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BACKGROUND OF THE INVENTION

Coffee is prepared from the roasted ground beans of the plants of the genus Coffea,

15  generally from the species C. arabica. Coffee plants produce the alkaloid caffeine, which is
present in their dried fruit, coffee beans. Because many coffee drinkers prefer coffee without
caffeine, a number of processes have been developed to remove caffeine from coffee beans.

All of these processes result in the removal of substances other than caffeine from the beans,
thereby adversely affecting the taste of coffee brewed from the treated beans. Although a

20 few naturally occurring caffeine free coffees and related genera are known (Mascarocoffea
spp. and Coffea bengalensis), they have no commercial value. (Charrier and Berthaud,
"Variation Of Caffeine Content In The Coffea Genus", Cafe' Cacao The', 14:251-264

(1975)). Accordingly, there is a-need for a method for producing decaffeinated coffee beans

that does not result in the removal of substances from the beans other than caffeine.

25 Caffeine is a naturally occurring purine alkaloid produced by coffee and tea plants,
among others. It is believed that caffeine synthesis protects the plants from insects. Coffee

plants synthesize caffeine from the nucleoside xanthosine in four sequential seactions as
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10  embodiment this invention relates to genetic alteration of coffee plants to eliminate synthesis

of XMT. In the presently preferred embodiment, synthesis of XMT is suppressed by

transforming coffee plants with a DNA sequence that codes on transcription for 2 messenger

RNA (mRNA) that is antisense to the mRNA that codes on expression for XMT. The

invention may be generalized to produce other caffeine free beverages and food products,

15  including tea, cocoa, and other chocolate-based beverages or foods.

SUMMARY OF INVENTION

Purified proteins, DNA sequences that code on expression therefore and recombinant

DNA molecules, including hosts transformed therewith, for transforming coffee plants to

20  suppress the expression of caffeine. The DNA sequences and recombinant DNA molecules
are characterized in that they code on expression for an enzyme, xanthosine N7 methyl
transferase (XMT), that is the first step in the pathway for caffeine synthesis in coffee. The

base sequence of that DNA and the predicted amino acid sequence of XMT is provided.

Coffee plants are transformed with DNA molecules that code on transcription for
25 mRNA that is antisense to mRNA that codes on expression for at least one enzyme in the
pathway for caffeine biosynthesis. The antisense RNA binds to XMT mRNA, thereby

inactivating the mRNA encoding the first step in the pathway for caffeine synthesis. The
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result is that the trrged 0nsRGcHRnA Gra@ing of e & caffind B@fedid ROCoffea
caffeine, though other aspects of their netabolismis not affected.
BRI EF DESCRI PTI Cuialil®8. THE DRAW NGS 5 Figure 1 is a schematic
drawi ng of the pathway for caffeine synthesis in Coffea ar abi ca.
Figure 2 is a photograph of a silver stained SDS PAGE gel of purified
xant hosi ne N7 Figurd 3/ is aiphetpgranhirof 8 silver stained SDS PAGE gel dfipyified x8nthicsineN7

densitonetric plg&hﬁr&gnvgm%&el ution of tryptic fragnments of purified

Figure 3 is a densitometric plot showing elution of tryptic fragments of purified

10  xanthosine N7 methy] transferase following HPLC separation.

Figure 4 is a description of the oligonucleotide primers used to screen the cDNA

library cDNA encoding xanthosine N7 methy] transferase.

Figure 5 is the base sequence of the cDNA. that encodes xanthosine N7 methyl
transferase.

15 Figure 6 with the predicted amino acid sequence of xanthosine N7 methyl

transferase.

DETAILED DESCRIPTION OF THE INVENTION

In order that the invention herein described may be more fully understood, the
20 following detailed description is set forth. In the description the following terms are

employed:

Nucleotide -- A monomeric unit of DNA or RNA consisting of a sugar moiety
(pentose), a phosphate, and a nitrogenous heterocyclic base. The base is linked to the sugar

moiety via the glycosidic carbon (I carbon of the pentose) and that combination of base and
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stugar is called a DNA Semiente. - Phbindsnsmaycdfanuslsptides connecterk onputsl hotothée by The

four DNA bases are adenine ("A"), guani ne ("G'), cytosine ("C'"), and
car:

t hyni ne (") phosplaodiestgr bonsigbetypsn the 3apd ons of adjagent pentosesy” yraci| (" U').

DNA Sequence -- A linear array of nucleotides connected one to the other by

-

N

Codon - A DNA sequence of three nucleotides (a triplet) which encodes through
mRNA an amino acid, a translation start signal or a translation termination signal. For
example, the nucleotide triplets TTA, TTG, CTT, CTC, CTA and CTG encode for the amino
acid leucine ("Leu"), TAG, TAA and TGA are translation stop signals and ATG is a

10  translation start signal, which also encodes the amino acid methionine ("MET").

Polypeptide -- A linear array of amino acids connected one to the other by peptide

bonds between the amino and carboxy groups of adjacent amino acids.

Genome - The entire DNA of a cell or a virus. It includes inter alia the structural
gene coding for the polypeptides of the substance, as well as promoter, transcription and

15 translation initiation and termination sites.

Gene - A DNA sequence which encodes through its template or messenger RNA

("mRNA") a sequence of amino acids characteristic of a specific polypeptide.
Transcription - The process of producing mRNA from a gene or DNA sequence.

Translation -- The process of producing a polypeptide from mRNA.

20 Expression -- The process undergone by a gene or DNA sequence to produce a

polypeptide. It is a combination of transcription and translation.

Plasmid - A nonchromosomal double-stranded DNA sequence comprising an intact

"replicon” such that the plasmid is replicated in a host cell. When the plasmid is placed
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Gene - A DNA secﬂﬂéﬁ&@h\‘mﬁﬂ?“bﬁéto&e?"f’mséﬁw W?@ﬁ‘?@ﬂﬂﬁ %F%{]%M@EE 'ger RNA
("mMRNA") a sequence of am no acids characteristic of a specific

pol ypept i de. Transcription -- The process .of duci ng nMRNA
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priocess undergone Dy a gen sequence t o produce a
pol ypeptide. It is a conbination of transcription and transl ation.

Plasmd - A nonchr onmsgiRl vaiiP! & gkl bhagk BRI, SEfidR GNP keyilnlwRh is
I nt act "repl that the plasmd is replicated in a host
cell. Wen the plpsi eplicate(dh @St cell, characterized by one or a small number of endonuclease
recognition sites at which such DNA sequences may be cut in a determinable fashion without

10  attendant loss of an essential biological function of the DNA, e.g., replication, production of

- coat proteins or loss of promoter or binding sites and which contain a marker suitable for use

in the identification of transformed cells, e.g., tetracycline resistance or ampicillin resistance.

A cloning vehicle is often called a vector.

Cloning — The process of obtaining a population of organisms or DNA sequences

15  derived from one such organism or sequence by asexual reproduction.

Recombinant DNA Molecule or Hybrid DNA - A molecule consisting of segments of
DNA from different genomes which have been joined end-to-end outside of living cells and

able to be maintained in living cells.

c¢DNA - A DNA strand complementary to an mRNA that codes for a particular

20  polypeptide.

Although the strategy for producing caffeine free coffee may be generalized to other
enzymes in the pathway for caffeine synthesis in coffee and other caffeine producing plants,
in the presently preferred embodiment of this invention, the expression of the first unique
enzyme in the pathway, xanthosine N7 methy! transfersase (XMT) is suppressed. While the

25  role of XMT in caffeine synthesis has been elucidated by radiolabeling of precursors, to date
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DNA - A nol eCLﬂpﬁroﬁ%&iysﬁOi‘Mtlﬁf e pE0A Mg XM was obtained.DNA from di f f erent
genomes whi ch have been joi nedg end-to-end outside of living cells and

able to be maintained in living cells. cDNA - A DNA strand

conpl enentary to ampyRNAatt Bses Coad Sprdséién Ford XMT Card diicorpdfited jaml wppBl-12le.
Al t hough the strategy for producing caffeine free coffee may be generali zed

to other 10 tansfoeyaios veotot hehighatisplwdes fao kanamivgini neesisianceh gefes | $ucesstfilee and
ot her caffeine producin | ant s e
-inEorporation o% tIE)e vectar into plant cells will be monitored by acquisition of antibiotic

resistance. The constructs are used to transform coffee somatic embryos in tissue culture.
The transformed ethbryos are thereafter grown into novel coffee plants that do not produce
caffeine. Naturally decaffeinated coffee is prepared from roasted ground fruit from these

15 novel plants.

More specifically, fresh leaf tissue from young leaves of C. arabica was macerated
and protein extracted therefrom. Column purified extracts were assayed for enzymatic
activity, by monitoring the methylation of xanthosine using c!4  labeled
S-adenosylmethionine as substrate. The reaction product was confirmed as

20 | 7-methylxanthosine by comparing the migration of the labeled reaction product with
migration of 3-methylxanthine, 7-methylxanthine, 8-methylxanthine, 7-methylxanthosine,

xanthine and xanthosine in each of four different chromatography systems.

The purity of the protein isolates was determined using SDS PAGE electrophoresis
and two dimensional gel electrophoresis. Silver staining of one dimensional SDS PAGE gels
25  indicated the presence of a doublet with the enzymatic activity of XMT, with a molecular

weight of 36-37 kiloDaltons (kD) as shown in Figure 2. Each protein was further resolved
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fruit from t heseused to constucs primess fopprobe synthesis. RNA was euispcieds fremi £offeg| legves.

fresh |eaf t i& sur%Rkkochn gm%'nrg]gpokye&\q%sset?l}cencces waag %gn{: e% t¥|varefrom ¥ %bﬁg library was

prepared from the poly (A1) mRNA using reverse transcriptase. Double stranded DNA was

.prepared using DNA polymerase I, and recovered by precipitation. The cDNA was

_ fractionated and inserted into phage for amplification. The cDNA library was screened with

a PCR synthesized probe produced using primers based on the DNA sequence expected from

15  the amino acid sequence of the purified XMT. A clone producing a cDNA containing all of
the sequences encoding XMT has been identified.

The cDNA corresponding to the gene encoding XMT is used to transform embryonic
coffee plants. The plasmid pBl-121 is used as a transforming vector. The sequences
corresponding to DNA that codes on expression for XMT is inserted into the plasmid in an

20  inverted orientation adjacent to a cauliflower mosaic virus 35S promoter. RNA transcribed
therefrom will be complementary to mRNA that encodes the amino acid sequence of XMT.
Complete constructs are émpliﬁed in bacterial hosts. The hosts are disrupted and the

.amplified vector is attached to colloidal gold particles. The gold particles with adherent
vectors are inserted into coffee plant protoplasts by propelling the particles at high speed at

25  the cells as described in U.S. patent 5,107,065. Young plants successfully transformed are

identified by antibiotic resistance. The transformed plants do not produce caffeine.
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resol ved, and usec? to construct primers for probe synthésis. RNA was
extracted {go tﬁpén%zgl?d'aﬁﬁ%?eﬁ-to nifl NRnfo it BFrEY SHhdbICdnd ghddiné With)a SUENCES
was purified ﬁlere rom A cDNAaI]'ng?alry was gl’g'repared fror:1 tahe poly

(Alerr]) nRNA pisdertd diydsecforsaboiit30 36 I'The ipasdered tissubives adtiedoto d dehkeNddntaining 1.5
L of ice cold 80% acetone, 5’ mM thiourea, and 12.5 mM B-mercaptoethanol. After mixing

on a magnetic stirrer for 45 min, the tissue was recovered by filtration under vacuum in a

Buchner funnel containing Whatman No. 1 filter paper. The tissue was washed with 2.5 L of

15  80% ice cold acetone containing thiourea and B-mercaptoethanol as above, air dried for 20

min and then lyophilized for 48 hours.

The resulting acetone powder was homogenized in a blender with 400 mL of

extraction buffer (EB) (0.1 M PIPES [pH 7.0}, 0.5 mM NajEDTA, 0.5 mM NaEGTA, 5%
ascorbic acid, 5 mM dithiothreitol [DTT}, 5 mM thiourea, 12 mM L-cysteine HCI, 1%

20  polyethylene glycol (PEG) 20,000, 0.1 mM phenylmethylsulfony! fluoride [PMSF], and 20 g
polyvinyl-polypyrrolidone [PVPP]). The slurry was homogenized for 10 min at medium
speed, and then transferred into 250 mL centrifuge bottles and centrifuged at 23,000xg for 30

min in a GSA (Dupont-Sorvall) rotor.

The 350 mL crude supernatant obtained was brought to 40% ammonium sulfate (AS)
25  saturation over 30 min by the slow addition of 79.86 g AS powder while being stirred in a
beaker surrounded by an ice bath. The mixture was once again transferred to 250 mL

centrifuge bottles and centrifuged at 23,000xg for 30 min as above. The 350 mL supernatant
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grown at the University of Hawaii Wi manal o Research Station,
extensively with this loading buffer until the baseline stabilized near zero, and the bound

proteins were eluted with a buffer containing 10 mM tris (pH 7.0), SmM DTT, and 1.5 M
sodium chloride (NaCl).

The 142 mL Affi-Gel Blue Gel column eluate was made 1.7 M AS by the slow

15 addition of 31.8 g AS powder while being stirred for 30 min in a beaker surrounded by an ice
bath. The slurry was centrifuged in 250 mL centrifuge bottles at 23,000xg for 30 min as
above, and the supernatant loaded into an FPLC Phenyl-Sepharose column XK 26/20
(Pharmacia) at 23°C. The column was pre-equilibrated with a buffer containing 20 mM bis-
Tris-Propane (pH 6.8), S mM DTT, and 1.7 M AS. When a baseline was established near

20  zero the proteins were eluted out of the column in a 40 min reverse gradient of 1.7M ASto 0

M AS at a flow rate of 5 mL/min, collecting 1 min fractions. The 0 M AS elution buffer
contained 10 mM tris (pH 7.0), 5 mM DTT, and | mM MgCly.

Activity assays on the fractions collected indicated that the majority of enzymic
activity for xanthosine-N7-methyltransferase was concentrated in fractions 49 to 54. These
25  fractions were pooled into 30 mL final volume, and then loaded into a 6 mL ATP-agarose

column (Sigma Chemicals, A2767) by gravity at 4°C. The column was pre-equilibrated with
10 mM tris (pH 7.0), 5 mM DTT, and | mM MgCly. After stabilization of the baseline, the



Cahu, Hawaii. Leaves were immediately imrersed in liquid nitrogen (liquid
N err]) and stored at -70[err]Cuntil used. Al subsequent procedures
were carried out at 4[err]C unl ess ot herw se stated. Leaf tissue (150
g) was nmacerated in a nortar and pestle under liquid N2 and, while 10

still frozegvoy,ﬁﬁﬁferred to a pre-chilled donestic coffeepgfiussrgsgand
ground with a sma pi ece of dry ice for about 30 sec. The powdered
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cont ai ni ng t hi sudlett andloadel Grité 3 MoRS-B HR 520 FRIM({Phatmacid) @ulimn pre-eqillibtatbdivith 20
mn and then |yophilized for 48 hours. The resulting acetone
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slurry was hong@gpipEero)f M sé¢ AMDTT & givetindBoncentration SGRL of SUEM tHERe (pH
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30 m n 7.0), andGSAM IDIDinNtmibGastivhs. ) Thiok @ffect stabilized the final pH conditians3o0 Nl
crude supernatant obtained was brought to 40% amoni um sulfate (AS) 25

sat urati on ovethe oteirisgluted undeeslighthyacditont from theMopo-Paglugn. ATheypaigractivityi fre
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- substantial negative effect on the activity state of xanthosine-N7-methyltransferase.

15 B. Assay of enzyme activity.

The 100 pL standard assay mixture contained 50 mM tricine (pH 7.0), 1200 uM
xanthosine, 5 mM DTT, 7.5 pM S-adenosyl-L-[methyl-14C)-methionine (SAM)
(60mCi/mmol; DuPont NEN), and 1 mM NapgEDTA. The reaction mixture (50 pL without
enzyme) was preincubated for 10 min at 25°C and the reaction was initiated by the addition

20 of 50 uL enzyme solution and allowed to proceed at 25°C for 1 hour. At the end of the
incubation period three 30 pL aliquots of the reaction were removed and terminated by
adding to 8 puL of 0.6 M perchloric acid (HCIO4). The same was done for zero time controls
in order to detect true enzymic activity. This mixture was centrifuged in a microcentrifuge
for 5 min and 19 pL of the supernatant was mixed with 1.0 puL of 33 mM 7-methyl-

25  xanthosine. These mixtures were spotted on Whatman No.] chromatography paper and
developed with n-butanol-acetic acid-Hy0 (#-BuOH-HOAc-H70) (4:1:1). The position of

7-methylxanthosine was determined by its blue fluorescence when exposed to short



chromat ography (HHC) columm at the flowrate of 2.5 niL/mn. Al colum
fractions were noni tored for protein using absorbance at 280 nm The
H C col um was washed with pre- equi libration buffer containing 1.7
M AS, 20 nM bis-tris-propane (pH 6.8), and 5 M DIT 5 until a baseline
near zero waswasdraBeép shed. The col umm was then stripped w t HPCI/ERIINDLB2
containing 10 nMtris (pH 7.0), 5 nmM DTT, J‘gmvl MgCl [err]. The first 15 nL

out of the col utm was di scarded and'the remaining eluate (200 )
was | oaded undef@icyhivy 'hPlﬁtO This region was b3Coufbf tE throfi@bgriths/@ndahd fatliodcrivipye |
(100-200 nesh, Bio-Rad) colum that-had the dye C bacron blue F3GA

coval ent |y att asaedetértitied &y seintiiation chting @bing\B slpScintioeprse stibilatiacifinid (Hished 10
mMtris (pH 7.0), 5 nMDIT, 1 mM My Cl[gerr] Ioadl buffer. The col unm was

washed e Seienificl (Fopnijygiefficienpycwas aa%ngmw ane Hen-spegifieragiation) detegted
stabi:lized near e, bound ns _wer ted with a
buf f er contai ni r'fb'gig'“‘ﬁﬁhyg‘f‘?tg t"ﬁﬁg'f’“ﬁfthe?ﬁ%"%[‘f PEhYTE 'Bb% fed! sodi um
chloride (NadCl). The 142 nmL Affi-Gel Blue Gel colum eluate
was nmade 1.7 MAS by the slow 15 addition of 31.8 g AS powder while

bei ng sti rre& for 30 mn in a beaker surrounded by an ice bat h. The
slurry was centrifuggd pastt) df bottles at 23,000xg for 30 mn
as above, and%t Illdeentslupe?nrr?g%‘%g ggggﬂ"l nto an FPLC Phenyl - Sephar ose
colum XK 26/ 20 (Pharnacia) at 23[err]C. The colum was

pre-equi | i brat ed Wt%é‘s&%l&ﬁﬁ, AR o i cBlifcHiE VR iificd by bydrolfslsst e AP

(pH 6.8), 5 mM DTT, and sel'i ne was es ed nea

zero the protei fom\ahe Rethylael Qldhthéfinet hactivhl produdt Nal 4Bpakition I iV @I Wferent
gradient of 1.7 MASto O MAS at a flowrate of 5 nL/mn, collecting
1 m n fracti ons.chibmatograply/sgsterhs.it The produgt frem two 100 ploreactionsdpng @s deiséribed aboyp H
7.0), 5 MM DIT, and 1 nM My Cll_ rrh . Activity assays on the
fractions cold ecndernianeethal IhuM T-methyizgnthoping assarrich Xpasppplied as a band at thej ¢ |/

53, Those 25 TR Reatash O pfEf Sl TR chBh el Aok h ] 4 1 ©
| oaded-into a 6 mnumtﬁoagazme(u 1). The regidn ofithe chismgtsgrafilventspaiding t&ﬁiﬁ)?l)tedby
gravity at 4[err]C. The colum was pre-equilibrated with 10 MM tris
(pH 7. 0). 5 nM [Xarthosinedwak debdctol) @k [abovie] cut Afitb estnall tpddoes, ipkaa¢d ina alerilkehebe, and
baseline, the incubated with 35 mL of deionized water at 37°C with shaking overnight. The extract was
15 filtered through 2 layers of miracloth followed by a 0.22 pm filter and then lyophilized. The
dried extract was resuspended in 1.0 mL of deionized water, placed in a glass digestion vial
and lyophilized. The sample was resuspended in 400 pL of 1.0 M HCI and incubated for 1
hour at 100°C. The digest was lyophilized, reéuspended in 400 pL of 3 mM 7-methyl-
xanthine and again lyophilized. The digest was resuspended in 40 pL of deionized water,
20 and 10 pl, was chromatographed in each of four different systems. 1-Methylxanthine, 3-
methylxanthine, 7-methylxanthine, 8-methylxanthine, 7-methylxanthosine, xanthine and
- xanthosine were included on each chromatogram for comparison. The following
chromatography systems were used; Whatman No.1. paper.developed in n-BuOH-HOAc-
HyO (4:1:1) and C8 thin layer plates (Whatman KC18F) developed in either isoamyl
25  alcohol-HyO-acetonitrile (41:4:5), ethanol-Hy0 (4:1) or fert-BuOH-HOAc-H20 (4:1:1).
After drying, the chromatograms were sprayed with En3Hance (Dupont NEN), redried and
exposed for 30 days to pre-flashed Fuji RXGcy X-ray film at -70°C.
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colum was stripped with 20 nmL of pre-equilibration buffer containing 100

[ err] M xant hosi ne, and washed with an additional 40 niL

pro-equi | i brgad opszedpuf fer. Both col um el uates were ponuseinassd | oaded

into a Mono-P HR 5/20 FPLC (Pharmacia) colum pre-equilibrated with

25 MM bis-tris (pH 6.0) and 9% betaine at 23[err]C. After the baseline
stabilized the colum 5 was eluted w t4p 100 nL Pol ybuffer 74 (10 ni:90
m. Herr]Q v:v) (pH 4.0) (Pharnmaeia), and 9% betaine at a flow rate
of 1 nL/mn. The C @. l1aetifi@fiod of pRteins B galieRophllesid.err ] L 0.5 M tricine

buffer (pH 7.0), and 50 MM DIT to give a final concentration in | nL of 50
mMtricine (pH 7.0), and 5 MM DTT in 1 min fractions. This in effect
stabilized the fin&kirsetd cbaindd is absve wedd used in singleldiiRenpion{10) BDS-PAGESHinigeE e
slightly acidic pH fromthe Mno-P colum. The major activity for 10

xant hosi ne- N[ émaip-gaek2tfph sordamifie 0 8%améthylens|bissoylnmide:t tacldug gal-715%acrylamide, ne was
faund in fractions 15 ) and 16 of the gradient eluting fromthe colum
with a pH 6f 921% methylepedisacrxlamide); by, mixing with Laemmli sagle buffer{Laemmli, 15K+ o
freeze the pr I N,SaxR! t aqge .of Wkd g d | s this.had a
Subst ant i al g 2o (3308 anf s iRl (07 mR AR OEPAGE by B3 modicid

xant hosi ne- N[ ghdilea B 0 ¥irdel 208 @ BRI, P.Z., Gbdman, HM., O'Farekll PASSEN PF11852y e
activity. The 100 [err]L standard assay m xture contai ned

50 mM tri ci ne ((gh)/ Top-dinlehsional Eléctrbploresis was made yiossible By predipitatithg Proteind with[ er r | M
S- adenosyl -L-[ net hyl -[err] C] - net hi oni ne ( SAM (60nCi / nmol ; DuPont
NEN), and 1 nivONarERTe 109%cethancd fur il deumand redissolying the grotéins imjspelestric focusing

enzynme) was preincubated for 10 mn at 25[err] C an he re .gn was
initiated By tFRF) sumple butfer coptgining 336 Wht’éﬂ"’% ?‘F_l’]éfi’(zai’rg'lgﬂﬁéﬂ’ ma‘ﬂ'aﬂmabmd to

proceed at 25[1‘3.’&34::? C?Eg{esoﬂigiﬁﬂyyﬁ%ei%ac f?oﬁ\@?ﬁﬂam};ielﬁr,g@feer s maintailiel RAkasP Rz PEr T Od

three 30 [err] ion were erm nated by

adding to 8 [ qglehdurthaCany miifing bhifr i constifiiehts (ol he Rhromogrdphy stepsRidast done
for zero tinme controls
interfere with IEF. Equal total protein samples (<20 ug) were applied to the basic end of
prefocused tube gels (8.8% acrylamide, 1.6% methylene bisacrylamide) containing 5%
15  ampholines as above. The gels were focused for 10,000V-hours plus an additional 2 hours at
1,000 V. Blank focused gels were cut into 5 mm sections and incubated in 0.5 mL of 100
mM CaCly for 24 hours, and the pH of the segments was determined. From this analysis, the

pH gradient of the IEF gel was estimated to range from 4.4 to 6.0.

The tube gels were prepared for SDS-PAGE by a brief HyO wash followed by three

20  washes (10 min each) in hot Laemmli sample buffer. The tube gels were placed on the top of
SDS-PAGE gels (main gel:12.5% acrylamide, 0.8% methylene bisacrylamide; stacking
gel:7.5% acrylamide, 0.21% methylene bisacrylamide) and held in place with 3% agarose in
Laemmli sample buffer. Proteins were visualized by silver-staining. In 1D gels the Mono-P
fraction 16 which had the highest enzymic activity indicated only the presence of a doublet

25  under silver staining (Figure 2). The molecular weights of these proteins (kD) were
approximately 37.6 and 36.1 kD. In 2D gels each protein separated into two spots. The

isoelectric point (IP) of the more acidic one had an average value over several gels of 5.2,



in order to detect true enzymc activity. This mxture was centrifuged in a
m crocentrifuge for 5 mn and 19 [err]L of the supernatant was
mxed with 1.0 [err]L of 33 mM 7-nethyl- 25 xant hosi ne. These m xtures
were spotted on What man No.1 chronmat ography paper and devel oped with
n- but anol - acewWa9788%0- H err] O (n- BuOH HOAc-H err] O (4: 1: 1) . PATEsy30498ti on
of 7- et hyl xant hosi ne was determ ned by its blue fluorescence when
exposed to short WO 97/ 35960 ~ 13 -

PCT/ US97/ 04982  and the more basic one of 5.3. Their molecular weight’s however now averaged 43.5 kD,
wavel ength, UV light. This region was cut out of the chromatograns and the
radi oactivity  with therepped esidelowempegitidey fastigritto | eacit other. CTherefore) ghens isneg distiriet.
Scinti-verse scintillation fluid (Fisher . .Scientific). Counting
effici ency was Pifferenge ipkPibgtweemtP anddDreels- Theesimitar migration af 2lthesel Euppeptides in

5 1T YRR 5 AP0 apb i Bt B aCRtres RS oy Be wdek o
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of the sugar rom the nethylated xanthosi ne react and
separation in 4slight Gifferites in their QREQREBRGMEY e thes,YiBuRIRE. in The diffeRUBzyned M
two 100 [err]L reactions done as described above 10 and containing 6
[err]L of 33 mvobserved.hy| xant hosi ne as carrier, was applied as a band at the
origin of a Whatnman No. 1 paper chromatogram The chromat ogran was devel oped

in n- BuOH HOAc-H err] O (4: 1:1). The region of the chromat ogram
correspondi ng to nethyl ated xant hosi ne was detected as above, cut
into small pieces, p ed in a sterile tube, and i ncubated with 35 niL
of deioni zed water at: FFESFPEWE h shaki ng overnight. The extract was 15

filtered through 2 layers of mracloth followed by a 0.22 [err]mfilter and
t hen | yophi I]i zed. Thsg . dried extract was_resuspended in 1.0 nL of
dei oni zed wdPer, pl al @8 A9fein cgfmaten 'G'l‘g"e'é'i"ie@ﬁe of Lgwry (Lowry, O.H., Rosebrough, N.J.,

Farr, AL. and Randall, R.J., J. Biol. Chem. 193:265 (1951)) for fraction 16 of Mono-P

. indicated there was a total of 100 pg of protein in the 1 mL fraction. It is our experience that

at these low concentrations of protein, Lowry values tend to be an over-estimation of the
actual amount present. We decided to overcompensate for this by using a substantial part of

15 this fraction for protein sequencing. A 900 pL portion of Mono-P fraction 16 representing
90 ug was placed in a sterile 1.5 mL microcentrifuge tube and 216 pL of 100% trichloro-
acetic acid (TCA) was added to it. After mixing, the tube was allowed to incubate on ice
overnight, and was then centrifuged at 14,000 rpm in a microcentrifuge for 30 min at 4°C.

The supernatant was removed by aspiration, and the pellet washed twice with 1 mL of 75%

20  ethanol, each washing being followed by a centrifugation step. The peliet was dried by
placing the tube in a speedvac and spinning for 1 min under vacuum. The precipitate had 20

pL of 2 x Laemmii sample buffer added to it. it was then boiled in a water bath for 5 min,

- and then microfuged for 1 min. When the tube temperature had cooled down to 23°C the
whole amount was loaded into a single lane of a 12.5% 1D gel. At the termination of

25  electrophoresis proteins were visualized by staining with 0.1% Coomassie R-250 in aqueous
50% methanol and 10% acetic acid, (w:v:v), and then destained. The same doublet of 37.6

and 36.1 kD observed in silver stained gels was also visible in the Coomassie stained gels.



and | yophilized. The sanple was resuspended in 400 [err]L of 1.0 M HCl and
I ncubat ed for | hour at 100[err]C. The di gest was |yophilized,
resuspended in 400 [err]L of 3 nM 7-nethyl - xant hi ne and agai n

| yophilized. The digest was resuspended in 40 [err]L of deionized water,

20 and 10 was chromat ogr aphed in each of four dif st ENB.
1- Met hyl xan?ﬁ&%@,s@- nmet hyl xant hi ne, 7-net hyl xant hi ﬁg?,gg%

8- net hyl xant hi ne, 7-nmet hyl xant hosi ne, xa# bi ne and xant hosi ne were.
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n- BuOH- HOAc- ‘“tam?‘ﬁdéej:‘ﬁg%&'{“ﬂéé: 1) and C8 thin layer plates (Watman

KC18F) devel ope I soanyl 25 al cohol - H20- acetonitrile (41:4:5),
ethanol -H err]O (4:1) or tert-BuO+HOAc-H err]O (4:1:1). After

drying, the chroma ' :
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r edi ssol vilfg tshettiyg ®3 el o8 pHnpapero cThecligestion feazymsiLiysrC (0@ vg) fiomMEchxomadrcter buf f er
contai ni ng 5% anpholines (1; 1, v:v. pH 3- 10:pH 5-7, LKB-Ph rﬂadci a?h'

Ivticus (Wako) was added, along with additional rehydration buffer to completely hydrate the

gel pieces and leave a little extra buffer. The mixture was allowed to-incubate overnight at

30°C. After the incubation period, the supernatant was removed to a fresh, sterile

microcentrifuge tube and stored. Enough water was added to cover the gel pieces, and they -

1S  were incubated for a further 2 hours at 30°C. The supernatant was removed and stored in the

same microcentrifuge as before. This wash step was repeated once more, with the

supernatants being combined with the previous two washes. The gel pieces were then

covered with a solution comprising of 0.1% trifluoroacetic acid (TFA) in 80% acetonitrile,

and incubated for 1 hour at 30°C. The supematant was collected and added to the tube

20  containing all the previous supernatants. The last wash was repeated once more, and the

pooled supernatants were dried in a speed-vac.

The dried tryptic digestion products were dissolved in 25 pL of 6 M guanidine-HCI,

0.4 M tris (pH 8.2), and the pH verified by spotting 0.5 uL. on pH paper. One uL of 450 mM

DTT was added and the digest was incubated for 45 min at 50°C. After cooling to room

25  temperature 2 pL of 500 mM iodoacetami'de was added, and incubated for a further 15 min at
23°C. Atthe end of this incubation 72 uL of water was added to give a final concentration of

1.5 M guanidine, and 0.1 M tris. The sample was then centrifuged for 5 min at 14,000 rpm in



The ratio of the original protein extract to the | EF sanple buffer was
mai ntai ned at |east 1:2 to ensure that any remaining buffer
constituents fromthe chromatography steps did not interfere with
| EF. Equal total protein sanples (<20 [err]g) were applied to the basic end
of pr easonssdeot Ube gel s (8.8% acryl am de, 1.6% net hyl raBUS97/04982

bi sacryl am de) containing 5% 15 anphol i nes as above. The gels were
focused for 10, 000V-hours plus an additi8n& 2 hours at 1,000 V.
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Two of the peaks (A and B) yielded overlapping unique sequences representing the same
protein fragment (Figure 2, Fragments A and B). The third peak (C) yielded a different

15  unique sequence (Figure 2, Fragment C).

F. Synthesis of oligonucleotide DNA primers for xanthosine-N’-methyltransferase.

Chemical synthesis of 20 mer primers for the two amino acid sequences obtained by

the digestion fragments of xanthosine-N7-methyltransferase was done by The Midland

20  Cerntified Reagent Company. Regions of the fragments selected had minimal nucleic acid
degeneracy, and where possible amino acids that have extensive genetic code redundancy

were avoided. Where this was not possible more than -one primer was synthesized for the

same fragment to include all of the possible alternative codon combinations. Furthermore,

we also synthesized primers such that they were complementary to the coding strand of the

25 DNA sequences which code for the amino acid sequence. Third position nucleotide

degeneracies of three or more were overcome by using inosine at thse positions. Where the



5 translationally nodified. Alternatively they may be products of a gene

famly which have slight differences in their structure from each
other, resulting in the differing isozynes observed.

E. Protein sequencing. 10 Total protein estimation by the
procedure ofwboyssged Lowy, O H , Rosebrough, N J., perfusoFndosz and

Randall, R J., J. Biol. Chem 193:265 (1951)) for fraction 16 of Mono-P
i ndicated there was a total of 100 [err¢dlBof protein in the | nmL fraction..

I't is our ex peJek%@ltggy %fhaﬂucleotide was @Jo-fi)llaeﬁ)ﬁn rluggot?cﬁg&g'g 'inrcﬁl;iénf;:g ?ﬂlg%r sglrltgés%i n,

Lowy values te e an over-estination al’ “anount
present. W dewigdR®d)t 0 overconpensate for this by using a substantial part
of 15 this fraction for protein sequencing. A 900 [err]L portion of
Mono-P fraction 16 representing 90 [err]g was placed in a sterile
1.5 mL mcrocentrifuge tube and 216 [err]L of 100%trichl oro- acetic
acid (TCA) was added to it. After m xing, the tube was allowed to incubate
on ice over ri.gEttractionadf RNA fiolmB3 stageyoung caffee leates.14, 000 rpmin a

m crocentrifuge for 30 min at 4[err]C The supernatant was renoved
by aspiration, and the pellet washed twice with I nL of 75% 20 et hanol ,
each washi g bei ng Alblitemswskdbduring dhenextradtiog awere stersie,cRNastfiee, pad | pedpared sbydr i ed
by placing the tube in a speedvac and spinning for 1 mn under
vacuum The pr&@iing with 8.1p,BEDG water. All ceptrifupatiopfsteps wene samind putaay 47T anlessf f er
added to it. It, was then boiled in a water bath for 5 mn, and then
m cr of uged for%“?ﬂsﬁsm en the tube tenperature had cooled down to 23[err]C
t he whol e amount was | oaded into a single lane of a 12.5% 1D gel. At

(1, Lot O O Y B WS 3l S S5 S T SR 10
acetic acid, (stib¥d, THRRNAGs Heiatiiol Goo d BEthR3 EngdeitisGL b%r,i.{’aingﬁmder
and 36.1 kD observed in silver stained gelS was ‘also visible in the

Coonassi e $0 ai lignill fisdgen and immediately - transferring into a prechilled domestic coffee grinder.  The
- tissue was ground to powder together with a small - piece. of dry-ice. The tissue was then .

added to 200 mL of homogenization buffer made up of 100 mM tris-HCl (pH 9.0), 200 mM

NaCl, lS' mM NajEDTA, 0.5% sarcosyl, and freshly added 100 mM B-mercaptoethanol. To

this was added 200 ml buffer-equilibrated phenol, and 40 mL of a mixture of

15  chloroform:isoamyl alcohof (24:1, v:v). The tissue was then homogenized in a glass beaker

in an ice bath for 2 min at high speed in a Polytron homogenizer. Immediately after

" homogenization 14 mL 3 M sodium acetate (pH 4.0) was added and mixed by operating the

homogenizer for an additional 1 min. The homogenate was then stored on ice for 15 min.,

and subseguently transferred into two 250 mL polypropylene centrifuge tubes.

20  Centrifugation was performed in a GSA (DuPont Sorvall) rotor at 16,000xg for 10 min. The

aqueous phase (top layer) was transferred to a new 250 mL polypropylene centrifuge tube

and an equal volume of isopropanol was added to it.

This mixture was incubated overnight at -20°C and then centrifuged at 10,000xg for

10 min to collect the precipitated RNA.
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The region of the gel conprising this doublet was cut out and used for
protei n sequenci ng by aut omat ed Ednman degradati on.

Protei n sequenao omgpsvéas perfornmed by the University of Califoporrase7inasse s,
Protein Structure Laboratory standard protocol. The gel piece
cont ai ni ng the doubl et was washed 4 5 tites with 15 nL of H err] O by

shaking gently for 1gn0RRAtpelId GRPWEhd FitPFR étﬁanggnﬁircﬁ&qmﬁg?d at 10,000 §ning

fromthe previous steps. The gel piece was diced wth a razor to 2 mm

squares, and tr afiff Bie efitnd] vadidetaritedrihd the PEIRE @i fuhder gRuIM! BR 5 mEACTIg el ivas €S
were dehydrated in a Speed-Vac for 2 hours until they did not adhere
to the tube. Nexhen3Iesujpendefliin b myaif DEPRytrénted water. The RNA siispawsiot Gvad trivbsferred
Tris-HA, pH 9.0, 0.05% SDS). was added, and the pH verified at 8.0 b 10
spotting 0.5 [erftp|2 #sfile, A s, strew-qapoceirifugs (tpbsnand he, ipsolpble rpatqrig! ge pYom

Ach bact . ' dded | it Pt
hyarat ron But ceyritghbh of Kook )s MAP At bermin? Uk Hons Bl i & bRH Womt .
little extra bufst@h.cap Qftriflgy hibé £nd5aSL 8¢ § IAGE va? adda@{él?%%ivg‘é?ﬁﬂiogﬁgen@z{tion

30[err]C. After the incubation period, the supematant was renoved to a

fresh, sterile of2 M Li0l CTheaetet wasf ingibatéd| bverriight] aS4°Cr i .theERN A Olas\Wad R Ered\BH
added to cover the gel pieces, and they 15 were incubated for a further
2 hours at 30C. cHetfugation aakddRdxg\ferst Ormeinp FheiRMA areliet wascthen washedawith 70% ethanghre

i trif bef i h. st ted . with th

Cuper nat ant s bei AP BB U ¥ s 00, 58 e ekt a@mnc Hpollt awes
th | i LR % teri | ti

vere hen) 10 T Y b il Gy b S AR ©

30[err]C. The supohbRhakkial\dhe Skt Mds RafeASIRG 8P stei® 115URIE mict&entrifuge

containing all the previous supernatants. The |ast wash was repeated once
nore, and the tubesandstrpédan iceu The quntitation ofid0 gL df the thtal RNA somtiedin\acthimadzu

The dried tryptic digestion products were dissolved in 25 [err]L of 6 M
guani di ne- HCl, UV 160U speptoaphotometes; in 323040 330 nmy ppectpumcindjcated that thegqiwas A28 y8e t | ng

0.5 [errlL on pheRRRS me hs ohritdifig thd RNAerd Wred at -70°C.

15

H. Purification of poly (A™) mRNA from total RNA.

The total RNA preparation was enriched for poly (A*) RNA (mRNA) using the

PolyATtract Il mRNA isolation system kit (Promega Corporation). A 600 pL aliquot of the

total RNA equalling 5.1 mg was added into a tube of the above mentioned kit and made to

20  2.43 mL final volume with RNase-free water. After heating at 65°C for 10 min, 10 pL of 50
pmole/m] biotinylated oligo(dT) and 60 pL of 20x SSC (175.3 g/L NaCl, 88.2 g/L. sodium
.citrate, pH 7.0) were added and the mixture was allowed to slowly cool to room temperature

over a period of approximately 30 min. An aliquot of the streptavidin paramagnetic particles

were washed 3 times in 0.5x SSC (1.5 pL per wash) and resuspended in 0.5 mL of 0.5 x SSC.

25 The RNA solution containing the biotinylated oligo(dT) was added to the washed
streptavidin paramagnetic particles. After a2 10 min incubation at room temperature, the

paramagnetic particles along with the trapped mRNA were captured to the side of the tube



DIT was added and the digest was incubated for 45 mn at 50[err]C After
cooling to room 25 tenperature 2 [err]L of 500 mM i odoacet am de was

added, and incubated for a further 15 mn at 23[err]C. At the end
of this incubation 72 [err]L of water was added to give a final

concentr at i Qo ¢#3s5960 1.5 Mguanidine, and 0.1 Mtris. pOFUSMSE Was
then centrifuged for 5 mn at 14,000 rpmin WO 97/ 35960
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mcrocentrif U%g%ﬁ%é&?ﬁ%%ﬁ@h rfcved idhe'h %&é{sﬁgﬁ%* ?ou?]irﬂgs\cl#itho. 1%

m crocentrifuget To the precipitate err

TFA vas addedo.axossoqn i5emeaash)l NEhe it RNA WikSedoWétéd BySsuspending thé Feidlds fin 06 chiAS
before, and the supernatant added to that fromthe previous step.

The cl eavage RNesgifeevatef and mnidvingitheyyater whilki theparticles weoer eaptred od thesidd ofom each
other by 5 capillary hi qh (s)ressure liquid chromat ogiraphy (HPLC) in a C18
1 nm x 10 cm Hbs- ulhe water was plaged. |SPQ phy gt atime; igtowo J Saul eerile pheeqcentiifugg tbesi 50

solvent A (0. 1% TFA),.t.0 70% I t . 0, 075% tonjtril t fl
oo £ AR S oo o B GRS i 2"
scal e rangin O 1 . . ate
Dha © 2N M rebdveill By bieipatof witf Bfalu SAHARE o ihprophift {858 A ber BRI Tk i) O

control a por weeRtofl at F28°C demight endthéhtdentBRigedPAGH, 00€ pni forBO Mintks 3eE. TR ai N
protein was carried through the digestion process. The filled peaks

shown i n Fi gupelleGvasavaghed sith 500 ple of #%rice-doldsethapoltand re-centiiifugkde The ethanotwap| e.
The 3 peaks | abelled A B, and C were subjected to autonmated Edman

degr adat i on, decanted WW“‘E‘I‘?Q%M& upder ATET) The '@Méd"aé\‘}rgﬂl%ﬁ! grletf que
Sequences, [}.ﬁgbﬁﬁlf-nt e mtkcli]ece;ﬁst? @s&ri(lfe ter” (rj | éaﬁli{}tié | %%Er?ger}}onﬁeﬁ: %ﬂ {e £ glg of i AOTENL S

A and B). rd pea Vi a eren equence

(Figure 2, FragRed nfBNA as described for total RNA: Apprbkifaiely 96 13 IORRNAl a4 | de
DNA priners for xanthosi ne-N7-nmnethyl transferase.

recovered from 5 mg of total RNA.

1. Construction of cDNA library

15 First and second strand cDNA was synthesized using the ZAP-cDNA synthesis kit
(Stratagene). Four pg of mRNA in 25 uL of water was incubated at 65°C for 5 min. Three
pL of 100 mM methyl mercury was added and incubated at room temperature for 10 min.
Four pL of 700 mM B-mercaptoethanol was added and incubation was continued for an
additional 5 min. To the denatured mRNA 5 pL of 10x first strand buffer, 5 uL of 100 mM |

20 DTT, 3 pL nucleotide mixture (10 mM each dATP, dGTP, TTP and S-methyl-dCTP), 2 pL
of 1.4 pg/mL linker-primer,

(5" GAGAGAGAGAGAGAGAGAGAACTAGTCTCGAGTTTTTTTTTTTTTTTTTT3 ),
1 puL RNase block and 5 uL of water were added. The reaction was incubated at room
temperature for 10 min to anneal the primer to the mRNA and 2.5 uL of 20 w/uL M-MuLV

25  reverse transcriptase was added. Five pL of this reaction mixture was removed to a tube

containing 0.5 pL of 800 Ci‘mmole {a-32P]dCTP (DuPont NEN). Both reactions were



Chem cal synthesis of 20 ner priners for the two am no acid sequences

obt ai ned by the digestion fragnents of

xant hosi ne-N[ err] - et hyl transferase was done by The Mdland 20 Certified
Reagent Conpany. Regions of the fragnents selected had mi ninmal nucleic acid
degeneracy, angiowhsseé possi bl e am no acids that have extensi veTqysswisse code
r edundancy wer e avoi ded. Wiere this was not possible nore than one
primer was synthesized for the sane fgragmant to include all of the
possi bl e al t er nahl ygedR P mn%bm%ctﬁﬁ%fa@m&%m was frozen at'’™ 8663 foF tater
synt hesi zed prinmers such that they were co enentary to {he co I ng strand
of the 25 DNAgessaysisices whi ch code for the am no acid sequence. Third

position nucl eoti de degeneraci es of three or nore were overcone by
using inosine at thse positions. Were the WO 97/ 35960 '
PCT/ US97/ 04982 To the 45 pL main reaction 40 pL of second strand buffer, 15 pL of 100GnM DTT, 6

degeneracy of a nucleotide was two-fold, both nucleotides were included in
pri mer synt hesi skl of nucleotigs myixpuse (19 mM dATP, dGTP, TTP and 26 rgM dETP), 3683 winwater apdA
from B3 stage young coffee | eawss. 5 Al items used during_the
extraction wete %'f‘e?fisﬁ%?ﬁ‘ma's[&;é?}’ﬂgp Watpddede Afteranixing, 4.5 uL of hu/plaRNasg Hand
0. 1% DEPC wat er . (A | eps re carri out .at_4f.er
uni ess ot hleqr'q‘JV\'ill Lsée%%'s& t“rgtLegg% biVA psobﬂg mwwe%ﬁ g ?:"gi]g lf'eerg‘_“: TRVE"Y t‘f%naé B3
stage vere col | ee thr 2130homb.OTReaBod W \exR4til With 400 pL SEfHehd eRBrofolM (R) fRRA
was isolated from 100 g of this young | eaf tissue t)ly grindi ng under ° 10
i quid nitrogen theiphaseswetisepacited by camdfigation. The iaqieouscphpse avak rémloeel] 1d @ Wexs tube
cof fee grinder. The

and re-extracted with chloroform. The aqueous phase recovered as above. The double-

10  stranded cDNA was recovered by precipitation overnight at -20°C after the addition of 33.3
pL of 3M sodium acetate:and 867 pL of 100% ethanol. The precipitate was recovered by
centrifugation in a microcentrifuge at-4°C for 60 min. - The precipitate was washed with 1 puL.
of 80% ethanol and recovered by -centrifugation at room temperature at full speed in a
microcentrifuge. The supernatant was removed, the precipitate was dried under vacuum and

15  dissolved in 45 pL. of water. Three uL of the resuspended double-stranded cDNA was

removed and frozen at -20°C until analyzed by gel electrophoresis.

To the remaining 42 pL of the double-stranded cDNA 5 pL of 10 x Klenow buffer

(buffer #3), 2.5 pL of 2.5 mM nucleotides (dCTP, dGTP, dATP and TTP), and 0.5 pL of 5

w/uL Klenow fragment were added. Afier 30 min at 37°C, 50 pL of water were added and

20 the reaction was extracted with an equal volume of phenol:chloroform (1:1) and then
chloroform as described above. After the addition of 7 uL of 3M sodium acetate and 226 pL.

of. 100% ethanol, the blunt-ended double-stranded DNA was recovered by precipitation by
incubating on ice for 30 min and microcentrifuging at full speed at 4°C for 60 min. The

pellet was washed with 300 uL of 80% ethanol, centrifuged and dried as before. Seven pL of

25 0.4 pg/pL EcoRl linkers were added to the dried cDNA. The structures of the EcoR1 linkers

are:



ti ssue was ground to powder together with a small piece of dry-ice. The

ti ssue was then added to 200 nL of honobgeni zati on buffer made up of
100 mMtris-HA (pH 9.0), 200 nM NaCl, 15 mM Na[err] EDTA, 0. 5%
sarcosyl, and freshly added 100 nM [err]-nmercaptoet hanol. To this was

added 200 mydufisség €qui librated phenol, and 40 nL of a m ypEyiSemises215
chl orof ormi soanyl al cohol (24: 1, v:v).- H®pe.ti ssue was then honogeni zed in

a gl ass beaker in an ice bg;h for 2 mn at high speed in a Polytron
honmogeni zer. |mmediately after AATIGRBGE ™ Pali on 14 nL 3 M sodi um
acetate (pH 4.0) was added and m xe?' IBLCEPECRL Shg t he honogeni zer

for an additional 1 min. The honogenate was then stored on ice for 15 mn.,
and subsequentAfter vértdrinkg @ fesupend the cDMA, PHI0ofH0 x{lightitnbafiet] BIEI IGAMIIATH dad @
tubes. 20 Centrifugation was perforned in a GSA (DuPont Sorvall) rotor
at 16, 000xg f sl dfG+ Weiss u/fhd4 DNA ligaseavascadded apéh the eeagticopvas inpehated ower night at
transferred to a new 250 nL. pol ypropyl ene centrifuge tube and an
equal vol ure dFCi JOpNEssENE “’ﬁﬁ%’“&qﬂ%%“'c“g 3t{70°C for 30 mmn. The 5' endypf the LegRl o

155, nCU0L 0 ek Ty e AR L T\ B AT

PCT/ US97/ 049820y buffer #3, 2 pL of 10 mM ATP, 6 ML of water and | ML of 10 wML T4 polyrkileotide
The RNA pellet was washed with 70% et hanol and re-centrifuged at 10, 000xg

for 5 Mtikkse were addel & the lightion rdeeionm  AoRbr A01Aliri 40 37°Cahd MriaseCtedctioh wistRat
vacuum for 5 nmin. The pellet was then resuspended in 15 nL of
DEPC-t r eat ed vistctivatedrat d09QMor 3 mipensi on was transferred into a

sterile 40 nmL screwcap centrifuge tube and the insoluble naterial renoved

by 5 centrifugation at 10, 000xg for 5 mn. The supernatant was
transferrelP to a neVhol{stigky ends" Wﬁwﬁfe&ﬁﬂehﬁbeemfﬁhqi@&%mwg’m%f 8 M

L1 vl Ao g oy o B SRASHR 06 e e a1
‘738(% ;'t L;gglt ' ONg;gth wLbr WP trerQha 3 B BF 4b wilD SnbiNverPsalid ot ORBNARGR meaSREch W th

was incubated at 37°C for 1.5 hours. The ¢cDNA with EcoRI sticky ends at the 5' end and

Xhol sticky ends at the 3' end (relative to the original mRNA) were size fractionated by

15 passage through a Sephacryl S-400 spin column as follows. Five pL of 10x STE (100mM

tris (pH 7.0), 5 mM EDTA and 100 mM NaCl) was added and the cDNA was applied to the

top of a 1 pL syringe containing Sephacryl S-400. A 500 ml microcentrifuge tube was

placed on the bottom of the syringe and the column was placed in a centrifuge tube and

cehtrifuged at about 400xg for 2 min. Sixty pL of 10x STE was added to the top of the

20  syringe, a new microcentrifuge tube was placed on the bottom and the column was again

centrifuged as before. This process was repeated until six fractions had been collected.

About 10%.of each fraction was electrophoresed on a 1% agarose gel to determine
the size distribution of the cDNA in each fraction. The remainder of each fraction was
extracted with an equal volume of phenol:chloroform and then chloroform as described

25  above and then precipitated by the addition of 2 volumes of 100% ethanol. After incubation
at -20°C over night, the cDNA was recovered by centrifugation at 14,000 rpm at 4°C for 60
min in a microcentrofuge. The cDNA was washed with 200 pL of 80% ethanol as described

above and dried. The cDNA was dissolved in 5 pL of water and 0.5 pL. was removed to



centrifuged at 10,000xg for 5 mn, and briefly dried under vacuum The
pellet was 10 resuspended in 5 nL DEPC-treated water and centrifuged at
10, 000xg for 5 mn to renove i nsol uble material. The supernatant was
transferred into four sterile 1.5 nL m crocentrifuge t ubes and
stored on i cewdbémsogeanti tation of 10 [err]L of the total RNACwUSero4982 i n a
Shi madzu WV 160U spectrophotoneter iy, a 230 to 330 nm spectrum

i ndicated that there was 42.8 ng of . The tubes containing the

RNA were st ored @ette ] ZIQ[IFJ F_:zkﬁ;\ conéeﬁtrgtion by ﬂuorograpﬁ)é u{Eln Eﬁrér B&é&ﬁ’;&kénl&f Dﬂ%l y

(Alerr]) mRNA frOm Lot a 0 reparation was

enriched for pol Fluérbhess 1Dhe RMinkigRAN hL WTFiffagioh NEcontaining thlalgid EDNACiholkduledRNA
i solation systemkit (Promega Corporation). A 600 [err]L aliquot of the

total RNA equal | ¢contpined dbontBOdagofxBMAd i nto a tube of the above nentioned kit
and nade to 20 2.43 nmL final volune with RNase-free water. After heating
at 65[err]C for 10 mn, 10 [err]L of 50 pnol e/ M biotinyl at ed

ol i go(dT) and 60 [ er rQhe-huhdr2drg SEEDNA Aon3 figétion Na@hks liga8:d Jntg/ I ug ®fiiUinirZap, a
citrate, pH 7.0) were added and the m xture was allowed to slowy cool to

r oom t enper attr ebacteriophagejgmbda ZADvegtorthay hadibesn digestedivith\Ecalt] and Yhol (ritratagepglot

f th i dj ' i gl ' hed. 3; ti '
0. 5x 95 (1. 5 [ oFPIbaEPRALER MLRE A oEhat pheof 107 adon ERGTCH ML 1O RBEATE, o
The RNA sol uti ony Gerdeal b9 uhDRapBtrOVéctbéand 88 jAl bOP WEE: ufRSTABHAN et { e

washed streptavi din paramagnetic particles. After a 10 mn

i ncubation at r ofeaetiof Was indiibited at $°Ccfor about 44 HoarsaOng nbtaliGuop af the digftion ataatich
with the trapped nRNA were captured to the side of the tube WO
97/ 35960 was added to one aliquot of the 'Freeze-Thaw' extract from the Gigapack II Gold packaging
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10 kit (Stratagene). Fifteen pL of sonic extract was added and the contents were gently mixed.
_Packaging was carried out at room temperature. After2:-hours, 500 pL. of SM buffer (0.01 M
trissHCL pH 7.5, 0.01 M MgCl, 0.1 mM NapEDTA) and 20 pL of chioroform was added to
the packaging reaction, the debris was removed by a short centrifugation in a microcentrifuge

and the packaged phages were stored at 4°C until used.

15

J. Titering of primary library.

One uL of the 500 L primary library was mixed with 9 uL of SM buffer for a 1/10
dilution. One pL of this dilution was used to infect 200 pL of E. coli XL1-Blue MRF’ cells
grown to a density equal to an O.D.ggg= 0.5. The cells were incubated at 37°C for 15 min

20  with gentle shaking. The infected cells were then mixed with 2.5 mL of 48°C top agar
containing 15 pL of 0.5 M IPTG, and 50 pL of 250 mg/ml X-gal and plated on 100x15 mm
NZY plates (5 g/L. NaCl, 2 g/L. MgS0O4.7H70, 5 g/L. yeast extract, 10 g/LL NZ amine [pH
7.51, and 15 g/L Difco agar). The. plates were incubated overnight at 37°C. Background
plaques were blue, while the recombinant plaques were white. The average of three such
25  plates indicated that 1 pL of primary library produced 1,930 white recombinant plagues, and
65 biue plaques. The total 500 pL primary library was calculated to represent 965,000

recombinant plaques.



usi ng a nmagnet. The supernatant was renoved and the particles were washed
four times with 0.1 X SSC (1.5 nL/wash). The nRNA was recovered by
suspending the particles in 1.0 nL RNase-free water and renoving the
water while the particles were captured on the side of the tube. The
wat er was phas 00 [err]L at a tinme, into two 1.5 nlL St g&tiSore4982

m crocentrifuge tubes. 5 After the addition of 1/10th volunme of 3 M
sodi um acetate (50 [err]L per tube), the nRNA was recovered by .
precipitation with an equal volunme of igopsqQpanol (550 [err]L per tube).
The tubes were stored at -28[err] C overnight and then centrifuged at
14,000 rpm for 30 g na@diifidhen'of frimakPfibrary.  Pell et was washed with 500
[err]L of 75% i ce-col d ethanol and re-céntrifuged. The ethanol was
decanted and the pellet dried briefly under vacuum The nRNA was di ssol ved
in 60 [err]L of 1Qnto 2DkEKle tubesi3BChinefdl. ealsXLE -Bloe MRFE cells gromatte an 0.D.gg0=

Quantitation was performed on 15 [err]L of the di ssol ved nRNA as
descri bed for ¢.ivere addolf). Tosaph ftabe 1265 gl of peimary[library] stoekyfandrRNL wf8M buffer were
recovered fromb5 ng of total RNA 1. Construction of cDNA

library 15 added and the tities werednrybatesca 3FCofor Hrmainc Minin apdianehpifmeafi 488¢ topsi ng
t he ZAP-cDNA synt hesi s kit (Stratagene). Fo e of in 25
[err]L of mt%%ﬂm}bﬂb%&“dﬁgﬁlﬁsﬂe& ’ﬁ?")% IWE “li'h]%k%lms' heplates, 1| of

100 nM net hyl [eur (o b 10
i, o et O RREATE, RSB S o fer bR Ml P o iyl B

i ncubat i on Waspiged il REbated foPd further 8 houdélati 4°COMRE SM Biffer who célired MiitRlaUr €d
MRNA 5 [err]L of 10x first strand buffer, 5 [err]L of 100 mM 20 DTT, 3

[ err] L nucl eotsuetile pipattelnnd storkd imd/sterdie 2501 AL Rentofagdubel TEuch pbiteSvasprashed witliTP) , 2

[err]L of 1.4 . [err]glnl
| i nker - pri Her , about 4 mL of fresh SM buffer which was added to the previously collected material.

(5" GAGAGAGAGA GAGAGAACTAGT GLTTTITTITITTITITTIIT3 . _ . 1 lerr]L

RNase bl ock a%ﬁg\mf"&"r‘flf% ‘P@%Pé"‘éﬁ‘é’g‘ém%??‘é%%f%%ﬂ' e 'Wu%%st ed at

room _ te ‘Eéﬁ f Lidrel G BOHRE: if 000xRFor TRWI RNd 2. 5

[err]L of 20 u ﬁnﬁ tﬁﬁ(hﬂeﬂfg% amr@v%?@ﬁ%rtgﬁggﬁlg asa(tabwadggaéded. Five

[err]L of thi Sreidaé tdilodebiid. XThe' apsifidtant €1TASGAL) veas decovedel and then-tramsfairad oiang 0. 5

[err]L of 800 Ci/mmvle [a-[err] P]dCTP (DuPont NEN). Both reactions were
sterile polypropylene bottle.. Chloroform was added to a final volume of 0.3% and the

15  amplified library was stored at 4°C.

L. Titration of amplified library.

One pL of a 10-11 dilution of the amplified library in SM buffer contained 192

recombinant plagues when plated as described above. In order to obtain 50,000 recombinant

20  plaques, 25 pL of a 10-7 dilution was used to infect 600 pL of E. coli XL1-Blue MRF’ celis
grown 1o an 0.D.ggg= 0.5, which were then incubated at 37°C for 15 min. - To these cells 6.5

mL of 48°C top agar was added and the library was plated-on 150x15 mm NZY plates. Four

such plates representing 200,000 recombinant plaques, were prepared and incubated at 37°C

overnight. The plates were then chilled for 4 hours at 4°C, and then used for DNA screening

25  ofthe library.
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i ncubated at 37[err]C for 1 hour. The radioactively |abeled reacti on was
frozen at -20[err]C for later gel anal ysis. To the
45 [err]L nmai wosasté@on 40 [err]L of second strand buffer, 1Bcfroserjosespf- 100
nv DTT, 6 [err]L of nucleotide m xt Usge (10 nM dATP, dGTP, TTP and 26

nv dCTP), 268.3 [err]L water and 5 2npL of 800 G/ mmol
[[err]-[err]P]dCTP wap osiiltraséicinain i@géﬁggﬁﬁgﬁg&% santtbdinfe i1 ed)2S ©

Hand . . 19.2 [err]L, of 5. 2 u/ferr pol ynerase | were
added and t he r emandferasacDNA. | ncubat ed at 16[err]C for 2.5 hours. The
reaction was extracted with 400 [err]L of phenol:chloroform(1:1) and

t he phases were separated by centrifugati on. The aqueous phase was renoved
to a new tube The synthesie xf fiest seghd DINA o/kd 6y ddsaribed inllie StEtageNE Spritbes €
recovered as above. The double- 10 stranded cDNA was recovered by

preci pi tati on o#fEevsi Fhatwauniquepeptide sequerfcessebtained byyptic digestion alp@edthe synthesis
[err]L of 3M_.sodiym acetate. and, 867 [err]L, of 100% et hanol. The precipitate
was recover ed byfﬂedegeﬂef%ﬂwersf‘iﬁgﬁver’h}f '1‘5'%' QWEF%%&WWWQE(PQ)@)’W’@ » f or
60 m n. The pregphdsdbsa hgd, . .[arrd L f...809%% et |, and
recovered by centep?l#dagét"y\%ﬁffégﬁ’r gom tée'!ir]fbél"ggehd’r%’ g?m’f ﬁ]Tr’ hglf)"e'ségt'/&nmgaé}ﬁch’

m crocent ri f uge H.ADSci€ldd ZIoaY QIVBBYBEwe N Paie 6F thésh pridér&aLa) plea s S it
under vacuum and 15‘:l di ssol Sed In 45&{‘2”] L of Er\:vatrefrq. Threg o‘[ﬁ’gfsr)]%ﬁ%f t he

res ulspendfad dgungDﬁf\r hrbl@@iuMMewa&S uL of each mmu&dyrﬂ:bﬁhcfebmbaﬂh phdbphaté0f.err] C
ti t i S. To t L ni 42
Lo L0r T adMECI oo SRR PeBimsprs (5089 winbhoo-Srt A POR e 110 bt
buffer #3).102. % oGN8 i T IP) .
(buffer #3),9 %xilgéf btz 095, o.ﬁ //f}niﬁ)(i){‘_k&h SR sk ; qng Fnal OSikhe %ﬁzg dR x%lggr} Lg%

and 0.5 [err]L of err enow were a

mn at 37[err] Coud@drEdohditiond veld@®E Mrﬁngﬁ%g%% fo%%nirg, Q%ﬁ?ﬁéﬂﬁﬁ@ﬂ@s

extracted with an equal volume of phenol: form
chl orof orm as déecr ininefds ajptesk 729% foe 15 g1 agli]f. i-Réctiths Wede@ohd 4 500TpL3MAOdi UM

acetate and 226 [err]L
microcentrifuge tubes using a -Perkin ‘Elmer DNA. thermal cycler 480. Only the primer
combination 1 and 6 resulted in a single product at an annealing temperature of 43°C. The
15 product was measured by agarose gel electrophoresis using SeaPlaque agarose (FMC) to be

approximately 750 base pairs. A commercially available 100 bp ladder was used as a size

marker (Promega Corporation).

M. Cloning of coffee-specific xanthosine-N7-methyltransferase PCR gene product.

20 The 750 bp fragment obtained using primers 1 and 6 (Fig.4) in a 50 gL PCR reaction
had 50 pL of chloroform, and 100 uL of sterile water added to it. The mixture was vortexed
and then centrifuged in a microcentrifuge at 14,000 rpm for 2 min. The top aqueous layer
containing the DNA was removed and placed in a sterile tube. . Ethidium-bromide plate
quantitation indicated the presence of about 5 ng of about PCR amplfied DNA/uL. The PCR

25  product was then ligated into a TA Cloning Kit pCR II vector (Invitrogen Corporation) in a
10 pL ligation reaction containing 1 uL 10 x ligation buffer, 2 pL pCR 1l vector (25 ng/uL),
3 pL fresh PCR product (5 ng/uL), | uL. T4 DNA Ligase, and 3 pL of sterile water. The



of 100% et hanol, the bl unt-ended doubl e-stranded DNA was recovered by

preci pitation by I ncubating on ice for 30 mn and m crocentrifiging
at full speed at 4[err]C for 60 m n. The pell et was washed with 300
[err]L of 80% ethanol, centrifuged and dried as before. Seven [err]L of 25

0.4 [err] o/ [worobbseerORL | i nkers were added to the dried cD¥&ruoBNro4982
structures of the EcoRl |inkers are: WO 97/ 35960
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=) AATTCGGCACQ‘\QH‘}, reaction was incubated at a 14°C overnight. _The ligation react § WC S
After vortexing to resuspend the eDNA, 1 egrr Fa folnggtel on bufter, 1

[err]L 10 nM AdtA40Girpin for 2 min pmd pldded 64 icd. ‘mlaiﬁ‘esluj' hﬁﬁvéd u.amm, KLgane was
added and the reaction was incubated over night at 5 8[err]C. The ligase

was i nacti vat eebnipptedterglls %gLaRf 070 Mei-mpsCariteethad) was addedlagd Hixedrgesthowith s EcoR1
| i nkers attached to the cDNA Wi‘ ghosphor yl at ed, usi ng gol nucl eot i de
ki nase. One [ ePiPgte tips Two uL of thy feagtion vas pipetied jntq the Cells gnd heywere sgredh o

t d Ig th
gati o et Bty il te beerk BoROk? 150 el frey pcubpre bR 82 o 46 RO BtRel? | "€
inactivated atghple@ 'i'd’r]eﬁcflﬁﬁo Sioris th a 42°€Gheat-block. The>¢lﬂ|was$tabé'd‘dﬁ 1€é1dﬁﬁcr\2’er e

generated at the end of the cDNA corresponding to the 3 of the
mMRNA by di gest inafusofpl,tdfetema(sb(:smédmm (20tg/1etryptonl, ey g/p lyedeéxtrac SES gmmm) 10

Twenty- ei ht pL. of an err]L o u/ Xho) re

added to the c ﬂ&‘tﬁfﬁg" E g{ﬁ&z'mmg\@s&gﬁﬁ%&a{f’éa%& ‘?F‘?‘]'&*@ 1.5

hours. The cDNA with EcoRl stick ds at the 5 sticky

ends at the 3 V%hwsﬂbé?q&fﬂtvéh*ﬁ'%/ﬁg} Py g A Fetary shekex ?"\Cié}" ’é‘fii‘?é’“fhrez? at ed
15 pitgsag t hrough a Sephacryl S-400 spin colum as follows. Five

[err]L of E (100mv tris (pH 7.0), 5 nM EDTA and 100 mM Nad )
was added and the cDNA was applied to the

The transformed cells were plated by pipetting 50 uL. and/or 200 pL from the cell

suspension onto one of two LB plates (10 g/L tryptone, 5 g/L yeast extract, 10.g/L. NaCl, 15

g/L Difco agar, pH 7.5) containing S0 ug/mL ampicillin and 40 pg/mL X-Gal. The plates

were incubated at 37°C for 20 hours and then moved to 4°C for 3 hours to allow color

15  development. Six white transformant colonies were analyzed for the presence and orientation

of the PCR fragment.

N. Boiling plasmid mini-prep.

Each of the transformant colonies was grown in 5 mL sterile terrific broth (12 g/L

20  tryptone, 24 g/L yeast extract, 4 mL/L glycerol, 100 mL/L 10x TB phosphate [0.17 M
KH;POy, 0.72 M KoHPO4]) supplemented with 50 pg/mL ampicillin. The tubes were
incubated overnight in a rotary shaker at 37°C. Three mL of each colony was transferred to a

1.5 mL microcentrifuge tube, 1 mL at a time, and the cells concentrated by centrifugation at
14,000 rpm for 2 min. The supematant w;s discarded each time and the cell peliet left as dry

25  as possible. The cells were washed one time with 1 mL of sterile HyO and centrifuged as
before. The supernatant was discarded and the cell pellet resuspended in 320 pL STET
buffer (8% sucrose, 0.5% triton X-100, 50 mM EDTA, 10 mM tris-HCI, pH 8.0). To these



top of a 1 [err]L syringe containing Sephacryl S 400. A 500 m

m crocentrifuge tube was pl aced on the bottom of the syringe and the
colum was placed in a centrifuge tube and centrifuged at about
400xg for 2 mn. Sixty pL of 10x STE was added to the top of the 20
syringe, a newowmasseentrifuge tube was placed on the bottonPerrisa7i49820! unm
was again centrifuged as before. Thizs5 process was repeated until six
fractions had been coll ected. - “About 10% of each fraction
was el ectrophor gaggdsp B RSHmE &l TE BufP10 VD M tris-HCI plI 89, SR 0.5

di stribution of the3cg'l\liﬂijen %gch fracti'lc')%\. Thée renai nder ofpeacﬁ fraction
was ext r M EDTAWH 8§10)avas adferbdnd vitikadiby ilnkrtipgitha albescsiveedl diney. IThe mdbes Wwerm
chloroformas described 25 above and then precipitated by the addition
of 2 vol umes of piasedinaboling watepbaghofor 5 miniend themplaced immedigtely omjcer Opee eppled

ni ght, the cDNA was recovered by centrifygation, at,_14, 000 rpmat, 4[err]C
for 60 o P NG 40 B s O B e Wl et feor 5 11
of 80% et hangl afbedAthG stefiftoothpick. Théktipfatail RadlT70Gd. of 79 M RENOAVGRI s?,og.wfved
in 5 [err]L of water and 0.5 [err]L was renoved to WD 97/ 35960

PCT/ US97/ 04982  jice-cold isopropanol added to it, and the DNA was precipatated overnight at 3b2C- The
determ ne the cDNA concentration by fluorography using the Hoefer TKO 100
DNA FI uortaires twere. ceiftrifagedoatd B000pml at54°Gifora¥0 shinaariditienpeliet washedawith Aot he
| ar gest cDNA nol ecul es, . caont ai ned about 304 ng of cDNA .
One-hundred ng ¢fhanehand dricd for | mindin 8 speed-yags The DNA s mwspended dn 59 yL of sterile

Uni-Zap, a 5 {gtpéogﬁin%hqg_‘eofgm%ﬁé@yector that had been digested with
)

EcoRl and Xhol rat agene). Fraction | cDNA (2.9 M) was added to
0.54 [err]L of 10 x ligation buffer, 0.5 [err]L 10 nmM ATP, 1 [err]L
of 1 [err]gl/yserr]L Uni-Zap XR vector and 0.5 [err]L of 4 Weiss u/[err]L T4
DNA |igase. The reaction was incubated at 8[err]C for about 44

hours. One [err]L al igu@triefontdiestioh BAbhm&V ifise fbh POR Il plasmid. Was added to one
aliquot of the 'Freeze-Thaw extract fromthe G gapack Il Gol d packagi ng

- A reaction mixture of 25 pL was prepared by adding 15 pL of plasmid mini-prep

DNA as obtained above, 2.5 pL. of buffer H (90 mM tris-HCI [pH 7.5], 10 mM MgCl,, 50

mM NaCl), 1 pL of EcoRI (8-12 u/pL), and 6.5 pL of sterile HyO. The mixture was

15  incubated in a shaking water bath at 37°C for 1 hour, and then boiled in a water bath for |
min. The tubes were centrifuged at 14,000 rpm for 15 seconds and then allowed to cool
down to room temperature, To 10 pi. of each mixture 2 pL of loading dye was added, and

the digestion products were analyzed by 1.5% agarose gel electrophoresis using ultra-pure

agarose (GibcoBRL) and a 100 bp ladder as a size marker (Promega Corporation).

20 Only one of the six reactions indicated the presence of a digested insert of ~750 bp.
The original bacterial colony corresponding to the plasmid with the 750bp xanthosine-N7-
methyl transferase PCR product was inéculated into a 250 mL Erlenmayer flask containing
50 mL of sterile LB media (10 g/L tryptone, 5 g/L yeast extract, 10 g/L. NaCl, pH 7.5)
supplemented with 50 pg/mL ampicillin. The flask was incubated in a rotary shaker at 30°C

25 overnight. In a 1.5 mL microcentrifuge tube 18 mL of the resulting cell media was

concentrated by centrifugation as above.



10 kit (Stratagene). Fifteen [err]L of sonic extract was added and the
contents were gently m xed. Packagi ng was carried out at room
tenperature. After 2 hours, 500 [err]L of SMbuffer (0.01 M tris-HCL
pH 7.5, 0.01 MMO [err] 0.1 nmM Na[err] EDTA) and 20 [err]L of chloroform
was added t owgeraseget e packagi ng reaction, the debris was fﬁ%gé?ﬂ,‘gw.a
short centrifugation in a mcrocentri fug_ezs and t he packaged phages
were stored at 4[err]C until used. 15 - Titering of .

J.
i ma i brary. . . e 500.Lerr]L prinar
P e oY s PPN s PO ] i R €4 iy i,
One [err]L of .S THd %0 ¥ oféiGal phifed Bén@ in4930m . o
XL1- [BI ue] VRF' E:Agi)'l 'sm“vh& grown to g'a%jpebﬁ‘kssl tygéelauél {,gfg%]é%@fbw@gggubmgs The

cel | s were i nctheaipptied:RNa34.[ Bo this@.¥ L of blkaling lysid Ouffer PR twas gadel)| mixed @kily'sy The
infected cells were then mxed with 2.5 nL of 48[err]C top agar
cont ai ni ng 15 fliskipg the dybe gndsinpybatedor ne lpnge shan Symih pt roém @dperagyreri Next §3Imland

lated on 100x1 NZY plates (& g/L Nadl, 2 g/L MJS _7H 0
5. 31 L yoast® exPrealipd bufr By pangsbeaod s o merting o b ey A 5 phig e,

agar). The pl E‘Prﬁ%x%m{]‘?ﬁ‘lsgf*ﬁﬁ&???o -?ﬁx%rgx@%riﬁ‘ﬁn afieSbdnkituae" e St SnAighe ¥hge of

pl aques were nant aques were white. €

three such  25memoiddaind Spplitfto & YIRGENRP20 that ¥4 prdvioudt] eﬁ%l%ﬂ?‘%f&’byj thd4pRiidhtion

produced 1,930 white reconbi nant plaques, an ue plagues. The

total 500 [ err il poLiQBArbuffed tyrgravity flaw. dTaé applied el exteact saperpRat waOfisn A0@ed
reconbi nant pl aques. i WO 97/ 35960
PCT/ US97/ 0498210 enter the resin of the column by gravity flow. Once the flow through the colump had
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eluted by washing the QIAGEN-tip 20 with 0.8 mL buffer QF and precipitated by the
addition of 0.7 volumes (560 uL) of room temperature isopropanol. The tube was
immediately centrifuged at 14,000 rpm for 30 min and the supernatant carefully removed.

The precipitated DNA was washed with. 1 mL of ice-cold 70% ethanol, centrifuged as above,

15 and air dried for 5 min. The DNA was resuspended in 100 pL of sterile HyO. UV
spectrophotometry, as described above, on 1 pL of the DNA resuspension indicated that
there was 55 pg of purified recombinant pCRII plasmid DNA per 100 pL.

Automated DNA sequencing of the insert in the pCRII plasmid from its 5' end was

accomplished using the M13 reverse primer which binds to a reference in pCRII just adjacent

20 to the site where the PCR product was inserted. Sequencing was done at the University of
Hawaii Biotechnology service facility. The sequencing reaction contained 1 pg of plasmid
template and 3.2 pmol M13 primer. The sequence obtained indicated that the PCR product

coded for the DNA sequence of the first 6 amino acids of peptide fragments A and B (Fig.4)

from whose sequence the degenerate DNA primers 1 and 2 (Fig.4) were made. In addition,

25  the sequence also coded for the following 7 amino acids of the peptide fragment, the DNA
sequence of which was not used in primer construction. So in effect the DNA sequence for

the correct protein was cloned.



0.5 were added. To each tube 12.5 [err]L of primary library stock, and 90
[err]L of SM buffer were 5 added and the tubes were incubated at
37[err]C for 15 mn. Two and one-half nL of 48[err]C top agar was
added to each tube and the cells were plated on 100x15 nm NZY pl ates. The
pl at es wio e3ssoubat ed overnight at 37[err] C. Five nL oPCTUsd704982 1
were added to each plate and the pl atizs were incubated for a further
8 hours at 4C. The SM buffer was collected & Th a sterile pipette and-
stored in a sterile g5 S Hhddbin WERed ot eINA doleddti aiestodilet 1 10
about 4 nL of fresh SMﬁbuf er whi clr??%asﬂggedfed to the ggr%%i%ousl y coll ected
mat eri al . Chloroform to a final volune of 5% was added to the
amplified library. Tirgol25pPL aéshichie® digestions with EBoR1NwbHe afidd Fut bAMND 17.5 uL
tenperature for 15 min and then centrifuged at 2,000xg for 10 mn to
renove cel |l debmliguotsDhithe purified pERH iptasrhid hsldescribkd abares The pavdansgerasegiarhtadon a

transferred to a sterile pol y7EropyI ene bottle. Chl orof ormwas_ added
to a final vol urk¥ agarogs gebas hefare; and thei750 bp ipast was pxciped asepticply fipm twot lanes of the
4[err]C

. L. Titrati f lified lib . ]
One [err]L of aB8%b[ &hs pelpisegs ihf)‘h"ﬁr)? "IH%Q °gr‘?1§|§i i“’léﬁl ‘?ﬁ“ﬁé"%‘?‘{/?r“f\;aﬁ’%f‘?é’fl‘

cont ai ned 192 :%@gﬁ | al:-ed,: Ished . In
or-der to obtai npg{yrg%&%% mgjne?wgol&ﬁ e%qagguk@sp,%g‘%“ﬁ?@?ﬁsgf' ch f@{*@%“f]
dilution was Us&gle-hdf volinfRs bf 1041 @2.0B ML) stodkfsolationCls ladddl to thBkel BliddRFOnERdif the
grown to an O D.600= 0.5, which were then incubated at 37/[err]C for 15 mn.
To these cel |l s 6olime of the gel TRBE mbdifi@] @29 LEweogldeaxd thenwmbea thchebated mti43°Gefor 5

l'i brary was plated on 150x15 nm NZY pl ates. Four such pl ates

representing 2000 thicng: elglssmillatpseepsionypscaddnd Apd incubaged for , Bugher: b@inat
ot then usdd AP ERAPUEPIA cogicR 88 SIS by elidfigpicnsor iFsec 21 dbo Rimhda it 4

- supernatant was removed. The glassmilk pellet was washed 3 times with 1 mL New Wash

- solution and the DNA was eluted with 50 uL of sterile HyO. Ethidium bromide plates

indicated that the DNA concentration was 10 ng/pL.

A random primed probe was systhesized from 30 ng (3pL) of the purified DNA.

15  Three pl. of the DNA was added to 27 uL of sterile water and the DNA was denatured by
heating in a boiling water bath. To this the Promega Corporations Prime-a-Gene kit
constituents (10 pL 5x labeling buffer, 2 pL of uniabeled dNTP’s [20 pM each dCTP, dGTP,

TTP], 2 pL 1 mg/mL acetylated BSA, 1 uL Su/uL. Klenow enzyme) and 5 puL of fo-
32p1dATP (50 pCi, 3,000 Ci/mmole; DuPont NEN) were added to a final volume of 50 pL,

20  and allowed to incubate at room temperature for 1 hour. The reaction was terminated by the

addition of 2 uL. 0.5 M NasEDTA (20 mM final concentration) and heated for 2 min in a

boiling water bath.

Q. Screening of amplified library with random primed probe.

25 The four 150x15 mm NZY piates that had approximately 50,000 recombinant clones

per plate were chilled to 4°C (see above for plating and growth conditions), and the



WO 97/ 35960

PCT/ US97/ 04982 - 23 -

M Pol ynerase Chain Reaction (PCR) anplification of xanthosine-N7-nethy
transferase cDNA. The synthesis of first strand cDNA was as
descri bed i nyplesnspks at agene prot ocol above. The two perngorosspt i de
sequences obtained by tryptic digestion ahlowed the synthesis 5 of the
degenerate priners depicted in Fig.4. A POl ynerase chain reaction (PCR)

(Sai ki, RK, . ﬂ.ﬁ A I ' ' R.,.
Horn, G T., |vui P Sbmakpﬁﬁugﬁﬂ r Jl_glﬁt ﬂé&“xﬁﬂ Iﬁﬁxmﬁgé?g I(%%'égzr?g%ﬁgg%))
bet ween pairs @isitdupsoratioh) sHdhfondatogfph Bmrated with SR )SSO U fét 10 sec. TheNd
CDNA, | [err] LmZO [err]tM’pri ners?ogo?gz?g?rs] L toef Welach 1 nmM e

deoxyri bonucl emgmilenes wephplaspd atte the plates containingriiie vepGinbimant plaqdes Sor| Semin] bndTaq
DNA pol ynerase [5,000 u/ni], 2.5 [err]L 10x PCR buffer [10 mM 10 tris-HC
(pH 9. 0), 0. 10then ilifiech and ploerd abage somsinipg side dipy fon 3 Sy op [CAMAtOREPIYEPARET 25

Lerr Lt v £ et i, 3 B RUCRR O AR R S Ll 1
[35 cycles]; 78&&%.5%“{6‘&3 uggﬁ%ﬁgwa}m sRARk AR 3% ﬁf.%F&ngA!ofﬁ.grlﬁ}w] L

. T
sterile m crocentri s using a Perkin El ner

cycl er 480. Onkycitfbes Rin. Miey were then platsdiiof 70 40 6n dhramdlogiaphy papbit sachrdtédt wittsi Ngl e
product at an annealing tenperature of 43C. The 15 product was neasured
by agarose gel 2:$CC buften i M3tisHOS (nth7. Dendthen bettedgiay. oAfter | FouEPS aindriiag, the
approxi mately 750 base pairs. A connercially available 100 tb@vl a.ddeli“)/vas
used as a si zeDNA was crosgrlinked tq the membrancs by SHIOsHS 192,000 ploules of UV using a UV )

oroquct. . 160 SeaERE 60 Grtalnt Capdpdl, ik paf Fpenle, SO pRAARGLER ST

(Fig.4) in a 5frbabirkin FAOME GESSPETSL.2 g/L NaCl, 83¢/I5Ralf 0y Hy002.2 g/hiNaxBDFAM  and
100 [err]L of sterile water added to it. The m xture was vortexed

and then cent r fiigay), 5 Dentarde’s Gelaviar (l falg Ficall, 1L 4/LORMyvinyhwiralidod, i gl BZe t op

aqueous | ayer containing the DNA was renoved and placed in a sterile
t ube. Et hi di uninentexracsionVA), 8:5% SDS and 0@ pe/micdenatvred beyingspers DA inp Eybrid e of

about 5 ng of %dba(r)kult[ PCR, ar:g)Ianed DNA/[err]L. The PCR

hybridization oven.

15 Hybridization was carried out at 65°C for 12 hours in 10 mL of 6x SSPE, 0.5% SDS,
100 pg/mL powdered/denatured herring sperm DNA, and 52 pL 15 X106 dpms/ml of the
random primed probe described above. At the end of the hybridization period the probe was
removed and the membranes briefly washed for 30 sec with 100 mL of 65°C 2x SSC
containing 0.5% SDS. The membranes were then washed for an additional 30 min with the

20  same amount and concentration of fresh buffer. The membranes were subjected to two more
100 mL washes for 30 min with 65°C, 0.2x SSC, 0.5% SDS, and then rapped in a cellophane
envelope and exposed to pre-flashed Fuji RXGcy X-ray film at -70°C for 24 hours. Fifteen
positive clones were observed. These plaques were picked and placed in 1 mL SM buffer
containing 20 pL chloroform (phage stock). Of these, 11 were processed to secondary or

25  tertiary screening until single individual plaques were obtained.



25 product was then ligated into a TA Coning Kit pCR 11 vector
(I'nvitrogen Corporation) in a 10 [err]L ligation reaction containing
1 [err]L 10 x ligation buffer, 2 [err]L pCR Il vector (25 ng/[err]lL),

3 [err]L fresh PCR product (5 ng/[err]L), 1 [err]L T4 DNA Ligase, and 3

[err]L of stemvbemsssdoer. The WD 97/ 35960 PCT/US97/04982
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ligation reaction was incubated at a 14[er rﬁgC overnight. The ligation

reactions were centr igf ¢@gdcterization of %ntﬁ]oélngﬂ ghxfa&‘fer%e EbRARIesP! aced on

ice. To a freshly thawed vial of E. -coll XLl conmpetent cells 2
[err]L of 0.5 M{[err]-nercaptoethanol was added and m xed gently wth the

pipette tip. Two [errhd sibs bRGhd phiaiveOkinthBdte N DR ehARaiiRil (ONA @foﬁ)est\b&e
cells and they were stirred 5 gently with the pipette tip to mx. The

vi al ‘was then i nietehwitedidbyo poliymerade Oshaid Creattion ushig prinflers) ®arhologous to TR kRt TH Or
exactly 30 seconds in a 42[err]C heat-block. The vial was placed on ice.
After 2 rﬂrwnmoﬂ?bm]mesmt i, ther ¢loningS@EGonandl that flaa thy tDNA yimertione sits g/ L
yeast extract, 0.5 NaCl n./L 250 mM KCl, 10 ni/L I\/gOl[err]

20 n/L 1 M@ = 015.5?4 Pp! yoﬁ“m-namw Yege #sydescrifed above excepy; fhaf the gysle was

subsequent | y S hfé"s%?aél f%é %%in&m%ﬂ%ﬁ%o@rl%léutﬁ%gr‘l é',ofor %fmnuyes ﬂnaq Es,?»gn bt%he

pl-aced on

pi petting 50 [ erdghrbse@BiChiceirophfésik & Beldre. f THR Mirde 1g&sEEibnes obtained ﬁ#@ﬂﬁj@&b@ﬂ ipnt o
one of two LB plates (10 g/L tryptone, 5 g/L yeast extract, 10 g/L Nad , 15

g/L Difco agar, vbdexcisign byomiking in asgerfiiinbee200 ) /ofdingiérpladuie iphdge staﬂdwnﬂﬂzob @LIof g/ mL
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incubated at 37°C for 15 min. Three mL of sterile LB broth was added and -mcubatlon was
continued for 3 hours at 37°C with shaking. The cultures were heated in a 70°C water bath
for 20 min, and then the tubes centrifuged at 1,000xg for 15 min. One mL of the supernatant
containing the excised pBluesript phagemid packaged as a filamentous phage particle was
15  transferred to a sterile 1.5 mL microcentrifuge tube and stored at 4°C as the stock solution.
Twenty-five pL. of the stock solution was added to 200 pL of E. coli Solar cells grown to an
0.D.gpg=1 in a microcentrifuge tube. After incubation at 37°C for 15 min, the 200 pL cells
were plated on 100x15 mm NZY agar plates containing 50 pg/mL ampicillin. The plates
were incubated overnight at 37°C until colonies appeared. A single colony was inoculated
20  into 10 mL of sterile LB broth containing 50 pg/mL ampicillin and grown overnight at 37°C
with shaking. The 10 mL of cell culture was concentrated in a 1.5 mL sterile microcentrifuge
.tube and the pelleted cells subjected to QIAGEN -plasmid purification as described
previously. The purified plasmid DNA was resuspended in 50 pL of sterile HyO. DNA
automated sequencing reactions were performed by mixing 8 pL of this DNA sample (0.8
25  pg) with 4 pL of either T3 or T7 sequencing primers (0.8 pmol/uL). The remainder of the
process was as previously described. Each sequencing reaction gave aproximately 350 bases

of sequence. The sequence is shown in Figure 5. Thre amino acid sequence of xanthosine-



Each of the transformant colonies was grown in 5 nL sterile terrific broth
(12 g/L 20 tryptone, 24 g/L yeast extract, 4 nL/L glycerol, 100 nL/L 10x
TB phosphate [0.17 M KH err]PJerr], 0.72 MKlerr]HPd err]])

suppl emented with 50 [err]g/nL anpicillin. The tubes were i ncubat ed
overni ght i guse73bg@d’ Y shaker at 37[err]C. Three nL of eachpersynososas
transferred to a 1.5 m. mcrocentrifuge tube, I nL at a tine, and
the cells concentrated by centrifugati an3gt- 14,000 rpmfor 2 mn. -
The super nat ' t dry 25
as possi bl e. é"\l\@‘gf Eé@g&%ﬁ&;@%@é f%ohgﬁ% ?ﬁrrgse\tﬂnm &&Jﬂllnﬁ_dv;*}i gtsgéﬁ% err]O
and centrifuggd as before. The supernatant was di scarded and the
cell pellet resuspended in 320 [err]L STET buffer (8% sucrose, 0.5%
triton X-100, 50 nM EDTA, 10 mMtris-HO, pH 8.0). To these WO
97/ 35960 The foregoing examples are for illustrative purposes only, and should not be viewed
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cell's, 32 [erg{ limitingithe scpenef dpplantgnipvantion] Whishfi§ est ferthOinnthe claims\appenided HCI pH
8.0, 2 n/L 0.5 M EDTA pH 8.0) was added and m xed by inverting the
t ubes sevebal herewoes. The tubes were placed in a boiling water bath
for 5 mn, and then placed imediately on ice. Once cool ed they were
centrifuged for 30 mn at 14,000 rpmat 4[err]C. The pellet was renoved
fromeach 5 tube with a sterile toothpick. The supernatant had 170
[err]L of 7.5 M NH err] OQAc and 550 [err]L of i ce-col d isopropanol
added to it, and the DNA was precipatated overnight at -20[err]C The

tubes were centrifuged at 14,000 rpmat- 4[err]C for 30 mn, and the pellet
washed with 75% ethanol and dried for 1 min in a speed-vac. The DNA
was resuspended in 50 [err]L of sterile Herr]Ocontaining 1 [err]L
of 5 ng/nL RNase A 10 O Restriction digestion to renove
insert frompCR Il plasmd. A reaction mxture of 25 [err]L
was prepared by adding 15 [err]L of plasmd mni-prep DNA as obt ai ned
above, 2.5 [err]L of buffer H (90 nMtris-HO [pH 7.5], 10 MM MgC [err], 50
mMVINaCl), 1 [err]L of EcoRl (8-12 u/[err]L), and 6.5 [err]L of sterile
Herr]O The m xture was



oiled inavater batn for 1 min The tubes vere coniMIGUNEIEMINN

14,000 rpm for 15 seconds and then allowed to cool déwn¢to- rdom® *
tenperature. To 10 [err]L of each m xture 2 pL of |oading dye was added,
and t hqygbgspéd On products were anal yzed by 1. 5% agar pe®USEV04982

el ectrophoresis using ultra-pure agarose (G bcoBRL) and a 100 bp

| adder as a size marker (Promega Cor porati 3?1)‘. 20 Only one of

the six reactions indicated the presence ofciaipisgested insert of -750 bp.
The original bacterial colony corresponding to the plasmd with the 750bp
xant hosi ne- N7- WHATIS OBRAIMED ISt ansf er ase PCR product was inoculated into a
250 nmL Erl enmayer flask contai ning 50 nL of sterile LB nmedia (10 g/L
tryptone, 5 g/L yeast extract, 10 g/L NaCl, pH 7.5) suppl enment ed
with.50 [err]g/ml anpicilijn. SibStahtiallgk pae ixantibsddecdN7n methyt ansansfemabeer  at
30[err]C 25 overnight. In a 1.5 nL mcrocentrifuge tube 18 nL of the

resul ting celsl gl RS by: concentrated by centrifugation as above.
WO 97/ 35960 ° ert£23 by

IEIC-zIa-/s #Isg Yé)glig\?\/ezas purified ﬁ)si ngmftﬁ%wanA £EN p ogixsre matdm%-’n Silgiio? °|§ rtg% é\grll}?eeﬁng’
T B I
fUbe and | heubat 6d f or  nob) ongRoRRFER 15 FREent Jh tecmian SERFELRE o, 3
L 5 of chilled buffer P3 was added and mi xed by inverting the tube 6
times. After 10 min on ice %%eggéte&ﬁ%t Ia&#a'ssgrenafyl'fkge'ds‘alﬁ, gg‘? rpm

for 15 mnin a rn'crocentrifugél.) was rendved ‘and

applied to a,Q AGEN-tJ.p 2 h Peavi gHgly equilibrated by the
application 10 ofﬁP' nge'gj?f?’;%\llj\??ner Ey gravity flow. The applied cell

extract supernatant was al so akijoeeg, Tyr, vall er@&ntgs, the Ppasi NTf/Abide
colum by gravity flow Once the flow through the col um had
Phe, Ile, Asp, Asp, Gln, Asp.

2. A substantially pure xanthosine-N7-methyltransferase consisting
15  essentially of the amino acid sequence:
1Met Ala Phe Val Ala Arg Gln Trp Phe Leu Leu Ser Ile
14Tle Asn Val Val Val Val Cys Phe Leu Lys Pro Phe Ala
20 27Leu Gly Glu Glan Gln Val Pro Cys Tyr Phe Ile Phe Gly
40Asp Ser Gln Asp Asp Asn Gly Asn Asn Asn His Leu Asn

53Thr Thr Ala Arg Ala Asn Tyr Pro Pro Tyr Gly Ile Asp

25
66Phe Pro Glu Gly Pro Thr Gly Arg Phe Thr Asn Gly Arg
79Asn His Ala Asp Phe Ile Gly Glu Leu Leu Gly Phe Asp
30 82Ser Tyr Ile Pro Pro Phe Ala Asn Thr Lys Gly Arg Asp

105Ile Thr Lys Gly Ile Asn Tyr Ala Ser Gly Ala Ser Gly

118Ile Leu Asp Gln Thr Gly Arg His lLeu Gly Asp Leu Phe



10 stopped, the QAGEN-tip 20 was washed 4 tinmes with on
The DNA was el uted by washing the Q AGEN-tip 20 wt l,m g‘l. m“"
QF and precipitated by the addition of 0.7 volunes e

room tenperature isopropanol. The tube was i mredi at eI y centri fuged
at 14,000 rpwofeosssg® M n and the supernatant careful ly rengp&Aysoroeesz The
preci pitated DNA was washed with I nlL of jce-cold 70% et hanol, centrifuged
as above, 15 and air dried for 5 min~ ¥e DNA was resuspended in 100 .
[err]L of sterile Herr]O W spectrophotonetry, as described above,
on 1 [err]L of the BSer &hePparBnciin heli it ddntHiatGlu Arg Ald Hdee was 55
[err]g of purified reconbinant pCRIl plasmd DNA per 100 [err]L.

Automat ed DNA sequeiabeg a0 11beval NSRS fed R14 Ry RER! ArgPbasRifdhromits 5 end
was @cconplished using the ML3 reverse primer which binds to a

reference in pCRII | 0 19 the site where he PCR product
was inserted. Seque c?‘ﬁsg%%a&‘yﬁor}ffg é‘t Fe Uhll\%r?l t %o ?‘ﬂ alaTeu Hawai i

Bi ot echnol ogy service facility. The sequencing reaction contained | [err]g
of- plasm d t EWglntien Bwd Bp2Typndle MIB Agn | TyerLeuThan BexGdwce obt ai ned
i ndi cated that the PCR product coded for the DNA sequence of the

first 6 am@o aci ds\@dfyPapkiLs an{m&\; Tz (Fcdafy clu phe from whose
seguence the degenerate DNA priners and 2 (Fi g 4) were made. I n addition,

25 t he sequence C for t ol nQ aci ds of the peptlde
fragment, the DNA st %§’é fene %\‘fﬁghs se5t P& PR AFF ner

construction. So in effect the DNA sequence for the correct protein
was cl oned. 209TIND 187V /TZER@ Leu Gly Ala Arg Lys Ile Ala val Phe
PCT/ US97/ 08982 - 27 -

P. Making of a randgiyspy LR dpraRerdos1y BHA 136188 NYeits Lagd skhe PCR
pr oduct . Two 25[err]L restriction digestions with EcoRlL were

carried out on two [er ts af d pCRI |
pl asm d as descri be Tgove Jfﬁe“ﬁ’r%‘ﬁuc?al k‘g%% sfe?lpaésé\ghglé(%ﬁ ‘)5‘;
20 248Leu Leu Phe Asn Asp Lys Leulys Pro Leu Val Asp Glu

261Leu Asn Thr Glu Leu Ser Gly Ala Gln Phe Leu Tyr Val

274A8p Val Ile Ala Ile Asn Leu Asn Asn Leu Ser Thr Pro

25
287Ala Glu Ile Thr Ile Gly Asn Ala Pro Cys Cys Asn Val
300Ser Ala Ala Val Ala Gly Gly Gln Cys Ile Pro Gly Gln
30 313Ile Pro Cys Ser Asn Arg Asn Gln Tyr Tyr Phe Trp Asp
326Asp Phe His Pro Ser Glu Val Val Asn Glu Ala Tyr Ser
339Arg Leu Ala Tyr Ser Ala Leu Ser Ser lLeu Leu AspAla
35
352Asp Pro Leu Ala Ile Gly Gly Leu Thr Gly Lys Asn Cys
365His Asp Lys Val Lys Ile Gln.
40 3. Substantially pure nucleic acid sequence that codes on expression

for xanthosine N7 methyltransferase comprising:

a) 1 CCTCTGACTT GCTAARCCTA CCATTACCTT TTTCTTCTTG TCATCTGCAT



1% agar ose gel as before, and the 750 bp insert was exci s
fromtwo |anes of the 5 gel. The gel pieces having a mmmmﬂllﬂ““l
were transferred into a sterile 40 nL pol ypr opyl ene*t ube andt s
subjected to Geneclean Il kit purification (BIO 101, Inc). Four and

one- hal f vol uweerebssdlal (2. 93 nl) stock solution was added tRCT/URI7/EB2
slices. One-half the vol une of the &%I TBE nodifier (325[err]L) was
added and the tube incubated at 45[err]CT mn. To this 15 -

[err]L of glassm |k Suspgnsi,eR-uRScRdaRd kit GHRALRE chiarda further 5 mn.
10 The gl assm | k/ DNA conpl ex was pelleted by centrifugation for 10 sec at

1,000 rpm and the 101S GReTTERE aFtcrwaS AfcRTDAce dracdiac ghasswt | kK pel | et was
washed 3 tings with 1 nL New Wash solution and the DNA was el uted
with 50 [err]L of steribhs WW@WMP%%MAG@%?FMMW i ndi cat ed
that -t he DNA concentration was 10 ng/[err] A random
prinmed probe was syst heé?‘zéﬁF‘WFnWﬁﬁGGW?TfLFCB‘PCGFﬁWWFH ed DNA. 15
Three [err]l1 of the DNA, =T N o) i fer and the DNA
was denatured by ealnglna 0|I|ng wat er ath o this the

Promega Cor porati ons Pr i <améde@e cletrocar mam&ﬁ@ﬁ&é&ééﬂ%ﬁmﬂrﬂ [err]L 5X
| abeling buffer, 2 [err]L of unlabeled dNTP's [20 [err]M each dCTP, dGTP,

TTP], 2 [err]L 1 ny/ nlL atetoyhsted ciiSéieact ahesartrh atmatdeet: ehdacckicenow enzyne)
and 5 [err]li5of [[err]- [err] P]dATP (50 [err]C, 3,000 G/ mole;
DuPont NEN) were added t® SSH¥TTHEF AYAFR0MPE TEATCASES [CRASATFICT TCR8gFTC2A and al | owed to
i ncubate at roomtenperature for 1 hour. The reaction was term nated by the

addition of 2 [err]L 0. 551M°mf“éFFfEﬁ‘Fﬂ“°fW|Tﬁ‘§f S TTEHT AL i on) and

heated for 3gmin in a Tmm. Q
Screening of anplified s brnaury W tﬂ'%an om pr| rreﬁ pr c;rggcm
The four 150k 15 nm NZYsgl M&TM&mmm@mmmrwhreconbi nant

cl ones per plate were chilled to 4[err]C (see above for plating and
growt h condi tions), andsthgTATCCTACC AGCCACCTAT ATACTCCAAG AGAATTTGCC AGCTTGTTAA

25
651 TTAGGCATTA TTCTCAGCAR CTACGGACTT TGTACAGATT GGGGGCARGA
701 AAAATAGCCG TTTTTGGGCT TGGTTGGCTT GGCTGCATAC CTGCTGAGIT
30 751 ATCTACAGAT GGTAACTGTG TGGATTCTAT TAACGAGGAA GTTCTGTTAT

801 TCAATGACAA GCTCAAGCCA CTGGTTGATG AACTGAATAC CGAGTTAAGC

851 GGTGCACAAT TTCTTTATGT AGATGIGATA GCAATCAATT TGAACAATTT

35
901 ATCCACCCCT GCAGARATTA CAATTGGCAA TGCACCATGC TGCAACGTGT
951 CTGCAGCAGT TGCTGGTGGA CAGTGTATTC CTGGGCAART TCCCTGCAGC
40 1001 AACAGGAACC AATATTATTT TTGGGATGAT TTCCATCCCA GTGAAGTAGT
1051 CARTGAAGCA TATTCAAGAT TAGCATATTC TGCGTTATCC TCATTACTTG
1101 ATGCTGATCC TCTTGCCATT GGCGGCCTAA CAGGCAAAAA CTGTCATGAT

45
/1151 AAAGTGARGA TACAATAGAC TGTATCTATG TGTCCCATGA TATTTCTATA
1201 TTCCAAGTTT CCGACARGTC AAACTCAATG TAATAAAACT TGAGAGTCCG
50 1251 AATGTGCTAG TGIGATGTTA TCTCCTCAAT GGAAACAATA TGTTATCATT

1301 AATCTCAGAC TATTTATAAT TACTATTAAA AAAAAAMAAA AAAAAAA;



WD 97/ 35960
rpgi)#t??zggfgglzaques lift elc!ll!yll I"’” III" "Irlslr"el!!!akl j P%%%E ”mh!\“ BEEN )gn-t ransf er

menbr anes (MSI Corporation) on chronmat ‘ated with 5x
SSC buffer fyohofddo@cC: The menbranes were placed ont @chhSoisses
contai ning the reconbi nant plaques for % ggn, and then lifted and

pl aced, phage containing side up, for 2 mn on chronatography paper
saturated with 0.5 W Na Aamumcgswhmmbnmeto bEAéem@mesam dzed by

transferring onto chromatography paper saturated wwth 0.5 Mtris-HC (pH
8.0) and" 1.5 M NaGiybfidizing sequenceshegnsisting: essdentinllyl of scijufmees 2t smwe on
chromat ogr aphy paper saturated with 2x SCC buffer, 0.2 Mtris-HCL (pH
7.:5) and then blotted drismphinientaryltolifore@bingDINAseridige; ahdie DNA was
cross-linked to the nmenbranes by exposure to 12,000 [err]Joul es of WV using

a W 10 Stratalj kerD?@p%q fhﬁ%@ r&@rvﬁfh':@ 16 e fofidbin: anes
wer e prehybr|d| zed at 65 C for hours in 100 nL 6x SSPE (52.2 g/L

Nadl , %/eL NaH[err]Pg%%m{ok‘H[err]O 2.2 g/L Na[err] EDTA, [ pH
7.4]) nhardt's so ron (1 g/L Ficoll, 1 g/L polyvinylpyrrolidone, 1
g/ L BSA [ pentax fraction V]), 0.5% SDS and 100 [err] g/ nl denatured
herring spermDNA in a Hybrid Mark |1 hybridization oven. 15
Hybri di zati on was carried out at 65/ err]C for 12 hours in 10 nL of 6x SSPE,
0. 5% SDS, 100 [egr] g/ mmgﬁms;f iRt oed Weahi \@iprisg, and 52
[err]L 15 X10[err] dpns/m of th ﬁg&lﬂﬁgndom primed probe descrl bed

and the menbranes bri L?&“ybﬁh'@ﬁ“ﬁ%%%'%ﬁﬁ@?ﬁ’f&w% S o MRS
contai ning 0.5% SDS. The rren‘ﬁ)[tg%ﬁgl wer e then washed for an additional 30

mn with the 20 sane anou Acsgﬂ'tegﬁetratlon of fresh buffer. The
menbr anes re subjected to two nore nL washes for 30 mn with

65[err] C, ¥ 2x SSC, 0. 5% SEBAThEF PHEH ?Céfab‘ﬁﬁf Fﬁ“&“&“eﬁ"mne
envel ope and exposed “21 PESiobdrdS R bl @B&SL—FJ FebrattichPlhriahdcid at -70[err] C

for 24 hours. Fiftee positive clones were observed. These pl aques

wer e picked and pl acedxoi.tnmhs'rﬁ&wchMMf\zﬂicmchc cTadBihdhndictgec?0 [err]L
chl or of or m§ phage stock). O these, 11 were processed to secondary or 25

tertiary screeni ng untish sicergérec ATTeiTOSACIACIEACAE O TRABSTENE AAGANDIIIG | Ned.
201 ACCTGAACAC CACTGCCAGG GCAAATTATC CACCTTACGG CATTGATTTC
20 251 CCAGAAGGTC CAACTGGTCG CTTCACCAAT GGTCGAAATC ATGCAGACTT
301 CATTGGTGAG CTCCTTGGAT TTGACAGCTA CATACCTCCA TTTGCARATA

351 CAAAAGGCCG GGATATCACT AAAGGCATTA ATTATGCTTC GGGAGCATCT

25 401 GGAATTCTTG ATCAGACCGG TCGTCACCTG GGCGATCTCT TCAGCTTCAA
451 CGAACAATTG CACAATCACG AGAGAGCAAT TTCGCGCATC GTGCGGTTGA
30 501 TTGGAAACAG ATCTGCARCA AAAGAATATC TAGCCAAATG TCTGTACACT
551 GTTGCATTGG GGAATAATGA TTACATCAAC ‘AACTACTTGT TGCCAGAATA
601 TTATCCTACC AGCCACCTAT ATACTCCAAG AGAATTTGCC AGCTTGTTAA
35
651 TTAGGCATTA TTCTCAGCAA CTACGGACTT TGTACAGATT GGGGGCAAGA
701 AARATAGCCG TTTTTGEGCT TGATTGGCTT GGCTGCATAC CTGCTGAGTT
40 751 ATCTACAGAT GGTAACTGTG TGGATTCTAT TRACGAGGAA GTTCTGTTAT

801 TCAARTGACAA GCTCAAGCCA CTCGGTTGATG AACTGARTAC CGAGTTAAGC

851 GGTGCACAAT TTCTTTATGT AGATGTGATA GCAATCAATT TGAACAATTT

This Sheet Has Been Reilac
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R Characterization of xanthosine-Nerr]-nethyltransferase*cDNA &l ohes®

The sizes of the putative xanthosine-Nerr]-nethyltransferase cDNA cl ones
wer e deiotrRiesd by pol ynerase chain reaction using preqrarsg?/04982

honol ogous to the T3 and T7 pronoters that are present in the
cloning vector and that flank the cDNA ins3gtion site. 5 Conditions for-
pol ymerase chain reaction yere as 1 DG RROMRALXREERitat the cycl e was
35 cycles of 95[err]C for 'mnute, - err]C for 1 mnute and 72[err]C for

2 minutes.” Anal ysi s WaSyhY crecacencr TRERFGH Excfitlrrebreaiiapheteets as before.
The three | aggest clones obtained were subjected to in Vi vo exci sion

by m xing in a steril eiécibeacRddbhct @rragrhrrp frrogTegt ercearecqrIeTepigtge st ock with
200 [err]L of fresh XLI-Blue MRF' cells grown to an O D. 600=1.0. To
this mixture | [err]L ofs:ExaRaeapesh TATIQACAT TIOEATATES EGRITIGT b‘iﬂ‘i’"&‘f’i’%n) hel per
phage (>1x10£err] pf u/[err%éc) was added and the tubes wer i ncubat ed
at 37[err]CWor 15 ni n**°th &W&W%%’F“’f?“f@ﬁ?%ﬁ“ﬁ“ms aapaed and

i ncubati on was -GNt q&&&gmﬁ.@ M{d Gantdchdda shaki ng. The

cultures were heated in a err|C water bath for 20 mn, and then

the tubes centrifuged Aol QT chcbic Kabcak eaxmtaned éereaper nat ant

cont ai ni ng tipe exci sed pBl uesript phagem d packaged as a fil ament ous phage
particle was 15 transker megrecme FOIGATETTR [TErccrcAdT QEAMPERATA BEREMERTF f uge t ube and
stored at 4[err]C as the stock sol ution. Twenty-five [err]L of the

st ock solution was added to 200 nlL of cI%mc ol r | s own to an
O.D.600=1 in a microcert®i FHE AP SrTRCuUbat I on A [ferr] C for 15
mn, the 200 [err]L C‘ﬁLl Sharvestm m&\ﬁﬁﬁﬁehfﬂ&e%nmnﬂ&%ﬁ‘éemté\w agar plates
cont aining 50 [err]g/ anpi cli I The pl ates wer e i ncubat ed
overnight at 37[err]C until col on| es appeared. A single colony was

i nocul ated 20 into 10 nL of sterile LB broth containing 50 [err]g/nL
anpicillin agd grown overnight at 37[err]C wi th shaking. The 10 nL
of cell culture was concentrated in a 1.5 nL sterile mcrocentrifuge

tube and the pelleted cells subjected to Q AGEN plasm d purification as

descri bed previ ousl 5. Tha nphiodfforgsoduking caffbirdelfise coffeerbeansscpmprisng:i n 50
[err]L of sterile H20. DNA

transforming coffee plants with a DNA sequence that is antisense to the

DNA sequence that codes on expression for:

1 Met Ala Phe Val Ala Arg Gln Trp Phe Leu Leu Ser Ile
25 14 1Ile Asn Val Val Val Val Cys Phe Leu Lys Pro Phe Ala
27 Leu Gly Glu Gln Gln Val Pro Cys Tyr Phe Ile Phe Gly
40 Asp Ser Gln Asp Asp Asn Gly Asn Asn Asn His Leu Asn
53 Thr Thr Ala Arg Ala Asn Tyr Pro Pro Tyr Gly Ile Asp
66 Phe Pro Glu Gly Pro Thr Gly Arg Phe Thr Asn Gly Arg
30 79 Asn His Ala Asp Phe Ile Gly Glu Leu Leu Gly Phe Asp
92 Ser Tyr Ile Pro Pro Phe Ala Asn Thr Lys Gly Arg Asp
105 Ile Thr Lys Gly Ile Asn Tyr Ala Ser Gly Ala Ser Gly
118 Ile Leu Asp Gln Thr Gly Arg His Leu Gly Asp Leu Phe

131 Ser Phe Asn Glu Gln Leu His Asn His Glu Arg Ala Ile



aut omat ed sequencing reactions were performed by mxing 8 [ ' :
DNA sanple (0.8 25 [err]g) with 4 [err]L of either T3 or !ﬂgﬂ !Ba“m"”“l

priners (0.8 pnol/[err]L). The renainder of the proc '
previously described. Each sequencing reaction gave aproxi mately 350 bases

of sequence. wWhensmeguence is shown in Figure 5. Thre am no pgt/iisERsgence of
xant hosi ne- WO 97/ 35960

PCT/ US97/ 04982 - 36 ~ - 30 -
N7- met hyl transfer t fr u f e cDNA is
N methyl | gurea 487 85° 283 PILYaE R Leqnﬁféﬂgé a5, 284 §£&C§19 Thd

egol ng-exanpl es are for

il lustrative pusposgs GQﬁ|'.'9yr aed shoulyd o@d vee whewnd val alasnéunmting the
scope of applicants' invention, which is set forth in the clains appended
5 her et 0. 170 Gly WenoXIr33@B0TyYr Ile Asn Asn Tyr Leu Leu Pro Glu

PCT/ US97/ 04982

CLAI M5 VHAB3| B CRF MRS |T§r Ser His Leu Tyr Thr Pre irQB%%Elbglﬁednt ially
e ot 195 BTN s AL SR o B
usi ng S- adenosylogetiy QRLNEyRAr§URSE l@Chla Arg Lys T a Val Phe
222 Gly Leu Gly Trp Leu Gly Cys Ile Pro Ala Glu Leu Ser
235 Thr Asp Gly Asn Cys Val Asp Ser Ile Asn Glu Glu Val
248 Leu Leu Phe Asn Asp lys Leu Lys Pro Leu Val Asp Glu
10 261 Leu Asn Thr Glu Leu Ser Gly Ala Gln Phe Leu Tyr Val
274 Asp Val Ile Ala Ile Asn Leu Asn Asn Leu Sexr Thr Pro
287 Ala Glu Ile Thr Ile Gly Asn Ala Pro Cys Cys Asn Val
300 Ser Ala Ala Val Ala Gly Gly Gln Cys Ile Pro Gly Gln
313 Ile Pro Cys Ser Asn Arg Asn Gln Tyr Tyr Phe Trp Asp
15 326 Asp Phe His Pro Ser Glu Val Val Asn Glu Ala Tyr Ser
339 Arg Leu Ala Tyr Ser Ala Leu Ser Ser Leu Leu Asp Ala
352 Asp Pro Leu Ala Ile Gly Gly Leu Thr Gly Lys Asn Cys

365 His Asp Lys Val Lys Ile Gln.



b) conprising tryptic fragnents with the am no acid sequences

(1) Ile, Asn, Tyr, Ala, Ser, dy, Ala, Ser, dy, 10 Ile, Leu,
Asp, A@n, Thr; and (2) dy, Tyr, Vval, Pro, Cys,
Tur, Phe, (Thr/Asp) - Phe, Ile, Asp, Asp, G n, Asp.

2. A subst watarasdey pure xant hosi ne- N err]-net hyl transf er REIEYH8498% | ng
15 essentially of the am no acid sequence: 1Met Al a Phe Val
Ala Arg An Trp Phe Leu Leu Ser Ile 1411 e Asn Val Val Val

Val Cys Phe Leu Lys Pro Phe Ala 20 JG 27Leu Gy Gu @n d@n Val Pro
Cys Tyr Phe Ile Phe Gy - !LAspSerGlnAspAspAsnGlyAsnAsn
Asn His Leu Asn 53Thr Thr Ala Arg Ala Asn Tyr Pro Pro Tyr Ay
Ile Asp 25 66Phe Pro AQu Ay Pro Thr Ay Arg Phe Thr Asn Gy
Arg 79Asn H's Ala Asp Phe Ile Gy GQu Leu Leu Ay Phe Asp

30 - 92Ser Tyr Ile Pro Pro Phe Ala Asn Thr Lys Gy Arg Asp
10511e Thr Lys Ay Ile Asn Tyr Ala Ser Ay AlgaSer Ay 118l 1 e
Leu Asp Gdn Thr Ay Arg His Leu y Leu WO 97/ 35960
PCT/ US97/ 04982 é - 32 -

131Ser Phe Asn Gu @ n Leu H's u AgAla lle

Figure 1. Caffeine Biosynthetic Pathway



144Ser Arg Ile Val Arg Leu Ile Ay Asn Arg Ser Ala Thr 5 157Lys
G u Tyr Leu Ala Lys Cys Leu Tyr Thr Val Ala Leu 170dy Asn Asn
Asp Tyr Ile Asn Asn Tyr Leu Leu Pro Gu 10 183Tyr Tyr Pro Thr Ser
Hs Leu Tyr Thr Pro Arg G u Phe 196Ala Ser Leu Leu Ile Arg Hi s
Tyr Ser G n Gwo be3sedy g 209Thr Lau Tyr Arg Leu ®&CYyUSIIHIMRg Lys
Ile Ala Val Phe 15 2220y Leu Ay Trp Leu Ay Cys Ile Pro Ala
G u Leu Ser 235Thr AspGygs Cys Val Asp Ser Ile AsnQu Qu -
Val 20 248Leu Leu Phe Asn Asp JssLeuLys Pro Leu Val Asp Qu
261Leu Asn Thr Qu Leu Ser Gy Ala @ n Phe Leu Tyr Val 274Asp
Val Ile Ala Ile Asn Leu Asn Asn Leu Ser Thr Pro 25 287Ala Qu
Ile Thr Ile Ay Asn Ala Pro Cys Cys Asn Val 300Ser Ala Al a Val
Ala Ay Ay G@n Cys Ile Pro Ay G@n 30 313lle Pro Cys Ser Asn Arg
Asn A n Tyr Tyr Phe Trp Asp 326Asp Phe H's Pro Ser Au Val Val
Asn Qu Ala Tyr Ser 339Arg Leu Ala Tyr Ser Ala Leu Ser Ser Leu
Leu AspAla 35 352Asp Pro Leu Ala lle Ay Ay Leu Thr Ay Lys Asn
Cys 365H s Asp Lys Val Lys Ile @n. 40 3.
Substantially pure nucleic acid sequence that codes on expression

Figure 2 Polyacrylamide gel of purified
xanthosine-N7-methyitransferase

94 kD-

67 kD*
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CCTCTGACTT GCTAAACCTA CCATTACCTT TTTCTTCTTG TCATCTGCAT

xant hosine N err] nediyltransferase conpri sing: a)

97/ 35960
PCT/ US97/ 04982 - 33 -
51 TCATGCCTTT whksi#s8880ACG CAATGGITTC TCCTATCCAT CATTAATGTA  PCT/US97/04982

101

GIGGTTGICT GITTCTTGAA ACCATTTGCC CTAGGCGAAC AACAGGTCCC 5

15 TTGCTACTTC ATTTTTGGAG ACTCACAAGA TGA

201
251
301
351
401
451
501
551
601
651
701
751
801
851

C@gﬁ AACAATAATC
ACCTGAACAC CACTGCCAGG GCAAATTATC CA ACGG CATTGATTTC 10
CCAGAAGGTC CAACTGGICG CTTCACCAAT GGTCGAAATC ATGCAGACTT
CATTGGTGAG CTCCTTGGAT TTGACAGCTA CATACCTCCA TTTGCAAATA
CAAAAGGECCG GGATATCACT AAAGGCATTA ATTATGCTTC GGGAGCATCT 15
GGAATTCTTG ATCAGACCGG TCGICACCTG GGCGATCTCT TCAGCTTCAA
CGAACAATTG CACAATCACG AGAGAGCAAT TTCGCGCATC GTGCGGTITGA 20
TTGGAAACA ATCTGCAACA AAAGAATATC TAGCCAAATG TCTGTACACT
GITGCATTGG GGAATAATGA TTACATCAAC AACTACTTGI TGCCAGAATA
TTATCCTACC AGCCACCTAT ATACTCCAAG AGAATTTGCC AGCTTGITAA 25
TTAGGCATTA TTCTCAGCAA CTACGGACTT TGTACAGATT GGGGGECAAGA
AAAATAGCCG TTTTTGEECT TGGTTGECTT GGCTGCATAC CTGCTGAGIT 30
ATCTACAGAT GGTAACTGIG TGGATTCTAT TAACGAGGAA GITCTGITAT
TCAATGACAA GCTCAAGCCA CTGGITGATG AACTGAATAC CGAGTTAAGC
GGTGCACAAT TTCTTTATGI AGATGIGATA GCAATCAATT TGAACAATTT 35

Figure 3 HPLC separation of tryptic digest of xanthosine-N7-methyl transferase

A. =l Asn Tyr Als Ser Giy Al Ser Gly lis Lou Asp Gln — Gly
8. — 1i0 Asn Tyr Ala Ser Gly Ala Ser Gly i Leu Asp Gin The
- C. == Gln Tyr Val Pro Cys Tyr Phe (Tho/Asp) Phe lio Asp (Asp) (Gln) Asp

1

WO



901 ATCCACCCCT GCAGAAATTA CAATTGGCAA TGCACCATGC TGCAACGTGT

951 CTGCAGCAGI TGCCTGGTGGA CAGIGIATTC CTGGGECAAAT TCCCTGCAGC 40
1001 AACAGGAACC AATATTATTT TTGGGATGAT TTCCATCCCA GIGAAGTAGT
1051 CAATGAAGCA TATTCAAGAT TAGCATATTC TGCGTITATCC TCATTACTTG

1101 ATGCTGAWEY973d0do GCCATT GGCGGCCCTAA CAGGCAAAAA CTGT CATGATTAS97/04982

1151 AAAGTGAAGA TACAATAGAC TGTATCTATG TGITCCCATGA TATTTCTATA

1201 TTCCAAGITT CCGACAAGIC AAACTCAATG TAATAAAACT TGAGAGTCCG 50

1251 AATGICCTAG TGTGATGITA TCTCCTCAAT CAATA TGITATCATT

1301 AATCTCAGAC TATTTATAAT TACTATTAAA AAAQAAA;

34 b) ~ DNA sequences which hybridize to the foregoing DNA sequence,
sai d hybri di zi ng sequences consi sting essentially of seqguences that
are conpl ementary to the foregoi ng DNA sequence; or c) DNA
sequences that are degenerate with respect to the foregoi ng DNA

sequences. 4, A nethod for producing caffeine free coffee

beans conpri si ng: a) transform ng coffee plants with a DNA
sequence that is antisense to the DNA sequence:

Figure 4 OIigonucleotides synthesized from peptides

FragmentA. - lle Asn Tyr Ala Ser Gly Ala Ser Gly lle Leu Asp Gin — Gly

Fragment B. — jle Asn Tyr Ala Ser Gly Ala Ser Gly lle Leu Asp Gin Thr
Primert  saTIAa$TAQGC! TCI GoIGe

Primer 2 SATI AA$TA$sc| Aegssl GC

Primer3  37aITTS AT SCGI AGI CCl GC
Primerd  3TAITTS AT Scail TC§ coi 6C

Fragment C.-~Gin Tyr Val Pro Cys Tyr Phe Ihs; Phe lle Asp (Asp) (GIn) Asp
PrimerS  SCA§TATGTICCI TGT TATTT

Primer§  3GTTATACAI GGIACS ATSA4



1 CCTCTGACTT GCTAAACCTA CCATTACCTT TTTCTTGITG TCATCTGCAT 51 TCATGGCTTT
TGTAGCCAGG CAATGGITTC TCCTATCCAT CATTAATGTA ' 101 GIGGITGICT
GITTCTTGAA ACCATTTGCT CTAGGECGAAC AACAGGTCCC 151 TTGCTACTTC
ATTTTTGGAG ACTCACAAGA TGACAATGGC AACAATAATC 201 ACCTGAACAC

CACTGCCAGG GCA¥A\F353¢8 CACCTTACGG CATTGATTTC 251 CRodASmksa2
CAACTGGTCG CTTCACCAAT GGTCGAAATC ATGCAGACTT 301 CATTGGTGAG
CTCCTTGGAT TTGACAGCTA CATACCTCCA CATACCTCCA TTTGCAAATA 351
CAAAAGGCCG GGATATCACT AAAGGCATTA ATTATGCHBGGGAGCATCT 401
GGAATTCTTG ATCAGACCGG TCGTCACCTG GGGGATCTCT TCAGCTTCAA 451
CGAACAATTG CACAATCACG AGAGAGCAAT TTCGOGCATC GTGCGGTTGA 501
TTGGAAACAG ATCTGCAACA AAAGAATATC TA TCTGTACACT 551

T o i i st oo
TTAGGCATTA TTCT CACCRATGEACSROBECAET AHQNCATIIC GREBRCANTSEATTAATGTA 701
AAAATAGOCG TTTTT. v 761
ATCTACAGAT w@%%%%%%%%%cﬁ%ﬁ% ChagTcCe 801
TCAATGACAA GCTORAGCTACTARGET REATIC AN R CYCATIGA CIGACHATRRASBACARTAATC 851
GGTGLACAAT TTCTIEAT AT SR AR oM e TGN Earraarrze VO

97/ 35960
- 35 -

PCT/ US97/ 04982
CCAGRAFETO\ FRRSRGETEIT CTRIAREMA ASCFRSAMATT PEEFASACTRGCACCATGC

251

TGCAACGTGT 101

asi
401
451
501
551
601
651
701
751
801
8sl
901
951
1001
1051
1101
1151
1201
1251
1301

CATTGGTGAG CTCCTTGGAT
CAAAAGGCCG GGATATCACT
GGAATTCTIG ATCAGACCGG
CGAACAATTG CACAATCACG
TTGGAAACAG ATCTGCAACA
GTTGCATTGG GGAATAATGA
TTATCCTACC AGCCACCTAT
TTAGGCATTA TTCTCAGCAA
ARAATAGCCG TTTTTGGGCT
ATCTACAGAT GGTAACTGTG
TCAATGACAA GCTCAAGCCA
GGTGCACAAT TTCTTTATGT
ATCCACCCCT GCAGAAATTA
CTGCAGCAGT TGCTGGTGGA
AACAGGAACC AATATTATTT
CARATGAAGCA TATTCAAGAT
ATGCTGATCC TCTTGCCAIT
AAAGTGAAGA TACAATAGAC

"TTCCAAGTTT CCGACAAGTC

AATGTGCTAG TGTGATGTTA
AATCTCAGAC TATTTATAAT

TTGACAGCTA CATACCTCCA
AAAGGCATTA ATTATGCTTC
TCGTCACCTG GGCGATCTCT
AGAGAGCAAT TTCGCGCATC
AAAGAATATC TAGCCAAATC

PTACATCAAC -
ATACTCCAAG
‘CTACGGACTT

TGGTTGGCTT
TGGATTCTAT
CTGGTTGATG
AGATGTGATA
CAATTGGCAA
CAGTGTATTC
TTGGGATGAT
TAGCATATTC
GGCGGCCTAA
TGTATCTATG
AAACTCAATG
TCTCCTCAAT

TACTATTAAA

ARCTACTTGT
AGAATTTGCC
TGTACARGATT
GGCTGCATAC
TAACGAGGAA
AACTGAATAC
GCAATCMATT
TGCACCATGC
CTGGGCAAAT
TTCCATCCCA
TGCAGTTATCC
CAGGCAARAA
TGTCCCATGA
TARTAAAACT
GGAAACAATA
ARAAMAAAAMN

TTTGCAAATA
GGGAGCATCT
TCAGCTTCAA
GTGCGGTTGA
TCTGTACACT
TGCCAGAATA
AGCTTGTTAA
GGGGGCAAGA
CTGCTGAGTT
GTTCTGTTAT
CGAGTTAAGC
TGAACAATTT
TGCAACGTGT
TCCCTGCAGC
GTGAAGTAGT
TCATTACTTG
CTGTCATGAT
TATTTCTATA
TGAGAGTCCG
TGTTATCATT
AAMAAAM



951 CTGCAGCAGT TGCTGGTGGA CAGTGTATTC CTGGGCAAAT TCCCTGCAGC 5
AACAGGAACC AATATTATTT TTGGGATGAT TTCCATCCCA GTGAAGTAGT
CAATGAAGCA TATTCAAGAT TAGCATATTC TGCGTTATCC TCATTACTTG 10
ATGCTGATCC TCTTGCCATT GGCGCCTAA CAGGCAAAAA CTGTCATGAT

AAAGT GAARS oT68A TAGAC TGTATCTATG TGTCCCATGA TATTTCTATA PCT/US97/04982
TTCCAAGTTT CCGACAAGTC AAACTCAATG TRMABAAAACT TGAGAGTCCG 15
AATGTGCTAG TGTGATGTTA TCTCCTCAAFI&UREAGCAATA TGTTATCATT

AATCTCAGAC TT%'fQ Abhe TAFIT\ T AAGA WAM% Ser Ile
harvest%\grﬁ% ruit fromthetranstornmed coffee plants.

A met hed frile PASAUVAN] vl f ¥ale Vake Qysf fBite btans LysDPro nghe Ala
transform ng coffee plants with a DNA sequence that is antisense to the
sequence2? hdiew 0@ty muex@mzsﬁlcn V%lﬁ Pro Cys 1 Tyr\cPhe\ I1ghcPhe| GAya

1001
1051
1101
1151
1201
1251
1301
b)

5.

DNA
Arg
Leu
Phe
53
Gu
I'le
Thr
Ser
131

dn
Lys
Ay
Thr
Ay
dy d
Lys
Ay
Ser

Trp Phe Leu Leu Ser lle élﬁ Asn Val Val Val VaI s _Phe
Pro fPe ASRy Ser Glpy A{léunﬂpy @% dAsp vAsnpAsn, His,  Leh - Asp

As s | e n

Thr a;aqmrg s AR T bS5 ARh, vk Py (Bl S ﬁlke%é%eﬂsro
Pro Te a r 7 Asn,fii p
-Er %y gr}g’ @.{y A#ko 'n”g‘ @%grs OI“I'ri/gr IQIhg Pro P?gﬁlPra]%ﬁZI a

a y 909 zeap His nalm'n;bl @®héhrIle s Glyy Gl Aet Theu AGilyScPhdéd Rspl a

116 Ile Leu Asp A n Thr Gy Arg H's Leu Ay J)Leu Phe

Phe 82n S8 Tyn (1de HPxo Afxori Bhey Alar RSy 4 Thre Lys Arg Asp

105 Ile Thr Lys Gly Ile Asn Tyr Ala Ser Gly Ala Ser Gly
118 Ile Leu Asp Gln Thr Gly Arg His Leu Gly Asp Leu Phe
131 Ser Phe Asn Glu Gln Leu His Asn His Glu Arg Ala Ile
144 Ser Arg Ile Val Arg Leu Ile Gly Asn Arg Ser Ala Thr
157 Lys Glu Tyr Leu Ala Lys Cys Leu Tyr Thr Val Ala Leu
170 Gly Asn Asn Asp Tyr Ile Asn Asn Leu Pro Glu
183 Tyr Tyr Pro Thr Ser His Leu Tyr Thr Pro Arg Glu Phe
196 Ala Ser Leu Leu Ile Arg His Tyr Ser Gln Gln Leu Arg
209 Thr Leu Tyr Arg Leu Gly Ala Arg Lys Ile Ala Val Phe
222 Gly Leu Gly Trp Leu Gly Cys Ile Pro Ala Glu Leu Ser
235 Thr Asp Gly Asn Cys Val Asp Ser Ile Asn Glu Glu Val

248 Leu Leu Phe Asn Asp Lys Leu Lys Pro Leu Val Asp Glu

261 Leu Asn Thr Glu Leu Ser Gly 2Ala Gln Phe Leu Tyr Val
274 Asp Val Ile Ala Ile Asn Leu Asn Leu Ser Thr Pro
287 Ala Glu Ile Thr Ile Gly Aasn Ala Cys Cys Asn Val

Asn

Pro
300 Ser Ala Ala Val Ala Gly Gly Gln Cys Ile Pro Gly Gln
313 Ile Pro Cys Ser Asn Arg Asn Gln Tyr Tyr Phe Trp Asp
326 Asp Phe His Pro Ser Glu Val Val Asn Glu Ala Tyr Ser
339 Arg Leu Ala Tyr Ser Ala Leu Ser Ser Leu Leu Asp Ala
352 Asp Pro Leu Ala Ile Gly Gly Leu Thr Gly Lys Asn Cys
365 His Asp Lys Val Lys Ile Gln
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Lys
Asp
Leu
Adn
222
Ay
Lys
Adn
Thr
300

Cys
a

Ser
Asn

Au

Tyr

Tyr
Leu
Ay
Asn
Leu
Phe
Pro
Ser
Ser

u Val

Leu

Cys

Tyr
Ile
Thr
Arg
Leu
Cys
Lys
Leu

Al a
Asn
Val
Leu

144 Ser Arg Ile Val Arg Leu”"l“lmlulllluulllﬁumer

Leu Ala Lys Cys Leu Tyr Thr *VaF A aMes * &s
Asn Asn Tyr Leu Leu Pro Qu 183 Tyr Tyr Pro Thr Ser H| s
Pro Alg Qu Phe 5 196 Ala SefyLeu Leu Ile Arg H's Tyr Ser Gn

209 Thr

Leu Tyr Arg Leu y Ala Arg Lys Ile Ala Val Phe

Gy Trp Leu Ay Cys Ile Pro Ala Qu Leu Ser 235 Thr
Vab) ASpDR skigenbss v&ﬁléh %Hnaﬁé to the £dt8pdifts! DRU & Sg(ﬁ.leﬁ@é‘ ﬁcﬁ’

Pro Leu Val

Asp G u 61 Leu Asn Thr @ u Leu

Tyr Val hybndlznzgm smnml qopsisting, essentiadly Leflu segnentes m ¢

Ao val OB ket BRA SRS ©° 515 1T o

Arg Asn G@n Tyr Tyr Phe Trp Asp 15 326 Asp Phe H's Pro Ser

Ser 339 Arg Le Ser Ala Leu

a Tyr u Ala Tyr
As Al aDﬁ cets fhaprage |degenerdte | With @%Pe@y jo 1the fmgougyDM
365 Hi geqfieelys Val Lye Ile dn.

4.

51
101
151
201
252
g1
as1
401

‘451
So1
551
601
651
701
761
a6l

851

A method for producing caffeine free coffee beans comprising:

transforming coffee plants with a DNA sequence that is antisense

to the DNA sequence:

CCYCTGACTT GCTAARCCEA CCATTACCTT TTICTICITG TCATCIGCAY
TCRIGGCTTT TCTAGCCRGE CAATGGTTIC TCCTATCOAT CATTARTGTA
GTGEITEICT GITTCTTGAR ACCATTTGOC CTAGGOSARC AACAGATCCT
TTCCTACTTC ATTTTIOGAG ACTCACAAGA TGACARTGGC RACALTANTC
ACCIGARCAC CACTGCCAGG GUAAATTATC CACCITACGG CATTGATITC
CCAGRAGGTC CRACTISYCS CTTCACCART GGTCGARATC ATGCAGACTT
CATTIGGIGAG CTCCTTGGAT TTGACAGCTA CATACCTCCA YTTTGCARATA
CAAAAGGCCE GGATATCACT ASAGGCATTA ATTATGCTIC GGGAGCATCT

GAARTTCIIC ATCAGACCSG TCOTCACCTG GACGATCICT TCAGCTTCAA -

CGAACARTTC CACAATCACG AGAGAGCART TTCGOGCATC GTGCCETIOA REPLACEMENT SHEET

TTCGAMGCAS ATCTGCARCA ARRGANTATC TASCCAAATG TCTGTACACT -
' 28 JAN 2000

GTTGCATIGE GGAATAATGA TTACATCAAC AACTACTTAT TSECCAGAATA.

TTRTCCTACC ASCCACCTAT ATACTCCARG AGAATTTGOC RGCITGTTAA

TTAGGCATTA TTCTCAGCAR CTACUGACTT TCTACAGATT CGGIGCAAGR
ARRATAGCCY TTTTIGEGCT IGATTGACTT GGCTGCATAC CTUCTGAGTT
ATCTACRGAT GATAACTGTG TCGATICIAT TARCGAGGAR GITCTGTTAT
TCARTOACAA GCTCAAGCCA CTGGTIGATG AACTGARTAC CGAGTTAAGC

GGTGCACRAT TTCYTTIATGT AGATGTGATA GTARTCRATT TGAACAAYTT

[l AMENDED _ SHEET




37 6. An i sol ated xant hosi ne-N er ase froma
coffee plant, conprising tryptic fragnents hav ll“myﬂmmmlﬂalmd sequences
(i) (SEQID NO 1), or (ii) (SEQID NG 2), or (I€FklI

7. - The xanthosine-Nerr]-nmethyltransferase according to either of clains
2 or 6, wherein the coffee plant is Cof%fa ar abi ca. 8. An

| sol ated nucl eic acid sequence froma fee plant that codes on expression
for a xanthosine-N err]-nmethyltransferase having the am no aci d sequence:
(SEQ I D NO 10). 9. The nucl ei c ‘aci d sequence according to claim
8, wherein the coffee plant is Coffea arabi ca. 10. A coffee plant
transfornmed with a nucleic acid sequence that codes on transcription for an
RNA that is antisense to t he nRNA t hat codes on expression for a

xant hosi ne- N[ err] | tr ras haV| gt m no aci d seqguen

NO 10), wherein t e nhlgglniecf P‘ lﬁ‘ty Easierage 1o WQQTF% ant
expr essi on Otompﬂslhg&tylpﬁcNbghidmﬁhhbﬁbtthé%?ﬁlﬁbaa%ﬁi sequences (n)](téEQﬁDNTBH ©
pl ant transforned th a nucl ei c aci d sequence t % J‘es 0 ranscri pt

for an RNA tﬁ%l(")l@E@e'l%@Q%) OREilSEQIRNOTIdes on expression for a

xant hosi ne-N[ err] -net hyl transferase having the am no acid sequence: (SEQ ID
NG+10), wherein the RNA has a length sufficient to interfere with the

expr essi on of xathOSI TRe Néﬁﬂfo]sni@ﬂhﬁétﬁﬂﬂéﬁ@f@?é@ according to either of claims 2
38 A coffee plant transformed with a nucleic acid sequence

that codes oﬁfﬁx\ahﬁ@éﬂ81¢$foeeaplﬁahlsrﬁ@ffe%aﬂm¢a] net hyl t r ansf erase havi ng
the am no acid sequence: (SEQ ID NO 10).

8. An isolated nucleic acid sequence from a coffee plant that codes on

expression for a xanthosine—N7-methyltransferase having the amino acid sequence:
(SEQ ID NO:10).

9. The nucleic acid sequence according to claim 8, wherein the coffee
plant is Coffea arabica.

10.  Acoffee plant transformed with a nucleic acid sequence that codes on
transcription for an RNA that is antisense to the mRNA that codes on expression for
a xanthosine—N7-methyItransferase having the amino acid sequence: (SEQ ID

NO:10), wherein the RNA has a length sufficient to interfere with the expression of
xanthosine-N"-methyltransferase.

11.  Acoffee plant transformed with a nucleic acid sequence that codes on
transcription for an RNA that is sense to the mRNA that codes on expression for a
xanthosine~N7-methyltransferase having the amino acid sequence: (SEQ ID NO:10),
wherein the RNA has a length sufficient to interfere with the expression of
xanthosine-N7-methyItransferase.

REPLACEMENT SHEET

28 JAN 2600
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13. The coffee plant of claim ' wucl efecactd |
linked to a tranS(F:)ri ption promt'ﬂlll'MﬁlmmllluﬂlEe or e‘fﬂféf?gzﬁwgggﬁ
1+4. The coffee plant of claim 2, ‘whérefn § he nucl efclacid sequence] iils
linked to a transcription pronoter in a sense orientatipnsg jan 2820 15. A
transforned coffee plant produced by t process of ihserting into the
pl ant genone a nucleic acid sequence that codes on transerrptTomfor—an RNA
that is antisense to the nRNA that codes on expressiof for a

xant hosi ne- N[ er r,] - mtk\églggfr ansferase having the am no acid sequence: (SEQ ID
NO: 10) . %6 ¢¢ Blagt ansfarmaed wﬁ@ ajusigic peidresiuenes thatsodesorss

of inserti ' ' ol s._on
ransor i pt i o F o Ao R St A B4k 88 S0 251 o
for a xant HEEQED N@YO).- net hyl transferase having the anmino acid sequence:
(SEQ I D NG 10) . 17. A coffee bean fromthe coffee plant set
forth in any of clains 10 to 16. 18. A transform ng vector
conprising a tra@criid I ' | LG.aci d
cequence: (SEQ |5 N0 1o FOTES PR r RART R Wincleb e Wcldid abRCedichBe s
expr essi on lfkeditaa transesiption gremaqtesin an aniEenseoNEnt:dipn. 19.  The
transform ng vector of claim 18, wherein the nucleic acid sequence is
operably linked to the transcription pronoter in a sense orientation.

20.. The transftrm rithevatfeo pladt ofdifimn2] Rherehiethe inlclbltciisdqBbfceds lifked to
sequence is, Rgﬁsrcﬁbtllc}/n | i nde.to t he tratn?i,crl ption pronbter in an antisense
orientation plich prgmoter ina sense AIepiAng vect or of clai m 18, wherein
the pronoter is a cauliflower nobsaic virus 35S pronoter. 39

22. The transf%r'm' NG ye tordofﬁcl a}i m 18, wherein the vector is a nodified
pl asmid pBI-121. 1 ransiormed coffee plant produced by the process of inserting into the plant

genome a nucleic acid sequence that codes on transcription for an RNA that is antisense

n

to the mRNA that codes on expression for a xanthosine—N7-methyltransferase having the
amino acid sequence: (SEQ ID NO:10).

16. A transformed coffee plant produced by the process of inserting into the plant
genome a nucleic acid sequence that codes on transcription for an RNA that is sense to the
mRNA that codes on expression for a xanthosine-N7-methyltransferase having the amino
acid sequence: (SEQ ID NO:10).

17. A coffee bean from the coffee plant set forth in any of claims 10 to 16.
18. A transforming vector comprising a transcription promoter operably linked
- to (i) the nucleic acid sequence: (SEQ ID NO:11); or (i) a nucleic acid sequence that codes

on expression for the amino acid sequence: (SEQ ID NO:10).

19. The transforming vector of claim 18, wherein the nucleic acid sequence is
operably linked to the transcription promoter in a sense orientation.

20. The transforming vector of claim 18, wherein the nucleic acid sequence is

operably linked to the transcription promoter in an antisense orientation.

21. The transforming vector of claim 18, wherein the promoter is a cauliflower
mosaic virus 35S promoter.

oy o e mene s mp .

| AMENDED SHEET _



23. A coffee plant cell transfor aci
codes on transcription for an RNA t mmlmiml to t
orr expression for a xanthosine-Nerr raﬂ

aci d sequence: (SEQ ID NO 10), wherein the RNA has a Ien t
interfere wwth the expression of xanth ne-Nerr] - met hyl tiransfe
24. A coffee plant cell transformed wth a nucleic aci d sequence that

codes on transcription for an RNA that is sense to the

f t d
Sefuence: (Sg0 15N 10] T er S <t gl B SbEe ot ey

interfere wiPB12he expression of xanthosine-Nerr]- nethyltransferase.

25. A coffee plant cell transformed with a nucleic acid sequence that
codes on expression for a xanthosi ne- N7-net hxl transferase having the am no
aci d sequence: (8BQ | B 9qffiee plant cell transformed with amysleimaqid sequenae thas cpdesfon

cl ai m 25, W&%h@ér@tnéﬁ1%rWhﬁAQhﬁ% AnASHIE NS thd ﬁlmmwdé%%%ség}&gs.an

transcrlptlon rom)t in a sense orientation he CO
pl ant cel | 6P"@P§nm5netmwrzﬁf¢raw@awug|taecaraowosbqamei éSE@eIDaMQﬂO)

| i nked t o a wWHerdH$ el BN | _
28. A transformeg coAﬂg%QE)I tﬁ{:fredlI tg({llgﬁ%‘réﬁ ﬁ;{eﬁéeipg%ggéﬂ)gnsdg'lg?thf)ﬁg%rl\l ng

a transform’?ﬁj Y&nstaraseit o a coffee plant cell, vvherel n the transform ng
vector conprises a transcription pronoter operabl y linked to a nucleic acid
sequence that codes on expression for a xanthosine-Nerr]-nethyltransferase
havi ng t he ami no %4ei d A@ige plaat celidrpnsfoomrebwith ja nucleic acid seqgence thigodes on

transf or ned wepbéfioR!f8Nkin Q@U\ 124t i§'BhER 13 the'HeA tndit&daY dn é)&)fé&l& for a

sequence is operably.linked to the transcription pronoter in
ori ent at | on xanthosine-N"-meghyitransferase Aayingrthe ceroipe fasid peavencer (PEQT IDc NQ:19)28,

wherei n the WHépdiftHe RIGA HaS 8! E}Pé‘uffc?erﬂl?&fn?é}}e\‘e WhtR fifefodpPedsith dr%a@RMBShBINTON

pronpbter in an antisense orientation.
40 mgthyltrangfgrase.ansf or med coffee plant cell of any of clains 23 to
30, wherein the cell exhibits reduced caffeine production conpared to a

coffee plant cell that is not transforned with the nucleic acid sequence.
25 A coffee plant cell transformed with a nucleic acid sequence that codes on

expression for a xanthosine-N" -methyltransferase having the amino acid sequence: (SEQ
ID NO:10).

26. The coffee plant cell of claim 25, wherein the nucleic acid sequence is
operably linked to a transcription promoter in a sense orientation.

27. The coffee plant cell of claim 25, wherein the nucleic acid sequence is
operably linked to a transcription promoter in an antisense orientation.

28. A transformed coffee plant cell produced by the process of inserting a
transforming vector into a coffee plant cell, wherein the transforming vector comprises a
transcription promoter operably linked to a nucleic acid sequence that codes on expression
fora xanthosine-N7-methyltransferase having the amino acid sequence: (SEQ ID NO:10).

29.  The transformed coffee plant cell of claim 28, wherein the nucleic acid
sequence is operably linked to the transcription promoter in a sense orientation.

30.  The transformed coffee plant cell of claim 28, wherein the nucleic acid
sequence is operably linked to the transcription promoter in an antisense orientation.

AMENDED  SHEET




32. A cof fee pl ant regenerated f —CetH—gf
2 ot el ol Hmmm;r@mmﬁ AT, Soe

cof fee plant according to claim 32 th d for inhibif]ing
production of caffeine by a coffee plant cell, conprisijng t268 SARZBG f
provi ding a transform ng vector conpriigng a nucleic agi d sequence t

codes on transcription for an RNA that has a | ength suffficrent ToTmt fere
with the expression of a xanthosi ne-N7-nethyltransferade_haying the am ng

aci d sequence: (@EQ | Phdrardidrmadtafed Brahh&rlreif'shfbfcré}ﬁis%st&@d%ﬁé’remhe cell

oper ably Irnked to transcription pronoter in an antisense orientation,

and PR tstfﬁ%ceﬂ [raffeing prodyetionrgmpatadde aicaffes planturell shat s mﬁtranstfonmed
wher ei n t hewilh Hetiueldehéld 364ukrRee thereafter becones inserted into the
genone of the coffee plant cell to forma transfornmed cell, and wherein the
transforned cell exhibits a reduced caffeine production conpared to a

cof fee plant cel hzthar\daﬁée Braht J%g@ﬁer%fefarf ﬂfﬁéﬁ%nﬁr&mga%ﬁwﬁrkﬁﬂ&u ?bﬂ%of
sequence. 35 for I brting production of caf
a coffee pl SAIMLE 1o, 31corrprr sr ng the steps of: provi ding a

transform ng vector conprising a nucleic acid sequence that codes on
transcription for an RNA that has a length sufficient to interfere wwth the
expression of a Xa&nt hfsofige Rpar frpmieeeagnarated speeiplenhacrording tecclaimi 3% aci d
sequence: (SEQ ID NO 10), wherein the nucleic acid sequence is operably
linked to a trangcription pronoter in a sense orientation; and

inserting the trafsfofnMediogelor dphibitipg rrodustipe cof pratieinec by |a oafies ailant taed,
nucl ei ¢ aci do,ggﬁgﬁegr%sqgﬁr&after beconmes inserted into the genone of the
coffee plant cell to forma transforned cell, and wherein the transforned
cell exhibits a PEYidinge Fansfeming WWNP&#“QG@@WQ‘@S%@W&?t gbdasorcel |

t hat has nOlrah&@rBtrér{ ﬂiﬂ%ﬁ%t@ﬁ%é’é‘h‘ég all ﬁgtﬂ‘éﬁ#@feﬁkfé%fér@ﬁ%%ﬁﬁ'% pression of a

41 36 A coffee plant trans?orrre a nucl el ¢ aci d. sequence
that codes 5%“‘9?%?@“&‘r1"ﬂﬁtmdtrﬁa"f$&ra%ﬁr heying tthetamiso eid seaanceo ($E@ IPRN®:1Mat

codes on exwhefsh & ﬁ@leré%@ﬁ%@ﬁdé\ke&d&a&?hm@&tbaé‘ﬁgﬁééi‘@ﬁon &éf‘ﬂ A

RNA has a length sufficient to interfere he expression a co
pl ant xant h@8lSeesRPEeMpUoRB@AY| t r ansf er ase. - 37. The coffee plant

of claim 36, me'ir%bﬂrn%)hﬁe Xfaﬂéfbﬁﬁhgee&’&ehfd a BB bR Ea] Rhaeh heMitleResid he
am no aci d sequence:
sequence thereafter becomes rnserted into the genome of the coffee plant cell to form a
transformed cell, and wherein the transformed cell exhibits a reduced caffeine production

compared to a coffee plant cell that has not been transformed with the nucleic acid
sequence.

35. A method for inhibiting production of caffeine by a coffee plant cell,
comprising the steps of:

providing a transforming vector comprising a nucleic acid sequence that codes on
transcription for an RNA that has a length sufficient to interfere with the expression of a
xanthosine-N7-methyltransferase having the amino acid sequence: (SEQ ID NO:10),
wherein the nucleic acid sequence is operably linked to a transcription promoter in a sense
orientation; and

inserting the transforming vector into a coffee plant cell, wherein the nucleic acid
sequence thereafter becomes inserted into the genome of the coffee plant cell to form a
transformed cell, and wherein the transformed cell exhibits a reduced caffeine production

compared to a coffee plant cell that has not been transformed with the nucleic acid
sequence.
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38. A coffee bean fromthe coffe PL&QEM@M SHEET
coffee plant transfornmed with a numﬂﬁ HIM a ges—oTl
transcription for an RNA that is sersec OL t hat |{c des on ﬁ S9
for- xanthosine-N err]-nethyltransferase, wherein the R W
sufficient to interfere with the expresgon of a coffee -
xant hosi ne- N err] - net hyl t ransf er ase. "The o’r’Tee pl ant of
claim 39, wherein the xant hosi ne- N7-net hyl t ransferase colpLises—he—am o

aci d sequence: (SHQ | DANGHédplant transformediith a Auctaié faem b&ﬂ:ﬁnéé mttobeesoﬁf ee
pl ant of cI

offe ant apsfornmed w.th
nucl ei ¢ acid seéaptl?gefof ﬁQtR%%c?!lé%t 'a,?ﬂf?emgitp% ?l%ﬁgc} ataﬁo N fERression ft
anti sense t oxanttesmaNK-mbthyitransiemse wiexein mesRNA Hasa length sufficient to interfere with

P ert or o vi TR ein PER cPi Bpntkefher B\ ra%mfanssfer%' snoth suftieient to

xant hosi ne- N err] - net hyl t ransf er ase. The coffee plant cell

f cl 42, wh t h hos t t
Che'am no act o' scdaencl® CASBHN RSHI) . r”erem*“ee@ﬁlhorsf"r"“s@era@glt@ng?#fassa|

t ransf or ned mm;tnsesme:éreino aamlsﬂaqaemeer(SE(Ilh)aﬁOﬂogies on transcription for
an*RNA that is sense to the nRNA that codes on expression for

xant hosi ne-N[ err] - et hyl transferase, wherein the RNA has a | ength
sufficient to int&3.ferA coffédbedrfeon iy esfiee@landbf claiodd.ce pl ant

xant hosi ne- N7- met hyl t r ansf er ase. 45. The coffee plant cell of
claim 44, wherein the xanthosine-Nerr]- nethyltransferase conprises the

am no acid sequende: (ASHQe® phint 1:@1)1sformed wnth a hi€lbleN(Gid béGiEnbEs th4tldodes on
%Ngsﬁlf)l I NF N q\clan for an RNA (thgt is sense to tgAl\rrBﬁmE\ If@gpé] %Nel(pression for
xanthosme N -methyltransferase wherein the RNA has a length sufficient to interfere with

the expression of a coffee plant xanthosine-N7-methyItransferase.

on

40.  The coffee plant of claim 39, wherein the xanthosine-N7-methyltransferase
comprises the amino acid sequence: (SEQ ID NO:10).

41. A coffee bean from the coffee plant of claim 39.

42. A coffee plant cell transformed with a nucleic acid sequence that codes on
transcription for an RNA that is antisense to the mRNA that codes on expression for
xanthosine-N7-methy|transferase, wherein the RNA has a length sufficient to interfere with

the expression of a coffee plant xanthosine-N7-methyltransferase. '

43. The coffee plant cell of claim 42, wherein the xanthosine-N'-
methyltransferase comprises the amino acid sequence: (SEQ ID NO:10).

44. A coffee plant cell transformed with a nucleic acid sequence that codes on
transcription for an RNA that is sense to the mRNA that codes on expression for
xanthosine-N7-methyltransferase, wherein the RNA has a length sufficient to interfere with
the expression of a coffee plant xanthosine-N7-methyltransferase.

45, The coffee plant cell of claim 44, wherein the xanthosine-N’-
methyltransferase comprises the amino acid sequence: (SEQ ID NO:10).

“ AMENDED _SHEET




(i) -TITLE OF | NVENTI ON: PURI FI ED PROTEI NS, RECOVBI NANT

DNA SEQUENCES AND PROCESSES FOR PRODUCI NG CAFFEI NE FREE
BEVERAGES (iii) NUMBER OF SEQUENCES: 11 i)
CORRESPONDENCE ADDRESS: (A) ADDRESSEE: JduEstmD)A:Y' ' REANEET
& POGUE (B) STREET: NORTH PO NT, 901 LAKE$l PE -AVENUE™ )
(C) C TY: SERQERNCANBISTING (D) STATE: COH O

CONTRY: 54 F) zIP: 44114 (V) cfcﬁ/P{fFE
READABLE M GENERAL INFORMATYONgED| UM TYPE: Diskette,

ggnpatible (1) Sto&?gﬁIebﬁﬁATl§§I§§EEEﬁP&§% CCNPS? UVIIBM PC

(D) SOFTWARE: WordPerfect for Wndows vi gl E??S CURRENT
APPL| CATI ON DATA: (A) RB WﬁuﬁBER 08/ 622, 679

(B) FILING DATE: 263M\R 199 N 800
(viii) ATTORNEY/ A | NF F INVENTION: gﬂé%? SF@JOW
CALVI N P. 18 | CATFENRONRES pie JsEs

(O REFERENCE/ DOCKET NUMBER. 265036600003

TELECOMVUNI CATI ON kWECRVAT! MBER OF SEQUENCES: GA) TELEPHO\IE (216)
586- 7050 (B) TELEFAX. (216) 579-0212 (2) | NFORVATI ON

FOR SEQ ID NO 1:  (iv) ( CPRRESPSEOERNEEACBRRASTER! STI CS:
(A) LENGTH 15 amino acid r€8)JuABDRESSEE: JONES, DAYR) REAVES &1BQSURi d

(C) STRANDEDNESS: N A (B) STREET:( BPRTEPEOTSY, 1901c4AKESIDE AVENUE )
MOLECULE TYPE: (C) gﬁ TYPDECGRVBIABR pepti de
(D) TATE: OHIO

(E) COUNTRY: USA
(F) 2IP: 44114

(v) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Diskette, 3.5 inch, 1.44 Mb
storage

(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: MS-DOS v. 5.1
(D) SOFTWARE: WordPerfect for Windows v. 6.1

(vi) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER: 08/622,679
(B) FILING DATE: 26-MAR-1996
(C) CLASSIFICATION: 800

(viii) ATTORNEY /AGENT INFORMATION:
(A) NAME: GRIFFITH, CALVIN P.
(B) REGISTRATION NUMBER: 34,831
(C) REFERENCE/DOCKET NUMBER: 265036600003

(ix) TELECOMMUNICATION INFORMATION:
(A) TELEPHONE: (216) 586-7050
(B) TELEFAX: (216) 579-0212

(2) INFORMATION FOR SEQ ID NO:1:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 15 amino acid residues
(B) TYPE: amino acid
(C) STRANDEDNESS: N/A
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE:
(A) DESCRIPTION: peptide
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(v) FRAGVENT TYPE: Internal fragnent (1x) FEATURE:

(A) NAME/ KEY: Fragnent A (D) OTHER | NFORMATI ON: Xaa neans
undet er m ned (xi) SEQUENCE DESCRI PTI ON: SEQ I D NO 1: Ile
Asn Tyr Ala Ser Gy Ala Ser Ay Ile Leu Asp A n Xaa Ay 1

NG 2 (I SEQTRIGHRI TN I dpal £ R N
LENGTH: 14 ami no aquqc)r esi dygs, (UF& (B) TYPE: amino acid

(D) TOPOLOGY: |inea
() Cbionen K%&%ﬁ%ﬂlwnéﬁ%&m&w

DESCRI PTI ON: pepti de
IIeAsnTyrAIaSerGyAla(‘ger FﬁeLeuAsp

5 (40 (2)sgqum&m1@rf&a S;E@ lib Nwl (i)
SEQUENCE CHARACTERI STI CS: (A) LENGTH: 20 base pairs

(B) TYPE: nucl dile a@ard Tyr Ala Ser Gly Ald QerSIEMNDEIINASS) EBspobEn Xaa Gly
(D) TOPOLOGY: | ilnear @i) MOLECULE TYPELO ot her nucl ei ¢ aci dis
(A) DESCRI PTION: priner (v) FRAGVENT TYPE: Internal fragment
(ix) FEATURE: (D) OTHER | NFORVATION: N i s inosine

(xi) SEGOEQ§§QE§axinnRQR SEQEQ@D N2 3: ATNAAYTAYG
CNAGYGGNGC 20 (2) | NFORVATI ON FOR SEQ | D NG 4: (1)

SEQUENCE CHARACTERI &P cs: SEQUENCE CHARACTERISTICS:
(A) LENGTH: 14 amino acid residues

(B) TYPE: amino acid
(D) TOPOLOGY: linear

C(ii) MOLECULE TYPE:
(A) DESCRIPTION: peptlde
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:é:
Ii.e Asn Tyr Ala Sgr Gly Ala Ser Gly IZ]L-g Leu Asp Gln Thr
(2) INFORMATION FOR SEQ ID NO:3:
(1) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic acid
(A) DESCRIPTION: primer
() FRAGMENT TYPE: Internal fragment
(ix) FEATURE: _
(D) OTHER INFORMATION: N is inosine
(x1i) SEQUENCE DESCRIPTION: SEQ ID NO:3:
ATNAAYTAYG CNAGYGGNGC 20
(2) INFORMATION FOR SEQ ID NO:4:
(1) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid

REPLACEMENT SHEET
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(A) LENGTH. 20 base pairs (B) TYPE: nucleic acid
(C) STRANDEDNESS: single

(i)

pri mer

FEATURE
SEQUENCE DESCRI PTI ON: SEQ | f& ﬁ;;'og'rRANDEDNESS. single  ATNAAYTAYG

(D) TOPOLOGY: |i near

MOLECULE TYPE: ot her nucl ear acid (A

(v)

CNAGYGGNGC 20  (2)

SEQUENCE CHARACTERI STI CS:
(B) TYPE:

nucl ei ¢ &ktid

(D) - TOPOLOGY: | i near
(A) DESCRI PTION: priner

(ix)
(xi)

FEATURE (V)

NYTAYTTNAT

SEQUENCE CHARACTERISTICS

(xi)

FRAGVENT TYPE: Internal fragnent
(D) OTHER | NFORVATION: N i s inosine

ORMIFOXDEHORL fhéat D NO 5S¢

(A) LENGTH: 20 base pairs

DESCRI PTI ON:
(i x)
(xi’)

(i)

MOLECULE TYPE{ QtlsaRANDEDMESSacidngl e

(A) (I DESCRIRTI@CUL Bpr¥Rer ot her nucleic acid
(v) FRAGVENT TYPE: internal

FRAGMEND) TYREER nSEFRATFCRgNEnts i nosi ne

SEQJENCE DFSC»RI PTI O\I SEQ I D NO 5:

J1 ON FOR SE

CGNCCAGNCG
(1)

OTHER INFO ﬁ%ofENdﬂFFSanﬁﬁéﬁepairs

SEQUENCE DESCRIPTION: SEQ ID NO:4:

ATNAAYTAYG CNAGYGGNGC 20

(2) INFORMATION FOR SEQ ID NO:5:

(1)

(ii)

(V)

(ix)

(x1i)

SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

MOLECULE TYPE: other nucleic acid
(A) DESCRIPTION: primer

FRAGMENT TYPE: internal

FEATURE

(D) OTHER INFORMATION: N is inosine

SEQUENCE DESCRIPTION: SEQ ID NO:5:

'CGNCCAGNCG NYTAYTTNAT 20

(2) INFORMATION FOR SEQ ID NO:6:

(1)

(ii)

(v)

(ix)

(xi)

-

b
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SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

MOLECULE TYPE: other nucleic acid
(A) DESCRIPTION: primer

FRAGMENT TYPE: Internal fragment

FEATURE

(D) OTHER INFORMATION: N is inosine

SEQUENCE DESCRIPTION: SEQ ID NO:6:

[ AmenDED _shEeT |



(B) TYPE: nucleic acid (C) STRANDEDNESS: si ngl e

(D) TOPOLOGY: i near (i) MOLECULE TYPE: other nucleic acid
(A) DESCRI PTION: priner (v) FRAGVENT TYPE: Internal fragnment
(ix) FEATURE (D) OTHER INFCRN%TICN N is inosine

(xi) SEQUENCE DESCRI PTI ON: SEQ I D NO 6:

CGNCCYCTYG CYTAYTTNAT 20 cdicyeTyd e FOR S | D NO 7:

(1) SEQUENCE CHARACTERI STI CS: (A) LENGTH: 14 am no
acid residues (B) TYPE: am no acid (O
STRANDEDNHSS: si ng|IVFORMATION FOR SEQ XID)NOCPOLOGY: |i near (ii)
. MOLECULE TYPE: (A) DESCRI PTI ON: peptide (v)

FRAGVENT TYPE: Intekial fradfBQHENCE CHARACTERISTICSEATURE.

(D) OTHER | NFORVATI ON:  Xaa |(e;)e| tWGﬁh’r 34 amln% acid residues Asp

(xi) SEQUENCE DESCRI PTI SE BE @mino ?°1 n Tyr Val Pro Cys Tyr Phe
Xaa Phe Ile Asp Asp @ n Asp Nérgmggg“fs single 10°

(2) | NFORMATI ON FOR SEQ ﬁ‘B BOLOGY: lineay; SEQUENCE

CHARACTERI STI CS: (ii) MOLECULFE @YILE:NGTH 20 base pairs
(A) DESCRIPTION: peptide
(v) FRAGMENT TYPE: Internal fragment
(ix) FEATURE
(D) OTHER INFORMATION: Xaa is either Thr or
Asp _
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7:
Gin Tyr Val Pro Cys Tyr Phe Xaa Phe Ile Asp Asp Gln Asp
10
(2) INFORMATION FOR SEQ ID NO: 8:
(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic acid
(A) DESCRIPTION: primer
(v) FRAGMENT TYPE: Internal fragment
(ix) FEATURE
(D) OTHER INFORMATION: N is inosine
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:8:
CAWTATGTNC CNTGTTATTT 20
(2) INFORMATION FOR SEQ ID NO: 9:
(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
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(B) TYPE: nucleic acid (C) STRANDEDNESS: single

(D) TOPOLOGY: i near (i) MOLECULE TYPE: other nucleic acid
(A) DESCRI PTION: priner (v) FRAGVENT TYPE: Internal fragnment
(i X) FEATURE . (D) OTHER I NFORMATION: N is inosine
(xi) SEQUENCE DESCRI PTI ON: SEQ | D NO 8: CAWATGINC
CNTGTTATTT 20 (2) (D)NFARWSEIOBY :FARME® | D NO. 9 (i)
SEQUENCE CHARACTERI STI CS: (A) LENGTH 20 base pairs
(B) TYPE: nucleic ddiid MOLECULE TYPE: ©QtheSTRANERENESS:idingl e
(D) TOPOLOGY: |i near (A)(i DESCRIRTION E PrHE®enmt her nucl ei ¢ aci d
(A) DESCRIPTION.  priner (v FRAGVENT TYPE: Internal fragnment
(i x) FEATURE (V) FRAGM Ing=oraad BFRIMERE | nosi ne
(xi) SEQUENCE DESCR| PTI ON | D NO 9: AAWI'AV\CAHG
GNACWATTG éaqfﬁ%%éﬁg%#_
SEQUENCE CHARACTERI STI Cs: Y ANgF e aC| d
residues (xi) SEQUENCE DESCRIPTION: SEQ ID NO:9:
AAWTAWCAHG GNACWTATTG 20
(2) INFORMATION FOR SEQ ID NO:10:
(1) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 371 amino acid residues
(B) TYPE: amino acid :

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE:
(A) DESCRIPTION: protein

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:10:

Met Ala Phe Val Ala Arg Gln Trp Phe Leu Leu Ser Ile Ile Asn
1 S 10 15

Val Val Val Val Cys Phe Leu Lys Pro Phe Ala Leu Gly Glu Gln
20 25 : 30

Gln Val Pro Cys Tyr Phe Ile Phe Gly Asp Ser Gln Asp Asp Asn
35 40 45

Gly Asn Asn Asn His Leu Asn Thr Thr Ala Arg Ala Asn Tyr Pro
50 ' 55 60

Pro Tyr Gly Ile Asp Phe Pro Glu Gly Pro Thr Gly Arg Phe Thr
65 70 75

Asn Gly Arg Asn His Ala Asp Phe Ile Gly Glu Leu Leu Gly Phe’
80 85 90

Asp Ser Tyr Ile Pro Pro Phe Ala Asn Thr Lys Gly Arg Asp Ile
95 100 105

Thr Lys Gly Ile Asn Tyr Ala Ser Gly Ala Ser Gly Ile Leu Asp
' 110 115 ' 120

Gln Thr Gly Arg His Leu Gly Asp Leu Phe Ser Phe Asn Glu Gln
125 : 130 135
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(B)

TYPE: anino acid (C) STRANDEDNESS: singl e

(D) TOPOLOGY: i near (ii) MOLECULE TYPE: (A
DESCRI PTI ON: protein (xi) SEQUENCE DESCRI PTI ON: SEQ | D NO 10:
Met Ala Phe Val Ala Arg A n Trp Phe Leu Leu Ser Ile Ile Asn 1
5 10 15 Val - Val Val Val Cys Phe Leu
Lys Pro Phe Al aléeuHisyA€huHfENnGlu Arg Ala Ile Ser ArgOIle Val Arg Leu Ide
30 Adn Val Pro Cys Tyr Phel#Pe Phe Ay Asp Ser1&bn Asp Asp Asn 150
35 40 45 Ay Asn Asn Asn His Leu Asn
Thr Thr Al a ArgSRY aARBnANYrSeroAla Thr Lys Glu Tyr LeypAla Lys Cys Leu Tyy
60 Pro Tyr Ay Ile Asp PhelBPo Qu Ay Pro Thr1&Py Arg Phe Thr 165
65 0 75 Asn rg Asn Hs Ala As
Phe Ile Gy (HUTEEUJE%UAE?yLﬁHeGly Asn Asn Asp Tyr %& Oﬁsg Asn Tyr Leu gﬁ%
90 Asp Ser Tyr Ile Pro ProtPle Al a Asn Thr Lys1 y Arg Asp Ile 1
95 1 1 I
Ser Ay Ala Serpffyeﬁlelrxré.u'rxgpﬁgo thrl88r nis L8hL l{igo@lﬁé Bhe ’ﬁi’% B ?&
120 Gn Thr Ay Arg Hi s Leua‘lyAsp Leu Phe Ser Phe Asn Qu Gn
125 Ala 8éP Leu Leu Ile Arg #32 Tyr ser ¢ln ch8UruS Y THS rdu
Arg Ala Ile Ser Arg Ile Val Argabeu ITe 205 140 210
145 150 Gy Asn Arg Ser Ala Thr Lys Qu Tyr Leu Ala
Lys Cys Leu TyrTyr Arg Leu Gly Ala At§5Lys Ile Ala Val Phe0Gly Leu Gly Trp
165 Thr Val Ala Leu Gy Asgissn Asp Tyr Ile As@28sn Tyr Leu Leu 225
170 175 180

Leu Gly Cys Ile Pro Ala Glu Leu Ser Thr Asp Gly Asn Cys Val

: 230 235 : 240

Asp Ser Ile Asn Glu Glu Val Leu Leu Phe Asn Asp Lys Leu Lys
245 250 255

Pro Leu Val Asp Glu Leu Asn Thr Glu Leu Ser Gly Ala Gln Phe
260 265 270

Leu Tyr Val Asp Val Ile Ala Ile Asn Leu Asn Asn Leu Ser Thr
275 280 " 285

Pro Ala Glu Ile Thr Ile Gly Asn Ala Pro Cys Cys Asn Val Ser
290 295 300

Ala Ala Val Ala Gly Gly Gln Cys Ile Pro Gly Gln Ile Pro Cys
305 310 315

Ser Asn Arg Asn Gln Tyr Tyr Phe Trp Asp Asp Phe His Pro Ser

320 325 330
Glu Val Val Asn Glu Ala Tyr Ser Arg Leu Ala Tyr Ser Ala Leu
335 340 345
Ser Ser Leu Leu Asp Ala Asp Pro Leu Ala Ile Gly Gly Leu Thr
: 350 355 360
Gly Lys Asn Cys His Asp Lys Val Lys Ile Gln
365 370
(2) INFORMATION FOR SEQ ID NO:11l:
(1) SEQUENCE CHARACTERISTICS:
(a) LENGTH: 1347 base pairs
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‘Tyr Tyr Pro Thr Ser H's Leu Tyr Thr Pro Arg G u Phe

185 190 195 Ala Ser Leu Leu Ile Arg
Hs Tyr Ser dn A n Leu Arg Thr Leu 200
205 210 Tyr Arg Leu Ay Ala Arg Lys Ile Ala Val Phe
Ay Leu Ay Trp 215 . - 220
225 Leu Gy Cys Ile PréBN a G uTEBE:SBRCIRACAZGFIE y Asn Cys Val
230 235 (€) STRANREDNESSIASSNEEL (e Asn Gu G u
Val Leu Leu Phe Asn Asp Lys(Plu Lys TOPOLOGY: linea 245
250 . 255 u JAs Le n Thr GQu Leu Ser
Jy Ala @n Phe (ify MoLEBuLE 'E\ggk: SBnK Yol GRnAS o6E
270 Leu Tyr Vejyfsp Vapphigrela Il e Asn Leu Asn Asn Leu Ser Thr
275 a 2@8 (A NAME/KEY:CBgs Pro Ala Qu Ile Thr Ile
Ay Asn Ala Pro Cys Cys Asn(B§f,0ERFTION:53..1168 290
295 300 Ala Ala Val Ala dy Ay An Cys Ile Pro Ay
Anlle Pro Cys (xi) SEQUENCE B8BCRIPTION: SEQ ID RbQ1ii:
315 Ser Asn Arg Asn A n Tyr Tyr Phe Trp Asp Asp Phe His Pro Ser
320 325 330 AQu Val Val Asn Qu Al a
Tyr Ser AFETCEGAATE GOTAEACCTAaCCAUTACCTT TTTCTTCTTG TCATEIGCAT TC 52
340 345 Ser Ser Leu Leu Asp Ala Asp Pro Leu Ala lle
Ay Ay L TG TRET TTT GTA GCC AGG CAA TGG TTT CTC CTA TCC 24% ATT 94
360 b A2 Rap V9l Ala Axg G)5 Unp Phe Len Gey Ser Ile Ile
365 370  3(2) | NFORMATI OYOFOR SEQ | D NO: 11:
g;?se oai SEAYEREE SPEREHEERThET tre Tre ama cea oot Gbe crdl BT A3V
Rsn val Val Val Val Cys Phe Leu Lys Pro Phe Ala Leu Gly
15 20 25
GAA CAA CAG GTC CCT TGC TAC TTC ATT TTT GGA GAC TCA CAA 178
Glu Gln Gln Val Pro Cys Tyr Phe Ile Phe Gly Asp Ser Gln
30 35 40
GAT GAC AAT GGC AAC AAT AAT CAC CTG AAC ACC ACT GCC AGG 220
Asp Asp Asn Gly Asn Asn Asn His Leu Asn Thr Thr Ala Arg
45 50 55
GCA AAT TAT CCA CCT TAC GGC ATT GAT TTC CCA GAA GGT CCA 262
Ala Asn Tyr Pro Pro Tyr Gly Ile Asp Phe Pro Glu Gly Pro
60 65 ' 70
ACT GGT CGC TTC ACC AAT GGT CGA AAT CAT GCA GAC TTC ATT 304
Thr Gly Arg Phe Thr Asn Gly Arg Asn His Ala Asp Phe Ile
75 80
GGT GAG CTC CTT GGA TTT GAC AGC TAC ATA CCT CCA TTT GCA 346
Gly Glu Leu Leu Gly Phe Asp Ser Tyr Ile Pro Pro Phe Ala
85 90 95
AAT ACA AAA GGC CGG GAT ATC ACT AAA GGC ATT AAT TAT GCT 388
Asn Thr Lys Gly Arg Asp Ile Thr Lys Gly Ile Asn Tyr Ala
100 105 110
TCG GGA GCA TCT GGA ATT CTT GAT CAG ACC GGT CGT CAC CTG 430
Ser Gly Ala Ser Gly Ile Leu Asp Gln Thr Gly Arg His Leu
115 120 125
TTC AGC TTC AAC GAA CAA TTG CAC AAT CAC GAG 472
Phe Ser Phe Asn Glu Gln Leu His Asn His Glu
130 135 140
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(B) - TYPE: nucleic acid (O STRANDEDNESS: si ngl e

(D) TOPOLOGY: | i near (ii) MOLECULE TYPE: cDNA to nmRNA
(i X) FEATURE: (A) NAVE/ KEY: CDS
(B) LOCATI ON: 53 .. 1168 (xi) SEQUENCE DESCRI PTI ON: SEQ | D NO 11:

CCTCTGACTT GCTAAACCTA CCATTACCTT TTTCTTCTTG TCATCTGCAT TC 52 ATG GCT TTT
GTA GCC ABGACKSATBTTT TCGCTGCCAACTGTGATGGATTG ATIM GG ARG A% TRT A £H534 g
A n Trp PhEILAJAl ddeSSer| Parg [Idel Val Arg Leu Ile;Gly Asn Arg Ser 10 AAT
GTA GIG GIT GIC TGT TTC TE&5AAA CCA TTT GCC CRAROGGC 136 Asn Val Val Val

Val Cys Phe,L Lys _Pro Phe Ala Leu Gy
25 GAA %ﬁmﬂe}ﬁﬁ@hﬁ@%ﬂh s ‘1‘1"78 AP n
Gn Val P Ty Spidy Ty Aﬁ@“GA}aAgﬁ’sS&YsGIT? r 3hr 35 -

40 GAT GAGPAAT GGC AAC AAT AAPOCAC CTG AAC ACC A&Psecc AGG 220 Asp Asp

Asn Gy A&Qa“%&s’“‘%ﬁ.‘l“ G%;i%%cr %ggr‘aﬁ G 598
g(c):A 26%@& g?;' nTyr ro ro ‘Fy%_% Ifﬁgﬁc% ro d

60 70 ACTGGTCGCTTCACCAATGGTCGA

AAT CAT mmﬁt@mﬂ‘&c ActatieTd Yrady ddthecchhiaghs eAl YTy zden Hgadl a
Asp Phe | Myr Tyr Pro Thr Ser fis Leu Tyr Thr Pro 3g @Iu Ge GQXa CTT GGA
TTT GAC AGC TAC ATIBSCCT CCA TTT GCA i19¥6 Ay Gu Leu Lewwddy Phe Asp Ser

Tyr Ile Pro Pro Phe Ala 85 90 95 AAT ACA
AAA GCC CAGCGATGATTAAGTTAASCCEATMTATATITARCGCRA CTIBELFERAONITTYs G §82r g,
Asp || e THer yeuGheu |[IdeANrgT\HisATyr Seri@ln Gln Leu Arg Thiy (heu

110 TCG GGA GCA TCT @9® ATT CTT GAT CAG AT® GGI CGF CAC CTG 21@30 Ser dy
Al a' Ser G,I%cle Leu As GInThr Gy Arg His Leu : 115

120 Tov RGA TIG £6G Q92 AGR &P RSE BRT AR §5¢ G 199 cac 78
CAC GAG T¥f72r9 Leu Gly Ala Arg Lys Ile Ala Val Phe Gly Leu Gly

215 220

TGG CTT GGC TGC ATA CCT GCT GAG TTA TCT ACA GAT GGT AAC 766
Trp Leu Gly Cys Ile Pro Ala Glu Leu Ser Thr Asp Gly Asn
225 230 235

TGT GTG GAT TCT ATT AAC GAG GAA GTT CTG TTA TTC AAT GAC 808
Cys Val Asp Ser Ile Asn Glu Glu Val Leu Leu Phe Asn Asp
240 245 250

AAG CTC AAG CCA CTG GTT GAT GAA CTG AAT ACC GAG TTA AGC 850
Lys Leu Lys Pro Leu Val Asp Glu Leu Asn Thr Glu Leu Ser
255 260 265

GGT GCA CAA TTT CTT TAT GTA GAT GTG ATA GCA ATC AAT TTG 892
Gly Ala Gln Phe Leu Tyr Val Asp Val Ile Ala Ile Asn Leu
270 275 280

AAC AAT TTA TCC ACC CCT GCA GAA ATT ACA ATT GGC AAT GCA 934
Asn Asn Leu Ser Thr Pro Ala Glu Ile Thr Ile Gly Asn Ala
285 290

CCA TGC TGC AAC GTG TCT GCA GCA GTT GCT GGT GGA CAG TGT 976
Pro Cys Cys Asn Val Ser Ala Ala Val Ala Gly Gly Gln Cys
295 300 305

ATT CCT GGG CAA ATT CCC TGC AGC AAC AGG AAC CAA TAT TAT 1018
Ile Pro Gly Gln Ile Pro Cys Ser Asn Arg Asn Gln Tyr Tyr
310 315 320
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135
Ser

Tyr

AAT
Ile
180
Pro
190
ACT
200
ATA
Phe
ATA
du
TGT
Ser

250
Lys
260
AAT
270

Il e

Asp Leu Phe Ser Phe Asn GQu Gn Leu Hs Asn Hs Qu 130
140 AGA -GCA ATT TCG CGC ATC GTG CGG TTG ATT
AAC AGA TCT 514 Arg Ala Ile Ser Arg Ile Val Arg Leu Ile Ay Asn Arg
145 150 GCA ACA AAA GAA TAT CTA GCC
TGT CTC?‘MLAC ACT GIT GCA 556 Ala Thr Lys Gu Tyr Leu Ala Lys Cys Leu
Thr V. %qu\'r GAT TTC CAT CCQAAGT GAA GTA GTC AATGGAATGCAGCGLOAD
GAT TAC'A RASH Rhe s RYC@e@lu VabgvabudsnyGhunAdan Asp Tyr

Asn Asn Tyr LetfReu Pro Gu 17380 17835
TAT TAT CCT ACC AGC CAC CTA TAT ACT CCA AGA GAA TTT GCC 640 Tyr Tyr

Thr Sefpqiifiod Sk Al J%g%gr he Al aqc 185

15%’5 gﬁ‘g@? AT TCTALEES

TG ar Sar %%Ti}u e PH A rcg?f n??fn%u R g>FBr Leu
205 210" TAC AGA TTG GGG AGA AAA

GCC GleeT cas@eriorfSdce ATEACdY cdé otk Wl Yade 3 9&&55 € Aﬁgm
dy LAl{dasp Pro Leu Ala Il&ldly Gly Leu Thr Gl¥<Hys C% GGC
CCT CCT GAG TTA TCT AGSHAT GGT "AAC 7663dgp Leu Gy Cys Fe Pro Al a
Leu Ser Thr Asp Ay Asn 225 230 235
GTG GAAT CAT\TFAMNATGAR AN GO TRGAATGTAT AATATEfsTcc 808 Cys Vahghsp
|l e AdHSGASEIYs/Nal diys cllét@lmsn Asp 240 245
AAG GRS AAG CCA CTG GIT GNP GAA CTG AAT ACC GAG TTA AGC 850 Lys Leu
Pro Le&VaI Asp Qu Leu Asn Thr A u Leu Ser 255

TGATATTT QPATATTCRICAGTITONGACAAGPIAANYT (RAATSTAATA CCALAJE

TTG AJ&?&I"I%}Y Ala A n Phe Leu Ta/r Val Asp Val Ile Ala Ile Asn Leu
GA GRCCGAATGT GCTACGTGTGRJIG GRAC TIRAAATGGARX CCT1288
ATT A%%Tr% AIATFEATCT CRCASTA R AfAnTeAcTa Trasasnaas U ! Ilgaghr
Gy Asn a _
AAAAAAAAAA AA . ' 1347
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285

.CAG TGT

300

976 Pro Cys Cys Asn Val Ser Al:
5 ATT CCT GGG CAA |,

TAT TAT
310

CORRECTEDPy
VERSION*

CAT CCC
d u Val
TAT TCA

T o PERTC T
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Gly Anlle Pro Q/

Leu Al a
345
AAC TGT
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