of the nateri awas predicted by using the PSIGNAL program (PC/Gene software, IntelliGenetics)

based on the method described by Von Heijne (1986) Nucl. Acids Res. 14:4683-4690.
Internal peptide sequences from amino acid sequencing are indicated by' solid
underlines and Hyp is shown encircled. Dash (-) indicates the stop codon.

| Figure 4.12 presents a hydropathy plot of the deduced amino acid sequence
from the AGPNal 1 cDNA clone. The hydrophobicity of the deduced amino acid
sequence was calculated by the SOAP program (PC/Gene software, IntelliGenetics)
based on the method developed by Kyte and Doolittle (1982) J. Mol. Biol. 157:105-
132. The putative secretion signal (shadowed) was predicted by using the PSIGNAL
program (PC/Gene software, IntelliGenetics) based on the method described by Von
Heijne (1986) supra.

Figure 4.13 presents an RNA blot analysis of expression of the AGPNal 1
gene in N. alata and other plants. Total RNA (10 ug/lane) isolated from A. tissues
of N. alata (genotype S¢S¢): style, ovary, petal, anther, stem, leaf and root; and B.-
styles of N. alata, N. sylvestris, N. tabacum, N. glauca, L. peruvianum and leaves of
Arabidopsis and rye grass were run in a 2% agarose gel (15% formaldehyde; 40 mM
MOPS buffer, pH 7.0) and blotted onto a Hybond-N nylon membrane (Amersham).
AGPNal 1 cDNA fragment was labeled to 10® cpm/ug with 3P-dCTP. Hybridization
wa;s performed at 60°C overnight in 0.22 M NaCl,l 15 mM NaH,PO,, 1.5 mM
EDTA, 1% SDS, 1% BLOTTO and 4 mg/ml herring sperm DNA. The membrane
was washed for 2x 10 min., at room temperature, in 2x SSC, 1% SDS; 2x 10 min.,
60°C, in 0.2x SSC, 1% SDS.

Figure 4.14 presents an SDS-PAGE analysis of N. alata style AGPs at various
stages of purification. SDS-PAGE (10% gel) followed by A. silver staining and B.
staining with B-glucosyl Yariv reagent. Lane 1, total style extract (1 pg AGP). Lane .
2, 95% (NH,),SO,-supernatant (4 ug AGP). Lane 3, Mono Q-bound AGP-containing
fraction (4 ug AGP). Lane 4, Superose 6 AGP-containing fraction (4 ug AGP).
Lane 5, as Lane 3, but containing 20 ug AGP. Lane 6, as Lane 4, but containing 20
ug AGP. Protein molecular weight markers (M) are shown on the left.

Figure 4.15 presents crossed-electrophoresis of AGPs from styles of N. alata
during fractionation. AGPs from A. crude style extract, B. 95% (NH,),SO,-
supernatant, C. Mono Q-unbound AGP-containing fraction, and D. Mono Q-bound
fraction were first electrophoresed in a 1% agarose gel horizonatally then vertically
into a gel containing the 8-glucosyl Yariv.reagent.
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43 fraction RT25 is dom nated by Hyp (18%, Ala (20% and Ser (15% wth

very little Tyr. This RT25 protein backbone was thus selected for further
anal yses.

16

Figure 5.1 présents the nucleotide and predicted amino acid sequences of
PcAGP9 encoding the protein backbone of an AGP from Pyrus communis cell
suspeasion culture. The putative secretion signal peptide is underlined with dots.
The sequences which match the peptide sequences obtained by protein sequencing are
underlined. The proline residues which are modified post-translationally to
hydroxyprolines are indicated by "O" underneath. X: undetermined residue.

Figure 5.2 presents northern blot analyses of the PcAGP9 gene. A: Total
RNA was isolated from pedicels (1) and cultured cells (2) of Pyrus communis;
cultured cells of Nicotiana plumbaginafolia (3), shoots of Brassica napus 4),
Arabidopsis thaliana (S) and Lycopersicon esculentum (6) and leaves of Lolium
temulentum (7). Equal amounts (10 pg/lane) of RNA were fractionated on
formaldehyde agarose gels, transferred to Hybond-N membranes, and hybridized with
32p_labeled PcAGP9 cDNA at 55°C. The final wash was carried out at 55°C for 30
min with 1xSSC + 0.1% SDS. B: The same RNA blot was hybridized and washed
at higher stringency (65°C). The size of the PCAGP9 RNA transcript in Pyrus
communis cultured cells is indicated at the left. '

- Figure 5.3 presents a hydropathy plot of the deduced amino acid sequence of
PcAGP9 (SEQ ID NO:66). The hydropathy values of each amino acid have been
determined by using an interval of five to fifteen amino acids according to Kyte and
Doolittle (1982) supra. Values above the dotted line indicate hydrophobic regions
and values below the dotted line represent hydrophilic regions.

Figure 5.4 presents a flow-chart of the separation of AGPs from Pyrus
communis (pear) cell suspension culture and the isolation of their protein backbones.

A. RP-HPLC (RP-300 column, 4.6 x 100 mm) profile of AGPs prepared by
precipitation with the B-glucosyl Yariv reagent. AGPs were loaded and the column
washed with solvent A (0.1% TFA in H,0). The unbound fraction was collected (not
shown). The bound material was eluted with a linear gradient (0-100% solvent B;
flow rate 1 ml/min; 60 min) (solvent B: 60% acetonitrile in solvent A). Individual
fractions from five separate runs were pooled for subsequent purification.

B. RP-HPLC (RP-300 éolumn, 4.6 x 100 mm) profile of AGPs from the
major bound peak shown in A (retention time 5.0-10.57 min). Bound material was
eluted with a shallow gradient (0-15% solvent B; flow rate I ml/min; 60 min). Two

fractions (1 and 2) were separately collected and subjected to size-exclusion FPLC.
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C. Supcrose-é FPLC profiles of AGPs in the unbound fraction from A and

two eluted fractions from B. Samples were eluted in 25% acetonitrile, 0.2 M KCl, 5
mM KH,P0, (flow rate 6.4 ml/min). The unbound fraction and Fraction 1 gave
single peaks; Fraction 2 resol\}ed into two peaks (Peak 2A and 2B).

D. Superdex-75 FPLC profiles of protein backbones derived from AGPs in C
by HF deglycosylation. Samples were eluted in the same buffer used in C (flow rate
of 0.8 ml/min). The size of the protein was estimated from standard protein markers
(Pharmacia).

The x axis is retention time (min). The pathway for purification of the AGP
fractions, from which peptide sequences were obtained, is stippled.

Figure 5.5 presents the nucleotide and predicted amino acid sequence of
PcAGP2 cDNA (SEQ ID NO:91) encoding a putative AGP backbone from suspension
cultured cells of P. communis. The translational initiation and stop sites are in bold-
face. The predicted secretion signal is underlined with dots. The two long direct
repeats are double-underlined. The sequence matching the peptide sequences obtained
from the AGP protein backbone are underlined. The proline residues modified to
Hyp are indicated by an "O."

Detailed Description of the Invention The following definitions are provided
in order to provide clarity as to the intent or scope of their usage in the specification
and claims. ' '

The term arabinogalactan protein or AGP as used herein refers to a Yariv

reagent-precxpltable glycosylated molecule in which the protein constituent typically
accounts for approximately 2 to 10% of the molecular weight of the molecule

[although AGPs having protein values outside this range are known (Anderson et al.

* (1979) supra)] and in which carbohydrate usually accounts for most of the weight of

the molecule. Galactose and arabinose form the major carbohydrate constituents with
other monosaccharides and uronic acids as minor components; the galactosyl residues
are organized to form a backbone of 3-linked galacto'se with branches through C(0)6;'
the arabinosyl residues are predominantly in terminal positions. AGPs specifically
bind to and are precipitated by B-glycosyl-Yariv reagents as a red colored complex.
AGPs usually comprise a domain(s) enriched in hydroxyproline, alanine, serine, and

threonine.

The term Yariv reagent-precipitable as used herein refers to an AGP that is

capable of being precipitated by B-glucosyl-Yariv reagents. _
This is the replacement sheet
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45 Peak RT25 gave four sequences (SEQ I D NOS: 50-53) which are OAST-
enri ched. Three of these sequences (SEQ I D NCS: 50, 51, and 52) closely

mat ched SEQ I D NOS: 27- 29, respectively, for RT21 from N. plunbagi nafoli a.
An N-term nal sequence was not obtained for the RT25 peak. Pyrogl utamate
am nopeptidase was then used to renove the {¢term nal bl ocked pyroglutanmate
resi due and the sequence Al a-Hyp-dy was obtained. The RT25 backbone was

al so fragmented by tTigatn®nativei AGP tabsedniskogin etfeistasm AGBrimith yglive stitbei.c.,
resulting peptides were separated and further purified by RP-HPLC. Six

maj or peptides ElyFesilateds. 9) were subjected to amino aci d sequencing and

four sequences were Pf @@ cbs¥HRd RGP as used herein refers to an AGP molecule

comprising the carbohydrate components linked to the protein skeleton or backbone.

The term deglycosylated AGP as used herein refers to a native AGP or a
glycosylated AGP which has been subjected to treatment for removal of carbohydrate
and as a result of which contains a decreased but variable carbohydrate content.

The term nonglycosylated AGP or AGP backbone as used herein refers to a
orotein skeleton or backbone of an AGP molecule which is not glycosylated. '

The term synthetic AGP as used herein refers to an AGP molecule which is
chemically synthesized.

The term synthetic nonglycosylated AGP as used herein refers to a peptide
backbone of an AGP which is chemically synthesized. |

The term enriched in hydroxyproline or hydroxyproline-enriched or
hydroxyproline-rich as used herein refers to a region or domain or segment of an
amino acid sequence that has a hydroxyproline content of greater than 15%, and

usually about 50% or greater.

The term OAST-enriched or high content of hydroxyproline, alanine, serine

and threonine or enriched in OAST content as used herein refers to a region of an
amino acid sequence wherein the sum of the hydroxyprolyl, alanyl, seryl, and
threonyl residues constitutes at least about 35%, and preferably at least about 60%, of
the total amino acid residues.

The term hydroxyproline-poor or not enriched in 1_11- droxyproline as used
herein refers to a region or domain of a peptide sequence that has a hydroxyproline

content that is preferably less than 15%, more preferably less than 10% and most

preferably less than 5%. A hydroxyproline-poor region may also have an OAST
corit_ept that is preferably less than 50%, more preferably less than 35% and most
preferably less than 20%.

The term a characterizing sequence or a sequence characterizing an AGP as
used herein refers to a sequence that is hydroxyproline-rich and/or sequences that are
enriched in OAST content.

The term a guessmer as used herein refers to an oligonucleotide that contains
orﬂy a subset of the possible codons at each position. Guessmer is a term used

routinely in the art and is thoroughly elucidated in Molecular Cloning, A Laboratory
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NCS: 50, 51, 53, 67). Al the sequences were rich in Hyp, Ser and Ala (33 of
52 am no aci d residues). Endopr ot ei nase Asp-N was al so used to

cl eave the RT25 protein backbone at the Asp residues. Two nmjor peptides
were produced (Al and A2; Figure 4.10) indicating that there is only one
Asp residue in the RT25 protein. The cl eaygge was i nconplete as indicated
by the presence of the starting naterial X%TZS protein; Figure 4.10)

Pept i d Al
v no scauciulfy SiALEE FOFlh HITO MR, 8B e 'B‘?e?.‘*é‘ﬁ'épﬁ%?g?f”igé )
were identifi e_dbdimtovyeEnssAZQBSIi@ I1[D NGIJBB@ {rimgoy easts mgucamlerpeak 3 (SEQ ID

NO 51 F 4.9 t f
rosi dues: | LASCUITHENACHORERMCHPA O Sy D N7 EaycleoiB B R udh s ooy

four Sequence%oﬁéﬁﬁﬂe[éoh@&aﬁén of :\.odMﬂs elbsOmeklAtd mtc%&Tammhergtne Three of
t hese sequences (SEQ | D NOS: 55-57) were characterized by the
The term antisense RNA probe as used herein refers toa RNA strand

produced from a DNA template encoding a desired amino acid sequence. The
nucleotide sequence of the RNA is complefnentary to the coding strand of the DNA
template sequence.

The term substantially pure as used herein refers to a protein that is
substantially free of other proteins with which it is associated in nature.

The isolation of AGP genes from N. alata, N. plumbaginafolia, and P.
communis suspension cultures and N. alata styles, as illustrated herein, exemplifies
the present invention which embraces the utilization of an amino acid seQuence ofa
region of an AGP peptide from a plant cell to isolate a corresponding plant AGP
gene. Not all regions or domains of AGP peptide sequences can be used equivalently
to produce viable oligonucleotide primers for the isolation of AGP genes. AGP genes
have been successfully isolated by using two different strategies:

(A) the use of a non-hydroxyproline-rich sequence as a primer template to
obtain a corresponding AGP gene, and

(B) the use of a guessmer-antisense RNA probe approach wherein the guessmer
can comprise a nucleotide sequence encoding a hydroxyproline-rich |
segment to obtain an AGP gene en’coding the sequence of the

hydroxyproline-rich segment.

In strategy A, the preferred sequences are those that have a low content, or are
deficient in, hydroxyproline. Hydroxyproline-poor sequences are found in terminal
regions as well as in internal domains of AGP peptides. It is also preferable that
sequences of AGP peptides or fragments thereof, selected for synthesis of synthetic
oligonucleotide primers, have a low hydroxyproline, alanine, serine, and ﬂllreonin'e
(OAST) content. It is particularly preferable that the content of the sum of these four
amino acid residues be less than 50%, and more preferably less than 35%, and most
preferably less than 20%, of the total amino acid residues. AGP sequences that are
useful in isolating an AGP‘ gene using PCR technology, i.e., sequences that are

hydroxyproline-poor, or OAST-poor, are not available in the prior art.
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sequence T-A-I-N-T-E-F-G P (SEQ I D NO 58). In an alternative nethod
of preparation, N alata style AGPs were isolated according to Bacic et al.
(1988) Phytochem 27:679-684. The sequence A-V-F-K-N K- X- X-L-T-X-X-P-X-1-1
(SEQ I D NO 59) was obt ai ned. I n ot her enbodi nents of the invention,
AGP genes fromN. alata style were isolatezl The cloning strategy of
Figure 4.4 was used to obtain the genes. Several of the peptide sequences
of peak RT35 isol aThelamingracNl seqpence selesjedeascp iemailaie fortthe symkegisaiea

T-A-I-NT-E-F-G,P &S L rﬁ&igi : ific
degenerate ol i g%%é?gté%{#dggﬁﬁe?%?uslé \a_/%t?bé: %’ggbigtré‘ﬁgbas 8%%?1??9‘2%&3?\@%5 A -
concentrated "GC-rich" regions. Primers having concentrated "GC-rich" sequences :
frustrate and make futile the attempts to obtain cDNA by the PCR technique. For
example, AGP peptide fragments published in the art are the following:
from carrot (Jermyn, 1985, supra)’
(1) A-D/N-A-0O-A-0O-S-0-A/T-0/S-(0) (SEQ ID NO:1)

(2) D-E-A-0-A-0-A-0-S-O-M- (SEQ ID NO:2)
(3) G/E-O0-A-0-A-0-A-0-(Q)-(V)- (SEQ ID NO:3)

from ryegrass, Lolium multiflorum (Gleeson et al., 1989, supra)’
(1) A-E-A-O-A-O-A-O-A-S (SEQ ID NO:4) (N-terminal)
(2) K-A-A-A-S-0-0-A-0-A-O-K- (SEQ ID NO:5)
(3) A-O-A-O-A-O-V/H-O-E-A (SEQ ID NO:6)
(4) S/L-T-A-0-V-A-A-O-T-T-(X)-O- (SEQ ID NO:7)
(5) S-0-P-A-O-A- (SEQ ID NO:8)
(6) A-A-A-(S)-L-(K)- (SEQ ID NO:9)

Y

and from rose (Komalavilas et al., 1990, supra)
(A)-D-A-0-A-0-S-0-V  (SEQ ID NO:10)

Residues in brackets indicate uncertain residues. X = undetermined residue.

Although these amino acid sequences of AGP peptide fragments from carrot,
ryegrass, and rose are known in the art, AGP genes corresponding to these peptide
fragments are still not known in the art. All of these art-known plant AGP peptide
fragments have amino acid sequences that are characterized by a high content of
hydroxyproline, alanine, serine, and threonine. These amino acid partial sequences
are such that they give GC-rich oligonucleotide primers. For this reason, no one to
date has been successful in obtaining AGP cDNAs directly from these sequentes.
Initially, attempts were Jﬁade to obtain plant AGP genes using hydroxyproline-
rich sequences obtained from isolated AGP fragments. The following sequences were

utilized unsuccessfully:

(i) N.plumbaginafolia, RT21, FAOS/NGGVALPOS (SEQ ID NO:28)
(i) N.plumbaginafolia, LASOOAOOTADTOA (SEQ ID NO:27)
(iii) N. plumbaginafolia, IGAAOAGSOTSSPN (SEQ ID NO:29)

(iv) P.communis, RT16.4, LSOKKSOTAOSOS(S)TOOT(T)  (SEQ ID NO:31)

Each of the sequences (i), (ii) and (iii), which are found in both N. alata and N.
plumbaginafolia AGPs, were used in both N. alata and N. plumbaginafolia to isolate
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46 NT-E-F-G (SEQ ID NO 60) and a PCR fragnent was anplified in vitro from
style RNA of N. alata. A 380-bp PCR fragnent (SEQ ID NO 62; Figure 4.5) was
used to screen a style cDNA library and a cDNA clone was isolated and fully
sequenced. The N. alata style cDNA clone was designated Na35 1. The insert
of the cDNA clone was 800 bp in length wit2h a poly(A) tail at the 3'-end.
The cDNA sequence (SEQ I D NO 63) matched the PCR sequence except that it

was 3 bp shor RarAGP geiee Séquemnediv) Fragwses . ebtzinanAGR genefrem P. communighe

i tTat i on code Ckfse stopnel feoan B isaRH R ShPhebALE sl Bt | O
based primarily on DNA hybridization. All of these sequences produced
oligonucleotide primers that were highly redundant and very GC-rich (in some cases
greater than 80%). Consequently, a problem appeared that at high stringency,
hybridization bands were obtained which, on sequencing, had no relationship to the
amino acid sequence. On examination of the above sequences, it may be seen that all
four of these sequences are OAST-enriched, i.e., (i) 50%, (ii) 85.7%, (iii) 64.3%, .
and (iv) 84.2%, respectively. (It is noted that in further embodiments of this
invention, these sequences could in fact be utilized for the detection and isolation of
corresponding genes with methods based on other hybridization principles.)

The instant disclosure overcomes this problem. Whereas isolated plant AGPs in
the art have been characterized exclusively by peptide fragments having high
hydroxyproline or OAST contents (AGP sequences having a low content of
hydroxyproline, or a low OAST content are not available in the prior art), the AGPs
isclated and described in the present disclosure are characterized not only by peptide
fragments that are hydroxyproline-rich but also by peptide fragments that are
hydroxyproline-poor, if not hydroxyproline-deficient. The fact that an AGP peptide
fragment that was not enriched in hydroxyproline had been isolated and sequenced
and the fact that this sequence, which is also low in hydroxyproline, alanine, serine,
and threonine content, had been utilized to synthesize degenerate primers, enabled
circumvention of the problems associated with GC-rich primers and led to the

- isolation of a corresponding AGP cDNA.

The N-terminal region of an isolated plant AGP can be used to obtain a
corresponding plant AGP gene. In a particular embodiment of the invention, the N-
terminal region of an AGP peptide obtained from N. alata suspension culture
comprised a hydroxyproline-poor region. The N-terminal peptide sequence, A-K-S-
K-F-M-I-I-P-A-S-X-T-X-A (SEQ ID NO:11) was used as a template for the synthesis
of an oligonucleotide primer which was further utilized for the isolation of a’
hybridizing AGP gene from both N. alata and N. plumbaginafolia.

In other specific embodiments of the invention, hydroxyproline-poor sequences
from internal regions of AGPs from P. communis suspension culture and from N.
alata style were used to obtain corresponding AGP genes. For example,. in the case

of P. communis, the AGP backbone encoded by the PcAGP23 gene (SEQ ID NO:49)
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(TAA) at position 530 (Figure 4.6). The open reading franme encoded a

pol ypeptide containing 169 am no acid residues with a cal cul ated nol ecul ar
wei ght of 19.5 kD and a predicted pl of 8.1. The npbst abundant residues in
t he sequence were: proline (11.2%, phenylalanine (9.5%, alanine (7.7%,
leucine (7.7%, and lysine (7.7% (Table 4.2, The am no acid
sequence derived fromthe N, alata style cDNA (SEQ I D NO 63) conprised

regi ons that mat Q,hgdrd'%l%pﬁoiiﬂ@ borabienlyat te RAMikal3Rgiondbat £¢b nteomlly, amd ad a
styles, i.e., SEQID r 55, gE | D.NO. 56, and SEQ I D NO 57. Norther.n, bl ot
anal yses of the MNéIBalsequsnee I NO4) wasesed 20 ebtain asprae AGE gnG- oimilady,

Pranscri pts. from oo el e AGP Mook ol B Bedfs BRI RO Fiue 1 o
cel | suspensi on, 4&hthpdbtermikl regionmed dntemal fegipns davk By, hydnakypedlina gonthats, t he
NasS. 1 PR v egegl st RERbh hdip oty BBk e hA R M Ee At

gene.

This basic approach (strategy A) for obtaining a plant AGP gene enabled the
successful isolation of AGP genes from N. alata, N. plumbaginafolia, and P.
communis cell suspension cultures, as well as from N.. alata styles. In each case, the
cDNA clone comprised a derived amino acid sequence which contained a
hydroxyproline-poor domain and a hydroxyproline-enriched domain (a region
enriched in OAST content). |

In strategy B, a method is provided that enables the use of a specific OAST-rich |

- AGP peptide sequence for the isolation of a corresponding gene. This method
involves the screening of libraries with RNA probes prepared from a single long
guessmer (oligonucleotides containing only a subset of the possible codcns at each
position) encoding a desired specific OAST-rich AGP peptide sequence. In order to
produce an RNA probe from a DNA oligonucleotide, a bacteriophage promoter (e.g.,
T7 or T3 RNA polymerase promoter) is linked at the 5’-end of the oligonucleotide.
In addition, the oligonucleotide, which is single-stranded, must be converted into a
partial or complete, double-stranded DNA fragment, because the T7 (or T3) RNA
polymerase will not recognize single-stranded promoter sequences. Relevant
procedures for obtaining either DNA or RNA probes from a DNA template are
known in the art [Berger and Kimmel (1987) Methods in Enzymology 152].

Figure 1.0 presents schematically several ways of producing an RNA probe
involving the use of a single (Figure 1.0A) or double (Figure 1.0B) oligonucleotide
probe. For example, in Figure 1.0(A1), a second oligonucleotide, which is
complementary to the guessmer encoding a desired AGP peptide, is synthesized and
the two oligonucleotides are annealed to form double-stranded DNA. Alternatively,
as shown in Figure 1.0(A2), a short complementary primer is annealed to the
promoter sequence of the guessmer to form a double-stranded RNA' polymerase
promoter sequence. Using a double oligonucleotide probe approach (Figure 1.0(B1),
an adaptor sequence (15-18 bp long) is added to the 3’-end of the guessmer

(oligonucleotide 1) and a second guessmer (oligonucleotidc 2), which encodes a
This is tha reniacememn sheet
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described in another specific enbodi nent of the invention. The five
peptides isolated fromfragnments of the AGP protein backbone (SEQ ID

NCS: 50, 51, 53,67 and 68) together gave 52 am no acid residues. Mich of the
sequence contai ned adj acent residues of Hyp, Ser and Ala for which the
codons are highly redundant and GC-rich. Heyever, the sequence TADTOAF from
t he continuous 26 am no acid sequence resulting fromthe overl aps of the

i sol ated pept i diéfereno OWBTHEch AGP Fuitiae seagirts, whhah adamonsquesce complementann| y
have two degenerate codons., This TADTOAF sequence, all design_qf _an

ol i gonucl eot i d¥ @Eiaf‘%‘?re?ff‘&? fipstrligonpclepiidee e RS 128 'oﬂ%&ﬁ?gw%%ﬁ?sﬁrge&éﬁal 1
CDNA, AlS BfneaR8 Ghiolih Hel il Gd4pest segsenesst dndans prarudilgsi gned

fromone region of the continuous 26 amno acid sequence: TADTOAF (Scl!:_Q I D
NG 70). | nosi ngingle-stranded regions filled in by primer extension to produce 2 double-strande

DNA fragment. Figure 1.0(B2) further demonstrates a method whereby the adaptor
sequences are designed in such a way that they bind to opposite strands of a mediator
DNA, enabling the two guessmers to be joined together by a PCR reaction to form a
double-stranded DNA fragment.

Single-stranded RNA probes are superior to DNA .probes for the screening of
libraries. RNA probes can be labeled to much higher specific activity and bind more
tightly to a target DNA, thus yielding stronger signals in hybridization reactions. The
greater stability .of hybrids involving RNA enables the use of higher hybridization
stringency, thus increasing hybridization specificity. Unhybridized RNA probes can
be removed by RNase digestion further reducing the background.

A single long guessmer (40-70 bp) rather than short degenerate oligonucleotides
is used to avoid the extremely high degeneracy associated with OAST-rich AGP -
peptide sequences. It is preferred that the guessmer be longer than 40 bp in order
that the increased stability of hybrids formed by the long oligpnuclcotidé out-weigh
the detrimental effects of mismatches. Anti-codons GGU, CGU, UGU, and AGU .
should be used for Pro (Hyp), Ala, Thr, and Ser, respectively. This is based on the
consideration that the nucleotide base "A" is the preferred base in the third position
of codons for Pro, Ala, and Thr. The other consideration is that the nucleotide base
"U" can pair not only with "A" but also with "G" to some extent, hence GGU can
pair with CCA or CCG for proline residues, for example. Therefore, it is further
contemplated that antisense RNA rather than the sense RNA probes be used for the
screening of libraries.

AGP peptides were isolated from plant cell suspensions by precipitation with
Yariv reagent (a red dye, B-glucosyl reagent described by Yariv in 1967). This dye
was prepared by coupling diazotized 4-aminopheny! glucopyranoside to phloroglucinol
and the reagent was used to precipitate AGPs. The AGPs from suspension-cultured
cells were prepared by precipitation of AGPs from either the culture medium or from
the Biopolymer producfs (the high molecular weight materials precipitated with four
volumes of ethanol from a cell suspension culture filtrate). An isolation procedure

independent of the Yariv reagent was also used to obtain AGPs from plant cells.
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47 was used at the third position of the first two codons to reduce the
degeneracy of the oligonucleotide to 128. The resulting oligonucleotide
cont ai ned 55% GC. cDNA was synthesized fromtotal style RNA using poly T

| i nked with an adaptor sequence. Rapid anplification of the cDNA 3' end .(3
RACE) was perfornmed using the gene- specifiggprinmer together with a 3'
primer in the adaptor sequence. A PCR fragnment of 400 base pairs (bp) was
produced. This PIR Yadgreegent was usddoaed iravhe isdajiverprectdurtie idratifit ractions

containing AGPs.) The AGPs from N. alara style extracts were prepared by
(NH,),SO, precipitation and further fractionation of the AGP-containing supernatant
by Mono Q (Pharmacia) anion-exchange chromatography. In a different procedure,
AGPs were initially fractionated by immunoaffinity chromatography using the J539
myeloma antibody (specific for Gal 1-6 8 Gal sequences).

As is known in the art, AGPs can be isolated by several methods, including
affinity chromatography using, for example, galactose binding proteins, classical
chromatography, for example, gel filtration, ion-exchange, etc., and also precipitation
by selective reagents, for example, Yariv reﬁgents, lectins, for example, lectins that
binds galactosyl residues, including but not limited to, tridacnin, peanut agglutinin,
the Ricinus communis (RCA,5) lectins and myeloma protein J539 [Clarke et al.
(1979) Phytochemistry 18:521-540; Fincher et al. (1983) Ann. Rev. Plant Physiol.
.34:58], or antibodies to specific carbohydrate epitopes [Pennell et al. (1989) J. Cell
Biol. 108:1967-1977 and Norman et al. (1990) Planta 181:365-373].

AGP fractions were deglycosylated by treatment with trifluoromethane sulfonic
acid (TFMS) or by treatment with anhydrous hydrogen fluoride (HF). Additionally,
other methods for separating the protein and the carbohydrate components from each
other that are known in the art are contemplated by the invention {see Jermyn et al.
(1975) Aust. J. Plant Physiol. 2:501]. |

AGPs and AGP fragments, glycosylated or deglycosylated, were separated by
known separation techniques, for example, SDS-PAGE, HPLC reverse phase
chromatography, etc. In some cases, the peptides were further fragmented by
thermolysin digestion before separation. Separated peptides obtained off HPLC
reverse phase and ion-exchange columns were sequenced directly, although in some
cases the separated peptides were transferred to PYDF membranes for amino acid
sequencing [Ward et al. (1990) in Electrophoresis 11:883-891]. The use of other
known proteases, instead of or in addition to thermolysin, is contemplated by this
invention. Similarly, this invention contemplates the use of other techniques known
in the art for the preparation of pure peptide samples for amino acid sequencing.

From every source examined, multiplé AGP backbones were ‘observed.
Multiple backbones were reproducibly obtained whether the AGPs were separated
‘first and then individually deglycosylated or whether the whole AGP preparation was
deglycosylated first and then the individual peptides separated.

This is the replacemem sheet

Date: 2 2 OCT 1908



Table 4.2
pol ypepti de
Am no acid
Asn/ Asp

Am no acid conposition of the predicted Na35 1
and purified RT35 peptide peak -
Na35 1 cDNA RT35 pepti de
11.8 _ 14.5

25

In a specific embodiment of the invention, total native AGPs were isolated by
Yariv reagent precipitation from the suspension culwure filtrate of N. alata and
deglycosylated using TEMS. The resulting peptides were separated on a 17.5% SDS-
PAGE gel and blotted to a PVDF membrane. The major band (MW: 20-30 kD;
Figure 1.1) was excised and sequenced. An N-terminal peptide sequence, A-K-S-K-
F-M-I-I-P-A-8-X-T-X-A (SEQ ID NO:11), was obtained.

In a particular embodiment of the invention, the N. alata AGP N-terminal
peptide sequence (SEQ ID NO:11) was used to isolate AGP genes from N. alata and
N. plumbaginafolia libraries (Figure 1.2). Degenerate reverse primers corresponding
to part of the AGP N-terminal amino acid sequence, i.e., K-F-M-I-I-P were
synthesized (Table 1.1) and used to obtain a 160-bp primer extension product (Figure
1.3) which was then amplified by PCR. The 160-bp extension fragment was
subcloned and sequenced. The nucleotide sequence (SEQ ID NO:21) included a
derived peptide which matched with the peptide sequence SEQ iD NO:11 isolated

from N. alata suspension culture.

Additional primers, corresponding in sequence to parts of the 160-bp fragment

(e.g., NaF1 and NaF2; Figure 1.3), were synthesized and used to amplify the 3’-part

of the AGP gene by nested PCR. A 1.6 kb fragment was amplified and sequenced.
The alignment of the sequences obtained from the two PCR reactions gave rise tb a
DNA sequence of 1679 bp (Figure 1.4). The PCR fragment encoded a protein which
contained the isolated peptide sequence (SEQ ID NO:11) with two mismatches: Arg
for Ala at position 1 and Pro for His at position 12 (Figure 1.4).

The 1.6 kb PCR fragment was used to screen a cDNA library made from
RNA isolated from N. alata cells in suspension culture and three positive clones were

isolated and sequenced. The alignment of the PCR sequences with the cDNA

sequence gave rise
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Pro/ Hyp

Al a
Val
1/2 Cys
Met
I'le
Leu
Tyr
Phe
Trp
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Table 1.1

zZ

A Qligo primers used in the primer extension experiments

.
[=]

_ Ala Lys Ser Lys Phe Met Ile Ile Pro Ala Ser X Thr X Ala’ (SEQ ID NO:11)

GCA AAA TCA AAA TTT ATG ATA ATA CCA GCA TCA ACA GCA (SEQ ID NO:12)

G 6 6 &6 ¢ c ¢ 6 6 @ G G
c c T T T T ¢C c T
T T c ¢ T T c
AGC AGC
T T
B: Oligonucleotide primers designed
Group 1 S’ GG TAT TAT CAT AAA CTT 3’ (SEQ ID NO:13)
: G G G
A A
Group 2 §' GG TAT TAT CAT AAA TTT 3’ (SEQ ID NO:14)
G G G
A A
C: Subgroups of the group 1 primers

NaRl S5’ GG T/G/AAT GAT CAT AAA CTT 3’ (SEQ ID NO:15)
NaR2 5’ GG T/G/AAT AAT CAT AAA CTT 3’ (SEQ ID NO:16)
NaR3 S5’ GG T/G/AAT TAT CAT AAA CTT 3’ (SEQ ID NO:17)
NaR4 5S¢ GG T/G/AAT GAT CAT GAA CTT 3‘ (SEQ ID NO:IQ)
NaR5 S5' GG T/G/ART AAT CAT GAA CTT.3' (SEQ ID NO:19)

NaR6é 5’ GG T/G/AAT TAT CAT GAA CTT 3‘ (SEQ ID NO:20)

A: Amino acid sequence obtained from deglycosylated AGPs isolated
from N. alata cell suspension culture and the corresponding
codons.

B: The two groups of degenerate reverse primers designed for the

primer extension experiment.

C:" Subgroups of the group 1 primers.

to a 1700-bp sequence (SEQ ID NO:24) including a poly(A) tail of 7 bp (Figure 1.4).
This sequence was designated NaAGP1. Further primer extension.experiments
suggested that the 1.7 kb NaAGP1 cDNA (SEQ ID NO:24) represented the full-
length sequence of the AGP transcript. '
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Lys
Hi s
Arg.

not determ ned
AGP sequences,

i.e.

i
0o Ol

am no acid sequence from
SEQ I D NOS: 50, 51,

The NaAGP1 cDNA comprzsed an open reading frame spanning 1383

his PCR cl one mat che

3, 67, 68.

5.3
2.1
3.4
di

. ND.:
i sol at ed

nucleotides. The open reading frame encoded a polypeptide containing 461 amino

acid residues with a calculated molecular weight of 51.8 kD and a predicted pl of

3.84. The protein was highly rich in asparagine (25%), and relatively rich in serine
(8.9%), tyrosine (7.5%), proline (7.2%) and glutamine (7.0%) (Table 1.2), and could
be divided into four domains (Figure 1.5). At the N-terminus (residues 1-25), there

was a putative transmembrane helix which was very hydrophobic.

Table 1.2

Comparison of derived amino acid composition of NaAGP1 and NpAGPI.

Amino Full (Mo1%)? Pro-rich | (Mol%)? Asn-rich | (Mols)?
acid gsequence | NpAGPl domain NpAGP1 domain NpAGPL
NaAGPl NaAGPl NaAGPl
Asn 25.0 26.2 4.7 3.3 44.1 43.4
Ser 8.9 9.8 B.7 9.4 9.8 10.3
TYyT 7.5 7.7 1.3 1.3 12.1 11.9
Pro 7.2 7.9 20.2 20.8 0.0 0.3
Glu 7.0 7.7 6.7 6.7 5.7 6.3
Gly 6.0 5.4 6.7 6.0 6.0 5.5
Phe 5.8 4.7 6.0 6.7 3.8 3.9
Thr 5.4 4.5 10.8 10.7 1.5 1.1
Asﬁ 3.9 3.1 4.7 5.4 3.8 1.9
Ala 3.5 4.1 8.7 8,7 1.5 1.5
Leu 3.3 2.9 5.4 4.0 1.5 1.5
Val 3.3 3;1 4.7 4.0 2.2 2.3
Gln 3.1 2.9 2.7 3.3 1.9 1.5
Xle 2.7 2.9 4.0 4,7 0.7 1.1
Lys 2.5 2.5 2.0 1.3 2.2 3.1
Arg 1.6 1.5 1.3 1.3 1.5 .1.5
Met 1.2 1.1 0.6 0.6 0.7 0.7
His 0.8 0.6 0.6 0.6 0.3 0.7
Cys 0.4 0.0 0.0 0.0 0.0 0.0
Trp 0.0 0.0 0.0 0.0 0.0 0.0

1. The NpAGPl derived amino acid sequence is incomplete as the clone

is approximately 100 bp short.

The proline-rich domain is defined by amino acid residues 26-173 in
NaAGPl and 14-161 in NpAGP1,

The Asn-rich domain is defined by amino acid residues 174-436 in
NaAGPl1 and 162-412 in NpAGPl.
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48 The PCR clone was then used as a probe to screen a style cDNA
library (300,000 plaques). Two cDNA cl ones were obtained which differ only
in the length of the 3" and 5 ends. One of the clones, designated AGPNal 1
(Figure 4.11), was used for all subsequent analyses. The 3' end of the.
AGPNal 1 cDNA clone was identical to the PgR clone except that the PCR

cl one was 20 bp shorter and contained a poly Atail. The 712-bp AGPNal 1

cl one encodes a put afHevexpomtibira oftthelgtofeirk(Pesidues 268 79) J.vis) alsoTﬁbel bbiv Gk
am no aci d sequence includes se uen :Ng ldentical to isolated eptides

(SEQ I D NGS: 50,C08tineg gospof G @ralisy &), Ypnipg, /623 %) ?Weﬂlreé’&nad%@ h t he
peptide sequengegqab! aR&OniRs amalec@scacféoﬁﬁwﬁ?%b% RF 811 the amino acids in this

domain (Pro, 20.2%; Thr, 10.8% and Ala, 8.7%) (Figure 1.5). This domain is
predicted to be the site of glycosylation by Gal/Ara containing chains, linked through
hydroxyproline residues. The proline residues (residues 37, 39, 41, and 43 in Figure
1.4) are known to be hydroxylated, as they appear as hydroxyproline (residues 25,
27, 29, and 31 in Figure 1.6) in the peptide sequence obtained from deglycosylated
AGPs of N. plumbaginafolia. Such hydroxylation and glycosylation would make the
molecule considerably more hydrophilic.

The portion of the protein corresponding to amino acid positions 174-436 was
hydrophilic and contained most of the asparagine (95.1%) and tyrosine (94.1%)
residues which accounted for 44.1% and 12.1%, respectively, of all amino acids in
this domain (Figure 1.4 and Figure 1.5). The asparagine residues were distributed in
clusters (residues 2-10) along the polypeptide chain. - This domain contained no .
proline residues. The final 25 residues at C-terminus were hydrophilic (Figure 1.5).

. An N. plumbaginafolia cell suspension cDNA library was also screened with
the PCR fragment, and fouf cDNA clones were isolated and sequenced. The four
clones were identical and contained an insert of 1430 bp (SEQ ID NO:25; Figure
1.6). This AGP gene was designated NpAGP1. These cDNAs were incomplete and
predicted to be about 100 bp shorter at the 5’-end than the full-length sequence of the
transcript. The NpAGP1 was not identical, but very similar to the NaAGP1 at both
the nucleotide and derived amino acid sequence level (86% and 84.7% identify,
respectively) (Figure 1.7, Figure 1.8, and Table 1.2). The transmembrane helix was
missing in the NpAGP1 cDNA due to the incomplete sequence. The difference
between the two AGP genes was mainly in the middle one-third of the sequence while
the N-terminal and C-terminal parts were highly conserved (Figure 1.7 and Figure
1.8). _

The NaAGP1 cDNA was cut into a 5'-half (residues 1-540) corresponding to
the 5’-nontranslated part, the transmembrane helix and the proline-rich domain and a
3’-half (residues 541-1700) including the asparagine-rich domain, C-terminus, and the
3'-nontranslated part. These two parts of the cDNA were used separately to probe
northern blots of RNA [Sambrook et al. (1989) supra] isolated from suspension

cultured cells of N, alata and N. plumbaginafolia and various tissues of N. alata
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hydroxyl ated. A secretion signal peptide is predicted (Figure 4.11 and
4.12). The deduced N-term nus of the mature protein (10 kD, pl 6.8) is

A n-Al a-Pro-A@y which matches the N-term nal sequence data obtained. The
Pro residue in the N-term nal sequence is al so hydroxylated. The am no acid
conposition of the deduced mature protein zmnd the isolated RT25 protein
backbone are in general agreenent (Table 4.1). The C-term nus of the
deduced pr ot ei plaits. VIRE Ywh peobep polei an iderdicpl ipdridizeton patteen, sconfiemisgim tiese

hel i x. The cDNA cl one obtain -ﬂl‘i( Fi gure 4, 11). predj ct:f a 1%_% m no

aci d protein chrdiginst fomainhgreprgs BE PREE JEaNEHCIPh £KIBYTE lb&t’))[‘h be,Na gﬁd

Ctermni (Fi ggbﬁaﬁpr ﬁ&s\-ArgEflaasz {cOhETRBE, sdnslEORBANIICIHE @i 6ENC Rlafe kRO dS T O
e | u e

a signal pepti C ad to secretion of the encoded protein. This
i's consistent sititongh ke degrearof dibridization and size of transsripy|ae diffseank iy diffeeat of

the style AGPs.[ Sed et al. SGOR;, B = 254] .

Modi fi cati on Oplsyﬁegtﬁ/@glmsﬁggm(r@ga? %g&e@xﬁﬂ%ﬁ:&%&a&a@g@# glr1 %fhzurgc?

cyclization tocdiRrwhepeak @ sigralii petils istarely detacted.. Pollen antstylzaissues haveid d
smaller transcript of approximately 1.0 kb compared with 1.6 kb in .

plumbaginafolia cultured cells and 1.7 kb in all other tissues (Figure 1.9). Genomic
southern blot analysis indicated that the AGP gene is a single copy or low copy gene
in the genome of N. alata. '

In a preferred embodiment of the invention, the cDNA library was screened
with the labeled synthetic oligonucleotide probe derived from the hydroxyproline-poor
or the N-terminal AGP protein sequence. In an alternative embodiment of the
invention, individual recombinants within the cDNA library can be screened for
expression of an antigen (antibody recognition). Procedures for selecting cloned
sequerces from a recombinant cDNA library are described in Kimmel (1987) Meth.
Enzymol. 152:393-399, |

This invention also contemplates the use of oligonucleotide probes, e.g., AGP
cDNA, etc., for the detection of hybridizing sequences and the isolation of monocot
and dicot AGP genes. Pear AGP (PcAGP9) transcripts were detected in RNA
prepared from dicots as well as from a monocot.

cDNA clones which show a itrong hybridization signal are sequenced to

_confirm complimentarity to the AGP amino acid sequence. In addition, the protein
encoded by the cDNA is shown to possess AGP characteristics. This is done, for
example, by transcribing the clone sequence with an appropriate RNA polymerase,
then translating the mRNA in, for example, a commercially available wheat germ
extract in vitro translation system. Thus, the identity of a clone is confirmed by
transformation into a suspension-cultured cell and idcntifying the product using a
suitable tag. " '

In another embodiment of the invention, the presence of AGP protein is
detected immunologically. For example, antibodies raised to an AGP peptide, or
fragment thereof, purified and isolated from an SDS-PAGE gel are shown to cross-

- react with the purified AGP peptide. AGP-specific antibodies are also utilized to

bind and precipitate AGP from plant extracts as well as the product of the cloned
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occur during purification, or it could occur in situ and m ght be invol ved
in the stabilization of the AGP backbones. The sane N-term nal sequence:
G@n-Ala-Pro- Gy-Ala is also present in the AGP backbone isol ated from pear
(Figure 5.1). The C termnal hydrophobic Sﬁguence is predicted to be a
transmenbrane helix (Figure 4.12) which mg anchor the AGP in plasm

The i ntor act | ohCRr e b o Ainoe Rl Ul sBheie AR otk 887 S,

contains a very reF/a ata@éu?@ﬂng t6 Stinangeméthods fi et e Tals ?EeoNuhmumng:abf t he
nmat ure protein; u et al. 1986% Planta 169: 184-191. e central part of

the protein commms fiuoher wilizede anygxamples foseptimization of exprgesiomet therfdensdos

of the Pro residyes w.thin the ﬁgé)“de sequences are hydroxyl at ed suggests
extensive O g o%"sﬂed{’lao"ﬁc’lpﬁ“f AMral part of the protein. No potential

N-glycosyl ation sit qhi@fnQention further contemplates the isolation of a genomic clone of AGP.
Genomic DNA is isolated according to the methods described by Herrmann and
Frischauf (1987) Methods Enzymol. 152:180-189. A PCR-based method is used to
clone a gene from genomic DNA using partial protein sequence (e.g., Aarts et al.
(1991) Plant Mol. Biol. 16:647) or cDNA fragment probes (e.g., King et al. (1988)
Plant Mol. Biol. 10:401-412). The genomic AGP gene may be utilized instead of the
cDNA to express AGP, in particular, in host systems where it appears that the native
promoter or post-translational system is required for full expression, e.g., plant cells.

As is well known in the art [see, for example, Glover (1984) Gene Cloning',
Brammar and Edidin (eds.), Chapman and Hall, NY], there are various strategies for
generation of cDNA libraries and for the cloning of the cDNA into an appropriate
DNA recombinant vector, e.g., the pUC family of plasmids or Agt10 or Agtll phage
vectors. In an embodiment of the invention, a DNA recombinant vector carries a
constitutive or inducible promoter adjacent to the cloning site such that a transcript is
made specifically to either strand of the cDNA simply by using different RNA

~ polymerases. RNAs produced in this way can be used as hybridization probes or can
be translated in cell-free protein synthesis systems.

It is understood in the art that modifications may be made to the structural
arrangement and specific elements of a genetically-engineered recombinant DNA
molecule described herein without' destroying the activity of gene expression. For
example, it is contemplated that a substitution may be made in the choices of
enhancer regulatory elements and/or promoters [e.g., preferably, an inducible
promoter (e.g., AdH1)] without significantly affecting the function of the recombinant
DNA molecule of this invention. It will also be understood that optimization of gene
expression also results from the use of preferred codons, the arrangement,
orientation, and spacing of the different regulatory elements as well as the multiple
c0piés of a particular element with respect to one another, and with respect to the

position of the TATA box, as will be apparent to those skilled in the art using the

teachings of this disclosure. . . '
Ings 15 cisclo This is the replacemert sheet
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49 present. The abundance of potential O glycosylation sites is consistent
with the high content of carbohydrate (85% w w). |ndividual AGPs may differ
in the types of saccharide chains and in the nunber and | ocation of

gl ycosyl ation sites along the protein backpone. MRNA hybridizing to
AGPNal 1 cDNA is present in nost tissues of N alata and in the styles of

related sol ANACCOKP afHAL xﬁn@h&r@tsthé .muoﬁum%twae ifol£t8d Fomh N, Ol e of
or cCl ose y re

this transcript ( ated transcripts) in plant devel oprent.
Various ti ss,m!&szb&gmmbh saipehsioneulturexafhearedion from the pel ssspensiof cilmere of

AcPRal 1 genhe} pIumbagmafaha was separated from the cells by filtration and the high molecular
weight materials precipitated with four volumes of ethanol. The total native AGPs
were purified from the Biopolymer product by precipitation with the Yariv reagent
after depleting the starting material of pectins by CTAB (hexadecyl trimethyl
ammonium bromide) precipitation prior to Yariv precipitation. The total native AGPs
were treated by two paths:

Path-1: Deglycosylation followed by reverse phase HPLC fractionation
before direct sequencing, or sequencing after enzymatlc (proteolytic) digestion
[detailed in Exa.mple 2(c)2-5].

Path 2: Reverse phase HPLC fractionation followed by deglycosylation and
further reverse phase HPLC fractionation [detailed in Example 1(c)6-8]".

Path 1 (deglycosylation followed by separation of AGPs) produced an
unbound peak and two major bound peaks, RT21 and RT32, with retention times of
21 min and 22 min, respectively, in reverse phase HPLC (see Figure 2.1). Peak
RT21 was digested with thermolysin and refractionated by RP-HPLC prior to amino
acid sequencing. The sequences (SEQ ID NOS:26-29) obtained from peak RT21
exhibited a high content of hydroxyproline, alanine, serine, and threonine (OAST-rich
sequences).

Peak RT32 was sequenced directly and gave the sequence R-K-S-K-F-M-I-I-
P-A-S-0-T-0-A-O-T-O-I-N-E-I-S-F (SEQ ID NO:30) which, at the 5’-end, very
closely matched the N-terminal sequence (SEQ ID NO:11) obtained from N. alata
cell cultures, and which did not show a high content of hydroxyproline nor of OAST,
i.e., hydroxyproline,- alanine, serine, and threonine. The 3'-end of the peak RT32
sequence (SEQ ID NO:30) comprised a domain characterized by a high OAST
content,

The results of amino acid analyses of chromatographic fractions from N.
plumbaginafolia AGPs are presented in Table 2.1. All AGPs that initially bound to
the chromatography columns showed an enrichment in hydroxyproline, alanine,
serine, and threonine residues.

In another embodimenf of the invention, the total native AGPs were isolated
from Pyrus communis (pear) Biopolymer by Yariv precipitation.
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shown in Figure 4. 13A, nRNA transcripts of simlar |ength of about 700-750
nucl eotide were detected in all tissues exam ned. This suggests that the
AGPNal 1 gene or its honol ogs are expressed in many parts of the plant.
Style, ovary, petal, |leaf and stem have simlar |evels of transcript, but

t he highest |evel of nRNA expression is found in roots. Sone
expression of hybridizing transcript was tected in the styles of N
sylvestris and N. tabacumand a |lower level in N glauca and Lycopersicon
peruvi anum ( Fi gur . Il ' r ( ' cQbRe, a
nonocot) | eaves hggé"#ﬁyg@;ﬁt@}:ﬂ&%%ﬁsg{lﬁgpn%ﬁ% ?‘3‘?,‘?%}‘ i%ﬁmkmw. I n anot her
enmbodi ment gfhasé IPLG/ RR-300), (Path NGRrgdtematissly| shel totat dhafive AGEs wenenuni s

pear AP segeonaint TR HRLEvEise EhEto iy ECIRER DA ek dre DR Bt e B SR

10y (st at couh Bty 2B BURRR ToleqBhclfl [IAR2T, i on of an AGP gene.

(SEQ I D NG 66) Path 1 (HPLC separation of deglycosylated AGPs) gave the profile shown in

) Figure 3.1. The results of amino acid analyses of major peaks (i.e., unbound, peak
RT16.4 and peak RT18.2), as summarized in Table 3.1, indicated enrichment of

hydroxyproline, alanine, serire, and threonine residues in the bound fractions. The
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that specifically encodes a particul ar hydroxyproline-rich peptide segnent
(see Figure 5.1). Hydroxyproline-rich and QAST-rich domai ns appear to
represent characterizing features of AGPs. AGP peptide fragments
were isol ated and sequenced essentially as described in Exanple 3(a). The
sequence A-K-SSOT-A-T-OCOT-AT-OO0OS-AV (SEQID NO37) of an isolated
pear AGP fragment exhibited hydroxyproli3®-enrichnent and QAST-enrichnent.
Thi s sequence was selected for the isolation of a correspondi ng pear AGP
Tcn|

gene. The codorfosgoerrar Trﬁ"'f‘pe SISty Onury waf dy CA]
accounts for 73. 3 00_91 I 1 | priol iine} cgdops;} t he Jcodlon| fgr gl gni pe |i s|bilased,
- i . :
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enriched, and an 18-bp sequence corresponding to position 150-167 fromthe
NaAGP1 (SEQ ID NG 24). The AR2T7 prinmer (SEQ ID NGO 65) consists of a T7
pronoter, a 47-bp GC-enriched nucl eoti de sequence corresponding to a

hydr oxyproline-rich (QAST- enriched) AGP sequence from pear (SEQ I D NO 37)
and anot her 18-bp sequence corresponding tq _position 444-461 fromthe
NaAGP1 cDNA (SEQ I D NG 24) . ‘An anti séfse RNA probe was synt hesi zed

fromthe guess | i gopu i de, t l.at e usi nq,T7 pol ynerase, and was
used to scr een@lé%l@&gllﬂﬁﬁi(ngpﬂﬁéﬁaG&g lﬁg‘gﬁ%bé‘fﬁ%&we‘: §Bél?1e§?’8ﬁs@ul ture

essential |y asdgesfoni 478 %hd MigE(iBARrRIudls Were TePaPRed ERNA RH- SRSl € The ®pat ed
and sequenced. e sequence of the Iongest clone PcAGP9 (SEQ I D NO 66) is

shown in Fi gur 80 pmofilerfos digontad RTdA¢ isshewn im Figure Adeand for RIS 2p shaven in
Figure 3.3.

In all, only one peak (peak 1 of thermolysin-digested RT16.4, Figure 3.2) was
a pure peptide and gave a clear sequence, L-S-0-K-K-§-0O-T-A-0-5-0-5-(S)-T-0-O-
T-(T) (SEQ ID NO:31), which showed a hfgh content of alanine, hydroxyproline,
serine, and threonine. Peaks 3 and 5 of RT16.4 (Figure 3.2) comprised sequences
(SEQ ID NO:11 and SEQ ID NO:12, respectively) that also exhibited high contents
of hydroxyproline, alanine, serine, and threonine.

Peaks from thermolysin-digested RT18.2 (Figure 3.3) were resolved into
several peaks (SEQ ID NOS:31, 34-38). These sequences also were characterized by
a high OAST content.

Path 2 (fractionation of the total native pear AGP fraction by reverse phase
HPLC) gave the profile presented in Figure 3.4. Peak RT7.8 and the unbound
fraction were analyzed for amino acid composition and both were found to be
enriched in hydroxyproline, alanine, serine, and threonine as shown in Table 3.1.
Peak RT7.8 and the unbound fraction were deglycosylated and fractionated on HPLC.
The profile for the deglycosylated Peak RT7.8 (Figure 3.5) showed a major peak
(Peak RT23) which, after thermolysin digestion and further purification on reverse
phase HPLC (RP-300), gave six peptide sequences. Five sequences (SEQ ID
NOS:39-44) were OAST-enriched, whereas one of the sequences, L-V-V-V-V-M-T-
P-R-K-H (SEQ ID NO:41) was also present in sequence obtained by direct
sequencing of the native AGP in RT7.8.

The unbound fraction of Figure 3.4, after deglycosylation and further
fractionation on HPLC (Path 2), gave the profile presented in Figure 3.6. The major
peaks RT16-19 in Figure 3.6 [obtained by Path 2 (separation followed by '
deglycosylation)] had retention times similar to those of peaks RT16-19.9 in Figure
3.1 [obtained by Path 1 (deglycosylation followed by separation)].

It would appear from Figure 3.4 that Peak RT7.8 represents about 27% of the
total AGPs from pear. At least four N-terminal were observed in one fraction which
may represent multiple chains. The unbound fraction represents about 67% of the

total AGPs from pear and gives peaks which correspond to the RT16.4-19.9 of Figure
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51 Table 5.1 Nucl eoti de
sequences of the priners AF1T3 and AR2T7

36

-

3.1 which gave several OAST-enriched sequences. Thus, the invention provides

amino acid sequence data from each of the two major AGPs from Pyrus communis.

In a particular embodiment of the invention, an AGP gene was obtained from
P. communis. .

The sequence L-V-V-V-V-M-T-P-R-K-H (SEQ ID NO:41), which was
hydroxyproline-poor and OAST=poor, was selected as template for obtaining an AGP
gene from pear cell suspension culture.

A number of primers corresponding to the L-V-V-V-V-M-T-P-R-K-H
seqﬁence (SEQ ID NO:41) was designed and synthesized for PCR experiments (Table
3.2).

TABLE 3.2
Sequences of the oligonucleotide primers used in PCR

Peptide sequence L-V-V-V-V-M-T-P-R-K-H (SEQ ID NO:41)

Primer designation:

PcA23F1 5’ GTN GTN GTN GTN ATG AC 3’ (SEQ ID NO:45)

PcA23F2a 5" GTA GTN ATG ACN CCN AGA AA 3’ ' (SEQ ID NO:46)
G

PcA23F2b 5" GTA GTN ATG ACN CCN CGN AA 3° (SEQ ID NO:47)

N=ATGorC

The same nested PCR procedure used for the cloning of the NaAGP1 gene
(Figure 1.2B) was used to clone the gene encoding the above peptide, except that the
annealing temperature was 52°C in this case. A 350-bp fragment was amplified after
two successive PCR reactions using the PcA23F1 as the first primer and the
PcA23F2a as the second primer. The fragment was sequenced and found to encode
the correct peptide sequence (SEQ ID NO:48; Figure 3.7).

The PCR fragment was used to screen a cDNA library made from mRNA

from pear cell suspension culture, as described above for N. alata cell suspension.
‘This is the replacement sheet
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AF1T3: (Forward priner) (SEQ ID Nd64)
N-term nus [err] C-term nus T3 pronoter A T O O A
O O T A DT P A

5' TGTTATTAACCCTCACTAAAGCAT CACCACCAGCACCACCAACAGCAGACACACCAGCAG  Nucl eot i de
150- 167 of the NaAGPl cDNA CTATGATCATACCTGCATCT3'" AR2T7 (Reverse priner)

(SEQ I D NO 65) ] +C-term nus [err] N-term nus
T7 pronoter _ASOOTATOSTATO

5 NCTAATACGACHE/OFTA GMERTAGRICY GhS HOTGE Sl eLEch . TiTid Slohe Montanedi e
insert of 760 bp and matched the PCR sequence.

The PcAGP23 cDNA (SEQ ID NO:49) encodes an open reading frame, which
starts with an initiation codon (ATG) at position 20 and ends with a termination
codon (TAG) at position 560 (Figure 3.8). The open reading frame encodes a
polypeptide containing 180 amino acid residues with a calculated molecular weight of
19.2 kD and a predicted pI of 8.46. The predicted amino acid sequence contains the
peptide sequence, L-V-V-V-V-M-T-P-R-K-H (SEQ ID NO:41), which was used for
the cloning of the PCR fragment. In addition, another peptide sequence, L-G-I-S-O-
A-0-5-0-A-G-E-V-D-(G) predicted from nucleotides 428-472, matches SEQ ID
NO:34 obtained from RT18.2 (Figure 3.3). However, other sequences from peak
RT7.8 (SEQ ID NOS:39-44) are absent from the PcAGP23 sequence, indicating they
are from different AGP backbones.

The most abundant amino acid residues in the predicted protein sequence are
Ser (12.2%), Gly (10.5%), Leu (9.4%), Val (8.8%), Ala (7.2%) and Lys (7.2%)
[Table 3.3].
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T K A of the NaAGP1 cDNA GATTTTGCGGGAGTATCAGTCAAAAG3'  Pronoter sequences
are underlined once. Sequences from NaAGP1 cDNA are doubl e underli ned.
encodes an open reading franme of 145 am no acid residues. There is a
putative secretion signal peptide at the N-term nus. The predicted

pol ypeptide is highly rich 18

Table 3.3

Amino acid composition of the predicted PcAGP23 protein

Mol%
Amino Acid
+SP -SP
Ser 12.2 9.8
Gly 10.5 11.1
Leu 9.4 : 7.8
Val 8.8 9.1
Ala 1.2 6.5
Lys 7.2 7.8
Thr 5.5 6.5
Pro 5.5 6.5
Glu 5.0 5.2
Phe 4.4 2.6
Asp 3.8 45
Asn - 2.7 32
Tyr 2.7 2.6
Arg ' 2.7 3.2
Ile 2.7 3.2
Gln 2.2 2.6
Trp 2.2 2.6
Cys 1.6 1.9
His ' 1.6 1.9
Met 1.1 0.6

+SP: The putative secretion signal peptide is included.
-SP: The putative secretion signal peptide is excluded.
The PcAGP23 contains 5.5% Pro residues, some of which are post-transiationally
modified to hydroxyproline, as identified by peptide sequencing. Relatively speaking,
the Pro and Ala residues are concentrated in the last 1/3 of the sequence (at the C-
terminus).

In the sequence of the PcAGP23 cDNA (SEQ ID NO:49), there is a putative
secretion signal at the N-terminus (1-27) with a potential cleavage sité between Ala?

and Arg®™. There are also two potential N-glycosylation sites at amino acid positions
36 and 87 (Figure 3.8).
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in Pro, Ala, Ser, and Thr (Table 5.2) and contains two sequences which
match exactly two peptide sequences obtained previously frompear AGPs by
protein sequencing: AKSOTATOOTATOOSAV. (SEQ I D NO 37) and
VTAOTOSASOOSSTOA(S) TXA (SEQ I D NO 38). The PcAGP9 sequence (with the
secretion signal included) gave an estimated pl of 10.79 and an apparent
nol ecul ar wei ght of 13.622 kD. The PcAGP@gsequence (excl udi ng the

secretion sional) gave, Al cofkio SFuRinhude B4 AL ) ARPRIPRRD! eou! ar
filtrate were further purified as illustrated in the flow chart of Figure 5.4. The
unbound fraction and the two minor bound fractions (Figure 5.4A), which accounted
for '/2%, 0.9% and 0.1%, re5péctively, of total AGPs loaded on the column, were
purified as described above and in Example 3(a). '
The major peak of Figure 5.4A, which accounted for approximately 27% of

the AGPs, was collected and reapplied to the same column. Upon elution with a
shallow 'gradient, two peaks (Fractions 1 and 2) were resolved (Figure 5.4B). The
AGPs in Fraction 1 were described above and in Example 3(a).

~ Size-exclusion FPLC fractionation of Fraction 2 resolved two components
(peaks 2A and 2B, Figure 5.4C3). Arabinose and galactose were the majoi-

monosaccharides of each fraction (Table 3.4).

Table 3.4
Linkage Analysis of AGP fractions
Monosaccharide Unbound Fraction 1 Fraction 2 .
and deduced fraction (Fig. 5.4C2) Peak 2A Peak 2
linkage (mol%) (Fig. 5.4C1) (Fig. 5.4C3)
Araf: terminal 34 36 24 18
3- 3 3 4 4
5- 2 3 1 1
Galp: terminal 7 8 12 14
3- 5 4 8 5
6- 10 | 10 8 23
3,6- 38 36 44 35

Araf. Arabinofuranose; Galp: (——Balactopyranose

Arabinose was present mainly in the terminal position with small amounts of 3-linked
and 5-linked residues. Galactose was present mainly as 3,6-linked and terminal
residues in both peaks. However, the proportion of 6-linked galactosyl residues was
greater in Peak 2B than 2A, and both had small proportions of 3-linked residues. |
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As illustrated in the hydropathy profile of Figure 5.3, the cDNA has three
domai ns, an N-term nal hydrophobi c sequence encoding a secretion signal, a
central hydrophilic domain containing nost of the proline residues and a
hydrophobic C term nal domain which is predicted to be a transnenbrane
helix. The N-term nus of the mature protein corresponds to the sequence
predi cted fromprocessing of the secretio0signal. The proline residues
within the central region are mainly hydroxylated and woul d bear the
Amino acid composition analysis of the AGPs in Peaks 2A and 2B are shown in

Table 3.5. N-terminal amino acid sequencing of material in Peak 2B gave the

sequence A-E-A-E-A-X-T-X-A-L-Q-V-V-A-E-A-X-E-L (SEQ ID NO:74).

AGPs in Peaks 2A and 2B were separately deglycosylated and the resulting
protein backbones isolated by size-exclusion FPLC (Fig. 5.4D1-4). The apparent M,
of the proteiné was different for each fraction. Peak 2B gave one protein backbone
(M, 10k), Peak 2A resulted in two protein peaks (M, 10k and 54k). The 10k protein
backbone in Peak 2A is a contamination from Peak 2B. N-terminal amino acid
sequencing of the 54k protein backbone gave the sequence T-0-A-O-A (SEQID
NO:75) while the 10k protein backbone in Peak 2B gave the sequence A-E-A-E-A-O-
T-0-A-L-Q-V-V-A-E-A-O-E-L (SEQ ID NO:76). The latter sequence is identical to
the' N-terminal sequence obtained

from the AGP in Peak 2B before deglycosylation, assuming the unassigned residues
"X" are Hyp.

The amino acid compositions of the 54k and 10k protein backbones are very
similar to that of their parent AGPs in Peaks 2A and 2B, respectively. The 54k
protein backbone contained a higher proportion of Hyp (27.5%), Ser (18.4%) than
the 10k protein backbone in Peak 2B (Hyp, 19.5%; Ser, 6.0%). On the other hand,
the 10k protein backbone had a higher content of Glx (14.3%) and Val (10.1%) than
the 54k protein backbone in Peak 2A (Glx, 6.6%; Val, 4.2%) (Table 3.5). The 10k
and 54k protein backbones were digested separately with thermolysin and the

resulting peptides purified by RP-HPLC for sequencing.

Sequences of eight peptides were obtained from the 54k ﬁrotein Peak 2A and
three from the 10k protein in Peak 2B (Table 3.6). Two of the three sequences and
the N-terminal séquencc overlap to give a sequence A-E-A-E—A-O-T-O—A-L—Q—V-V-
A-E-A-O-E-L-V-O-T-0-V-0O-T-0-S-Y (SEQ ID NO:88) for the 10k protein in Peak
2B.
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+Secretion Signal -Secretion Signal Amno acid - No.
Mol %

3

21. 3 Ser

0

Thr

BN A WN 010

5
.2 Lys
0

No. Mol % Pr o 30 20. 6
24.5 Al a . 29 20.0 26
25 17.2 24 19.6
17 11. 7 42 16 13.1 Val
5.5 . 6 4.9 Ay 8
5 4.1 Leu 6 4.0
4 Peptide sequences2oBtained from Peak$ 2A and 2B 2.4 Phe
2.7 2 1.6 Met 3
v U.0 &G n v4 T. 3
Pegk 8 Peptide sequence
Peak 2A T-0-A-0-A (N-terminal) {SEQ ID NO:75)
V-§-X-0-V-Q-8-0-A-X-0 (SEQ ID NO:77)
V.X-X-0-V-Q-S-0-A-5-0-0-0-T-T ) {SEQ ID NO:78)
1-8-0-A-S-T-0-0-T- {SEQ ID NO:79)
[-§-0-A-S-T-0-0-T-0-A-8-0-0-T ' (SEQ ID NO:BO)
F-S-0-T-1-S-0-A {SEQ ID NO:81)
X-A-{A)-T-0-8-L-D-V-G-1-0-8-8-N-A-T (SEQ ID NO:82)
T/P-8-0-A-T-0-0-A-T ' (SEQ ID NO:83)
X-A-A-0-A-0-5-(0)-X-P-T-(N}-T (SEQ ID NO:84)
Peak 2B A-E-A-E-A-X-T-X-A-L-Q-V-V-A-E-A-X-E-L {N-terminal)’ # {SEQ ID NO:74)
' A-E-A-E-A-O-T-0-A-L-Q-V-V-A-E-A-O-E-L (N-terminal)’” # {SEQ ID NO:76)
V-V-A-E-A-O-E-L-V-0-T-0-V-0Q-T-0-S-# (SEQ ID NO:85)
L-V-O-T-O-V-0O-T-0-8-Y # {SEQ ID NO:B6)
Y-T-E-R- # {SEQ ID NO:87)

Note: All the residues of ambiguous assignments are shown, uncertain residues are in
brackets. "X" indicates no signal or an unknown residue. "O" represents
hydroxyproline. Sequences included in the cDNA are marked #.

Obtained from the AGP in Peak 2B before deglycosylation.

Obtained from the deglycosylated protein backbone of the AGP in Peak 28B.

In another embodiment of the invention, AGPs were isolated from N. alata
styles. In this example, the total native N. alata style AGPs were not purified by the
Yariv reagent precipitation technique, but by ion exchange chromatography (IEC)
followed by gel filtration chromatography (GFC). The presence of AGP in column
fractions was verified by precipitation of AGP with a Yariv reagent. The AGPs were
then deglycosylated by HF and fractionated by reversed phase HPLC.

Two major peaks: RT25 and RT35 (Figﬁre 4.3) were obtained after
deglycosylation and HPLC fractionation. Amino acid analysis of each fraction and
the native materials are shown in Table 4.1.

Distinct differences are apparent in the amino acid composition between the
three fractions. The unbound fraction contains little Hyp but is rich in Gly, Glx, Ser
and Asx. The RT35 fraction is also Hyp-poor but rich in Asx, Glx and Ala.
Together, these two fractions account for the. bulk of the Asx and Glx detected in the

native and deglycosylated AGPs. The amino acid composition of the material in
This is the replacemsnt sheet



Asn 1 0.6 1 0.8 Asp

1 0.6 1 0.8 Arg 1

0.6 1 0.8 Cys 1 0.6

0 0.0 Gu 0 0.0 0

0.0 His 0 0.0 0 0.0 Tyr
0 0.0 0 43 0.0 Trp 0

0.0 0 0.0 gl ycOsyl chains. A cDNA encoding the

pr ot ei 1 backpan P98 AR T UyRy5 (1b 83, Ala Hope) bENSeiste). witmsehyice

domains with srmlar CTharacterist’ic ugh the am no ac conposi tion
of the proteilys. EMEORTDS PyottinctmekindddAsas thus iseledted fot fusthenkpalgssion sequence
is at the N-term nal sequence of the mat ur e proteins, QA-P-GA-
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A (SEQ ID NGO 73). The cDNAs encode protein backbones of single AGPs from
several present in the plant extracts which are quantitatively a mnor part
of these proteoglycan - b3
The central part (am no acids 24-123) of the sequence is dom nated by four

amno acids (Pro, 29% Al a, 19% Ser, 23% and Thr 15% . The dom nant
feature
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of this part of the sequence is that the four residues are interspersed
with each other; there are no obvious notifs and few runs of any single
am no acid. There are no predicted N-glycosylation sites. The
C-termnal region of 22 amno acid residues is very hydrophobic and is
predicted to be a transnmenbrane helix [Ei%gnberg et al. (1984) J. Mol.
Biol. 179:125- 142; Klein et. al (1985) Bi ochem Bi ophys. Acta 815: 468476;

Rao et al. (1986) Hieaic RAQS Bawptms seqdehcas @s?%n ﬁk@%é&.gﬁﬂ@égﬂﬂrﬁgfyeral

potential sites for, proteol égi c cl eavage prot'ease
Al af err]/ Asp[ éffiphedysTiyee obtheee seausnces DANOS:50, 50l est 52)ioselyamachEd y psi n,

Arglerr]/Val| | 4lgh t 1 nal. transnenbrane -
hel i x and thee%r( ?%?g #gﬁarb' ﬁgﬁﬁﬁa?hﬁgwgﬁtﬁﬁ %iwﬁ"g@gﬁ‘enci ng of
Proteins and Pept i dhasN¢@mainsickeyjyente speact qblir@)foCthe. RT2S5 géale mPy by hfadad44;
(1980) J. Biol. .Che 255: 839 840

(0800 3. 8ol oSt ot BRG] BRIl L
wi thin the seqesaes.
| and the sequence Ala-Hyp-Gly was obtained. The RT25 backbone was also

fragmented '
by treatment with the endoproteinase thermolyéin. The resulting peptides were
separated and further purified by RP-HPLC. Six major péptides (Figure 4.9) were
subjected to amino acid sequencing and four sequences were obtained (SEQ ID
NOS:50, 51, 53, 67). All the sequences were rich in H);p, Ser and Ala (33 of 52
amino acid residues).

Endoproteinase Asp-N was also used to cleave the RT25 protein backbone at
the Asp residues. Two major peptides were produced (Al and A2; Figure 4.10)
indicating that there is only one Asp residue in the RT25 protein. The cleavage was
incomplete as indicated by the presence of the starting material (RT25 protein; Figure
4.10). Peptide sequence was obtained for A2 (SEQ ID NO:68). The other peptide
(A1) gave no sequence data, indicating a blocked N-terminal residue. Overlaps were
identified between A2 (SEQ ID NO:68) (Figure 4.10) and Peak 3 (SEQ ID NO:51)
(Figure 4.9) and gave a
continuous amino acid seduence of 26 residues:
LASOOAOOTADTOAFAOSGGVALPOS (SEQ ID NO:69).

Peak RT35 gave four sequences (SEQ ID NOS:54-57) which had a low OAST
content. Three of these sequences (SEQ ID NOS:55-57) were characterized by the .

In an alternative method of preparation, N. alata style AGPs were isolated
'according to Bacic et al. (1988) Phytochem. 27:679-684. The sequence A-V-F-K-N-
K-X-X-L-T-X-X-P-X-I-I (SEQ ID NO:59) was obtained.

In other embodiments of the invention, AGP genes from N. alata style were
isolated. The cloning strategy of Figure 4.4 was used to obtain the genes. Several of
the peptide sequences of peak RT35 isolated from N. alata style contained the
sequence T-A-I-N-T-E-F-G-P (SEQ ID NO:58). In a specific embodiment, gene-

specific degenerate oligonucleotide primers were designed based on the sequence A-I-
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The PcAGP9 cDNA was used to probe northern blots containing RNA from six

pl ant's representing both dicotyl edonous (Pyrus, N cotiana, Brassica,

Ar abi dopsi s, and Lycopersi con) and nonocotyl edonous (Lolium plants (Figure
5.2). At high stringency (65[err]C), a 0.9 kb transcript was detected in an
RNA sanpl e from suspension culture cells of 6Pyrus comunis. A smaller
transcript was al so detected in pedicels of4 the sane plant together with a

arger transcr i it 8l UBPRelaa' &E%&'ﬁ?@gét%ﬁ%\%ﬁl%& iff SieboStrbrhisBE ©

5.2B). Under reduced stringency conditions transcripts were al so
detected in al IRNAEN. Ridta.sanP8kbp PER: feagmend (SEQ IDINOIR2; Figured ) wvas osedAGP

genes honol ogous_t o PcAGR 1,0 bot h . di | edonous._gnd, no t yl edonous
plants tested CHCHUASYE rzlil;lA library and'ﬂfw,&ggﬁ %Wqﬁﬁgagdqﬁﬁ})’ MYPo the
N. alata sytle THoNA 4ideiiyad cONG QB&) wad deslpbid PRSSS].t THe Glsbif\of HRMEDNAT edi ct
protei n sequences conpaosed mainly of Pro, and Thr. Despite the

D i Tty i G GVR SedTRRBIE 1oh 2 ROMAS tabputhe ot W EDNE fepience
sequence i dent kg INDAGH mdidied M DER sdquehBV 2Bt that it was 3 bp shorter at the 3'-
end (Figure 4.5 and Figure 4.6). '

The Na35_1 sequence (SEQ ID NO:63) had an open reading frame starting
with an initiation codon (ATG) at position 21 and ending with a termination codon
(TAA) at position 530 (Figure 4.6). The open reading frame encoded a polypeptide
containing 169 amino acid residues with a calculated molecular weight of 19.5 kD
and a predicted pI of 8.1. The most abundant residues in the sequence were: proline
(11.2%), phenylalanine (9.5%), alanine (7.7%), leucine (7.7%), and lysine (7.7%)
(Table 4.2). |

The amino acid sequence derived from the N. alata style cDNA (SEQ 1D
NO:63) comprised regions that matched peptide fragments of peak 35 isolated from
N. alata styles, i.e., SEQ ID NO:55, SEQ ID NO:56, and SEQ ID NO:57. Northern
blot analyses of the Na35_1 gene (Figure 4.7) indicated a specificity of the gene to N,
alata and to style tissue. Signals were not detected in transcripts from. tomato style,
N alata cell suspension, N. plumbaginafolia cell suspension, and pear cell suspension
(Figure 4.8), indicating that the Na35_1 PCR fragment was specific for an N. alata

 style AGP gene.

Further, the isolation of a different gene for an N. alata style AGP is
described in another specific embodiment of the invention. The five peptides isolated
from fragments of the AGP protein backbone (SEQ ID NOS:50,51,53,67 and 68)
togbther gave 52 amino acid residues. Much of the sequence contained adjacent
residues of Hyp, Ser and Ala for which the codons are highly redundant and GC-rich.
However, the sequence TADTOAF from the continuous 26 amino acid sequence
resulting from the overlaps of the isolated peptides contained two amino acids which
are not GC-rich and only have two degenerate codons. This TADTOAF sequence .
allowed design of an oligonucieotide suitable for PCR and the eventual cloning of the
AGPNal 1 cDNA. _

A gene-specific oligonucleotide (20 nucleotides) was designed from one region

of the continuous 26 amino acid sequence: TADTOAF (SEQ ID NO:70). Inosine
This is the replace.ient sheet
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PcAGP9 cDNA did not cross hybridize at nmediumto high stringency on RNA

bl ot analysis; the AGPNal 1 detected a single 700-750 nt transcript in nost

ti ssues exam ned while the PcAGP9 detected a 800-900 nt nmRNA. O her

AGP-1i ke peptide sequences have al so been reported fromN. plunbaginifolia,

pear, L. multiflorumand 47 54
was used at the third position of the first two codons to reduce the degeneracy of the
oligonucleotide to 128. The resulting oligonucleotide contained 55% GC. cDNA
was synthesized from total style RNA using poly T linked with an adaptor sequence.
Rapid amplification of the cDNA 3' end (3’ RACE) was performed using the gene-
specific primer together with a 3’ primer in the adaptor sequence. A PCR fragment
-of 400 base pairs (bp) was produced. This PCR fragment was cloned and sequenced.
The deduced '

Table 4.2

Amino acid composition of the predicted Na35_1 polypeptide
and purified RT35 peptide peak

Amino acid Na35_1 cDNA RT35 peptide
Asn/Asp 11.8 14.5

" Thr 3.0 6.7
Ser 5.9 5.5
Gln/Glu ' 7.1 12.4
Pro/Hyp 11.2 7.8
Gly 1.8 4.3
Ala 1.7 : - 10.8
Val _ 2.4 4.2
1/2 Cys 4.7 1.1
Met 24 3.0
Ile 7.7 . .48
Leu 1.7 6.6
Tyr 3.0 - 3.1
Phe 9.5 ' 4.2
Trp 1.8 ND
Lys 6.5 5.3
His 1.8 2.1

Arg 4.1 3.4

N.D.: not determined

amino acid sequence from this PCR clone matched isolated AGP sequences, i.e.,
SEQ ID NOS: 50, 51, 53, 67, 68. |
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a histidine-rich HRGP from nai ze suspension cell culture filtrate
[Kieliszewski et al (1992) Plant Physiol. 99:538-547]. Again, these

pepti des are conposed nainly of Hyp, Ala and Ser residues yet the exact
sequences is different. For exanple, the Ala-Pro-Ala-Pro repeats present in
L. multiflorumare not present in the deduggd am no acid sequence fromthe
AGPNal 1 and PcAGP9 cDNA. i I n anot her enbodi ment of the invention,

gnozI her P. c](c)m’runi3 sTﬁ@BﬁR didAER2herSiset kDa PpHR1tp sb.\?an ﬁsojlﬁtleNAaIMa@hovm to
e distinct frgmboth the PcAG? EQ I D NGO 66). and t CAGR23 (.S

NO 49) cl ones. CAOLQRIEWEDN T¥° &P&z ??B“"PH\?WB QI!EE %‘§§é‘h£‘1 ifgf%ht he
same as for ther ReACRIAqGDMM( EXRTRE tﬁe elones, dcsxgnaT&?Aé@NaPWF%hfb LYy, vaan in

FPLC as Peak 2B (Figure 5.4D4) and havi ng t the am no acid sequence of
AEAEAOTOALQJVAER@EQV@H’G]\HS@IBM wsiyeEst DIac3 i afitbe ASIENAl d DN clame Wagol at i on

of a corres ponddengczﬁ) ?oa[he'%%DR efohE excl}.qpthat the PCR clone was 20 bp shorter and contained
a poly A tail. The 712-bp AGPNal 1 clone encodes a putative protein of 12.5 kD

(Figure 4.11). The derived amino acid sequence includes sequences identical to
isolated AGP pcbtides (SEQ ID NOS:30, 51, 53, 67 and 68). Most of the proline
residues in the peptide sequences obtained by amino acid sequencing are _
hydroxylated. A secretion signal peptide is predicted (Figure 4.11 and 4.12). The
deduced N-terminus of the mature protein (10 kD; pl 6.8) is Gin-Ala-Pro-Gly .which
matches the N-terminal sequence data obtained. The Pro residue in the N-terminal
sequence is also hydroxylated. The amino acid composition of the deduced mature
protein and the isolated RT25 protein backbone are in general agreement (Table 4.1).
The C-terminus of the deduced protein is very hydfophobic and predicted to be a
transmcnzorane helix.

The cDNA clone obtained (Figure 4.11) predicts a 132 amino acid protein
characterized by hydrophobic stretches at both the N-and C-termini (Figure 4.12).
The N-terminal hydrophobic sequence corresponds to a signal peptide which would
lead to secretion of the encoded protein. This is consistent with the known secretion
and extracellular localization of the style AGPs [Sedgley et al. (1985) Micron
Microscop. Acta 16:247-254]. Modification of the N-terminal residue, Gln, by intra-
molecular cfclization to form pyroglutamate is not unusual. The cyclization could
occur during purification, or it could occur in situ and might be involved in the
stabilization of the AGP backbones. The same N-terminal sequence: Gln-Ala-Pro-
Gly-Ala is also present in the AGP backbone isolated from pear (Figure 5.1). The C-
terminal hydrophobic sequence is predicted to be a transmembrane helix (Figure 4.12) -
which might anchor the AGP in plasma membrane. The hydrophobic C-terminal
region could also potentially enable the interaction of the AGP with other proteins,
such as S-RNase which also contains a very hydrophobic sequence (in this case at the
N-terminus of the mature protein; Mau et al. (1986) Planta 169:184-191. The central
part of the protein contains most of the Hyp, Ala, Ser residues. The fact that most of
the Pro residues withirtthe peptide sequences are hydroxylated suggests extensive O-

glycosylation in the central part of the protein. No potential N-glycosylation sites are
P 'y the Tepiauetiess aheet
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reverse and partially conpl enent ary long "guessners" [AcFl (SEQ I D NO 89)
and AcR2 (SEQ I D NO. 90), Table 5.3] were synthesized.

Table 5.3 Nucl eoti de and correspondi ng pepti de sequences
of the "guessners" AcFl and AcR2 AcFl (S g | D NO 89) 5
TTCCTGCAGAAGCAGAAGCACCAACACCAGCACTACAAGTAGIAGCAGAAGCACCAGAA 3" AcR2 (SEQ ID

N 90) 5 CTGGAGCT CAFAT AT QT T Rl A CET A SFTAGRARES (TGt Sieht CIEAGigh

content of carbohydrate (85% w/w). Individual AGPs may differ in the types of
saccharide chains and in the number and location of glycosy!lation sites along the
protein backbone.

mRNA hybridizing to AGPNal 1 cDNA is present in most tissues of N. alata
and in the styles of related solanaccous species (Figures 4.13), suggesting a general
role of this transcript (or closely related transcripts) in plant development. Various
tissues from N. alata were examined for the expression of the AGPNal 1 gene. As
shown in Figure 4.13A, mRNA transcripts of similar length of about 700-750
nucleotide were detected in all tissues examined. This suggests that the AGPNal 1
gene of its homologs are expressed in many parts of the plant. Style, ovary, petal,
leaf and stem have similar levels of transcript, but the highest level of mRNA
expression is found in roots.

Some expression of hybridizing transcript was detected in the styles of V.
sylvestris and N. tabacum and a lower level in N. glauca and Lycopersicon
peruvianum (Figure 4.13B). Arabidopsis and rye grass (Lolium perenne, a monocot)
leaves had no detectable hybridizing transcript.

In another embodiment of the invention, an AGP gene was isolated from P.
communis using a guessmer oligonucleotide sequence encoding a hydroxyproline-rich
pear AGP segment and linked to a double-stranded promoter sequence for RNA
polymerase, allowing the synthesis of an antisense RNA probe (see Figure 1.0)
(strategy B). Strategy B thus enabled the isolation of an AGP gene (SEQ ID NO:66)
that specifically encodes a particular hydroxyproline-rich peptide segment (see Figure
5.1). Hydroxyproline-rich and OAST-rich domains appear to represent cl-laracterizing'
features of AGPs. .

AGP peptide fragments were isolated and sequenced essentially as described in
Example 3(a). The sequence A-K-S-O-T-A-T-0-O-T-A-T-0-0-S-A-V (SEQ ID
NO:37) of an isolated pear AGP fragment exhibited hydroxyproline-enrichment and
OAST-enrichment. This sequence was selected for the isolation of a corresponding
pear AGP gene. The codon usage for proline is strongly biased towards CCA which
accounts for 73.3% of all proline codons; the codon for alanine is biased, to a lesser

extent, to CCT (44.8%); there is no significant bias in codon usage for other amino

acids.
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Note: Restriction enzyne cut sites incorporated into the guessner for
subcl oni ng are underlined. Reverse-conpl enentary regions are

doubl e- under | i ned. In the -"guessners,"” nucleotide A was used at
the third codon position for all am no acids, and CTA and TCA were assigned
for Leu and Ser residues, respectively. The last 18 bp sequence at the 3

of the two "guessners" were.reverse- conplgpentary, and they were anneal ed
to each other in PCR to produce a doubl e- randed DNA fragnent of 101 bp

TO A L VoV A £ OB REHEBERIE e (KT gng ARITR, gachisgmersing pGE-
enriched sequence encoding a hydroxyproline-rich AGP segment, were constructed as
primers. The sequences of primers AF1T3 and AR2T7, each comprising a GC-rich
domain, are presented in Table 5.1. AF1T3 (SEQ ID NO:64) includes a T3
promoter sequence, a 42-bp GC-enriched nucleotide sequence corresponding to an
isolated N. plumbaginafolia AGP peptide fragment (SEQ ID NO:27), that is OAST-
enriched, and an
18-bp sequence corresponding o position 150-167 from the NaAGP1 (SEQ ID
NO:24). The AR2T7 primer (SEQ ID NO:65) consists of a T7 promoter, a 47-bp
GC-enriched nucleotide sequence corresponding to a hydroxyproline-rich (OAST-
enriched) AGP sequence from pear (SEQ ID NO:37) and another 18-bp sequence
corresponding to position 444-461 from the NaAGP1 cDNA (SEQ ID NO:24).

" An antisense RNA probe was synthesized from the guessmer oligonucleotide
template by using T7 polymerase, and was used to screen a ¢DNA library prepared
from pear cell suspension culture essentially as described in Example 3(b). Three
cDNA clones were isolated and sequenced. The sequence of the longest clone

PcAGP9 (SEQ ID NO:66) is shown in Figure 5.1. The cDNA clone contains an
insert of 893 bp and
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55 fragnment was subcloned into the pBluescriptll (Ks) vector. A

[err] P-1abel ed anti-sense RNA probe was synthesized using T3 RNA pol ynerase
fromthe 101-bp DNA fragnment and used to screen a pear cDNA |ibrary. Five
CcDNA cl ones were isolated and sequenced. The consensus sequence of 1040 bp
is shown in Figure 5.5. This cDNA is refemged to as PcAGP2 (SEQ I D NO 91).
The PcAGP2 cDNA sequence encodes a pol ypeptide of 294 residues and can

. Table 5.1

Nucleotide sequences of the primers AF1T3 and AR2T7

AF1T3: (Forward primer) (SEQ ID NO:64)

N-terminus -~s+rsrsrrs C-texminus
T3 promoter A XL O O A O O T-A DT P A
5 TGTTATTAACCCTCACTAAAGCATCACCACCAGCACCACCAACAGCAGACACACCAGCAG

Nucleotide 150-167
of the NaAGPl cDNA
CTATGATCATACCTGCATCT3’

AR27T7 (Reverse primer) (SEQ ID NO:65)

C-terminus ettt N-terminus
T7 promoter N A S 0O 0OT ATOOTA AT O
5’ NCTAATACGACTCACTATAGGCTGATGGTGGTGTTGCTGTTGGTGGTGTTGCTGTTGGT

Nucleotide 444-461
T K A of the NaAGPl cDNA
GATTTTGCGGGAGTATCAGTCAAAAGS '

Promoter sequences are underlined once. Sequences from NaAGPl CDNA are
double underlined. :

encodes an open reading frame of 145 amino acid residues. There is a putative
secretion signal peptide at the N-terminus. The predicted polypeptide is highly rich
in Pro, Ala, Ser, and Thr (Table 5.2) and contains two sequences which match
exactly two peptide sequences obtained previously from pear AGPs by protein
sequencing: AKSOTATOOTATOOSAYV (SEQ ID NO:37) and
VTAOTOSASOOSSTOA(S)TXA (SEQ ID NO:38). The PcAGP9 sequence (with the
secretion signal included) gave an estimated plI of 10.79 and an apparent molecular
‘weight of 13.622 kD The PcAGP9 scqucncé (excluding the secretion signal) gave an
estimated pI of 11,07 and an apparent molecular weight of 11.238 kD.

As illustrated in the hydropathy profilé of Figure 5.3, the cDNA has three
domains, an N-terminal hydrophobic sequence encoding a secretion signal, a central
hydrophilic domain containing most of the proline residues and a hydrophobic C-
terminal domain which is predicted to be a transmembrane helix. The N-terminus of
the mature protein corresponds to the sequence predicted from processing of the
secretion signal. The proline residues within the central region are mainly

hydroxylated and would bear the :
This is the replacemesm aheet
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be divided into four domains (Figure 5.5). The first 20 am no acid sequence
I s hydrophobic and predicted to be a secretion signal with a potenti al

cl eavage site between Ser[err] and Phe[err]. The second donain (residues
21-51) is rich in Asn and contains a stretch of five Asn residues. The
third domain (residues 52-135) is rich ig Pro, Ala, Thr, and G u. Mst of
these four residues are |located in this domain. This donmain also includes
all the peptide sequences obtai ned by Tabld &2n sequenci ng. The fourth domain
(residues 136-294) is rich in Asn and Ay and contains two direct repeated
sequences of 34 residues. The am no acid conposition of the deduced

protein, excluding the SiAQx?lﬁJ)a gqgg,g&gﬁmp&ff,j,glpgﬁbpgr&éd&g@e obt ai ned fromthe
ylated AGP'In Peak 2B in thal it is rich in Asn

(gllicgos/gll aEEIeS L |2;COS 0. oY% d ser (9.1Y 1abl However, tnhe
sequence from resi dues )é &#&érg@oaﬁg@i am'( no a/?‘i '%Féwg W closely
mat chi ng thajl Qphaasgd I @ the AGP | Morgak 2B. | No. Excep} Msggnot ed
hereafter, speanterd—techpeagtes—for—tpotatr-onr—eantipurf+recat+op—of

Pro 30 20.6 30 24.5

Ala 29 20.0 26 21.3

Ser 25 17.2 24 19.6

Thr 17 11.7 16 13.1

Val 8 5.5 6 4.9

Gly 8 5.5 5 4.1

Leu 6 4.0 2 1.6

Ile 5 3.4 4 3.2

Lys 4 2.7 3 2.4

Phe 4 2.7 2 1.6

Met 3 20 0 0.0

Gln 2 1.3 1 0.8

Asn 1 0.6 1 0.8

Asp 1 0.6 1 0.8

Arg 1 0.6 1 0.8

Cys 1 0.6 0 0.0

Glu- 0 0.0 0 0.0

His 0 0.0 0 0.0

Tyr 0 0.0 0 0.0

Trp 0 0.0 0 0.0

glycosyl chains. A cDNA encéding the protein backbone of an AGP from the styles
of Nicotiana alata, has three domains with similar characteristiés. Although the
amino acid composition of the proteins encoded by these cDNAs is similar, the only
common sequence is at the N-terminal sequence of the mature proteins, Q-A-P-G-A-
A (SEQ ID NO:73). The cDNAs encode protein backbones of single AGPs from

several present in the plant extracts which are quantitatively a minor part of these proteoglycan
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proteins and protein fragnents, sequencing, chromatography, cloning, DNA

I sol ation, anplification and purification, for enzynmatic reactions

i nvol ving DNA |igase, DNA polynerase, restriction endonucl ease and the

i ke, the PCR techni que and various protein separation and purification

t echni ques are those known and commonly en®3oyed by those skilled in the
art. A nunber of standard techniques are described in Deutscher (19f90x)

Met hods i n Enzymol oghheissptirapartdammopasids 2¢11231ef the sequenssis dRpinated; by, fou

d oning, Cold ' r bai.atiqeny, ' bahe dDigManOfetureV\!
(ed.) (1979) Met *.“BE#S?E‘E‘?: 244! gﬁsﬁ#ﬁ%fﬁ@ﬁgﬁém%ﬁ% g&%rg{ﬂ ke
(1983) Met h. Enefythis| partiqfOhexsequerde is dBatobe feur residiel/isfediatesspersers with cadeohenvet h,

e b 8 bt B AR R S g 053 L
(1981) Princi pl pediofed ®bglycdéphatipnibiedsi on, Uni versity of California Press,
cerkel ey Schl 1 sng Venat ok UiSeale B achicah Mebned o kgt i oov
Hames and Hi ggi pgdicRE%0 be o 1R3MmMerhbiehechelix [Eisenberg et al. (1984) J. Mol. Biol. 179:125-
142; Klein et al (1985) Biochem Biophys. Acta 815:468-476; Rao et al. (1986)
Biochem Biophys. Acta 869:197-214]. There are several potential sites for proteolytic
cleavage (Endoprotease Asp-N, Ala'*/Asp!'’%; V8 protease, Asp'’¥/Ala"*¢; Clostripain
and Trypsin, Arg'?/Val'?®) around the border between the C-terminal transmembrane
| helix and the extracellular domain [Allen et al. (1989) Sequencing of Proteins and
Peptides (2nd ed.); Drapeau (1978) Can. J. Chem. 56:534-544; (1980) J. Biol. Chem.
255:839 |
}340]. These represent single cleavage sites, with the exception of trypsin for which
there are several cleavage sites within the sequence. :
_ The PcAGP9 cDNA was used to probe northern blots containing RNA from
six plants representing both dicotyledonous (Pyrus, Nicotiana, Brassica, Arabidopsis,
and Lycopersicon) and monocotyledonous (Lolium) plants (Figure 5.2). At high
stringency (65°C), a 0.9 kb transcript was detected in an RNA sample from
suspension culture cells of Pyrus communis. A smaller transcript was also detected in
pedicels of the same plant together with a larger transcript in N. plumbaginafolia
suspension culture cells (Figure 5.2B). Under reduced stringency conditions (55°C),
RNA transcripts were also detected in all other RNA samples tested indicating the
expression of AGP genes homologous to PCAGP9 in both dicotyledonous and
monocotyledonous plants tested (Figure 5.2A).
The PcAGP9 cDNA has similarity to the N. alata sytle cDNA (AGPNal 1
clone). In both cases the cDNA clones predict protein sequences composed mainly of
Pro, Ala, Ser and Thr. Despite the similarity in amino acid composition, these
cDNA clones have little sequence identity. In fact, the AGPNal 1 cDNA and
PcAGP9 cDNA did not cross hybridize at medium to high stringency on RNA blot
analysis; the AGPNal 1 detected a single 700-750 nt transcript in most tissues
examined while the PcAGP9 detected a 800-900 nt mRNA. Other AGP-like peptide

-sequences have also been reported from N. plumbaginifolia, pear, L. multiflorum and
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56 Acid Hybridization, IRL Press, Oxford UK, Setlow, Hollaender (1979)
Cenetic Engineering: Principles and Methods, Vols. 1-4, Plenum Press, New
York and Deutscher (ed.) (1990) Guide to Protein Purification, Academc
Press, New York. Abbreviations and nonencl ature, where enpl oyed, are deened
standard in the field 54

a histidine-rich HRGP from maize suspension cell culture filtrate [Kieliszewski et al
(1992) Piant Physiol. 99:538-547]. Again, these peptides are composed mainly of
Hyp, Ala and Ser residues yet the exact sequences is different. For example, the
Ala-Pro-Ala-Pro repeats present in L. multiflorum are not present in the deduced
amino acid sequence from the AGPNal 1 and PcAGP9 cDNA.

In another embodiment ofthe invention, anothef P. communis cDNA
(PcAGP2; SEQ ID NO:91) was isolated and shown to be distinct from both the
PcAGP9 (SEQ ID NO:66) and the PcAGP23 (SEQ ID NO:49) clones. The approach
to cloning the PcAGP2 cDNA was essentially the same as for the PCAGP9 cDNA
(Example 5).

The 10k protein purified in FPLC as Peak 2B (Figure 5.4D4) and having the
amino acid sequence of AEAEAOTOALQVVAEAOELVOTOVOTOSY (SEQ ID
NO:88) was selected for the isolation of a corresponding pear AGP gene. Two
reverse and partially complementary long "guessmers” [AcF1 (SEQ ID NO:89) and
'AcR2 (SEQ ID NO:90), Table 5.3] were synthesized. |

Table 5.3

Nucleotide and corresponding peptide sequences
of the "guessmexrs" AcFl and AcR2

AcFl (SEQ ID NO:89)

5 TTCCTGCAGAAGCAGAAGCACCAACACCAGCACTACAAGTAGTAGCAGAAGCACCAGAA 3*

AcR2 (SEQ ID NO:90)

5’ CTGGAGCTCATATGATGGCTGTIGGTACTGGTCTTEGGTACTAGTTCTGETGCTTCTGCTAC 37

Note: Restriction enzyme cut sites incorporated into the guessmer for subcloning are
underlined. Reverse-complementary regions are double-underlined.

In the "guessmers,"” nucleotide A was used at the third codon position for all
amino acids, and CTA and TCA were assigned for Leu and Ser residues,
respectively. The last 18 bp sequence at the 3° of the two "guessmers" were reverse-
complementary, and they were annealed to each other in PCR to produce a double-
stranded DNA fragment of 101 bp encoding the amino acid sequence A-E-A-E-A-O-
T-0-A-L-Q-V-V-A-E-A-O-E-L-V-O-T-0-V-O-T-0-S-Y (SEQ ID NO:88). The PCR
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and comonly used in professional journals such as those cited herein.
It wll be appreciated by those of ordinary skill in the art that the
objects of this invention can be achieved w thout the expense of undue
experinmentation using well known variants, nodifications, or equivalents of
t he net hods and techni ques described herein. The skilled artisan will also
appreci ate that alternative neans, other thaf those specifically described,

are available in.the art to. ' rot.ein i£1.cat.l on ,ang. i t he
functional feat mra@g'cf}?wf’shseug‘rzr@bée&g%eée@éﬁ‘??qrg’g& ({%@rv&ghgaréd (l)z\‘tk/ﬁlteg%ghrgl&%;

t hose al t er nat i VRISAtpeotRChasesyathEsizedt usingal'3 RYA pulyreeatase foémithelGiobpDNies of
the present invention. It is intended th the present invention.Ln

t hose variants, sRePt E‘H’t‘i‘sﬁ‘ié", SC&?%%}{F@&Q Rl?;fﬁﬁ"eéﬁﬁ?%?‘ n%,%\f}%r I%I#aggf
appreci ated by t@ ssdiehée@d PHel donshstt WqRinEO B E04DED B ¥hdveinsPigaretS. Andhiscope
of the present disclosure. The foll ow ng exanples are provided to

better eluci dat RN ipreferradcte aPeARP2ISEQLR NOint i on and .shoul d not be

LA e oY e R oA b A A nd b
be divided into four domains (Figure 5.5). The first 20 amino acid sequence is
hydrophobic and predicted to be a secretion signal with a potential cleavage site
between Ser?® and Phe?!. The second domain (residues 21-51) is rich in Asn and
contains a stretch of five Asn residues. The third domain (residues 52-135) is rich in
Pro, Ala, Thr, and Glu. Most of these four residues are located in this domain. This
domain also includes all the peptide sequences obtained by protein sequencing. The
fourth domain (residues 136-294) is rich in Asn and Gly and contains two direct

- repeated sequences of 34 residues. The amino acid compbsition of the deduced
protein, excluding the signal sequence, differs from that obtained from the
glycosylated and deglycosylated AGP in Peak 2B in that it is rich in Asn (14.2%),

" Glu (8.0%), Gly (10.5%) and Ser (9.1%) (Table 3.5). However, the sequence from -
residues 53 to 88 has an amino acid composition closely matching that obtained from
the AGP in Peak 2B.

Except as noted hereafter, standard techniques for isolation and purification of
proteins and protein fragments, sequencing, chromatography, cloning, DNA isolation,
amplification and purification, for enzymatic reactions involving DNA ligase, DNA
polymerase, restriction endonuclease and the like, the PCR technique and various
protein separation and purification techniques are those known and commonly
employed by those skilled in the art. A number of standard techniques are described
in Deutscher (1990) Methods in Enzymology 182:309-539; Maniatis et al. (1982) |
Molecular Cloning, Cold Spring Harbor Laboratory, Cold Spring Harbor, New York; '
Wu (ed.) (1979) Meth. Enzymol. 68; Sambrook, et al. (1989) supra; Wu et al. (1983)
Meth. Enzymol. 100 and 101; Grossman and Moldave (eds.) (1980) Meth. Enzymol.
65; Miller (ed.) (1972) Experiments in Molecular Genetics, Cold Spring Harbor
Laboratory, Cold Spring Harbor, New York; Old and Primrose (1981) Principles of
Gene Manipulation, University of California Press, Berkeley; Schleif and Wensink

(1982) Practical Method of Molecular Biolo : Glover (ed.) (1985) DNA Clonin
Vols. I and II, IRL Press, Oxford, UK; Hames and Higgins (eds.) (1985) Nucleic
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can be made to the nethods and genes descri bed herein while not departing

fromthe spirit and scope of the present invention. EXAMPLE 1. Ceneral

met hod for the isolation and purification of AGP
peptides fromplant cells conprising AGP 1. Preparation of cell suspension
cul tures Suspension cultures of gkant cells conprising AGP were

initiated from cotyl edons .of seedlings gerninated in the nedi um of

Mur ashi ge aﬂgxdsi’lgﬂ_ﬂdfac %@WERLFM@ ©xford UK, SkHow7 HolQenden (PO 79 eGereric Wi t h

pl ant hor nones ffers, salts, etc., as are routi nel y used in
the art to EngiaseringarRhiriciglesoand Mathods.aVoisy lef, Blenum Pg¢&§mN¢W otk a8k par at i on
of prant tissue extiactBoon cuide id PRI MSiHtalbR Rcld-BM PRETERELAofiE
Abbreviations and nomenclature, where employed, are deemed standard in the field
and commonly used in professional journals such as those cited herein.

It will be appreciated by-those of ordinary skill in the art that the objects of
this invention can be achieved without the expense of undue experimentation using
well known variants, modifications, or equivalents of the methods and techniques
described herein. The skilled artisan will also appreciate that alternative means, other
than those specifically described, are available in the art to attain protein purification
and to achieve the functional features of the molecules described herein and how to
employ those alternatives to achieve functional equivalents of the molecules of the
present invention. It is intended that the present invention include those variants,
modifications, alternatives, and equivalents which are appreciated by the skilled
artisan and encompassed by the spirit and scope of the present disclosure. |

Ttz following examples are provided to better elucidate the practice of the
present invention and should not be ihterpreted in any way to limit the scope of the
present invention. Those skilled in the art will recognize that various modifications
can be made to the methods and genes described herein while not departing from the

spirit and scope of the present invention.

EXAMPLE 1. General method for the isolation and purification of
AGP peptides from plant cells comprising AGP

1. Preparation of cell suspension cultures

Suspension cultures of plant cells comprising AGP were initiated from
cotyledons of seedlings germinated in the medium of Murashige and Skoog (1977)
Physiol. Plant 15:473-497 supplemented wfth plant hormones, factors, buffers, salts,
etc., as are routinely used in the art to enhance and improve the quality of cell
growth.
2. Preparation of plant tissue extracts

Plants were grown from commercial seed stock and were maintained under

standard glass house conditions.
This is the replacemem sheet
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standard gl ass house conditions.

57 3. lIsolation of total AGPs Total AGPs were prepared from
suspension-cultured cells by precipitation of AGPs fromthe culture medium
with Yariv reagent [Yariv et al. (1967), Biochem J.

57

3. Isolation of total AGPs
Total AGPs were prepared from suspension-cultured cells by precipitation of

| AGPs from the culture medium with Yariv reagent [Yariv et al. (1967), Biochem. J.
105:1C], followed by dissociation of the AGP-Yariv reagent complex and recovery ¢
the AGP. Alternatively, total AGPs were prepared from plant tissue extracts by
(NH,),SO, precipitation, anion exchange chromatography and/or immunoaffinity
chromatography with, for example, an antibody specific for Gal 1-6-B-Gal sequences
followed by gel filtration chromatography using, for example, a superose matrix.

The AGPs of the total AGP fraction were separated using either ion exchange
or reverse phase HPLC. The individual AGPs were then subjected to amino acid
sequencing. Alternatively, the total AGP fraction was subjected to deglycosylation
using, for example, TFMS or HF, and the deglycosylated AGPs were separated eithe
on SDS-PAGE or reverse phase HPLC and prepared for amino acid sequencing. In

. some cases, the peptides were digested by treatment with proteolytic enzymes before
separation of the different deglycosylated peptides.

Hydroxyproline-rich AGP fragments are separated from hydroxygroline-poor
fragments by chromatographic methods based on differentiating characteristics, e.g.,
polarity, immunogenicity, etc. For example, affinity chromatography supports to
which are attached ligands specific for amino acid R-group hydroxyls or antibodies to
a hydroxyproline-rich peptide fragment that is OAST-enriched are used to retain
preferentially hydroxyproline-rich peptides. Other protein purification techniques
useful in the separation of hydroxyproline-rich and hydroxyproline-poor fragments arc
found in Deutécher, Guide to Protein Purification (1990) Methods in Enzymology
182, '

EXAMPLE 2. Cloning of genes encoding a protein backbone of an
AGP from Nicotiana alata, and N. plumbaginafolia

(a) Isolation and purification of AGP peptides from suspension cultures
of Nicotiana alata -

1. Preparation of suspension cultures
Suspension cultures of N. alata cells were initiated from cotyledons of

seedlings germinated in the medium of Murashige and Skoog (1977), supra,
supplemented with 1g/1 myo-inositol, 2g/l Mes/KOH pH 5.7, 4% (w/v) sucrose, 0.1
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105: 1C], followed by dissociation of the AGP-Yariv reagent conplex and
recovery ¢ the AGP. Alternatively, total AGPs were prepared from pl ant
tissue extracts by (NH err])[err]SOerr] precipitation, anion exchange
chromat ography and/ or i nmunoaffinity chromatography with, for exanple, an
antibody specific for Gal 1-6-B-Gal sequenggs followed by gel filtration
chromat ogr aphy using, for exanple, a superose matriXx. The AGPs of the
total AGP frachigingibberellic egidnnd Sdngilidgapthdldieracttivnacikc Taagelsowerever se
phase HPLC. The | ndivi dua]Id AGPs were then subjected o amno acid

sequenci ng. Al tehcHipred gegkly im this gediumagghqut glibetsH subj ected to

degl ycosyl atio i : P : : degl ycosyl ated AGPs
wer e separ at ed%@%ﬂggﬁéﬂggg%/ﬁ\ :Usgian-r&e:\lél(& Qééup cg'ge Asi)gand prepared for

am no aci d sequenci G¢lls ofriV.stlate wers aemoved drqme pei adturermediumi hyeldltradorpthrough

treatment with proteol yiticC ynes bef ore separati.on I
degl ycosyl at ed l%%g%ylgﬁe .era&‘&ﬂ‘ Irf@ﬁr%’?%?%?ti -cﬂqt@ﬁu%&&gfl?'pgg%tséq{éﬁgb
separ at ed fromréyieecaty el idebids. PTO the supgeahs NACl ahd Grghicogyldyurivereagenh ddsv

based on differentiating characterjstics, e.g., .
et al. 1967) vgcrc added to a final concentrati%n of 1% and 0.2%, respectively. The

~

AGP-Yariv complex was pelleted by centrifugation (10,000 x g; 50 min), washed
twice with 1% NaCl, followed by centrifugation as above. The pellet was dissolved
in H,0 and undissolved material removed by centrifugation (10,000 x g; 20 min).
The AGP-Yariv complex was re-precipitated by adding NaCl to 1%, and the
precipitate washed and redissolved in H,0. The Yariv -pfecipitation and NaCl wash
steps were repeated twice. The AGP-Yariv precipitate was finally dissolved in Hy0
and sodium dithionite (30%) was added to disrupt the AGP-Yariv complex. The
volume of the sample was reduced by Diaflo (YM30 membrane; Mr 30,000 Dalton
cut off) filtration and the solution desalted by passage through a PD10 column
(Pharmacia) equilibrated with 10 mM- NH,HCO,. _

AGPs from N. alata were deglycosylated by triflucromethane sulphonic acid
(TFMS) using a modification of the procedure of Edge et al. (1981). The
deglycosylated AGPs were Separated on 17.5% SDS-PAGE according to Laemmli
(1970). The 17.5% SDS-PAGE gels were run at 200V with thioglycollic acid (1 mM)
in the upper reservoir until the tracking dye reached the bottom of the gel. The
‘peptides were transblotted onto a PVDF membrane with blotting buffer [10 mM 3-
(cyclohexylamino)-1-propanesulfonic acid (CAPS) buffer pH 11, 15% methanol,
thioglycollic acid (70 p1/1)]. Blotting was for 1.5 h at 90V with cooling. The blot
was stained with 0.1% Coorhassie Blue in 50% methanol, 10% acetic acid for 5 min
and de-stained in 50% methano!, 10% acetic acid for 5 min. The blot was washed
with distilled water overnight and bands excised and sequenced. A major band
having a molecular weight of approximately 20-30 kD was obtained from the
deglycosylated N. alata AGPs. |
3. Sequencing _

Purified protein was chromatographed on a reverse phase HPLC microbore
column prior to automated Edman degradation on a gas phase sequencer [Mau et al.

(1986), Planta 169:184-191]. Phenylthiohydantoin amino acids were analyzed by
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polarity, imunogenicity, etc. For exanple, affinity chromatography
supports to which are attached |igands specific for amno acid R-group
hydroxyl s or antibodies to a hydroxyproline-rich peptide fragnent that is
OAST-enriched are used to retain preferentially hydroxyproline-rich
peptides. Qther protein purification tech(r)g'rgques useful in the separation of
hydr oxyprol i ne-rich and hydroxyproline-po fragnments are found in

Deut scher, Cui 0 ' e i A - I .182.
EXAVPLE 2. Of onp kG &1 SAEASA . Glh SELL PIDSEY KUR) [LBIopAA 1008570620 0K

AGP from Ni cot teemmabimina acidrsequencey | A+KS i FrM-HIiPaA-$-X) T-¥-40(SEQ Bh Ndhidil)

purification of Al .ﬁecpt | des from suspension cul tures of Nicotiana
al at a was gbtained.

(b) Cloning of genes from N. alata and N. plumbaginafolia cell cultures
1. In vitro amplification of 5’ end of the cDNA

Total RNA (10 ug) from N. alata suspension cultured cells was mixed with
1.0 pmoles gene specific radioactive primers in 10 ul of 40 mM PIPES (pH 6.0), 1
mM EDTA and 0.4 M NaCl. The mixture was heated at 80° for 5 min and
incubated at 37° overnight. The RNA/primer mixture was precipitated by ethanol

and resuspended in 20 ul of reverse transcription buffer containing: 50 mM Tris-HCI
(pH 8.3), 60 mM KCl, 10 mM MgCl,, 1 mM DTT, 20 U RNase inhibitor and 50 U
~ AMV reverse transcriptase. After 1 h incubation, the reaction was stopped by

‘addition of EDTA. The RNA was removed by treatment with RNase and the prixﬁer
extension product was purified by polyacrylamide éel electrophoresis. |

The primer extension product was tailed with dGTP by terminal transferase
and amplified by PCR using a (dC),s-adaptor primer and the gene specific primers.
The PCR was carried out in 100 pl solution containing: 1x PCR buffer (100 mM
Tris-HCl pH 8.3, 500 mM KCI), 2 mM MgCl,, 200 uM dNTPs, 100 ng poly dC
primer, 100-200 ng of gene-specific primer and 2.5 U of Taq DNA polymerase.
Samples were denatured by boiling for 5 min and then cooled to 80° before Taq
DNA polymerase was added. The PCR cycles are: 25X: 93°, 30 sec.; 42°, 30 sec.;
72°C, 2 min; 4X: 93°, 30 sec.; 42°, 30 sec.; 72°, 5 min and 1X: 93°, 30 sec; 42°,
30 sec; 72°, 10 min. The PCR product was subcloned and sequenced.
2. In vitro amplification of 3’-end of the cDNA

c¢DNA was synthesized in a volume of 20 pl solution containing 10 ug total

- RNA, 1x PCR buffer, 50 mM MgCl,, 10 mM dNTPs, 5 uM of dT(,;) + adaptors,

30 U of RNasin and 50 U AMYV reverse transcriptase at 42° for 1 h. cDNA (2 pi)
was subjected to PCR reaction described as above, except that the annealing
temperature was 60° in this case.
3. Screening of cDNA libraries with the PCR fragment

About 5 x 10* pfu phage/plate of cDNA libraries (in Azap) were plated out.
After overnight growth at 37°, phage were blotted onto nitrocellulose membranes and

hybridized with >?P-labeled DNA fragment at 68° overnight in a hybridization buffer
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1. Preparati on of suspension cultures Suspensi on cul tures of N.
alata cells were initiated from cotyl edons of seedlings germnated in the
medi um of Murashi ge and Skoog (1977), supra, supplenented with 1g/|
nyo-inositol, 2g/1 Mes/KOH pH 5.7, 4% (w v) sucrose, 0.1
58

60

containing 2x SSPI*E, 1% SDS, 0.5% BLOTTO, 1% PEG and 0.5mg/ml carrier DNA
(Sambrook et al. (1989) supra]. The membranes were washed at 68° for 30 min in
1x SSC + 0.1% SDS and exposed to X-ray film. Positive Azap clones were
converted into plasmid DNA by in vivo excision as described in the Stratagene's
instruction manual for the sequence analysis.
4. Purification and N-terminal sequencing of AGPs from the cell suspension culture

The purified AGPs were deglycosylated with TFMS and the resulting peptides
separated on a 17.5% SDS-PAGE gel and blotted onto a PVDF membrane. The
major band (MW: 20-30 kD) (Figure 1.1) was excised and sequenced. An N-
terminal peptide sequence; A-K-S-K-F-M-I-I-P-A-S-X-T-X-A (SEQ ID NO:11), was
obtained.
5. In vitro amplification of an AGP gene from N. alata cDNA by PCR

The strategy to clone the gene corresponding to the peptide sequence is
illustrated in Figure 1.2. Two groups of degenerate revefse primers of 17 bp
corresponding to part of the AGP amino acid sequence were synthesized (Table 1.1).
When the group 1 primers were used in a primer extension experiment (Figure 1;2A),
a single 160-bp cDNA fragment was obtained (Figure 1.3). The primers of group 1
were further divided into six subgroups each containing three 17-mers (Table 1.1).
Primer extension experiments showed that group NaR1 gave the highest yield of the
160-bp fragment and these oligonucleotides were therefore used as the gene-specific
primer in subsequent scale-up preparation of primer extension product and PCR
experiments. The 160-bp primer extension product was purified and tailed with
dGTP. The tailed, single-stranded cDNA was then amplified by PCR with the oligd
NaR1 and a (dC),s-adaptor as primers (Figure 1.2A). The PCR fragment was
subcloned and sequenced (SEQ ID NO:21; Figure 1.3). The sequence included a
derived peptide which matched with the sequence obtained from the isolated AGP
peptide (SEQ ID NO:11). There was one mismatch, the Ala obtained from the
peptide sequencing was replaced with an Arg in the cDNA derived sequence. On the
basis of this close match (8/9 amino acids), the 160-bp fragment was concluded to
represent a correct sequence for part of the gene. '

Two specific primers with sequences: 5'CATTATGGGTCATTTCACTAAGC3’

(SEQ ID NO:22) (NaFl); 5'GGTGATCTCAACTCCATTGGTGC3’ (SEQ ID NO:23)
(NaF2), corresponding to positions 56-78 and 101-123 (Figure 1.3) were then

desigﬁed and used in conjunction with the two 3'-end nonspecific primers (Ad1 and
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ng/| gibberellic acid and 5 ng/l [err]-napthal ene-acetic acid. The cells
were subcul tured weekly in this mediumw thout gibberellic acid. 2.
Purification and depl ycosyl ati on and sequenci ng of AGPs Cells of N

al ata were renoved fromthe culture nmediumby filtration through two | ayers
of Mracloth. The supernatant was centrif d (10,000 x g; 50 mn) to
renmove any cell debris. To the supernatant,” NaCl and [err]-glucosyl Yariv
reagent Yariv .am']TD?, P [ té 0nBOf AlYog-land
0.2 % respectﬁeze)latg. hgykg@ggﬁdg%&g}%gal;)sezfdl)gteggrgg? centB?i tAa ation
(10,000 x g; 5lagment wasasiplified andcssquénced. 1 The alighment of thgsequenses obtaine

centrifugationgas .above he_ pel | et was .di ved i aadi ssolved
mat eri al rerrt)vggmb@e g‘%?‘l? F St p%ﬁav(e 1 ngawé;“‘%t‘}“ﬁi E&%@ﬁ% (XJ@-@;T"%}V
corrﬁl gx wgs rgm PFRmc'iatga'tcﬁ_ ﬂeﬂwdaghdpﬂ?%id\bdﬂ\( taitifig 196 peptide dbheinpd Bﬁbﬁ;écjiﬁt e )
washed and redi ssol yed jn err]O0. e riyv precjpitati n was
steps were reptaREng Witk tWormds e/ Ap 58 °br‘\§§:§pﬂ°§’é‘9@ IV@Q%}P of F¥5 i ssol ved

i n Hl[err] _(I)_handp&ggynum @ight et e (30% was added to disrupt the AGP-Yariv
conpl ex. e
6. Isolation and sequence analysis of cDNA clones from N. alata and N.

plumbaginafolia cDNA libraries .
The 1.6-kb PCR fragment was used to screen a cDNA library made from RNA

isolated from N. alata cells in suspension culture and three positive clones were
isolated and sequenced. The alignment of the PCR sequence with the cDNA
sequences gave rise to a 1700-bp sequence including a poly(A) tail of 7 bp (Figure
1.4). This sequence is designated NaAGP1 (SEQ ID NO:24). Further primer
extension experiments suggested that the 1.7kb NaAGP1 cDNA represents the full-
length sequence of the AGP transcript.

The NaAGP1 cDNA encodes an open reading frame, which starts with an
initiation codon (ATG) at position 60 and ends with a termination codon (TAA) at
position 1443 (Figure 1.4).

7. Northern and Southern blot analyses of the putative AGP gene

The NaAGP1 was cut into a 5’ half (1-540 bp) corresponding to the
nontranslated part, the transmembrane helix and the proline-rich domain and a 3’-half
(541-1700 bp) including the asparagine-rich domain, C-terminus and the 3’-
nontranslated part. These two parts of the cDNA wére used separately to probe
northern blots of RNA [Sambrook et al. (1989) supra] isolated from suspension-

cultured cells of N. alata and N. plumbaginafolia and various tissues of N. alata

plants.

() Isolation and purification of AGP peptides from suspension cultures
of Nicotiana plumbaginafolia

1. Isolation of total native AGPs from N. plumbaginafolia Biopolymer

The total native AGPs were purified from the Biopolymer product by
precipitation with the Yariv reagent after depleting the starting material of pectins by
CTAB (hexadecy! trimethyl ammonium bromide) precipitation prior to Yariv

precipitation. The medium from the cell suspension culture was separated from the
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vol une of the sanple was reduced by D aflo (YM30 nenbrane; ‘M 30, 000 Dal ton
cut off) filtration and the solution desalted by passage through a PD10
colum (Pharnmacia) equilibrated with 10 MM NH err]HCO err]. AGPs
fromN. alata were deglycosylated by trifluoronethane sul phonic acid (TFM5)
using a nodification of the procedure of Eglge et al. (1981). The

degl ycosyl ated AGPs were separated on 17.5 % SDS- PAGE according to Laemi i
(1970) . The 17celi¥bppfirdtidttand eleshiye molecular aiate?ieﬁ\ﬁrwpnmdmwm@Ifgurodolurm:saxfl d (1

mV) in the upper reservoir until theoéfrackl ng dye reached the bottom of the
gel . The peptlﬁﬁaj’%/e?@st‘?mddf’taééf‘ pppl &mP’?/UP dienbrane with blotting

buffer [10 MM 3- g}gﬁ ) ¢ Wioh C0dSii fer pH
11, 15 % net hanol , tcﬁJ ?kﬁ%gﬁagﬁ?ﬂﬂ @%mgﬂﬁwwﬂ?pﬁo‘m n&; vva)?ﬁ‘aor 1.5

h at 90V with fikesed mgougmnwobams ofddiraglethn wﬁltmteowaﬁwm@@més( Q009 wg, 1 50%

met hanol , 10% acetic¢..acid f n % AR %
acetic acid far HS?H’C SPRE gfrgtco%éedaagﬂgguﬁkﬂ%ﬁ% %efggcf%mw?f%ver ni ght
and bands exci@med @MINsSOewEeslided\ Wiieol thimtgbation at 37°, the solution was filtered

' through two layers of Miracloth and then centrifuged (10,000 xg, 20 min) to remove

any remaining precipitate. Four volumes of ethanol were then added to the
supernatant and centrifuged at 10,000 xg for 20 min. The pellet was di_ssolved in 100
ml of 1% NaCl solution and AGPs precipitated with Yariv reagent as described in
Example 2(a) 2. The desalted AGP sample was re-dissolved in 6 M guanidinium-HC]
and incubated at 50° for 15 min. The sample was then chromatographed on a FPLC
Superdex™75 column equilibrated with 6 M urea and 20 mM Tris-HCl, pH 8.8. The
void (Vo) fraction was collected, dialysed against distilled water and freeze dried.
This sample is -the total native AGPs. The total native AGPs were treated by one of
two paths:

Path 1: Deglycosylation followed by reverse phase HPLC fractionation before
direct sequencing, or sequencing after enzymatic (proteolytic) digestion. '

Path 2: Reverse phase HPLC fractionation followed by deglycosylation and
further separation by reverse phase HPLC fractionation.
Path 1 [comprising steps (2)-(5)]:
| (2)  Deglycosylation of total native AGPs using anhydrous HE

 The AGP sample was dried in a vacuum oven at 40° in the presence of
P,0O; overnight; 0.2 mil anhydrous MeOH and 1 m! of anhydrous HF [Mort and
Lamport (1977) Anal. Biochem. 82:289-309] was added and mixed well to dissolve all
the sample. This mixture was incubated at room temperature, under argon, for 3 h
and the HF removed by vacuum aspiration. Ice cold TFA (0.5 ml) was added and
the sample desalted on a PD10 column equilibrated with 0.1% TFA, and freeze
dried. This sample is referred to as the total deglycosylated AGPs.
(3)  Reduction and carboxymethylation of the total deglycosylated AGP sample -

The total deglycosylated AGP sample was dissolved in 6 M guanidinium-

HCI (in 0.2 M Tris-HCI, pH 8.5 and 20 mM DTT; 600 pl); and incubated at 25°
under argon for 2 h. Freshly prepared iodoacetic acid (100 ul) was added. The
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havi ng a nol ecul ar wei ght of approxi mately 20-30 kD was obtai ned fromthe

degl ycosylated N. alata AGPs. 3. Sequenci ng Purified protein was
chromat ogr aphed on a reverse phase HPLC mi crobore columm prior to
auf omat ed Edman degradation on a gas phase sequencer [Mau et al. (1986),

Planta 169:184-191]. Phenylthi ohydantoi n angfo acids were anal yzed by

mixture was incub;itéd for 3 h at.25° and stopped by addition of DTT to 100 mM and
following dilution was chromatographed as above.
* (4)  HPLC separation of the tota] deglycosylated AGPs

After reduction and carboxymethylation, the total deglycosylated AGPs were
separated on a RP-300 HPLC column with a linear gradient (60ml) (0-100% solvent
B; flow rate 1 ml/min) (solventA: 0.1% TFA in water, solvent B: 60% acetonitrile
in solvent A). The profile is shown in Figure 2.1. Two major peaks RT21 and
RT32 (retention times 21 min and 32 min, respectively) were collected for further
analysis. Amino acid analysis was performed on both peaks (see Table 2.1). The
RT32 peak was sequenced without further treatment. The RT21 peak was subjected
to thermolysin digestion before sequencing. '
(5)  Thermolysin digestion of RT21

RT21 sample (12 pg) was concentrated and Tween 20 added to give a final
volume of 100 ul with a final concentration of 0.01% Twéen 20. NHHCO, (1% in
0.01% Tween 20; 500 pb), CaCl, (0.1 M; 7 ul) and thermolysin (1 mg/ml; 7 pl) were
added and the mixture incubated at 55° for 3 h. The products were purified on
reverse phase HPLC and sequenced. The peptide sequences obtained are shown in
Figure 2.1 and were used to construct primers for cloning. The sequences L-A-S-O-
0-A-0-O-T-A (SEQ ID NO:26), L-A-S-0-0-A-0-O-T-A-D-T-O-A (SEQ ID NO:27),
F-A-O-5/N-G-G-V-A-L-P-O-S (SEQ ID NO:28), and I-G-A-A-O-A-G-S-O-T-8-S-P-N
(SEQ ID NO:29) from RT21 are either similar to or identical with that obtained from
fraction RT25 of N. alata styles (Figure 4.3) and represent conserved, tissue- |
nonspecific N. alata AGP fragments.

Peak 32 gave the sequence R-K-S-K-F-M-I-I-P-A-S-0-T-0-A-O-T-O-I-N-E-I-
S-F (SEQ ID NO:30) which at the 5’-end, matched very closely the N-terminal
sequence (SEQ ID NO:1) obtained from N. alata suspension culture.
Path 2 [comprising steps (6)-(8)1:
(6) HPLC fractionation of total native AGPs

The total native AGPs sample was dissolved in 6 M gua:ﬁdiniﬁm—HCl and left
at 50° for 15 min. The sample was then fractionated on reverse phase HPLC (RP-
300; 4.6 mm x 10 cm column) with a Jinear gradient (60 ml) (0-100% solvent B;
flow rate llmllmin) (solvent A: 0.1% TFA in water, solvent B: 60% acetonitrile in
solvent A). A number of major peaks were obtained from this separation all of which
reacted with Yariv reagent in a gel diffusion test (van Holst and Clarke, 1985)
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59 HPLC, as described by Gego et al. (1985), Eur. J. Biochem
264:.857-862. An N- term nal am no acid sequence,
A-K-S-K-F-M1-1-P-A-S-X-T-X-A (SEQ ID NO 11) was obtained. (b) O oning
genes fromN.. alata and N. plunbagi nafolia cell cultures 1. In vitro
anplification of 5° end of the cDNA tal RNA (10 [err]g) from N
al ata suspension cultured cells was mxed wth 1.0 pnol es gene specific
radi oactive pri n r f By =] and
M NaCl . The m X ulrscgm\t}vag%geg?gdkg%@8%@ozr§|\45rﬁm n 3}3 %c%gzat ggl arﬁg%%ﬁ]
over ni ght. The quaniifed foe AGR ganiene (Table prlpas QQStabedobyb\;andHM&rﬁjﬂ Glanke (1985).

resuspended in .Jerell Ea buffer 50
Tris- ﬂu (pH 8. 1406{9 Jnﬁa&ffs ° ﬁcmam ftcer}a qéfajlgﬂﬂ%gl
i nhi bi tor and 57)U /Addlycesining otfmanim:CAGEtfmﬁonsA‘i'drﬂlHPl.dT I ncubat ion, the

reaction was stoppe
PP qulxxdual native AGP fractions from reverse phase HPLC (Figure 2.2) were

deglycosylated using anhydrous HF as described above:
(8) HPLC separation of the deglycosylated AGPs

After deglycosylation, each sample was reduced and carboxymethylated before
reverse phase HPLC separation (Figures 2.3 and 2.4). The fractions obtained were
reserved for further sequencing. '

EXAMPLE 3. Cloning of a gene encoding a protein backbone of an

AGP from P. communis suspension cultured cells
(PcAGP23 clone)

(@) Isolation and purification of AGP peptides from cell cultures of '_Pyrus
communis (pear)

1. Isolation of total native AGPs from Pyrus communis (pear) Biopolymer

The total native AGPs were purified by Yariv precipitation from pear
Biopolymer as described for AGPs of Nicotiana plumbaginafolia in Example 2(c)1.
The AGPs were deglycosylated and resulting peptides separated by reverse phase
HPLC (RP-300) (Path 1). Alternatively, the total native AGPs were fractionated by
reverse phase HPLC (RP-300), deglvcosylated, digested with thermolysin and

" peptides purified for sequencing.

Path 1 [comprising steps (2) and (3)]: _
(2) HPLC separation of total deglycosylated AGPs for sequencing -

The total native AGPs were deglycosylated using HF. The sample was
reduced and carboxymethylated before separation on reverse phase HPLC (RP-300) as
described in Example 2(c)(2). The profile is shown in Figure 3.1. The results of

amino acid analysis of major peaks are summarized in Table 3.1.

(3)  Separation of thermolysin digested peaks on a C18 microbore column

of

0.4

Deglycosylated AGP fractions (unbound, RT16.4 and RT18.2 from Figure 3.1)

were subjected to thermolysin digestion. The products were separated on an RP-300
column (2.1 mm x 10 cm); linear gradient (6 ml) (0-100% B; flow rate at 0.1
ml/min) (solvent A: 0.1% TFA in water, solvent B: 60% acetonitrile in solvent A).
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addi ti on of EDTA. The RNA was renoved by treatnent with RNase and the
primer extension product was purified by pol yacryl am de gel

el ectrophoresi s. The prinmer extension product was tailed with dGIP
by term nal transferase and anplified by PCR using a (dC)[err]-adaptor
priner and the gene specific primers. ThessPCR was carried out in 100 [err]l
solution containing: 1x PCR buffer (100 mM Tris-HCO pH 8.3, 500 M KO ), 2
mV Myd [err], TBd)Gnt{oand T tibNERer dibeQiongemaingd dﬁqumdnec g2GORQDEPtide which

gene- speC|f|c rimer 2.5 U of rae e

denatured by B “Pl‘ﬂéth -3 Oﬁ?lH“’ﬁndﬂFmg Sg?% ‘?’c?\r,%{) ra‘u‘f]“DNA
pol yner ase WaFlgﬂFEd?QanJ'f@rIE’ﬁ%@Y§§lﬁﬁln4ﬁ%g1§533 93[err] 30 sec.; 42, 30
sec.; 72[err]C~ 2 mn; 4X: 93[err], 30 sec.; 42[err]

, .30 sec. err] 5
mn and 1X: 93[er rI}!d!V@GalsmekS Qi[kérlﬂ Figereed) foIB[IEWT]OIYSEDd‘E‘F%‘F }ﬂ%g
product was s ol ﬁ?’@ f t 3 -end of
the cDNA Hﬂg‘k %%Aﬁ ﬁ)g&hem ze ?rﬁnlg%\% ol o) : rﬁl{é?{rﬁoleﬂlsglhﬁt I on
cont ai ni ng 10reseived gn admnar gRiMient 130 PLRO-H0%f By ﬂO\BOath h/gdnnpe)r {splventoA:nivie

dNTPs, 5 [err Mﬁfsofg t[fz fdo)% ace?orﬁﬁ e?. %’gaks were further separated on the same

column with TFA-acetonitrile system (solvent A: 0.1% TFA, solvent B:60%
methanol in solvent A; 0-100% B in 60 min at 0.1 ml/min). Neither solvent system
gave further separation of peaks. Three of the peﬁks (peaks 1, 3 and 5) were
subjected to amino acid sequencing. Peak 1 was a pure peptide and gave clear
'sequence L-S-0-K-K-5-0O-T-A-0-S-0-8-(S)-T-0-O-T-(T) (SEQ ID NO:31). Peaks 3
and 5 were not single peptides and at least two stretches of sequence were obtained
from each of these two peaks with less certainty. Peak 3 gave the sequence: V/A-
A/T-A-0-S/0-0/Y-S-S-T/A-X-0-S-A-T-X-T-X-X-V-A (SEQ ID NO:32); whereas
Peak 5 gave the sequence: V/A-A-D/A/O-S/O-T/O/K-0-S/0-P-Q-S (SzEQ ID
NO:33).

Individual peaks (peaks 1-5, Fxgurc 3.3) from thermolysin digested RT18.2
were separated as described above for RT16.4. A number of peptides were obtained

. and sequenced:

(i) L-G-I-S-0-A-0-S-O-A-G-E-V-D-(G) (SEQ ID NO:34)
(i) X-X-0-0-A-A-0-V-X-A-0/S (SEQ ID NO:35)

(iii) V-T-A-O-T-O-S-A-S-0-0-8-S-T-(T)-A-A-T-(T)-A (SEQ ID NO:36)

(iv) A-K-S-O-T-A-T-O-O-T-A-T-0-O-S-A-V (SEQ ID NO:37)

~(v) V-T-A-O-T-O-S-A-$-0-0-S-S-T-O-A-(S)-T-X-A (SEQ ID NO:38)

= (vi) L-S-0-K-K-S-O-T-A-0-S-0-S-(S)-T-0-O-T~(T) (SEQ ID NO:31)

-The last sequence is identical to the sequence obtained from Peak 1 of RT16.4.
Path 2 [comprising steps (4)-(7]
(4) Fractionation of total native AGPs by reverse phase HPLC

The total native AGPs samples were separated by reverse phase HPLC
essentially as described in Example 2(c)2-4. A number of major peaks were obtained
from this separation all of which reacted with Yariv reagent in a gel diffusion test
(van Holst and Clarke, 1985) (unbound, RT7,8, RT17.2 and RT19.1) (Figure 3.4).

Amino acid analyses of unbound and RT7.8 fractions are shown in the Table 3.1.
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30 U of RNasin and 50 U AW reverse transcriptase at 42[err] for 1 h. cDNA
(2 [err]l) was subjected to PCR reaction descri bed as above, except that
the annealing tenperature was 60 in this case. 3. Screening of cDNA
libraries with the PCR fragnent About 5 x 10[err] pfu phage/pl ate of
CDNA libraries (in Xzap) were plated out. &tster overni ght growth at
37[err], phage were blotted onto nitrocell ul"ose nenbranes and hybri di zed

with [err]P-1ahs) qge%gﬁglp&r@rﬁm@é AP AYGIR! 8Bk ypLe hybridization buffer

Individual native AGP fractions from reverse phase HPLC were deglycosylated
using anhydrous HF as in Example 2(c)(7).
(6) HPLC separation of the deglycosylated AGPs

After deglycosylation, each sample was reduced and carboxymethylated before
separation on reverse phase HPEE (RP-300) as described previously. The profiles of
each sample are shown in Figure 3.5 and Figure 3.6. The major peaks RT16-19 in
Figure 3.6 have similar retention times with the group of peaks RT16-19.9 in Figure
3.1. These peaks may arise from the one component or a group of closely related
components.
(7) Thermolysin digest of deglycosylated pear AGPs

Peak RT23 from Figure 3.5 was digested with thermolysin and the resulting
peptides were further purified on reverse phase HPLC (RP-300). Six peptides were

selected for sequencing and gave the following amino acid sequences (also shown in

Figure 3):

(i I-S-0-A-S-T/Q-O-O-T-T-S-0-A-S-0-O-T (SEQ ID NO:39)
(i) V-S-P/S-0-V-Q-S-0-A-S-0-0-O-T-(T) - (SEQID NO:40)
(iif) L-V-V-V-V-M-T-P-R-K-H ' (SEQ ID NO:41)
(iv) X-N-O-A-T-O-O-A-T/K-P (SEQ ID NO:42)
(v} I-A-A-T-O-S-(L) (SEQ ID NO:43)
(vi) (G)/(S)-N-A-O-A-O-X-O-K-P (SEQ ID NO:44)

(b) Cloning of genes from P. communis cell suspension culture

To obtain an AGP gene from P. communis the methods and procedures
essentially as described for the cloning of genes from N. alata and N.
plumbaginafolia were followed.

A number of primers corresponding to the L-V-V-V-V-M-T-P-R-K-H (SEQ
ID NO:41) sequence (Figures 3.4 and 3.5) were designed and synthesized for PCR
experiments (Table 3.2). The same nested PCR procedure used for the cloning of the
.NaAGP1 gene (Figure 1.2B) was used to clone the gene encoding the above peptide,
except that the annealing temperature was 52°C in this case. A 350—bp fragment was
amplified after two successive PCR reactions using the PcA23F]1 as the first primer
and the PcA23F2a as the second primer. The fragment was sequenced and found to
encode the correct peptide sequence (SEQ ID NO:48; Figure 3.7).

The PCR fragment was used to screen a cDNA library made from mRNA

from pear cell sﬁspension culture, as described above for N. alata cell suspension.
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60 containing 2x SSPE, 1% SDS, 0.5% BLOTTO, 1% PEG and 0.5ng/m carrier
DNA [ Sanbrook et al. (1989) supra]. The nenbranes were washed at 68 for 30
mnin 1x SSC + 0.1 % SDS and exposed to X-ray film Positive [err]zap
cl ones were converted into plasm d DNA by in vivo excision as described in
the Stratagene's instruction manual for thi sequence anal ysis. 4.
Purification and N-term nal. sequenci ng of %EPS fromthe cell suspension
culture I VN GRAY F
resul ting peptlﬁgﬁ g“e%%?@tqcegﬁ ?a%%ﬁ/(i)a)s’e%g&ﬂ %ﬂcw@s bI otted o'gfﬁg a
PVDF nenbrane. 3T8)e Tits dnndaemmlal(ld\de ingereef 160) by mdgmﬂ!éhﬁ thy ReRsseanerniceed and
sequenced. An N term nal peptide sequence A-K-S-K-F-M1-1-P-A-S-X-T-X-A
(SEQ I D NO 11), was obt ai ned.

EXAMPLE 4. Cloning of genes encoding a protein backbone of an

AGP from Nicotiana alata style

(a) Isolation and uriﬁcatiqh of AGP peptides from the styles of
Nz’coti_ana alata

Total native AGPs of N. alata styles were purified by ion exchange
chromatc;graphy (IEC) and gel filtration chromatography (GFC). The AGPs were
then deglycosylated by HF and fractionated by reverse phase HPLC. Peptide
sequence data were obtained after thermolysin digestion of these deglycosylated
fractions.

1. Purification of total native AGPs

- Styles (500-1000 styles including the stigma) were collected fresh or were
stored at -70°C. The styles were ground with polyvinyl pyrrolidone (1% w/v) in the
presence of liquid nitrogen, and extraction buffer (50-100 ml; 100 mM Tris pHS, 1
mM EDTA, 14 mM fB-mercaptoethanol) was added. The mixture was centrifuged
(10,000 xg, 20 min) and cell debris discarded. The extract was brought to 95%
ammonium sulfate at 4°, centrifuged (10,000 xg, 20 min) and the supernatant
‘collected and concentrated by ultrafiltration using a Diaflo system (YM-30 membrane,
Mr 30 kD cut off) to about 10-20 ml. The solution was desalted on a PD-10 column
(Pharmacia) equilibrated with 10 mM Tris pH8. The sample was applied to a FPLC
Mono Q column (Pharmacia; buffer A: 10 mM Tris pHS; buffer B: 10 mM Tris
pH8, 1 M NaCl; gradient: 0-30%B 15 min, 30-100%B 0.1 min). The bound AGP
fractions were detected by the Yariv reagent gel diffusion test on samples of each
fraction; AGP containing fractions eluted at about 5-15% buffer B (Figure 4.1). The
AGP fractions were pooled, equilibrated into 10 mM NH,HCO, with a PD-10
desalting column, freeze dried, and further purified on a Superose 6 B column
(Pharmacia) in 6M urea, 10 mM Tris pH8 (Figure 4.2). The AGP containing
fractions were exchanged as above into 10 mM NH,HCO, and freeze dried.

Recovery of style AGP during the purification procedure is as follows: crude

. style extract (1000 styles), 100%; 95% (NH,),SO,-supernatant, 68.2%; Mono Q
anion-exchange column, Unbound AGPs 5.4%, Bound AGPs 44.5%; Superose 6 gel
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5. Invitro anplification of an AGP gene fromN. alata cDNA by PCR

The strategy to clone the gene corresponding to the peptide sequence is
illustrated in Figure 1.2. Two groups of degenerate reverse prinmers of 17
bp corresponding to part of the AGP ami no acid sequence were synthesized
(Table 1.1). Waen the group 1 prinmers wereggised in a priner extension
experinment (Figure 1.2A), a single 160-bp cDNA fragnment- was obt ai ned

(Figure 1.3). ﬁiteatmmcnhnm asf. mmwcmeeoﬁ,@ﬁ?herrdﬂmnqus iof puefisation is
subgroups each ,cont ai ni ng three 17-ner

experinments shdGBansRAid o %Pﬂﬁﬁlgeb‘aW}‘gﬂ' 4h14g hgé‘%ssiﬂ %?CHOB?OrF%ﬁggELé@%Bp
fragment and t BReLsiPlel QPNUg a?djadrﬂfgsfr%ﬁf)ﬁalfohq\f BleSdnfedUin Fgae 41 152

gene-specific primer in su sequent sca e- up preparatlon of pr|ner ext ensi on
product and PCR. expd2dginsasy £ tate ; : of o :

pur {120 500 LaL 9 sl ik Ul o a%{u?mﬁ'x}é @%‘éﬁv‘éﬂﬁ%ﬁs B ers.
I(:FI gur e1132A) T#Ikmb&(ﬁ Exmﬁﬂﬂalz(c)wa'fweum&mpmkk aRW2$ end /R8BS (FigGE@. B)) wek 21,
Hgure ) %tame t?te CgegI yrcl:gsyliI tion as well as an unbound fraction. Amino acid analysis of

each fraction and the native materials are shown in Table 4.1. Each fraction was

- ‘digested with thermolysin. No peptide which bound to the RP-300 column (2.1 x 100
mm) was obtained from the unbound fraction. Three of 'the sequences from RT25, F-
A-0-S-G-G-V-A-L-P-0O-S (SEQ ID NO:50), L-A-S-0-0-A-0-0-T-A-D-T-O-A (SEQ
ID NO:51), and I-G-S-A-O-A-G-5-O-T-S-S-P-N (SEQ ID NO:53) match closely that
obtained for RT21 from N. plumbaginafolia (SEQ ID NOS:27-29, respectively;
Figure 2.1). A fourth fragment gave the sequence I/V-G/S-A/S-A/0-O/S-A/Q-G/S-
$/0-0/S-T/A-S/A-S/A-P-O (SEQ ID NO:52).

Since no N-terminal sequence was obtained for the RT25 protein backbone,
pyroglutamate aminopeptidase was used to remove the N-terminal blocked
pyroglutamate residue [20 ug pyroglutamate aminopeptidase (Boehringer Mannheim)
in 100 mM potassium phosphate buffer pH 8.0, 10 mM EDTA, 5 mM DTT, 5%

. glycerol at 37°C overnight; deblocked protein was separated by RP-HPLC and N-
terminal amino acid sequencing was performed] and the sequence Ala-Hyp-Gly was
obtained. The RT25 backbone was also fragmented by treatment with thermolysin

* [thermolysin (Boehringer Mannheim) at 0.2 ug/pg protein was added to RT25 protein
backbone (2-10 pg) and incubated at 55°C for 2 hours in 500ul of 1% ammonium
bicarbonate, pH 7.8, 1 mM CaCl, and 0.01% Tween 20]. The resulting peptides
were separated by RP-HPLC. Six major peptides were obtained (Figure 4.9). Peak
2 gz;\ve the amino acid sequence VSAOSQSOSTAA (SEQ ID NO:67), as well as
IGSAOAGSOTSSPN (SEQ ID NO:53) and IGSAOAGSO (contained in SEQ ID
NO:53). Peak 3 gave the sequence LASOOAOOTADTOA (SEQ ID NO:51) and
peak 5 gave the sequence FAOSGGVALPOS (SEQ ID NO:50). Both sequences were
rich in Hyp, Ser and Ala (33 of 52 amino acid residues).

Endoproteinase Asp-N (Sigma; 0.1 ug/pg protein) was also used to cleave the
RT25 protein backbone at the Asp residue [30°C overnight in 500 ul of 1%
ammonium bicarbonate, pH 7.8, and 0.01% Tween 20], followed by separation with
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derived peptide which matched with the sequence obtained fromthe isolated
AGP peptide (SEQ ID NGO 11). There was one m smatch, the Al a obtained from
t he peptide sequencing was replaced with an Arg in the cDNA derived
sequence. On the basis of this close match (8/9 ami no acids), the 160-bp
fragnent was concluded to represent a correct sequence for part of the
gene. Two specific pr| mers with sequencé®: 5' CATTATGGGTCATTTCACTAAGC?;
(SEQ I D NG 22) El ' GGTGATCTCAACTCCATTGGT (SEQ, | D NO 2 (NaF2),
correspondi ng t dﬁ%ﬁ)—(t’ drfee majoy geptidas Yot PIQ@‘CG%GK%Ai Hg)n

?23 '192‘;3 and usfdicalin @R HPfR!is SRy dre ApEsidGinThe RTYS B%He%'c‘kawgd@iﬁ

incomplete as indicated by the presence of the starting material. The first peptide
eluted (peak Al) gave no sequence data indicating a blocked N-terminal residue. The
A2 peak gave the sequence DTOAFAOSGGVAL (SEQ ID NO:68). The peptide
seqhence of A2 (Figure 4.10) averlaps with that of peak 3 (SEQ ID NO:51) (Figure
4.9) and yields a continuous amino acid sequence of 26 residues
LASOOAOOTADTOAFAOSGGVALPOS (SEQ ID NO:69). Four sequences were
obtained from the RT35 peak of N. alata style:

(i) X-X-X-Q-S-A-0-A-A-(D)-X-N (SEQ ID NO:54)
(iiy X-T-F-S/A-Y/L-D/I-I-K/E-T/A-A-I-N-T-E-F-G-P-(E) (SEQ ID NO:55)
(i) X-T-F-S/A-Y/L/V-D/U/A-I-E-T-A-I-N-T-E-F-G-P-X-E-X-X-Q (SEQ ID NO:56)
(iv) X-T-F-S-Y-D/I-K/E-T-A-I-N-T-E-F-G/M-P-A-E (SEQ ID NO:57)

Three of these sequences were characterized by the seqﬁence T-A-I-N-T-E-F-G-P
(SEQ ID NO:58).

3. Purification of style AGPs by J539 affinity chromatograghx

AGPs were prepared from styles according to Bacic et al. (1988), Phytochem.
27:679-684. The sample was deglycosylated with TFMS, separated and blotted onto
a PVDF membrane as described in Example 1(b). A 30 kD band, running at the
same position as the major band prepared by Yariv precipitation from N. alata
suspension cultured cells Example 1(b) was sequenced. The sequence A-V-F-K-N-K-
X-X-L-T-X-X-P-X-I-I (SEQ ID NO:59) was obtained.

(b) Cloning of genes from N. alata styles
1. In vitro amplification of 3’-end of the cDNA _
cDNA was synthesized in a volume of 20 pl solution containing 5 ug total
style RNA from N. alata, 1x PCR buffer (10 mM Tris-HCl pH 8.3, 50 mM KCI), 5
mM MgCl,, 1 mM dNTPs; 5 uM of dT,, + adaptors, 30 U of RNasin and 50 U
AMYV reverse transcriptase at 42° for 1 h cDNA (2 pl) was subjected to polymerase
chain reaction. The PCR was carried out in 100 gl solution containing: 1x PCR -
buffer, 1.5 mM MgCl,, 260 pgM dNTPs, 30 pmole of the gene-specific primer
(Figure 1.2), 30 pmole of adaptor primer and 2.5 U of Taq DNA polymerase.
Samples were denatured by heating at 94° for 2 min and then cooled to 80° before
Taq DNA polymerase was added. The PCR cycles are: 35 X: 94°, 30 sec; 52°, 30

sec; 72°, 1 min 30 sec. The PCR product was subcloned and sequenced.
This is the replacement sheet
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61 Ad2) to anmplify the 3'-part of the AGP gene by nested PCR (Figure
1.2B). A 1.6-kb fragnent was anplified and sequenced. The alignnent of the
sequences -obtained fromthe two PCR reactions gave rise to a DNA sequence
of 1679 bp (Figure 1.4). The PCR fragnent encodes a protein containing the
pepti de obtained by protein sequencing with two m smatches: Arg for Al a at
position 1 and Pro for His at position 12 igure 1.4). 6. Isolation and

SoUA 11 brarer ot ROR TRgeRiTsg B N R ielly ¢ 9 B ERER B4 °
library made feDNARMAary made from RNA isolated from N. alata styles and one positive clone
was isolated and sequenced (SEQ ID NO:63; Figure 4.6).
(©)  Northern blot analyses of the Na35 1 gene
The Na35_1 PCR fragment was used to probe northern blots of RNA
[Sambrook et al. (1989) supra] isolated f_ron_l various parts of N. alata plants (Figure

4.7), L. peruvianum (tomato) style and suspension-cultured cells of N. alata, N.
plumbaginafolia and pear (Figure 4.8). The Na35_1 probe hybridized to a style
transcript of 806 nucleotide which corresponds to the length of the Na35_1 cDNA.
Longer exposure' of the northern blot did not reveal any signal in other parts of the
plant (i.e., leaf, stem, root). The signal strength varies in different genotypes of N.
alata. The strongest signal was-detected in RNA from S;S; style. The same probe
did not detect any transcript from tomato style or suspension-cultured cells (Figure
4.8).

4, Design of a gene-specific primer based on the TADTOAF sequence

(a)  OQligonucleotide design and synthesis
A gene-specific primer of 20 nucleotides long was designed according to the
overlapping peptide sequences of SEQ ID NOS:50, 51, 53, 67 and 68. Inosine was

used to reduce the degeneracy as shown:

T A D T O A F (SEQ ID NO:70)

5’ ACI GCI GAT ACT CCT GCT TT 3° (SEQ ID NO:71)
Cc A A A
Cc c Cc
G G G

The oligonucleotide was synthesized on an Applied Biosystems DNA synthesizer
(model 391, ABI).

(b)  Rapid amplification of 3' End of the cDNA (3’ RACE)
Total RNA was isolated from N. alata styles as described by McClure et al.

(1990) Nature 342:955-957. Complementary DNA (cDNA) was synthesized from
total style RNA (5 pg) in a 20 p! solution containing 10 mM Tris-HCl, pH 8.3, 50
mM KCI, 5 mM MgCl,, 1 mM dNTPs, 5 pM dT,;, + adaptors, 30 U RNasin, and
50 U AMY reverse transcriptase (Promega) at 42°C for 1 hour. cDNA (2 ul) was
subjected to polymerase chain reaction (PCR) in 100 pl solution containing: 10 mM
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I solated fromN. alata cells in suspension culture and three positive
clones were isolated and sequenced. The alignnment of the PCR sequence with
t he cDNA sequences gave rise to a 1700-bp sequence including a poly(A) tail
of 7 bp (Figure 1.4). This sequence is designated NaAGP1 (SEQ I D NO 24).
Further prinmer extension experinents sugggested that the 1. 7kb NaAGP1 cDNA
represents the full- |ength sequence of t AGP transcript. The

Codon (AT T Bk pAdhS 680 A KT irthF el oM TEL b Pl e ' "
position 14 Sé-ﬁ’g%@pﬂim‘é%,h%o Bmolbet h8'20a B¢ prifiek BRAT. HILpbf FBGIDNAS Of the

putative A AGP1 was cut nto a 5 half (1-540%&2
cor r espondi ngplymertalee (Reokihr Bl {etut) p Samplesheererdenstuesthby heating at,963 (dfor e

Bspar agi ne- FRETARLRER G00ES e SR PETalR N4 Dolymetass was hatel. The PCR
cycles were: 35 x: 96°C, 45 sec; 55°C, 45 sec; 72°C, 1 min. The PCR product
(400 bp) was cloned and sequenced on an Applied Biosystems DNA sequencer (model
373A, ABI). The deduced amino acid sequence from this PCR clone matched
isolated AGP sequences, i.e., SEQ ID NOS:50, 51, 53, 67, 68.

(©) cDNA library screening

A style cDNA library (A\ZAP II; Stratagene) was constructed using mRNA
from styles (6 hours after touching) of N. alata (S¢S¢) by Dr. Joaquin Royo, Plant
Cell Biology Research Center, School of Botany, The University of Melbourne,
Parkville, Australia (PCBRC). cDNA library (300,000 pfu) was plated out and
blotted onto Hybond-N nylon membranes (Amersham) according to the
manufacturer’s instruction. The PCR fragment was labeled to 10°® cpm/pg with ¥P-
dCTP. I{ybridization was carried out at 55°C overnight in 0.22 M NaCl, 15mM
NaH,PO,, 1.5 mM EDTA, 1% SDS, 1% BLOTTO and 4 mg/ml herring sperm
DNA. The membranes were washed for 2x 10 min at room temperature in 2x SSC,

" 1% SDS followed by 2x 10 min at 55°C in 0.2x SSC, 1% SDS. Positive AZAP

clones were in vivo excised (Stratagene) and DNA sequences were analyzed. The
clone encoding the RT25 protein backbone was designated AGPNal 1 cDNA. The
nucleotide and deduced protein sequences were analyzed using the PC/Gene software
(IntelliGenetics).
(d) RNA Blot Analysis

RNA blot analysis was performed as described by Sambrook et al. (1989)
supra. Hybridization and washing conditions were the same as described above
except that the AGPNal 1 cDNA was used as probe and ﬁybridization was carried out
at 60°C.
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nontransl ated part. These two parts of the cDNA were used separately to
probe northern blots of RNA [ Sanbrook et al. (1989) supra] isolated from
suspension- cultured cells of N. alata and N. plunbagi nafolia and vari ous
tissues of N. alata plants. (c) Isolation %nd purificati-on of AGP peptides

from suspensi on cul tures of Nicoi and pl unbagi nafolia 1.

| sol ation of t from |naf lia ner

The total- natlﬁ@i«é@ pufileniag &Bﬁv&@?gfﬂﬁ ﬁ[ﬁ”p inHysing an
precipitation with the Yariv aptisense BNAmprobel et i ng the starting materi al

of pectins by CTAB (hexadecyl trinethyl ammnl um brom de) precipitation

prior to Yariv lgne }pé P@E&'@P‘9 cﬁﬁA%in%WgEQWﬁWG:SH suspension cul ture
was separ at ed f[r C gre——————— )
(a) Isolation and purification of AGP peptides from cell cultures of Pyrus

communis (pear

~ The procedure essentially as described in Example 3(a) was followed to obtain
amino acid sequences of AGP peptide fragments. The sequence A-K-S-O-T-A-T-O-
O-T-A-T-0-0-S-A-V (SEQ ID NO:37) was selected as a template for the isolation of
a corresponding AGP gene.

(b) Cloning of a pear AGP gene encoding SEQ ID NO:37

In the previous examples of the invention (Examples 2, 3, and 4) AGP genes
were isolated by utilizing a hydroxyproline-poor sequence of an isolated AGP peptide
fragment to synthesize an 6ligonuc1eotide primer which was not enriched in GC. In
contrast, in this example (Example 5), a hydroxyproline-rich peptide seruence is
utilized for the construction of an antisense RNA. probe.

The sequences of two oligonucleotide (AF1T3) and (AR2T7) used for the
construction of a GC-rich probe are presented in Table 5.1.

An antisense RNA probe was synthesized from the PCR fragment by using T7
RNA polymerase (Promega) and used to screen a cDNA. library prepared from pear
cell suspension culture. The hybridization was carried out at 40°C in hybridization

_ buffer containing 2x SSPE, 1% SDS, 0.5% BLOTTO, 50% formamide and 0.5
' mg/ml denatured herring sperm DNA. After overnight hybridization, lifts were first

rinsed at room tempefature with 2x SSC, 0.1% SDS and then washed at 50°C with
the same buffer for 30 min. The lifts were finally washed at 50°C with 1x SSC,
0.1% at 50°C for another 30 min. Three cDNA clones were isolated and sequenced.
The sequence of the longest cDNA clone PcAGP9 (SEQ ID NO:66) is shown in
Flgure 5.1.

[2.] The PcAGP2 cDNA clone (SEQ ID NO:91)

(@) Further purification of AGP peptides from cell cultures of Pyru
communis (pear)

AGPs in pear cell culture filtrate were purified by precipitation with the -
glucosyl Yariv reagent and fractionated by HPLC as described in Example 3(a). A
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62 cells by filtration and the high nolecular materials precipitated with
four volunes of ethanol. This is referred to as the Biopol yner product.
Bi opol yner product (1 g) was dissolved in 1% Nad solution (100 nl) and
filtered through two layers of Mracloth. The filtrate was centrifuged
(10,000 xg, 10 mn) and the supernatant col7¢cted. An equal volune of CTAB
solution (2% CTAB in 20 mM Na[err] SO err]) was added. After 1 h incubation
at 37[err], theflowlchamof thegmrificatioarprdcedure is presented in Figure 5.4. The major peak

of Figure 5.4A, which accounted for approximately 27% of the AGPs loaded onto the
column, was collected and reapplied to the same column. Upon elution with a
shallow gradient, two peaks (Fractions 1 and 2) were resolved (Figure 5.4B). The '
AGPs in Fraction 1 were described in Example 3 and Example 5[1].

Fraction 2 (Figure 5.4B) was subjected to size-exclusion fractionation on
superose-6 FPLC and was resolved intc-> two components, peaks 2A and 2B (Figure
5.4C3). N-terminal amino acid sequencing of material in Peak 2B gave ghe sequence
AEAEAXTXALQVVAEAXEL (SEQ ID NO:74).

AGPs in Peaks 2A and 2B were separately deglycosylated and the resulting
protein backbones were isolated by size-exclusion FPLC (Figure 5.4D1-4). Peak 2B
gave one protein backbone with a molecular weight of 10k. Peak 2A resulted in two
protein peaks having molecular weights of 54k and 10k. N-terminal amino acid
.sequencing of the 54k pfotein backbone gave the sequence TOAOA (SEQ ID.NO:75),
while the 10k protein backbone in Peak 2B gave the sequence
AEAEAOTCALQVVAEAOEL (SEQ ID NO:76).

The 10k and 54k protein backbones were digested separately with thermolysin
and the resulting peptides were purified by RP-HPLC for sequencing. Sequences of
eight peptides were obtained from the 54k protein of Peak 2A and three from the 10k
protein in Peak 2B (Table 3.6). Two of the three sequences and the N-terminal
sequence overlap to give a sequence AEAEAOTOALQVVAEAOELVOTOVOTOSY
(SEQ ID NO:88) for the 10k protein in peak 2B. '

(b)  Isolation of a cDNA encoding the 10k AGP protein backbone

The approach to cloning of cDNA encoding the 10k protein backbone was
essentially the same as that used to clone the PcAGP9 cDNA. Five cDNA clones
were isolated and sequenced. The consensus sequence of 1040 bp is shown in Figure
5.5. This cDNA is referred to as PcAGP2.

EXAMPLE 6: _Clonihg and Expression of Genomic AGP Genes

(a) Cloning of genomic AGP genes and identification of an AGP
promoter region.

The procedure essentially as used for the isolation of cDNA clones is used to

obtain a genomic clone of a plant AGP. Whenever possible, AGP cDNA clones will
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through two | ayers of Mracloth and then centrifuged (10,000 xg, 20 mn) to
renove any remaining precipitate. Four volunes of ethanol were then added
to the supernatant and centrifuged at 10,000 xg for 20 mi n. The pellet was
di ssolved in 100 m of 1 % NaC solution and AGPs precipitated wth Yariv
reagent as described in Exanple 2(a) 2. Th&desal ted AGP sanpl e was

re-di ssolved in 6 M guanidiniumHC and inCubated at 50[err] for 15 mn. .

The sanple vas g
equilibrated w % Ff%a t@?ﬁ?@éﬁxﬁ@?(‘;gﬂnﬁ r ?h‘fﬁ?ﬂg Wﬁ%ﬁ? u %‘{élgén%%g@am"
fraction was cof 4 gaioatic Adiratiyaetomgmbpeationtcsitured edlsvatmralmdnﬁ Neeze dried.
This sanple is the total, native AGs. The total native AGPS were treated by

one of two patA&mbaginafolia pepresents alﬁég‘fr%ﬁf@iﬂd&fﬁ which gan B%@FPW fog theriglat Biase

HPLC fracti onagfQgemxph@pjgg,@q;mﬁg%gpﬁyﬁt cefl. sequencing after enzymatic
(proteolytic) digestion everse phase HPLC fractionation

fol l owed by degl ycobylsatatcosn AGE genemicesionse genamic dINByis iselagdsleom isuspensigt: C

fracti onat on. cultured cells of N. alata and N. plumbaginafolia and partly digested with Sau3Al.
After size selection by ultracentrifugation under a glycerol gradient, DNA fragments
of 10-23 kb in size are ligated into vectors such as ADash (Stratagene) to form a
genomic library. The libraries are then screened with the NaAGP1 and NpAGP1
cDNAs, respectively,'to isolate their corresponding genomic clones. The resulting
genomic clones are studied by Southem analysis and some clones are sequenced. The

promoter region of the AGP gene is then identified from the DNA sequence.

(b) Recombinant Gene Construction.

The expression of a plant gene which exists in double-stranded DNA form
involves transcription of messenger RNA (mRNA) from one strand of the DNA by
RNA polynierase enzyme, and the subsequent processing of the mRNA primary
transcript inside the nucleus. This processing involves a 3’-nontranslated region
which adds polyadenylate nucleotides to the 3’-end of the RNA. Transcription of
DNA into mRNA is regulated by a promoter. The promoter region contains a
sequence of bases that signals RNA polymerase to associate with the DNA and to
initiate the transcription of mRNA using one of the DNA strands as a template to
make a corresponding strand of RNA. |

A number of promoters which are active in plant cells have been described in
the literature. These include the nopaline synthase (NOS) and octopine synthase
(OCS) promoters (which are carried on tumor-inducing plasmids of Agrobacterium
tumefaciens, the Cauliflower Mosaic Virus (CaMV) 19S and 35S promoters, the light-
inducible promoter from the small subunit of ribulose bis-phosphate carboxylase
(ssSRUBISCO) and the mannopine synthase (MAS) promoter [Velten & Schell (1985)
Nucl. Acids Res. 13:6981-6998]. All of these promoters have been used to create
various types of DNA constructs which have been expressed in plants (see, e.g., PCT
publication W084/02913).

Promoters which are known or are found to cause transcription of RNA in
plant cells can be used in the present invention. Such promoters may be obtained
from plants or plant viruses and include, but are not limited to, the CAMV35S
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Path 1 [conprising steps (2)-(5)]: (2) Degl ycosyl ation of total native
AGPs usi ng anhydrous HF - The AGP sanple was dried in a vacuum oven
at 40 in the presence of Plerr]Jerr] overnight; 0.2 m anhydrous MeCH and
1-m of anhydrous HF [Mort and Lanport (1977) Anal. Biochem 82:289-309]
was added and m xed well to dissolve all the sanple. This m xture was

I ncubated at room tenperature, under argon, tfor 3 h and the HF renoved by

vaCUUM BSP T 3t | B Btk Y (i B gEA e B RUBISEOTeteslen t od

on a PD10 colu equl with 0.1% reeze dried. This sanple
is referred to pefered thatthe pattgilarccarembiar selectedshouldde capailei gt £3using shtficien

Cotal degl yeooy FareRoRereff et bt BLEbcE Pl dpoicin, (i

0.2 MTris-HO, pH 8The prthotdds Gdw i The DRA doastrcts) (i.eqnahirmerinplattegtnes) of The

;3323, a_rl_ggn for przesglrit irlxzvre(rxatsiohnI r>1/1a5}? {)g Pnaoci?ﬁcei:d: ?fdd%?igc%t, ItoC a&gcit %cg.rlcoo%ujoiacr:ﬂa]rzllc)tcns ics.
For example, the CaMV35S promoter may be ligated to the portion of the
ssRUBISCO gene that represses the ex;;reésion of ssSRUBISCO in the absence of light,
to create a promoter which is active in leaves but not in roots. The resulting
chimeric promoter may be used as described herein. For purpose of this description,
the phrase "CaMV35S" promoter thus includes variations of CaMV35S promoter,
e.g., promoters derived by'means of ligation with operator regions, random or
controlled mutagenesis, etc. Furthermore, the promoters may be altered to contain
multiple "enhancer sequences” to assist in elevating gene expression.

The RNA produced by a DNA construct of the present invention also ‘contains
a 5’-nontranslated leader sequence. This sequence can be derived from the promoter
selected to express the gene, and can be specifically modified so as to increase
translation of the mRNA. The 5’-nontranslated regions can also be obtained from
viral RNAs, from suitable eukaryotic genes, or from a synthetic gene sequence. The
present invention is not limited to constructs as presented in the following examples.
Rather, the nontranslated leader sequence can be part of the 5’-end of the
nontranslated region of the coding sequence for the virus coat protein, or part of the
promoter sequcn;:e, or can be derived from an unrelated promoter or coding sequence

“in any case. It is preferred that the sequence ﬂankihg the initiation site conform to
the translational consensus sequence rules for enhanced translation initiation reported
by Kozak (1984) Naturé 308:241-246.

The DNA construct of the present invention also contains a modified or fully-
synthetic structural coding sequence which has been changed to enhance the ‘
performance of the gene in plants. For example, the enhancement method can be
applied to design modified and fully synthetic genes encoding a plant AGP protein.
The structural genes of the present invention may optionally encode a fusion protein
comprising an amino-tefrninal chloroplast transit peptide or secretory signal sequence,
etc.

The DNA construct also contains a 3'-nontranslated region. The 3’-

nontranslated region contains a polyadenylation signal which functions in plants to
This is the replacement sheet
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63 mxture was incubated for 3 h at 25[err] and stopped by addition of DIT
to 100 mM and fol lowing dilution was chromatographed as above. (4) HPLC
separation of the total deglycosyl ated AGPs After reduction and

car boxymet hyl ation, the total deglycosylated AGPs were separated on a
RP-300 HPLC colum with a |inear gradient (7(?0n1) (0-100% sol vent

cause the addition of polyadenylate nucleotides to the 3'-end of the viral RNA.
Examples of suitable 3'- regions are (1) the 3'-transcribed, nontranslated regions
containing the polyadenylation signal of Agrobacterium tumor-inducing (Ti) plasmid
genes, such as the nopaline synthase (NOS) gene, and (2) plant genes like the soybean
storage protein (7S) genes and the small subunit of the RuBP carboxylase (ES) gene.
An example of a preferred 3’-region is that from the 7S gene.

(©) Plant Transformation.

A chimeric plant gene containing a structural coding sequence of the present
invention can be inserted into the genome of a plant by any suitable method. Suitable
plants for use in the practice of the present invention include, but are not limited to,
soybean, cotton, alfalfa, oilseed rape, flax, tomato, sugérbeet, sunflower, potato,
tobacco, maize, rice and wheat. Suitable plant transformation vectors include those
c_lerived from a Ti plasmid of Agrobacterium tumefaciens, as well as those disclosed.,
é.g., by Herrera-Estrella et al. (1983) Nature 303:209, Bevan et al. (1983) Nature
304:184, Klee et al. (1985) Bio/Technology 3:637-642, and EPO publication .
120,516. In addition to plant transformation vectors derived from the Ti or root-
inducing (Ri) plasmids of Agrabacterium, alternative methods can be used to insert
the DNA constructs of this invention into plant cells. Such methods may involve, for
example, the use of liposomes, elgétroporation, chemicals that increase free DNA
uptake, free DNA delivery via microprojectile bombardment, and transformation
using viruses or pollen. |

A useful Ti plasmid cassette vector for transformation of dicotyledonous

" plants, for example, may consist of the enhanced CaMV35S promoter and the 3’-end
including polyadenylation signals from a soybean gene encoding the alpha-prime
subunit of beta-conglycinin. A multilinker containing multiple restriction sites for the

insertion of genes may be positioned between these two elements.

(d) Over- and under-production of AGPs by transformed cell lines.

It is generally acknowledged that all plant natural cell lines produce some
AGPs, probably at the level of approximately 2-10% (w/w) of total structural
complex carbohydrate [Showalter (1993) Plant Cell 5:9-23] These natural plant cells
comprise all the regulatory factors (promoters, enhancers, enzymes, etc.) for
transcription, translation and post-translational processing to produce a glycosylated
AGP as the natural product. Glycosylation comprises the steps of (a) proline
Thig i3 the replacement sheet
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B, flowrate 1 m/mn) (solvent A: 0.1% TFA in water, solvent B: 60 %
acetonitrile in solvent A). The profile is shown in Figure 2.1. Two nmjor
peaks RT21 and RT32 (retention tinmes 21 mn and 32 nmn, respectively) were
collected for further analysis. Amno acid analysis was perforned on both
peaks (see Table 2.1). The RT32 peak was sequenced w t hout further
treatment. The RT21 peak was subjected to 4ghernol ysin digestion before
sequenci ng. (5) Ther nol ysi n di gestion of RT21 RT21 sanpl e (12

[err]g) was chgaﬁﬁptahahQﬂtmm@raypmraﬂymdwb aaao%mmnfusmg a vai Hiyp-100

[err]l with a final concentration of 0.01% Tween NH err] H err] 1%
in 0.01% Tweenlagm;ywmfmse} |(9) thc:adlilpen 1of g@tactpswphann{ by ra]seyaradeztlm | ysin

b The pr odudtestiaks 1 fach e Bos, e B Sheafenpf of dradh bl adlibbonte
pepti de sequepmeErR! m@dcﬁﬁﬁecﬁhﬂﬁﬁl' Mant éhllﬂ%‘i'eé 1m%BchM?b?dH:%%9i ch® be
construct prinmers for cloning. The sequences L OA-OGOT-A(SEQ ID
" NO 26), L-A- sragsformedowihtheterDlopo® recosbiDantgeue, ﬁa'gments and used for
overproduction or underproduction of nonglycosylated AGPs. In some cases, a dicot
host may be transformed with a monocot géne or, altérhatively a monocot host may
be transformed with a dicot gene. Alternatively, a host cell which normally does not
produce glycosylated AGP (e.g., E. coli) may be transformed and used for the over-
or under-production of a nonglycosylated AGP peptide backbone in which the proline
residues have not been hydroxylated.

To transform a host cell for overproduction of AGP, an AGP cDNA (e.g.,
NaAGP1 or NpAGP1) is linked at the 5’-end with a heterologous promoter (e.g.,
CaMYV 358 promoter) and at the 3’-end with a terminator (e.g., NOS-terminator).
Thus, the AGP gene will be under the control of the CaMV 35S promoter, which is
known to be a strong promoter. This expression cassette is then subcloned into a
binary vector derived from the A. rumefaciens Ti plasmid to transform the cultured
cells of either N. alata or N. plumbaginafolia to create cell lines that overproduce
AGPs. The AGP is also tagged by histidines at the C-terminus by introducing a six-
histidine coding DNA fragment into the AGP ¢cDNAs. The six-histidine tagged AGP
can then be readily isolated by using nickel-nitrolotriacetic acid Sepharose column
(Hochuli et al., 1988, Bio/Technology 6:1321-1325).- An alternative approach is to

. use the tag, Flag™, [Hopp, T.P. et al. (1988) Biotechnology 6:1204-1210], which can
be incorporated into the AGP sequence to allow purification with an ant_i-FlagTM
monoclonal antibody. .

To transform a host cell for underproduction of AGP, an antisense construct is
utilized. In this construct, the AGP cDNA is situated in the opposite direction of the
CaMV 35S promoter so that an antisense transcript is produced. This transcript
hybridizes to its corresponding sense mRNA eventually leading to the inhibition of

gene expression.
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F-AOS/NGGV-AL-P-OS (SEQID NGO 28), and I-GAAOAGS OT-S-S-P-N
(SEQ ID NO 29) from RT21 are either simlar to or |deﬁt—|%al—w—t—h—t—ha{———
obtained fromfraction RT25 of N alata styles (Figure 4 %21 nd re r sent
conserved, tissue- nonspecific N alata AGP fragnents. This ‘éve
t he sequence R-K-S-K-F-MI[-1-P-A-S-OT-O A+ T- OI-N—E—I
NO 30) which at the 5 -end, matched very closely the N-t
(SEQ ID NO 1) gbaavsed from N. al ata suspension cul ture. Path 2
[conprising steps (6)-(8)1: (6) HPLC fractionation of total native AGPs
The total native AGPs sanple was dissolved in 6 MguanidiniumHCO and |eft
at 50[err] for 15 T | phass
HPLC (RP- 300: i GK‘ a°“°3?84§%% °‘\§A‘/|H? d Jééﬁ@ﬁ%ag?%g'?a n‘?}m\é%tﬁ%g)
(0-100% sol vent B; pfokeiv(AGPE 1 rri/m' n) (solvent A: 0. 1 %TFA in water,

solvent B: 60% cet0|tr| I n so vent ,.A A nu re
obt ai ned fromt &#Iﬁér{ngﬁu & FNCGAINg 3 protem rf?acfcbom: o atﬁ&?g'ﬁﬁc%

protem from the plant family Solanaceae or Rosaceae.

3. The cloned DNA molecule of claim 2 wherein said arabinogalactan protein is
from Nicotiana or Pyrus.

4. The cloned DNA molecule of claim 3 wherein said arabinogalactan protein is
from Nicotiana alata or Nicotiana plumbaginafolia.

5. The cloned DNA molecule of claim 3 wherein said arabinogalactan protein is
from Pyrus communis.

6. ‘The cloned DNA molecule of claim 3 wherein said arabinogalactan protein is
from style of Nicotiana.

7. The cloned DNA molecule of claim 2 wherein said cloned DNA molecule is

. from Solanaceae and hybridizes to a nucleotide sequence encoding an amino acid
sequence selected from the group consisting essentially of amino acid sequences
SEQ ID NOS:11 and 26-30 or to a nucleotide sequence selected from the group

~ consisting essentially of nucleotide sequences SEQ ID NOS:13, 14 and 21-25.

8. The cloned DNA molecule of claim 2 wherein said cloned DNA molecule
consists essentially of the nucleotide sequence SEQ ID NO:24 or SEQ ID
NO:25.

9. The cloned DNA molecule of claim 7 wherein gaid cloned DNA molecule is a
genomic AGP gene.

10. The cloned DNA molecule of claim 6 wherein said cloned DNA molecule
hybridizes to a nucleotide sequence encoding an amino acid sequence selected
from the group consisting essentially of amino acid sequences SEQ ID NOS:50-
60 or a nucleotide sequence selected from the group consis.ting essentially of
nucleotide sequences SEQ ID NOS:61-63.

11. The cloned DNA molecule of claim 6 wherein said cloned DNA molecule
hybridizes to an RNA sequence transcribed from a DNA sequence encoding an
amino acid sequence selected from the group consisting essentially of amino acid
sequences SEQ ID NOS:50-60 and 67-70 or from a DNA sequence selected from
the group consisting essentially of SEQ ID NOS:71-72.
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reacted with Yariv reagent in a gel diffusion test (van-Holst and Carke,
1985) 64 (unbound RT5, RT6

RT10, RT21-23 and RT34) (Figure 2.2). Each fraction wa edAGF‘
content (Table 2.1) as described by van Hol st and C ark , aC| d
anal yses of each fraction of native AGPs ar %Oshown in t

Degl ycosyl ati on of native AGP fractions fromHPLC

12. The cloned DNA molecule of claim 6 wherein s"z‘\id cloned DNA molecule
consists essentially of nucleotide sequence SEQ ID NO:63 or SEQ ID NO:72.

13. The cloned DNA molecule. of claim 10 or 11 wherein said DNA molecule is a

genomic AGP gene.

14. The cloned DNA molecule of claim 2 wherein said cioned DNA molecule is
from Pyrus and hybridizas to a nucleotide sequence encoding an amino acid
sequence selected from the group consiéting essentially of amino acid sequences
SEQ ID NOS:31-44 or to a nucleotide sequence selected from the group
consisting essentially of nucleotide sequences SEQ ID NOS:45-49.

15. The cloned DNA molecule of claim 2 wherein said cloned DNA molecule is
from Pyrus and hybridizes to an RINA sequence transcribed _from a DNA
sequence encoding an amino acid sequence seiected from the group consisting
essentially of amino acid sequences SEQ ID NOS:31-44 and 73’-88 or from a
DNA sequence selected from the group consisting essentially of SEQ 1D
NOS:64-66 and 89-91.

16. The cloned DNA molecule of claim 2 wherein said cloned DNA molecule
consists essentially of a nucleotide sequence selected from the group consisting
essentially of SEQ ID NOS:49, 66 and 91.

17. The cloned DNA molecule of claim 14 or claim 15 wherein said DNA molecule
i§ a genomic AGP gene.

18. A DNA recombinant vector comprising a cloned DNA molecule of claim 1 or
claim 2.

19. A host cell transformed with a cloned DNA molecule of claim 18 so that a
glycosylated or nonglycosylated arabinogalactan protein is expressed.

20. The host cell of claim 19 wherein said host cell is a bacterial or plant cell.

21. A genetically-engineered DNA molecule comprising a plant arabinogalactan
protein gene of claim 1 or 2 under control of a heterologous promoter s.o‘that a
glycosylated or nonglycosylated arabinogalactan protein is expressed.

22. The genetically-engineered DNA molecule of claim 21 wherein said
arabinogalactan protein gene comprises a nucleotide sequence selected from a
group consi_sting essentially of SEQ ID NOS:24, 25, 49, 63, 66, 72 and 91.

23. A genetically engineered DNA molecﬁle comprising a plant AGP promoter
situated adjacent to a heterologous structural gene such that said structural gene

is expressed under control of said plant AGP promoter.

ro g e o[ DIN
: * c L L] s *

2 2 OCT 1996

Marae



I ndi vi dual native AGP fractions fromreverse phase HPEEC{FHgure-2.2) were
degl ycosyl at ed usi ng anhydrous HF as descri bed above; HPLC separatlon
of the degl ycosyl ated AGPs Af ter deglycosylatlon

reduced and car boxynet hyl at ed before reverse phase HPLC

2.3 and 2.4). The fractions obtained were reserved for f

EXAMPLE 3. C oning of a gene encoding a pBbtein backbone of an

gures
i ng.

AGP from P. comuni s suspension cultured cells (PcAGP23
clone) (a) 24! AQdubstamtinliyrplre plark iacabinogalaotanAERejrept i des fromcel | cul tures
of Pyrus -~ communi s g earl)

25. The plant arabinogalactan protein of claim 24 wherein said plant is from the

family Solanaceae or Rosaceae.

26.l The substantially pure plant arabinégalactan protein of claim 24 consisting
essentially of the amino acid sequence derived from a nucleotide sequence
selected from a group consisting essentially of SEQ ID NOS:24, 25, 49, 63, 66,
72 and 91. o

27. An antibody to a substantially pure plant arabinogalactan protein of claim 24.

28. A method of obtaining a plant arabinogalactan gene comprising the step of
utilizing an amino acid sequence from an isolated AGP peptide, or molecule
shereof, to design a nucleotide sequence useful in screening a plant gene library
for a hybridizing clone. | |

29. 'A method of obtaining a plant arabinogalactan gene comprising the step of

. utilizing a hydroxyproline-rich amino acid sequence from an isolated AGP
peptide, or molecule thereof, to design an RNA probe useful in screening a plant
gene library for a hybridizing clone, wherein said hydroxyproline-rich amino
acid sequence is enriched in hydroxyproline, alanine, serine, and threonine
(OAST) content; and wherein said RNA probe comprises a nucleotide sequence

~ containing a coding sequence of said hydroxyproline-rich amino acid sequence.

30.. A chemical or pharmacological reagent comprising a plant arabinogalactan
protein produced from a cloned DNA molecule encoding a protein backbone of
said plant AGP wherein said reagent is useful as an agent selected from the
group consisting of an emulsifying agent, emulsion stabilizer, a thickening agent,
a gelling agent, a texture modifier, a sizing agent, a binding agent, a coating
agent, an adhesive agent, a dispersing agent, an encapsulating agent, a
suspending agent, a lubricating agent, a coagulating agent and a combination

thereof.
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1. Isolation of total native AGPs from Pyrus comuni s (pear) Bi opol yner

The total native AGPs were purified by Yariv precipitation from pear

Bi opol ynmer as described for AGPs of N cotiana plunbagi nafolia in Exanple
2(c)1. The AGPs were degl ycosyl ated and resulting peptides separated by
reverse phase HPLC (RP-300) (Path 1). Alternatively, the total native AGPs
were fractionated by reverse phase HPLC g{P- 300), degl ycosyl ated, digested
with thernolysin and peptides purified for sequencing. Path 1 [conprising
steps (2) and (3)1: (2) HPLC separation of total deglycosylated AGPs for
sequenci ng - The BLZNT ARNEINOCABACTAN ®ROTEINC AGPAt eiNgs ng HF. The
sanpl e was reduced and car boxynet hyl a TRAGTe separation on reverse phase
HPLC (RP-300) as described in Exanple 2(c)(2). The profile is shown in
Figure 3.1. The results of am no acid analysis of nmmjor peaks are

sumar im.z g’?oibgr l:acO‘?suﬁrr\r\]f@mio(n‘?‘ﬁrovid@?Bﬁ&i@hfa%ﬁo%ﬁla&ﬁﬁrﬂe}iﬁi (AGPsy and ekiPg
AGPs were isolated from Nicotiana alatu, Nicotiana plumbaginafolia, and Pyrus
communis. Amino acid sequences of isolated AGP peptide molecules are presented.
Isolated AGP molecules were used to synthesize oligonucleotide probes to prepare
oligonucleotide primers for PCR or prepare RNA probes to screen cDNA libraries of
N. alata, N, plumbaginafolia, and P. communis. cDNA clones encoding amino acid
sequences of isolated AGP molecules were isolated. The invention presents for the
first time an intact AGP amino acid sequence derived from a corresponding AGP
gene. The instant invention further provides methods useful in obtaining AGP genes

. eﬁco&ing an AGP peptide comprising a specific isolated hydroxyproline-rich (OAST-

rich) sequence or a specific isdlgted hydroxyproline-poor sequence.
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flowrate

60% acetonitril e
65

B:

The products were separated on an
sol vent

|i near gradient (6 m) (0-100% B;

RT16.4 and RT18.2 from Figure 3.1)
at 0.1 m/mn) (solvent A© 0.1 % TFA in water,

were subjected to thernolysin digestion.:-
1

Degl ycosyl ated AGP fractions (unbound,

RP-300 colum (2.1 mmx 10 cm;

in solvent A).
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The unbound fraction after digestion remained unbound, i.e., gave no
pepti de which bound to the RP-300 colum. The RP-300 profile for digested
RT16.4 is shown in Figure 3.2 and for RT18.2 is shown in Figure 3.3.
I ndi vi dual peaks (peaks 1-5, Figure 3.2) fromthernolysin digested RT16.4
(Figure 3.1) were separated on a C18 m crobore colum (2.1 mm x 10cn) and
resolved on a linear gradient (50 mM, 0-%0%B; flowrate 0.1 m/mn)
(solvent A: 1% Nad, solvent B: 100% acetonitrile). Peaks were further
separated on the same colum with TFA-acetonitrile system (solvent A 0.1%
TFA, solvent B: 60% nmet hanol in solvent A; 0-100%B in 60 mn at 0.1
m/mn). Neither solvent system gave further separation of peaks. Three of
t he peaks (peaks 1, 3 and 5 were subjected to ami no acid sequenci ng. Peak
1 was a pure peptide and g&ye cl ear sequence
L-SOK-K-SOT-AA0S- OS-(85)-T-00T-(T) (SEQ I L 31). Peaks 3 and 5
were not single peptides a Iea;,i t §.1t t.ches 'of&é-ﬁquence wer e

K * r

]

rioke

obtai ned fromeach of theset pea 40 {-ai%dt.y. Peak 3 gave the
sequence: V/ A- 00

, GT

Labelled-. UTP. - -. .

T7 pro

AV aVaVNaVaVlaoVWaV¥aVWaV¥Wal
VAVAVAVAVEVAVAVAVEV]
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AAT-A-0S/OCAQY-SST/AX-OS-AT-X-T-X-X-V-A (SEQ I D NO 32); whereas Peak
5 gave the sequence: VVAADAOS OT/OK-OS OP-QS (SEQID NO33).

I ndi vi dual peaks (peaks 1-5, Figure 3.3) fromthernolysin digested RT18.2
were separated as descri bed above for RT16.4. A nunber of peptides were
obt ai ned and sequenced: (1) L-GI1-SOAOS OAGEV-D (0

(SEQID NGO 34) (ii) XXO0QAAOV-X-AXS

(SEQID NO35) (iii) V-T-AOT-0SASOOSST-(T)-AAT-(T)-A ( SEQ
IDNO36) (iv) AKSOT-AT-GCOT-AT-00S AV ( SEQ
ID N0 37) (V) V-T-A0T-OSASOOSST- OA—(S)-T-X—A (SEQ I D
NO38) (Vi) L-S OK-KSOT-AOSOS(S)-T-00T-(T) (SEQ I D
NO: 31) |
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The | ast sequence is identical to the sequence obtained from Peak 1 of
RT16.4. Path 2 [conprising steps (4)-(7)] (4) Fractionation of total native
AGPs by reverse phase HPLC The total native AGPs sanpl es were
separated by reverse phase HPLC essentially as described in Exanple
2(c)2-4. A nunber of major peaks were obtained fromthis separation all of
which reacted with Yariv reagent in a gal diffusion test (van Holst and

Cl arke, 1985) (unbound, RT7,8, RT17.2 and RT19.1) (Figure 3.4). Amino acid
anal yses of unbound and RT7.8 fractions are shown in the Table 3.1.
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66 (5) Deglycosylation of native AGP fractions from HPLC | ndi vi dual
native AGP fractions fromreverse phase HPLC were degl ycosyl ated using
anhydrous HF as in Exanple 2(c)(7). (6) HPLC separation of the

degl ycosyl at ed AGPs After deglycosyl ation, each sanple was reduced and
car boxynet hyl at ed before separation on reverse phase HPLC (RP-300) as
described previously. The pctofiles of each sanple are shown in Figure 3.5
and Figure 3.6. The nmmjor peaks RT16-19 in Figure 3.6 have simlar
retention times with the group of peaks RT16-19.9 in Figure 3.1. These
peaks may arise fromthe one conponent or a group of closely related
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conponents. (7) Thernolysin digest of deglycosylated pear AGPs Peak
RT23 from Figure 3.5 was digested with thernolysin and the resulting
peptides were further purified on reverse phase HPLC (RP-300). Six peptides
were sel ected for sequencing and gave the foll ow ng ami no acid sequences
(also shown in Figure 3): (i) I-SOAST/QOOT-T-SOASOOT

(SEQID NG 39) (ii) V-S-PISOV-QS-OCAeSOOOT-(T) (SEQ I D
NO 40) (iii) L-V-V-V-V-MT-P-RK-H (SEQ I D NG 41)
(iv) XNOAT-OOATKP (SEQ I D NO 42) (v)
1-AAT-OS (L) (SEQ I D NO: 43) (vi)
(Q/(S)-NAOCAOX-OK-P (SEQ ID NG 44) (b) doning
of genes fromP. comunis cell suspension culture To obtain an AGP

gene fromP. comuni s the Bt 3 anroc.edures
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essentially as described for the cloning of genes fromN. alata and N.°
A nunber of prinmers corresponding to
the L-V-V-V-V-MT-P-R-K-H (SEQ I D NGO 41) sequence (Figures 3.4 and 3.5)
wer e desi gned and synt hesi zed for PCR experinents (Table 3.2). The sane
nested PCR procedure used for the cloning of the NaAGPl gene (Figure 1.2B)

pl unbagi nafolia were foll owed.

was used to clone the gene _.encoding the gbove pepti de,
anneal i ng tenperature was 52C in this case.

and the PcA23F2a as the second priner.

59

AGAGAACCAAGAAACCAACACATCAAATATTCTTCTTTCCCTTTTGTTCTATTTTCATT

R T K K p T H Q I F F F P F C S

NaF2 primer »

NaFl primer »

(>}
~
~

ATGGGTCATTTCACTAAGCAAATGACATTCTTCTTGTTCTTGGTGATCTCAACTCCATTG

S T P L

M G H F T K Q M T F F L F L VvV I

except that the

A 350-bp fragnment was anplified
after two successive PCR reactions using the PcA23F1 as the first priner
The fragnment was sequenced and found
to encode the correct peptide sequence (SEQ ID NGO 48; Figure 3.7).

The PCR fragnent was used to screen a cDNA |ibrary made from nRNA from pear
cell suspension culture, as described above for N alata cell suspension.

o
o
)

GTGCAAATTGAAGGTAGAAAAAGCAAGT

TTATGATCATACC

FIG.1E
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Cl oni ng of genes encoding a protein backbone of an

This clone contained an insert of 760 bp and matched the PCR
AGP from Ni cotiana alata style

EXAMPLE 4.

67 One positive clone (PcAGP23) was isol ated and sequenced (SEQ I D NG 49;

Figure 3.8).
sequence.
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nati ve AGPs

pyrrolidone (1 %

filtrati on chromatography

The AGPs were then deglycosylated by HF and fracti onated by reverse
and extraction buffer (50-100 m ;

dJurification of tota
14 M [err]-nmercapt oet hanol) was added. The

native AGPs of N. alata styles were purified
1

by ion exchange chronat ography (I EC) and gel

(GFC) .

Tot al
-70[err] C. The styles were ground wi th pol yvinyl
l'iquid nitrogen
1 nmM EDTA,
d

| sol ation and purification of AGP peptides fromthe styles of -
In the presence of

Styl es (500-1000 styles including the stigm) were collected fresh or were

stored at

w V)

phase HPLC. Peptide sequence data were obtained after thernolysin digestion

of these degl ycosylated fractions.
100 MM Tri s pHB,

Ni cotiana al ata

(a)

¢—41'91d
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(10,000 xg, 20 mn) and cell debris discarded. The extract was brought to
95% anmoni um sul fate at 4[err], centrifuged (10,000 xg, 20 min) and the
supernat ant collected and concentrated by ultrafiltration using a Diaflo
system (YM 30 nenbrane, M 30 kD cut off) to about 10-20 m . The sol ution
was desalted on a PD- 10 colum (Pharmacia) equilibrated with 10 mM Tris
pH3. The sanple was applied &0 a FPLC Myw Q col um (Pharnmaci a; buffer A
10 MM Tris pH8; buffer B 2mM Tris pH8, 1,M NaC,; gradient: 0-309B 15
mn, 30-100%8 0.1 mn) Th ound AGPaf r act Eons ViBre detected by the Yariv
reagent gel diffusi on testfon sanpl esgof edgh fraBtion; AGP contain

fracti ons el uted at—ebayt %- 15% buf f ers (F gure-a 1). The AGP frac ns
fpled
were pool ed, equi | i biatet jnto 10 mM 4 HCGO wi t HEa PD- 10 desal ting col um,
freeze dried, and f«Fher purified on uperose 6 [err] col um (Ph@mma)
in 6Murea, 10 nmM TR pHB|(Figure 4.2) NThe AGP contai ni ng_fractioEwere
exchanged as above ih&Q, 10 n® NH err] HC err] and freeze dried.
Recovery of style e' gt i Mgt he purifipgtion procedure is as follows:
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68 filtration

The presence of AGPs at different stages of purification is

Bound AGPs 44.5%
denmonstrated on SDS-PACE gels in Figure 4.14. Crossed-el ectrophoresis of

95% (NH err])[err] SO err] -supernat ant,
Unbound AGPs 5. 4%

100%

Mono Q ani on- exchange col um,
25. 4%

Super ose 6 gel

col um,
AGPs fromstyles of N. alata during fracghonation is presented in Figure

style extract (1000 styles),
4. 15.

68. 2%
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native AGPs and sequenci ng of peptides

Degl ycosyl ati on of total
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pyroglutamate residue [20 [err]g pyroglutamate am nopepti dase (Boehringer
Mannheim in 100 mM pot assi um phosphate buffer pH 8.0, 10 nmM EDTA, 5 nM
DIT, 5 %glycerol at 37[err] C overnight; debl ocked protein was separated by
RP- HPLC and N- term nal am no acid sequencing was perfornmed] and the
sequence Al a-Hyp-Ady was obtained. The RT25 backbone was al so fragnmented by
treatment with thernolysin [thernolysin {Boehringer Mannheim at 0.2
[err]g/[err]g protein was added to RT25 protein backbone (2-10 [err]g) and
i ncubated at 55C for 2 hours in 500[err]l of 1% anmmoni um bi-carbonate, pH
7.8, 1 mMMCaCl[err] and 0.01% Tween 20]. The resulting peptides were
separated by RP-HPLC. Six major peptides were obtained (Figure 4.9). Peak 2
gave the am no acid sequence VSACSQSOSTAA (SEQ ID NO 67), as well as
| GSAOAGSOTSSPN (SEQ I D NG 53) and | GSAQAGSO (contained in SEQ I D NG 53).
Peak 3 gave the sequence LASOOAOOTADTQA (SEQ I D NGO 51) and peak 5 gave the
sequence FAOSGGVALPOSH SER | Q,NOG0) & Bobh sByueflicesDwer@ rich in Hyp, Ser
L —

- and Ala (33 of 52 am'lrlno atc,ni chesiO}jues'-).

Preerrrertnd
brereerrerrtrrertrereitd

- ———~————— e~ YSENNNNKNNNGYSENYNNNNNNGYS—~—=—=m==m -2

- PDVNGVPAPAVAP IGSGQDPEEGGIEAPAPLLTDTPYGLYGPHSQEIPST -1

FIG. 111

RN EERRE RN
I

FLVISTPLVQIEARKSKFMIIPASPAPAPTPINEISFP

— VINLDEVETQTPAEEFQGARFNTDESYNNNGYDSNNNG==——======—— -

- MGHFTKOQMTFFLFLVISTPLVQIEGRKSKFMIIPASPTPAPTPINEISFP
— PFSSLTPTPSPTPAPA--TAPTPFFNDFAFPPLSSLSPTPAPVPVGNVQD
— PFSSFTPTPSPTPTPTPTSAPTPFFNDFAFPPLSSLSPTPAPVG—-SDQD
— PDVNGVPTPALAPGGSGEDPEEGGIEAPAPLLTDTPYGLYGPHSQEISST
— VINLDEVETQTPAKEFQGARFNTDESYNNNGYDSNNNDNNNGYDSNNNNN -
— NNDDGFSENYNNNGYSENANNKNNNGYSENYNNNNNNGYAKNYNNGYSQS -2

NaAGP1
NpAGP1
NaAGP1l
NpAGP1
NaAGP1l
NpAGP1
NaAGP1
NpAGP1
NaAGP1
NpAGP1
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I n
and 0.01 % Tween 20],

14

0.1 [err]g/[err]g protein) was al so used to
pH 7.8,

cl eave the RT25 protein backbone at the Asp residue [30[err] C overni ght
of 1% ammoni um bi car bonat e,

foll owed by separation with

Endopr ot ei nase Asp-N (Si gng;
69

500 [err]l
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—I(SEQ
v=( SEQ

™

The

Fi gure 4.10),

A2,

The A2 peak gave the sequence

resi due.
The pepti de sequence of A2 (Figure 4.10)

overlaps with that of peak 3 (SEQ ID NO51) (Figure 4.9) and yields a
Four sequences were obtained fromthe RT35 peak of N. Jalata

The first peptide eluted (peak Al) gave no sequence data
X-X-X-QS-AA-0A A (D-XN

(i)

NO 56) (iv) X-T-F-S-Y-D/I-K E-T-A-1-NT-E-F-G MP-AE

BNQSS) (i) X—T-F-S/A—Y/L/V—D/I/A—I-E—T-A—I-N-T-E-F-G—P—X—E—X—X—ED'(SEQ
SEQ I D NGO 57)

continuous am no acid sequence of 26 resi dues LASOOAOOTADTOAFACSGGVALYTS

(SEQ I D NO. 69).

indicating that there is only one Asp residue in the RT25 protein.
styl e:

cl eavage was i nconplete as indicated by the presence of the starting

‘materi al .
ID NO54) (ii) X-T-F-S/IAY/ L-DI-1-KE-T/AAI-NT-E-F-G P-(E)

RP- HPLC. Two nmj or peptides were produced (peaks Al,

i ndi cating a bl ocked N-term nal

DTOAFACSGGVAL (SEQ I D NO. 68) .

|
|
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PELELE  prrnr t rer e e e et ERREN
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in a

About 5 x
After

phage were blotted onto nitrocellul ose nmenbranes
1.5 nM

(1989)

2 X 15 mnin 0.2x SSC and 1%

15 MM NaH err]PJ err],
DNA [ Sanbr ook et al.

rer

The nmenbranes were washed at 65

Screening of cDNA library with the PCR fragnent
1 % BLOTTO and 4 ng/ M car

pfu phage/plate of cDNA libraries (in Xzap) were plated out.

and hybridized with [err]P-label ed PCR fragnent at 65[err] overnight
1% SDS

hybri di zati on buffer containing 0.22 M NaC

70 2.

10[ err]

overni ght gromh at 37,
EDTA,

supra]j .

(@]
c c
© ©
Q (D)
TN 00LT~ YYYYYYYYYLIOO9OYOIIOOVYOIIOIYOIVYIY ~ TdOVeN
§ mV_ H_ L99T~ IIIIIOVYVVVYIIIIVIIVOOLIIIOYOVYILIIOLIOVOIIIOVYOOOUOIOYOY — TdOVeN
oo Z19T~ OIVYYIOLOLIOVIVILIILLIOIILIIIIOOVIVYNOODIDIOVOLIOVIDLIOY ~ TdOWeN
o
(O )]
w © .~ 2 0EVT~ VYVVYVVVVYYYYYYVYYVYIIOVYIIILIVYOLIVOLILIOVOYOVIIIIVYLIL ~ TdO¥AN
& _ FEELEE Frerrrntn TRRE
20 LSST~ II¥DLIIOILIOIOYOIIIIVYIIOVYI-IILVYOLIV)——~—=——————m IVVIL - TdOVeN
cC (¢D) .
O (&]
Scm SO 9LET~ IVOVIVVYOOIYOVYOOOVOOIVYYIVOOOVOVVOVYYILIOOLIOVIIVILIYOY ~ T49owdN
o~ .29 tereteeteebbererrebber e rrrirerel o EREERERREREEN!
mw LR yIST~ IVDYIVYVYOLOOVDOVOYIOIVVYOVOOOVOVYOVOVOOIOOLIOVIIVIIVIY ~ TdOVeN
o n
2205 .
oS m < 126 T~ VIDVOVVOILIODIIOVYOILVIOVOIVOVYOIOVIVYYIOIVIVYOOVIOVOVOWY ~ TdOvAN
“lwmmw b Errr b bereee bt teveeverrerrrernent
P 657 T~ VYIYOYYOLIOOIIOVYDOVIOVOLVOYYDIOYOVOVOOIVIVYOOYIOVOWONY ~ T[dOVeN
o wn O —
- m mm 5 99ZT~ YOILOIVYOVVOOIVYIIOIVVVYOVOLOOIVVOVYIOVIVIIIIOVIOVYIO9IV — TaovdN
mo%Me __________________________________________:_________._ .
S5 a6 FOF T~ VOIDIOVOVYIOIOVIIOIVYVVOVOIOOIVYIVYIOVIVILIIOVIOVYIOONIY - TAOVeN
—oowo
~3C 0w 1127~ ¥IVOVILIOIIVOVYOYOVOIOVOLIVDOVYODOVYYODIOOIVIVYOVYIVYOVY ~ TJOVAN
o 8@ PYEvLEeeverrerer ety rer v ebeeete ettt ereetvtvrettd .
*22 . 5 6VET~ VIVOVIIDLIVOVVYIVOVOIOVOLIVOOVYIOOVVVOOIOOIVIVYIVYIVYOYY ~ TJdOVEN
o~ _ & .
— C ©C. O
—_— D = O
o C o
[N m -
() e} O N
(@] ——~
o Cw— O
Q — O N
— O
T T OO
SEZ?3
NoCwnmec o
Dl.noba
No_D

This is the roplaqe"mém sheet
2 2 OCT 1996

Dathy



degl ycosyl ated with HF and the resulting AGP backbones were separated on
reverse phase HPLC. Two nmj or peaks: RT25 and RT35 were obtained after

degl ycosyl ation as well as an unbound fraction. Am no acid sequences were
obtai ned from both peaks after protease digestion. Three of the four

pepti de sequences from peak RT35 ‘contain the sequence: TAI NTEFGP (SEQ I D
NG 58). A degenerate oligonucl eoti de wasigynt hesi zed based on the sequence:
Al NTEFG (SEQ I D NO 60). RT35-specific priners synthesized had the sequence:
5' GCl ATTAATACTCAATTTGGS' (SEQ I D NG 61)

cccacC A A G where | is an

I nosi ne residue. -

FIG.1K-1

5'-probe | 3'-probe

1 2 3 4 § 67 1 2 3 4 5 6 7
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(a) In vitro anplification of an AGP gene from N. alata cDNA by PCR

The strategy to clone the gene encoding the RT35 peptide sequence is
illustrated in Figure 4.4. The RT35-specific prinmer was used in conjunction
with the adaptor priner in a polynerase chain reaction and a single 380-bp
DNA fragment was obtai ned. The PCR fragnment was subcl oned and sequenced
(SEQ I D NO 62; Figure 4.5). The sequencggi ncluded a derived peptide that

mat ched with the sequence obtained fromthe isolated AGP peptide. (b)

| sol ati on and sequence analysis of a cDNA clone fromN al ata

Total style extract
Deglycosylation
HPLC fractionation

= 21

o

0

N

©

3 32

o

S

2

o

%3]

0

<

+ unbound
N fraction
Time in Minutes
) RT21 RT32
Thermolysin
digestion and Direct
sequericing sequencing

R-K-S~F-M-I-I-P-A-S-0-T~0-A-O-T-0O-I-N-E-I-S-F

(cDNA matching this sequence cloned)

Y
L-A-S-0-0-A~0-0-T-A
L-A-S-0-0-A~0-0-T-A~D-T-O-A
F-A-0-N/S-G-G-V-A-L~0-0-S
I-G-A-A/0-O~A-G-S-0~-T-S-S-P/0O-N FIG 2A
O:Hyp
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71 The 380-bp PCR fragnent (SEQ I D NO 62; Figure 4.5) was used to
screen a cDNA library nmade from RNA isolated fromN. alata styles and one

positive clone was isolated and sequenced (SEQ ID NO 63; Figure 4.6). (c)

Nort hern bl ot anal yses of the Na35 1 gene The Na35_1 PCR fragnent
was used to probe northern blots of RNA
21
Total style extract
> Reverse phase RP-300
HPLC fractionation

6

5
=
c
td
(aY]
©
o 10
o
c
<
2
o 21-23
73]
o
< .

U 34
+ unbound
fraction
RT5-6 Time in Minutes
: Deglycosylation Deglvcosvlation

HPLC fractionation HPL%l};'ragz’ionation

FIG.2B
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[ Sanbr ook et al.

plants (Figure 4.7),
cells of N. alata, N. plunbagi nafolia and pear (Figure 4.8).

(1989) supra]

isolated fromvarious parts of N. alata

L. peruvianum (tomato) style and suspension-cul tured

The Na35_1

probe hybridized to a style transcript of 800 nucl eoti de which corresponds
to the length of the Na35 1 cDNA. Longer exposure of the northern blot did

not

reveal
The signa

any signal

in other parts of phe plant (i.e.,
strength varies in different genotypes of N alata. The

| eaf, stem root).

strongest signal was detected in RNA from S[err]S[err] style. The same
probe did not detect any transcript fromtomto style or

suspension-cultured cells (Figure 4.8). 4.
pri mer based on the TADTOAF sequence
synt hesi s
according to the overl apping

and 68.

| nosi ne was

Deglycosylation
HPLC fractionation

Deglycosylation
HPLC fractionation

\

}

23

(a)

Design of a gene-specific
A i gonucl eoti de design and
A gene-specific prinmer of 20 nucleotides | ong was desi gned

D NCS: 50, 51, 53, 67

—

FIG.2D

Time in Minutes

g

WU g1 g 1e 8dueqlosqy

8— 74#
T >
S o—
@ J

Time in Minutes

FIG.2C

Wwu Gl ¢ 1e soueqiosqy
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used to reduce the degeneracy as shown: T A D T O A
(SEQ ID NGO 70) 5" AC GCI GAT ACT CCT CGCT TT 3 (SEQ I D NG 71)

CAAA C C C G G
G The ol i gonucl eoti de was synt hesi zed on an Applied Bi osystens DNA

. synt hesi zer (nodel 391, ABI). (b) Rapid anplification of 3" End of the
cDNA (3" RACE). Total, RNA was isolzged fromN. alata styles as
described by McClure et al.

Total native pear AGPs
Deglycosylation ¢
HPLC fractionation
16.4
8.2
19.3
= /e 199
0
(a1}
©
QO
O
c
(4]
2
O
w
L0
<
+ unbound
fraction
Time in Minutes
RT164 | | RT18.2

thermolysin digestion
y  HPLC fractionation

- FIG.3A
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(1990) Nature 342:955-957. Conplenmentary DNA (cDNA) was synthesized from
total style RNA (5 [err]g) in a 20 [err]l solution containing 10 M
Tris-HO, pH 8.3, 50 MM KC, 5 MM MC [err], 1 nMdNTPs, 5 [err]MdT[err] +
adaptors, 30 U RNasin, and 50 U AW reverse transcriptase (Pronega) at
42[err]C for 1 hour. cDNA (2 [err]l) was subjected to polynerase chain
reaction (PCR) in 100 [err]l solution cogmaining: 10 mM

72

RT16.4

| RT18.2

thermolysin digestion ____
,l, HPLC fractionation

‘ 2peak 3

ea

= p

c

To)

-

(o]

© peak 4

8 K5
ea

{g peakil P

Qo

[ -

O

2]

0

<

Time in Minutes

‘Sequencing

Y
L-S-0-K-K-S-0-T-A-0-S-0-S-(S)-T-0-0-T-(T)
V/A-A/T-A-0-S/0-0/Y-S-S-T/A-X-0-S-A-T-X-T-X-X-V-A
V/A-A-D/A/0-S/0-T/0/K-0-S/0-P-Q

FIG.3B
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Tris-HO, pH 8.3, 50 MM KO, -1.5 MM MgC [err], 200 [err] M dNTPs, 30 pnole
of the gene-specific prinmer, 30 pnole of the adaptor prinmer and 2.5 U of
Taq DNA pol ynerase (Perkin El mer-Cetus). Sanples were denatured by heating
at 96[err]C for 2 min and then cooled to 80[err]C before Tag DNA pol ynerase
was added. The PCR cycles were: 35 x: 96[err]C, 45 sec; 55C, 45 sec;
72[err]C, 1 mn. The PCR pr.oduct (400 bmswas cloned and sequenced on an
Appl i ed Bi osystens DNA sequencer k?m_)_ | 373A, ABl). The deduced am no acid
sequence fromthis PCR clone T 464 lilsRTal8L AGP sequences, i.e., SEQ ID
NCS: 50, 51, 53, 67, 68. (c) CDNA liJdrary screening A styl e cDNA

library ([err]ZAP I1; Stratagenge Qﬁlgﬁgg@ﬁgﬂ using NRNA fromstyles (6
hours after touching) of Nl at %%CB&HEBO Jo j n Royo, Plant Cell
Bi ol ogy Research Center, School tany, e Bni vertity of Mel bour ne,
Parkville, Australia (PCBRC). cDNA |ibrary (300, 000 u) was plated out and

peak 4

peak 3

boa 2|

peak 5

peak
1

Time in Minutes

Absorbance at 215 nm

LGISOAOSOAGEVD (G)
XXO0AAQVXAQ/S
VTAOTOSASOOSST(T)AAT(T)A |
AKSOTATOOTATOOSAV
VTAOTOSASOOSSTOA(S) TXA
LSOKKSOTAOSOS(S)TOOT(T)

Sequencing

FIG 3C This is the replacement sheet

naw: 2 2 OCT 1005



bl otted onto Hybond-N nyl on nenbranes (Anersham according to the

manuf acturer's instruction. The PCR fragnment was | abeled to 10[err]
cpm[err]g with [err]P- dCTP. Hybridization was carried out at 55C
overnight in 0.22 MNad, 15mM NaH err]PJerr], 1.5 mM EDTA, 1 % SDS, 1%
BLOTTO and 4 ng/m herring sperm DNA. The nenbranes were washed for 2x 10
mn at roomtenperature in 2x SSC, 1% SD&6followed by 2x 10 mn at 55C in
0.2x SSC, 1% SDS. Positive XZAP clones were in vivo excised (Stratagene)
and DNA sequences were anal yzed. The cl one encoding the RT25 protein
backbone was designated AGPNal 1 cDNA. The nucl eoti de and deduced protein
sequences were anal yzed using the PC/ Gene software (IntelliGenetics). (d)
RNA Bl ot Anal ysi s RNA bl ot anal ysis was perfornmed as described by
Sanbrook et al. (1989) prﬁgé—gbri di zation and washing conditions were
the sane as 'H@@rﬂ%ﬁ&eapﬁ pt that the AGPNal 1 cDNA was used as
probe and hybrigdi zati on was carried out

Reverse phase RP-300
HPLC fractionation

>

7.8

17.2

Absorbance at 215 nm

+ unbound
fraction

Time in Minutes
RT7.8

Deglycosylation

s Deglycosylation
HPLC fractulnatlon | HPLC fractionation

|
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at 60[err]C _
Cl oning of an AGP gene from P. communi s using an
anti sense RNA probe [1.] The PcAGP9 cDNA cl one (SEQ I D NO 66)

73 EXAWPLE 5.

27
+ unbound
fraction
Deglycosylation .
PLC fractionation Deglycosylation
H 11 . HPLC fractionation

£ T e[ 16:19

c
0 0
N o~
‘5 E
O
= 3
3 £
o o
o] e
:
< <

r123 | Time in Minutes Time in Minutes
Thermolysin digestion F|G3F

and sequencing

)

[-S-0-A-S-T/Q@-0-0-T-T-S-0-A-S-0-0-
V-S-P/S-0-V-Q-S-0-A-S-0-0-0-T-
L-V-V-V-V-M-T-P-R-K-H

(LOW SIGNAL)

X-N-0-A-T-0-0-A-T/K-P
[-A-A-T-0-S-(L)
(G)/(S)~-N-A-0-A-0-X-0-K-P
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(a) | sol ation and purification of AGP peptides fromcell cultures of

Pyr us comuni s (pear) The procedure essentially as described
in Exanple 3(a) was followed to obtain am no acid sequences of AGP peptide
fragnents. The sequence A-K-S-OT-A-T-O OT-A-T-OOS-A-V (SEQ I D NG 37)
was selected as a tenplate for the isolation of a correspondi ng AGP gene.
(b) Cl oning of a pear AGP gene encodi nggSEQ I D NO 37 In the

previ ous exanples of the invention (Exanples 2, 3, and 4) AGP genes were
i solated by utilizing a hydroxyproline-poor sequence of an isolated AGP
pepti de fragnment to synthesize an oligonucl eotide prinmer which was not
enriched in GC. In contrast, in this exanple (Exanple 5), a

hydr oxyproline-rich peptide sequence is
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utilized for the construction of an anti sense RNA probe. The
sequences of two oligonucleotide (AF1T3) and (AR2T7) used for the
construction of a GC-rich probe are presented in Table 5. 1. An :
anti sense RNA probe was synthesized fromthe PCR fragnment by using T7 RNA
pol ymerase (Promega) and used to screen a cDNA library prepared from pear
cell suspension culture. The hybridizatigg was carried out at 40[err]Cin
hybri di zati on buffer containing 2x SSPE, 1% SDS, 0.5 % BLOTTO, 50%
formami de and 0.5 ng/ M denatured herring sperm DNA. After overni ght
hybridi zation, lifts were first rinsed at roomtenperature with 2x SSC,

0. 1% SDS and then washed at 50[err]C with the sane buffer for 30 mn. The
lifts were finally washed at 50[err]C with 1x SSC, 0.1 %at 50[err]C for
another 30 min. Three cDNA clones were isolated and sequenced. The sequence
of the | ongest cDNA clone PcAGP9 (SEQ I D N0663) is shown in F| ure 5. 1.
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cul tures of Pyrus

culture filtrate were purified by

Yariv reagent and fractionated by

cel l
A.
30

AGPs in pear

precipitation with the [err]- glucosyl
HPLC as described in Exanple 3(a).
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flow chart of the purification procedure is presented in Figure 5.4. The
maj or peak of Figure 5.4A, which accounted for approximately 27% of the
AGPs | oaded onto the colum, was collected and reapplied to the sane
colum. Upon elution with a shallow gradient, two peaks (Fractions 1 and 2)
were resolved (Figure 5.4B). The AGPs in Fraction 1 were described in
Exanpl e 3 and Exanple 5[1].. Fractizan 2 (Figure 5.4B) was subjected to
si ze-exclusion fractionation on superose-6 FPLC and was resolved into two
conponents, peaks 2A and. 2B (Figure 5.4C3). N-termnal am no acid
sequencing of material in Peak 2B gave the sequence AEAEAXTXALQVVAEAXEL
(SEQ I D NO 74). AGPs in Peaks 2A and 2B were separately

degl ycosyl ated and the resulting protein backbones were isolated by

si ze-exclusion FPLC (Figure 5.4D1-4). Peak 2B gave one protein backbone

wi th a nol ecul ar wei ght of 10k. Peak 2A resulted in two protein peaks
havi ng nol ecul ar wei ghts of 54k and 10k. N-termi nal amno acid

Total style extract

}

95% Ammonium Sulphate Precipitation
Mono Q Anion Exchange Chromotography

|

Absorbance at 280 nm

UL ' "

L

Y Time in Minutes
Unbound AGPs Bound AGPs
(17%) (83%)

!

"Superose 6 chromatography

FIG4A
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sequenci ng of the 54k protein backbone gave the sequence TOAOA (SEQ I D
NG 75), while the 10k protein backbone in Peak 2B gave the sequence
AEAEACTCALQVWWAEACEL (SEQ I D NO 76) . The 10k and 54k protein
backbones were digested separately with thernolysin and the resulting
pepti des were purified by RP-HPLC for sequencing. Sequences of eight
peptides were obtained fromthe 54k protgi n of Peak 2A and three fromthe

10k protein in Peak 2B (Tabl e 3.6). Two of the three sequences and the
N-ternmi nal sequence overlap to give a sequence

AEAEACTCALQVWAEACELVOTOVOTOSY (SEQ I D NGO 88) for the 10k protein in peak
2B. (b) | sol ation of a cDNA encodi ng the 10k AGP protein backbone

The approach to cloning of cDNA encoding the 10k protein backbone was
essentially the same as that used to clone the PcAGP9 cDNA. Five cDNA
clones were isolated and sequenced. The consensus sequence of 1040 bp is
shown in Figure 5.5. This cDNA is referred to as PcAGP2.

Unbound AGPs Bound AGPs
| (17%) (83%)

|

Superose 6 chromatography
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HF deglycosylation
Reverse phase RP-300
HPLC fractionation
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EXAMPLE 6: Cl oni ng and Expression of Genomc AGP Genes (a) Cl oni ng of
genom ¢ AGP genes and identification of an AGP pronot er region.

The procedure essentially as used for the isolation of cDNA clones is used
to obtain a genom c clone of a plant AGP. Wenever possible, AGP cDNA

clones w |
A A
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HPLC fractionation
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75 be used to screen genomc libraries. The follow ng procedure descri bing
the isolation of a genomc AGP clone from suspension-cultured cells of N

al ata and N. plunbagi nafolia represents a general procedure which can be
adapted for the isolation of a genom c AGP gene froma desired plant cell.
To isolate an AGP genom c clone, genomc DNA is isolated from suspension-
cultured cells of N alata and N. plunbagi nafolia and partly digested with
Sau3Al. After size selection by ultracentrifugati on under a gl ycerol
gradient, DNA fragnents of 10-23 kb in size are ligated into vectors such
as [err]Dash (Stratagene) to forma genomc library. The libraries are then
screened with the NaAGP1l and NpAGPl cDNAs, respectively, to isolate their
correspondi ng genonm ¢ clones. The resulting

mRNA
-— TTTTTTTTTT-Adaptor
cDNA P
<DNA syntheSis
cDNA TTTTTTTTTT-Adaptor
- Adaptor
specitic primer >
PCR
PCR fragment
Cloning and sequencing

FIG.4D
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genom ¢ cl ones are studied by Southern anal ysis and sone clones are
sequenced. The pronoter region of the AGP gene is then identified fromthe
DNA sequence. (b) Reconbi nant Gene Construction. The expression of a
pl ant gene which exists in double-stranded DNA form invol ves transcription
of messenger RNA (nRNA) from one strand of the DNA by RNA pol ynerase
enzynme, and the subsequent processing ofzghe nRNA primary transcript inside
t he nucl eus. This processing involves a 3'-nontransl ated regi on which adds
pol yadenyl ate nucl eotides to the 3'-end of the RNA. Transcription of DNA
into nRNA is regul ated by a pronoter. The pronoter region contains a
sequence of bases that signals RNA polynerase to associate with the DNA and
toinitiate the transcr%i on o MRNAGHISI R”RY ore ofct he DNA strands as a

tenplate to nmake a corr ond| n@l straf off'R . A nunber of
pronoters which are active aﬁf c&l s‘ﬂavév’been described in the
literature. These include t£e ngpa megsyn:t:has.q (NOGS) and octopi ne synt hase
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(OCS) pronoters (which are carried on tunor-inducing plasm ds of

Agr obacterium tunefaciens, the Cauliflower Msaic Virus (CaM) 19S and 35S
pronoters, the light- inducible pronoter fromthe snmall subunit of ribul ose
bi s- phosphat e carboxyl ase (ssRUBI SCO and t he mannopi ne synt hase ( MAS)
pronoter [Velten & Schell (1985) Nucl. Acids Res. 13:6981-6998]. Al of
‘these pronoters have been used to create ygrious types of DNA constructs
whi ch have been expressed in plants (see, e.g., PCT publication

W84/ 02913) . Pronmoters which are known or are found to cause
transcription of RNAin plant cells can be used in the present invention.
Such pronoters nmay be obtained fromplants or plant viruses and include,
but are not limted to thechNV3§§

(] o o o
(Ce] N (o] <t o Oom
™M M - M NM ™M ™M
i ™M un . r~ (o)} —l
B oA v Q o B~
&) > B ) O U]
Hh O <O O Z O«
B U] (&) |20 O]
E:yq EECJ Egrﬂ &;na HH E%[ﬂ
< v O] O <G )
B B 2 = (@) =
Hd OO0 By HE £0 K-
O 3 H B O] PS4
O =4 < B =
H Iy 4 U B U wn B+
B~ O 5 ﬁ
B £ &) &)
O wm & T U= h'e H > Bl
= O = ) =
= [ B4 &) -
Hh A <0 O O O
3 o & O O O
<5 B U] -~ B
HE BHH BHA BRI X OO
B < B B 2
O O L] g . K
2 O VU= (@ NT 62} < M L
&) e O O] B
P B M Bt I
Om &4 OB Qu o> |
- 65 &5 £ <
B> VRG] SR :i&: U ng: ]
O O E Q Q]
G Sz B0 5a Bw %x o
g% 27 B° 8% ¥ ¢ W
£~ B = B O
O OH ¥ Hun Hn &0
B = B - O,
3] ) O, B4 B )
HS Hiu MOBHEK O B
5 B B~ O Bt
B = O] U]
Q A (o BERS X)) gm H >
)] O - O]
ﬁ < <G > O
HHEd O O O gz
> £ O [ O
< O &) £ Y Q)]
B O BHH O U O
B4 0] g O &) O
U B < O] H
2 HFH HYA Oy BHAA Ow
< < = O B~ o
&) B < I B O
|3 BEH U D Hiy gz
& < o O H
= O ] < <G O
E HAd O HH U U &0
5 & & & 8 9
3 B 2 O O BHH

This is the replacement sheet

Date: 2 2 OCT 1998



76 pronoter and pronoters isolated from plant genes such as ssRUBI SCO
genes. It is preferred that the particular pronoter sel ected should be
capabl e of causing sufficient expression to result in the production of an
effective anpbunt of protein. The pronoters used in the DNA
constructs (i.e., chineric plant genes) of the present invention may be
nodified, if desired, to affect their comtrol characteristics. For exanple,
t he CaMV35S pronoter may be ligated to the portion of the ssRUBI SCO gene
that represses the expression of ssRUBISCO in the absence of light, to
create a pronoter which is active in |eaves but not in roots. The resulting
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chinmeric pronmoter may be used as described herein. For purpose of this
description, the phrase "CaMv35S" pronoter thus includes variations of
CaMv35S pronoter, e.g., pronoters derived by neans of ligation with
operat or regions, randomor controlled nmutagenesis, etc. Furthernore, the
pronoters may be altered to contain nultiple "enhancer sequences” to assi st
in elevating gene expression. ThesgNA produced by a DNA construct of
the present invention also contains a 5 -nontransl ated | eader sequence.
Thi s sequence can be derived fromthe pronoter selected to express the
gene, and can be specifically nodified so as to increase translation of the
.MRNA. The 5'-nontransl ated regions can al so be obtained fromviral RNAs,
from suitable eukaryotic genes, or froma synthetic gene sequence. The
present invention is not limted to constructs as presented in the
foll owi ng exanpl es. Rather, the nontransl ated | eader sequence can be part
of the 5 -end of the nontransl ated region of the codi ng sequence for the
virus coat protein, or part of the pronoter sequence, or can be derived

froman unrel ated pronoter or codi ng&qsg]u\onqs N &

S 2 0
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in any case. It is preferred that the sequence flanking the initiation site
conformto the transl ational consensus sequence rules for enhanced
translation initiation reported by Kozak (1984) Nature 308:241-246.

The DNA construct of the present invention also contains a nodified or
fully- synthetic structural coding sequence whixgh has been changed to
enhance the performance of the gene in plants. For exanple, the :
enhancenent nethod can be applied to design nodified and fully synthetic
genes encoding a plant AGP protein. The structural genes of the present
invention may optionally encode a fusion protein conprising an

am no-term nal chloroplast transit peptide or secretory signal sequence,
etc. The DNA construct al so contains a 3' -nontransl ated region. The
3'- nontranslated region contains a pol yadenyl ati on signal which functions
in plants to

kb
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77 cause the addition of polyadenylate nucleotides to the 3 -end of the
viral RNA. Exanples of suitable 3'- regions are (1) the 3" -transcri bed,
nontransl ated regi ons containing the pol yadenyl ati on signal of
Agrobacterium tunor-inducing (Ti) plasm d genes, such as the nopaline
synt hase (NOS) gene, and (2) plant genes |like the soybean storage protein
(7S) genes and the small subunit of the 4uBP carboxyl ase (E9) gene. An
example of a preferred 3'-region is that fromthe 7S gene.
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(c) Pl ant Transfor mati.on. A chineric plant gene containing a
structural coding sequence of the present invention can be inserted into

t he genone of a plant by any suitable nethod. Suitable plants for use in
the practice of the present invention include, but are not |limted to,
soybean, cotton, alfalfa, oilseed rape, flax, tomato, sugarbeet, sunflower,
pot at o, tobacco, nmize, rice and wheat. fuitable plant transformation
vectors include those derived froma Ti plasmd of Agrobacterium
tumefaciens, as well as those disclosed., e.g., by Herrera-Estrella et al.
(1983) Nature 303:209, Bevan et al. (1983) Nature 304:184, Klee et al.
(1985) Bi o/ Technol ogy 3:637-642, and EPO publication 120,516. In addition
to plant transformation vectors derived fromthe Ti or root- inducing (R)
pl asm ds of Agrobacterium alternative nmethods can be used to insert the
DNA constructs of this invention into plant cells. Such nethods may

i nvol ve, for exanple, the use of |iposoenes, electroporation, chem cals that
i ncrease free DNA
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upt ake, free DNA delivery via mcroprojectile bonbardnent, and
transformation using viruses or pollen. A useful Ti plasmd
cassette vector for transformation of dicotyledonous plants, for exanple,
may consist of the enhanced CaM35S pronoter and the 3'-end inecluding

pol yadenyl ation signals froma soybean gene encoding the al pha-prine
subunit of beta-conglycinin, A multilinkgs containing nultiple restriction
sites for  the insertion of genes may be positioned between these two

el enents. (d) Over- and under-production of AGPs by transfornmed cell

| i nes. It is generally acknow edged that all plant natural cell

| i nes produce sonme AGPs, probably at the | evel of approximtely 2-10%
(Ww) of total stiyctugxleg copplgx cey ghydetg [ Showsldeer (1993) Pl ant
Cel | 5:9- 23] Theseonatma-l-l pl enimcel ks tnconmr icse al | «Wwh® regul atory factors
(pronoters, enhancers, vtnzynest etc.™Nfor f€tanscripffon, translation and
post -transl ati onal procesSi ng to produce a glycosyl ated
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AGP as the natural product. dycosylation conprises the steps of (a)
proline ' 78 hydroxyl ation
with a prolyl hydroxylase, (b) gal actosylation using a unique [err]-Hyp-

gal actosyl transferase, (c) the addition of gal actose chains by a separate
gal act osyl

43
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transferase for each |inkage type, and (d) the addition of arabinose by
ar.abi nosyl transferase. Thus, cultured natural plant cells (e.g., nonocots
or dicots) can be transformed with heterol ogous reconbi nant gene fragnents
and used for overproduction or underproduction of nonglycosylated AGPs. In
sone cases, a dicot host may be transforned with a nonocot gene or,
alternatively a nonocot host may be trangforned with a dicot gene.

Al ternatively, a host cell which normally does not produce glycosylated AGP
(e.g., E. coli) may be transfornmed and used for the over- or
under - producti on of a nongl ycosyl ated AGP pepti de backbone in which the
proline residues have not been hydroxyl at ed. To transform a host
cell for overproduction of AGP, an AGP cDNA (e.g., NaAGPl or NpAGPl) is
linked at the 5 -end with a heterol ogous pronoter (e.g., CaW 35S pronoter)
and at the 3'-end with a termnator (e.g., NOS-term nator). Thus, the AGP
gene will be under the control of the CaMv 35S pronoter, which is known to
be a strong pronoter. This expression cassette is then subcloned into a

FIG.4M-1 FIG.4M-2
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bi nary vector derived fromthe A tunefaciens Ti plasmd to transformthe
cultured cells of either N- alata or N plunbaginafolia to create cel

|l ines that overproduce AGPs. The AGP is al so tagged by histidines at the
C-term nus by introducing a six- histidine coding DNA fragnent into the AGP
CDNAs. The six-histidine tagged AGP can then be readily isolated by using
ni ckel -nitrolotriacetic acid Sepharose &8 um (Hochuli et al., 1988,

Bi o/ Technol ogy 6:1321-1325). An alternative approach is to use the tag,
Flag[err], [Hopp, T.P. et al. (1988) Biotechnol ogy 6:1204-1210], which can
be incorporated into the AGP sequence to allow purification with an
anti-Flag[err] nonocl onal anti body. To transforma host cell for
under production of AGP, an antisense construct is utilized. In this
construct, the AGP cDNA is situated in the opposite direction of the Caw
35S pronpter so that an antisense transcript is produced. This transcript
hybridi zes to its correspondi ng sense nRNA eventually | eading to the

i nhibition of gene expression.
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1. A cloned DNA nol ecul e encoding a protein backbone of a plant

ar abi nogal act an protein (AGP) as herein defined. 2 A cl oned DNA

nol ecul e encoding a protein backbone of an arabi nogal act an protein from
the plant fam |y Sol anaceae or Rosaceae. 3. The cloned DNA nol ecul e of
claim 2 wherein said arabinogal actan protein is from Ni cotiana or

Pyrus. 4. The cl oned DNA np] ecul e of claikm 3 wherein said arabi nogal actan
protein is from Ni cotiana alata or N cotiana plunbagi nafolia. 5. The

cl oned DNA nol ecul e of claim 3 wherein said arabi nogal actan protein is from
Pyrus communis. 6. The cloned DNA nol ecul e of claim 3 wherein said

ar abi nogal actan protein is from style of N cotiana. 7. The cl oned DNA
nol ecul e of claim2 wherein said cloned DNA nolecule is from
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A

Sol anaceae and hybridizes to a nucl eotide sequence encodi ng an am no aci d’
sequence selected fromthe group consisting essentially of amno acid

sequences SEQ I D NOS: 11 and 26-30 or to a nucl eotide sequence sel ected
fromthe group consisting essentially of nucleotide sequences SEQ I D
NCS: 13, 14 and 21-25. 8. The cl oned DNA nol ecul e of claim2 wherein said

cl oned DNA nol ecul e consi sts essentiggly of the nucleotide sequence SEQ
ID NO 24 or SEQID NO 25. 9. The cloned DNA nol ecul e of claim 7 wherein
said cloned DNA nolecule is a genom ¢ AGP gene. 10. The cl oned DNA
nol ecul e of claim6 wherein said cloned DNA nol ecul e hybri di zes to a
nucl eoti de sequence encodi ng an am no acid sequence sel ected fromthe

group consisting essentially of am no acid sequences SEQ | D NOS: 50- 60

or a nucl eotide sequence selected fromthe group consisting essentially of
nucl eoti de sequences SEQ I D NOS: 61-63. 11. The cl oned DNA nol ecul e of
claim6 where g said cbo@d DNA aokecul. e ooo OHOLOHO
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hybri di zes to an RNA sequence transcribed froma DNA sequence encodi ng an

am no aci d sequence selected fromthe group consisting essentially of am no
acid - 80- sequences SEQ I D

NCS: 50- 60 and 67-70 or froma DNA sequence sel ected from

49
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the group consisting essentially of SEQ ID NOS: 71-72. 12. The cl oned DNA
nol ecul e of claim6 wherein said cloned DNA nol ecul e consi sts
essentially of nucleotide sequence SEQ ID NGO 63 or SEQ ID NO 72. 13. The
cl oned DNA nol ecule of claim 10 or 11 wherein said DNA nolecule is a
genom ¢ AGP gene. 14. The cl oned DNA nol ecul e of claim2 wherein said

cloned DNA nolecule is from Pyrus amgp hybridizes to a nucl eoti de
sequence encodi ng an ami no acid sequence sel ected fromthe group
.consisting essentially of am no acid sequences SEQ I D NCS: 31-44 or to a
nucl eoti de sequence selected fromthe group consisting essentially of
nucl eoti de sequences SEQ | D NCS: 45-49. 15. The cl oned DNA nol ecul e of. claim
2 wherein said cloned DNA nolecule is from Pyrus and hybridi zes to an
RNA sequence transcri bed froma DNA sequence encodi ng an amno acid
sequence sel ected fromthe group consisting essentially of am no acid

sequences SEQ I D NOS: 31-44 and 73-88 or from a DNA sequence

HYDROPATHY INDEX
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selected fromthe group consisting essentially of SEQ ID NCS: 64-66 and
89-91. 16. The cloned DNA nol ecul e of claim2 wherein said cloned DNA

nol ecul e consi sts essentially of a nucleotide sequence selected from
the group consisting essentially of SEQ ID NCS: 49, 66 and 91. 17. The
cl oned DNA nol ecule of claim 14 or claim15 wherein said DNA nolecule is
a genom c AGP gene. 18. A DNA reconbi nagtt vector conprising a cloned DNA

nmol ecul e of any one of clains 1 to 17. 19. A host cell transformed with
a DNA reconbi nant vector of claim18 so that a gl ycosyl ated or

nongl ycosyl at ed ar abi nogal actan protein is expressed. 20. The host cell of
claim19 wherein said host cell is a bacterial or plant cell. 21. A

geneti cal | y-engi neered DNA nol ecul e conprising a plant arabi nogal act an
protein gene of any one of clains 1 to 17 under control of a heterol ogous
pronoter so that a glycosylated or nongl ycosyl ated ar abi nogal actan protein
IS : :

Unbound +
fraqtlon
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expressed. - 81- 22. The
genetical | y-engi neered DNA nol ecul e of cl.aim 21 wherein said

ar abi nogal act an protein gene conprises a nucl eotide sequence sel ected from
a _
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group consisting essentially of SEQ ID NCS: 24, 25, 49, 63, 66, 72 and 91.
23. A genetically engi neered DNA nol ecul e conprising a plant

ar abi nogal act an protein (AGP) pronoter situated adjacent to a

het er ol ogous structural gene such that said structural gene is
-expressed under control of said plant AGP pronoter. 24. A substantially
pure, intact plant arabinogal actan protesn (AGP) as herein defined. 25. The
substantially pure, intact plant arabi nogal actan protein of claim?24

wher ei n said plant is fromthe fam |y Sol anaceae or Rosaceae. 26. The
substantially pure, intact plant arabinogal actan protein of claim24
consi sting essentially of the am no acid sequence derived froma
nucl eoti de sequence sel ected froma group consisting essentially of SEQ
| D NCSs: 24, 25, 49, 63, 66, 72 and 91. 27. A_substantiall ure plant
ar abi nogal act a% protgl n (AGR as Hgrein @finedg o rc,qducé
expression in Imst‘_p@I | ol ancl ocech DNén il ecen e-l of <ara~y one of
claims 1 to 17. « n & o
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28. A substantially pure plant arabinogal actan protein (AGP) having an

ani no acid

nucl eoti de sequence of the

pepti de, or

in screening a plant gene

an i sol ated AGP

mherar1sa|d¢wdfox

hydr oxyprol i i€,
wherein said R

<L 0N

TTAG

< H

GG

0o

AAT
N

AAACTACGATGGCAGAGGAGGCTACAACCGCAATCCCCCGGGCGGAGGC
N ¥ DG R G G Y N R NP P G 'G G

nol ecul e t her eof,

sequence which is essentially that encoded by the

correspondi ng AGP gene. 29. An antibody to
a substantially pure plant arabinogal actan protein of claim?24. 30. A

nmet hod of obtaining a plant arabinogal actan protein (AGP) gene conpri sing
t he step of utilizing an am no aci gaequence froman isol ated AGP

to design a nucl eotide sequence useful

library for a hybridizing clone. 31. A

met hod of obtaining a plant arabinogal actan protein (AGP) gene conprising
t he step of utilizing a hydroxyproline-rich amno acid sequence from
nol ecul e thereof,

pepti de, or
useful in scrgening g plants
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(Amended) A cloned DNA molecule encodmg a protem backbone of a plant

arabinogalactan protein (AGP) that is not an inducible nodulin protein.

A cloned DNA molecule encoding a protein backbone of an arabmogalactan
protein from the plant family Solanaceae or Rosaceae.

The cloned DNA molecule of claim 2 wherein said arabinogalactan protein is
from Nicotiana or Pyrus.

The cloned DNA molecule of claim 3 wherein said arabinogalactan protein is
from Nicotiana alata or Nicotiana plumbaginafolia. '

The cloned DNA molecule of claim 3 wherein said arabmogalactan protein is
from Pyrus communis.

The cloned DNA molecule of claim 3 wherein said arabinogalactan protein is
fromstyle of Nicotiana. |

The cloned DNA molecule of claim 2 wherein said cloned DNA molecule is
from Solanaceae and hybridizes to a nucleotide sequence encoding an amino acid
sequence selected from the group consisting essentially of amino acid sequences
SEQ ID NOS:11 and 26-30 or to a nucleotide sequence selected from the group
consisting essentially of nucleotide sequences SEQ ID NOS:13, 14 and 21-25.
The cloned DNA molecule of claim 2 wherein said cloned DNA molecule o
consists essentially of the nucleotide sequence SEQ ID NO:24 or SEQ ID
NO:25. |

The cloned DNA molecule of claim 7 whereia said cloned DNA molecule is a
genomic AGP gene.

The cloned DNA molecule of claim 6 wherein said cloned DNA molecule
hybridizes to a nucleotide sequence encoding an amino acid sequence selected
from the group consisting essentially of amino acid sequences SEQ ID NOS:50-
60 or a nucleotide sequence selected from the group consisting essentially of
nucleotide sequences SEQ ID NOS:61-63.

The cloned DNA molecule of claim 6 wherein said cloned DNA molecule
hybridizes to an RNA sequence transcribed from a DNA sequence encoding an
amino acid sequence selected from the group consisting essentially of amino acid
sequences SEQ ID NOS:50-60 and 67-70 or from a DNA sequence selected from
the group consisting essentially of SEQ ID NOS:71-72.
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said plant AGP whérein said reagent is useful as an agent selected fromthe
group - consi stlngss),getgasmmlﬁtw ng agent, emnul siony stabt l Lzer,

t hi ckeni ng agent, ent, a texture nodif| énis &:sizing ;&gerg
a bi ndi ng agent mu - an adhesive agent, a d.l.,Sp,;e,Flﬁ ng |

agent, an encapsul a uspendl n agent —a-ubri-cating..agent ,
a coagul ating agent and a conbi nation the

24. (Amended) A substintially pure plant arabmogalactan protem that is not an

inducible nodulin protein.

25. The plant arabinogalactan protein of claim 24 wherein said plant is from the
family Solanaceae or Rosaceae.

26. The substantially pure plant arabinogalactan protein of claim 24 consisting
essentially of the amino acid sequence derived from a nucleotide sequence
selected from a group consisting essenually of SEQ ID NOS:24, 25, 49, 63, 66,

" 72 and 91.

27. An antibody to a substantially pure plant arabinogalactan protein of claim 24,

28. A method of obtaining a plant arabinogalactan gene comprising the step of
utilizing an amino acid sequence from an isolated AGP peptide, or molecule
thereof, to des1gn a mucleotide sequence useful in screening a plant gene library
for a hybridizing clone.

~ 29. A method of obtaining a plant arabinogalactan gene comprising the step of
utilizing a hydroxyproline-rich amino acid sequence from an isolated AGP
peptide, or molecule thereof, to design an RNA probe useful in screening a plant
gene library for a hybridizing clone, wherein said hydtoxyprohne-nch amino
acid sequence is enriched in hydroxyproline, alanine, serine, and threomne
(OAST) content, and wherein said RNA probe comprises a nucleotide sequence
containing a coding sequence of said hydroxyproline-rich amino acid sequence.

30. A chemical or pharmacological reagent comprising a plant arabinogalactan
protein produced from a cloned DNA molecule encoding a protein backbone of
said nlant AGP wherein said reagent is useful as an agent selected from the
group consisting of an emulsifying agent, emulsion stabilizer, a thickening agent,
a gelling agent, a texture modifier, a sizing agent, a binding agent, a coating
agent, an adhesive agent, a dispersing agent, an encapsulating agent, a
suspending agent, a lubricating agent, a coagulating agent and a combination
thereof.

L
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CLAIMS :

10.

11.
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A cloned DNA molecule eéncoding a p;otéih'backboﬁe”df'é'"ﬁl’anf arabinogalactan "

protein (AGP) as herein defined.

A cloned DNA molecule encoding a protein backbone of an arabinogalactan
protein from the plant family Solanaceae or Rosaceae.

The cloned DNA molecule of claim 2 wherein said arz_tbinogalactan protein is from
Nicotiana ot Pyrus.

The cloned DNA molec;lle of. claim 3 wherein said arabinogalactan protein is from
Nicotiana alata or Nicotiana plumbaginafolia.

The cloned DNA molecule of claim 3 wherein said arabinogalactan protein is from
Pyrus communis.

The cloned DNA molecule of claim 3 wherein said arabinogalactan protein is from
style of Nicotiana.

The cloned DNA molecule of claim 2 wherein said cloned DNA molecule is from
Solanaceae and hybridizes to a nucleotide sequence encoding an amino acid
sequence selected from the group consisting essentially of amino acid sequences
SEQ ID NOS:11 and 26-30 or to a nucleotide sequence selected from the group
consisting essentially of nucleotide sequences SEQ ID NOS:13, 14 and 21-25.

The cloned DNA molecule of claim 2 wherein said cloned DNA molecule consists
essentially of the nucleotide sequence SEQ ID NO:24 or SEQ ID NO:25.

The cloned DNA molecule of claim 7 wherein said cloned DNA molecule is a
genomic AGP gene.

The cloned DNA molecule of claim 6 wherein said cloned DNA molecule

hybridizes to a nucleotide sequence encoding an amino acid sequence selected

from the group consisting essentially of amino acid sequences SEQ ID NOS:50-60
or a nucleotide sequence selected from the group consisting essentially- of
nucleotide sequences SEQ ID NOS:61-63.

The cloned DNA molecule of claim 6 wherein said cloned DNA molecule
hybridizes to an RNA sequence transcribed from a DNA sequence encoding an

amino acid sequence selected from the group consisting essentially of amino acid
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12.

13.

14.

15.

16.

17.

18.

19.

20.
21.

REPLACEMENT SHEEY
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sequences SEQ ID NOS:50-60 and 67-70 or from a DNA sequence selected from
the group consisting essentially of SEQ ID NOS:71-72.

The cloned DNA molecule of claim 6 wherein said cloned DNA molecule consists
essentially of nucleotide sequence SEQ ID NO:63 or SEQ ID NO:72.

The cloned DNA molecule of claim 10 or 11 wherein said DNA molecule is a
genomic AGP gene.

The cloned DNA molecule of claim 2 wherein said cloned DNA molecule is from
Pyrus and hybridizes to a nucleotide sequence encoding an amino acid sequence
selected from the group consisfing essentially of amino acid sequences SEQ ID
NOS:31-44 or to a nucleotide sequence selected from the group consisting
essentially of nucleotide sequences SEQ ID NOS:45-49.

The cloned DNA molecule of claim 2 wherein said cloned DNA molecule is from
Pyrus and hybridizes to an RNA sequence transcribed from a DNA sequence
encoding an amino acid sequence selected from the group consisting essentially of
amino acid sequences SEQ ID NOS:31-44 and 73-88 or from a DNA sequence
selected from the group consisting essentially of SEQ ID NOS:64-66 and 89-91.
The cloned DNA molecule of claim 2 wherein said cloned DNA molecule consists
essentially of a nucleotide sequence selected from the group consisting essentially
of SEQ ID NOS:49, 66 and 91.

The cloned DNA molecule of claim 14 or claim 15 wherein said DNA molecule is
a genomic AGP gene.

A DNA recombinant vector comprising a cloned DNA molecule of any one of
claims 1t0 17. |

A host cell transformed with a DNA recombinant vector of claim 18 so that a
glycosylated or nonglycosylated arabinogalactan protein is expressed.

The host cell of claim 19 wherein said host cell is a bacterial or plant cell.

A genetically-engineered DNA molecule comprising a plant arabinogalactan
protein gene.of any one of claims 1 to 17 under control of a heierologous
promoter so that a glycosylated or nonglycosylated arabinogalactan protein is

expressed.
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22.

23.

24.

25.

26.

27.

28.

29.
. 30.

31.

REPLAGEMENT SheE]
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The genetically-engineered DNA molecule of claim 21 wherein said
a_rabinogalactan protein gene comprises a nucleotide sequence selected from a
group consisting essentially of SEQ ID NOS:24, 25, 49, 63, 66, 72 and 91.

A genetically éngineered DNA molecule comprising a plant arabinogalactan
protein (AGP) promoter situated adjacent to a heterologous structural gene such
that said structural gene is expressed under control of said plant AGP promoter.
A substantially pure, intact plant arabinogalactan protein (AGP) as herein defined.
The substantially pure, intact plant arabinogalactan protein of claim 24 wherein
said plant is from the family Solanaceae or Rosaceae. |
The substantially pure, intact plant arabinogalactan protein of claim 24 consisting
essentially of the amino acid sequence derived from a nucleotide sequence selected
from a group consisting essentially of SEQ ID NOS:24, 25, 49, 63, 66, 72 and
91.

A substantially pure plant arabinogalactan protein (AGP) as herein defined,
produced by expression in a host cell of a cloned DNA molecule of any one of
claims 1 to 17.

A substantially pure plant arabinogalactan protein (AGP) having an amino acid
sequence which is essentially that encoded by the nucleotide sequence of the
corresponding AGP gene.

An antibody to a substantially pure plant arabinogalactan protein of claim 24.

A method of obtaining a plant arabinogalactan protein (AGP) gene comprising the
step of utilizing an amino acid sequence from an isolated AGP peptide, or
molecule thereof, to design a nucleotide sequence useful in screening a plant gene
library for a hybridizing clone.

A method of obtaining a plant arabinogalactan protein (AGP) gene comprising the
step of utilizing a hydroxyproline-rich amino acid sequence from an isolated AGP
peptide, or molecule thereof, to design an RNA probe useful in screening a plant
gene library for a hybridizing clone, wherein said hydroxyproline-rich amino acid
sequence is enriched in hydroxyproline, alanine, serine, and threonine (OAST)
content, and wherein said RNA probe comprises a nucleotide sequence containing

a coding sequence of said hydroxyproline-rich amino acid sequence.
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32. A chemical or pharmacological reagent comprising a plant arabinogalactan protein
(AGP) prdduced from a cloned DNA molecule encoding a protein backbone of
said plant AGP wherein said reagent is useful as an agent selected from the group
consisting of an emulsifying agent, emulsion stabilizer, a thickening agent, a
gelling agent, a texture modifier, a sizing agent, a binding agent, a coating agent,
an adhesive agent, a dispersing agent, an encapsulating agent, a suspending agent,

a lubricating agent, a coagulating agent and a combination thereof.
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2. Screening of cDNA library with the PCR fragment §

About 5 x 10* pfu phage/plate of cDNA libraries (in )xzapj) were plated out;

After ovenﬁght growth at 37°, phage were blotted onto nitrocellulose membranes and
hybridized with »*P-labeled PCR fragment at 65° overnight in a hybridization buffer
containing 0.22 M NaCl, 15 mM NaH,PO,, 1.5 mM EDTA, 1% SDS, 1% BLOTTO
and 4 mg/ml carrier DNA [Sambrook et al. (1989) supra]. The membranes were
washed at 65° for 2 x 15 min in 0.2x SSC and 1% SDS and exposed to X-ray films.
Positive Azap clones were converted into plasmid DNA by in vivo excision as

described in the Stratagene’s instruction manual for the sequence'analysis.
3.  Design of a gene-specific primer based on the AINTEFG sequence
As déscribed in Example 2(c)2, pp. 37-38, the purified AGPs were

deglyco.sylated with HF and the resulting AGP backbones were separated on reverse
phasé HPLC. Two major peaks: RT2S and RT35 were obtained after
deglycosylation as well as an unbound fraction.. Amino acid sequencés were obtaiﬁed
from both peaks after protease digestion. Three of the four peptide sequencss from
peak RT35 contzin the sequence: TAINTEFGP (SEQ ID NO:58). A degenerate
oligonucleotide was synthesized based on the sequence: AINTEFG (SEQ ID NO:60).
RT35-spe;iﬁc primers synthesized had the sequence:

S'GCIATTAATACTCAATTTGG3 ! (SEQ ID NO:61)
c ¢ ¢ G ¢
A A
G

where [ is an inosine residue.

(@  In virro amplification of an AGP gene from N. alara cDNA by PCR

The strategy to clone the 'genc encoding the RT35 peptide sequence is .
illustrated in Figure 4.4. The RT3S-specific primer was used in conjunction with the
adaptor primer in a polymerase chain reaction and a single 380-bp DNA fragment
was obtained. The PCR fragment was subcloned and sequenced (SEQ ID NO:62;
Figure 4.5). The sequence included a derived peptide that matched with the sequence
obtained from the isolated AGP peptide.

(b) [solation and sequence analysis of a cDNA clone from N. alata
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This invention provides plarit arabinogalactan proteins (AGPs) and their genes.
AGPs were isolated from Nicotiana alata, Nicotiana plumbaginafolia, and Pyrus
communis. Amino acid sequences of isolated AGP peptide molecules are presented.
Isolated AGP molecules were used to synthesize oligonucleptide probes to prepare
oligonucleotide primers for PCR or pre;iare RNA probes to screen cDNA libraries of
N.- alata, N. plumbaginafolia, and P. communis. cDNA clones encoding amino acid
sequences of isolated AGP molecules were isolated. The invention presents for the
first time an intact AGP amino acid sequence derived from a corresponding AGP
. gene. The instant invention further provides methods useful in obtaining AGP genes
encoding an AGP peptide comprising a specific isolated hydroxyproline-rich (OAST-
rich) sequence or 2 specific isolated hydroxyproline-poor sequence. - '
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