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Giycohvdrolase enzymes have many present and potential applications in medical,
agriculfural, and indusirial biotechnology. In order 1o identify novel glycohydrolases from
Thai plants, a protéin sequence-based npproach was undertaken. Known protein sequences
of e-mannosidases, B-galactosidases, and f-glucosidases were retrieved from on-line
databases, and grouped into sequence families as previously described by Henrissar [ 199] ).
Multiple sequence alignments were performed and phylogenetic trees constructed with ihe
computer programs of Feng and Doolinle { 1996), Sequences likely to be conserved ina
broad range of plant species were identified from the alignment and phylogenetic
relationships. These sequences were used to design degenerate primers, which were nsed
for PCR screening of plant DNA and reverse-tranycribed RNA. Initidl characterization of
primer conditions were carried out with DNA and e DNA from rice as a monbcor mode!, and
Thai rosewood, and bean as dicot models. Specific PCR products of the proper sice have
been amplified for rice c-mannasidase and B-galactosidase and for §-galactosidase and -
glucosidase from bean and Thai rosewood. These products are currently being cloned and

characterized.

Introduction

In order w find glycosyl hydmilases for poteniial
use in oligosaccharide and glycoside synthesis, Surarit
et al, (Surarit ef al, 1995) screened plants found in
Thailand for 8 activities. Six different activities were
found, with 38 of the 50 species containing af least one
activity assayed by the hydrolysis of p-nitrophenal (pNE)
glycosides. One plant, Dalbergia cochinchinensis Pierme
{Thai Rosewood), produced the highest amount of
product by far, using both pNP-fucoside and pNP-
glucoside. Moderately high levels of a-mannosidase
and P-galactosidase activities were found in other
plants. Each of these activitied" were partially purified
and shown to be useful for oligosaccharide synthesis by
reverse hydralysis. The D. cochinchinensis enzyme has

since been purified and shown to be o single enzyme
with glucose and fucose reacting al = single active

site (Srisomsap, 1996; Surarit, 1997). Recently, the

cDNA for this protein was cloned by polymerase chain
reaction based on peptide sequence and shown 1o be &
member of glycosyl hydrolase family | with closest
relationship o black cherry prunasin hydroluse and white
clover cyanogenic B-glucosidase (Champattana-chai,
1991).

Despite the success of the pNP-glycoside sub-
strate scresn, it has proved arducus 1o go from a recog-
nized activity 1o o cloned cDNA and protein sequence.
To dute, only D, cochinchinensis -glucosidase has been
fully purified and sequenced. Morcover, enzymes with
low activity in the pNP-glycoside assay could not be
purified. A more direct cloning method could produce




ge-scquence and cloned proteins faster with more certainty,
&= Henrissal and Baroch have shown that glycoayl hy-
= droluses with related activities can be grouped into
= families mwmmﬂmm
= gies (Hearissat, 1991; Henrissat and Bairoch, 1993;
f Henrissat and Bairoch, 1996). Therefore the use of these
F=  sequence relalionships to develop degenerate oligoni-
= cleatides for PCR cloning from conserved sequences
— in liev of direct protein sequence information was in-
. vestignted. This strategy has previously been success-
= fully used w0 screen for OTP<cyclohydrolase in divergent
=~ species (Maier eral, 1995) and glutamate delydrogensse
= from bacteria, fungi, and plants (McPherson eral,, 1991).
= Here, it was tested for screening of o-mannosidase, fi-
. galactosidases, and B-glucosidases in planis.

Materials and Methods
Enzymes and Reagenis

Taq npﬂﬁmame wis gither purchased from
— Promega (MadiSon, USA) or prepared by the method of
Fluthero. Reverse transcriptase was either Superseript
Il from GIBCO-BRL (Grand Island, USA) or Ready-
te-Cio from Pharmacia (Upsala, Sweden). Deoxyribonu-
cleotides, 10X buffer for PCR, and 25 mM MgCl, were
purchased from Promega. TriReagent and molecular
biology grade chioroform used in RNA purification was
purchused from Sigma (St Lovis. USA). All other chem-
icals were analytical grade or higher.

k Leni )
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Sequence Retrieval and Analvsis

Known protein sequences for P-glucosiduses,
—  p-galactosidases, and a-mannosidases were retrieved
—  from GENBANK using the NCBI Entrez search engine
— (hup:/iwww.ncbi.nlm.nib.gov/Entrez) or from the
SWISSPROT database using the Prosite utifity of the
—  expasy server (hitpe/fwww expasy./ch/). Sequences ware
—  retricved from the GENBANK by E.C. number, name,
—— and related proteins searches and from the SWISSPROT
= mmmmh:mﬂm-mnhumr
hydrolase families of interest

Protein sequences were formatted and analyzed
using the Propack protein sequence analysis computer
programs of Feng and Doolittle (1996) using a DEC
alpha 600 workstation. Sequences were srranged in
rough phylogenetic order using the amange program and
sequences with greater than 95% ideniity from the same
species were reduced 1o a single representative. Mulii-
ple sequence alignments and phylogenetic trees were
calculated using the tree program with the Dayhoff

S B2 b b

PAMZ50 matrix (Swartz and Dayhoff, 1978). After
resolution of negative branch lengths, data was trans-
wwamwmdphylugzmm
mm&mwmmmmﬂ
Felsenstein i

Design of Degenerate Qligonucleotides

Conserved sequences were identified by in-
spection of multiple sequence alignments and their
pbylogenetic extent was assessed by inspection of the
phylogenetic trees. Protein sequences were back-trans-
lated to yield possible nucleotide sequences. Degenera-
cy (total number of micleotide sequences and possible
binding sites) was calculated and sequences with lowest
degeneracy were used to make nested (inner and outer
sets) primers for PCR screening. Oligonucieatides were
designed to include inosine (T) az all positions of 4-fold
degeneracy, except those within 4 nucleotides of the
¥ end, where a mixture of all four nucleotides (N} was
used instead. All oligonucleotides were designed o huve
conserved G or C residues at the 3° end. The derived

sequences were used (o order degenerate oligonucleotides
were ordered from GIBCO-BRL.

RNA preparation and Reverse Transcription

RNA was produced either from Daibergia
cochinchinensis seed pods or rice or bean seeds that
had been washed in 0.1% hypochlorite 10 min., washed
in distilled water and germinated in distilled water 2-4
dgnmsqﬁmm_[mimml}rﬂ.lﬂm
dissected from any hard tissues, frozen in liquid nitro-
gen, and crushed to n powder. TriReagent was added and
the RNA extracted nccording to the manufacmrer's
instructions. The final RNA produced was dried under
air and dissolved in 20 pi sterile DEPC -treuted distilled
waier, '

From 5-20 pl of RNA was wansferred 10 2 pew
microcentrifuge tube, 100-300 pmols of pely-T,, primer
or specific reverse primers (3 reverse primer for nested
PCR) were added. and the sample was meited at 85°C
10 min, The reverse tanscription was then performed
aocording (o the reverse tmnscriptse supplier’s direc-
tions. Final volume was 20 ul. For PCR, the cDNA prod-
uct was diluted to /10 and | u! was used directly as
template for the PCR reaction.

Polymerase Chain Reaction
PCR was conducted on u Perkin-Eimer-ABI

ed 0.2 mM of each deoxyribonucleotide (dATE, dCTE,

=
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Fsham . lyss LLPHTHDDWG WLETVDOYF YGEIXNDT gHAG . .HFIWEJ.’A!'I'EIM-!Q
moaise . lys  LLEMTEDODVS WLETVDOYY TEILSDWIHAS AT .EMIWSMW
cow, Lys LVFHTHDOVE WLETVDOYE TOIYHRIGRAG 17, RRFTYVEIAFFSAWWRD
Arabido LYPHSHDDVG WLETVDOr Y VGSHNSTRGAS LT - REF LY WEMAFFORMWE
Dieey IVAHTHDDWG WLETVDEYY YHSHME IAFAD 17 RKFINVETAFFOENNDE
C.elegansl LIPHTHOGLA EPELYPUG -17. .RRFSFAETOFLWRENYTS
Piglifkd  VYRHSHMOVD WLETVY ESMOVY 17,  REFTAVEQEYFRLWWIG
rat.g2 LIPFONFOOGVWEQEFDI Y L2 PV PHEAND P OWLTIND | -43. . REFIMEET SYLAYWHD T
magge gl LIrmH?ﬂ::.n'wx.:.:mrrr. (12, FVVRHSHNDPOMLETFRD . |, 23 | AEFMHEEl SYLANWWOT
Fruman . g3

ELPFONVOOGVWROGFDISY. | 13, < FWPHSENDRGWIETFORE, (22 RAFLWAEVEFFAKNNON
C.elegang? THEFENPDOCYHEOOWRREEY | o & [N IPHERCDPGWIMTFEE -33. MEFIYREIED FPETWHRD

£ Orossph AMSFEDIDEGAWEGGHNIEY, 17 . -FYVFHEENEPGWIGTIEE . . 33, . HEF IWAE TS Y FRAFYIED
- by LT 1 BEISLOHDHVIOVWW  YOVEFE RCISFVSPOKRPEWESTIER, , 33, TTHFEVEISLPEDWVRE
¥ raE _ER LCWESCORSLVWRDGERVOS . . 10, . YVLIERLEAAD 121, . SMIAAPDPERNFOLI A
[ 3 ABApAH1TS E>
L]
EF_—;*' ; < asr- - cAman1GITIE
E - higman. VHEA

H_Hﬂ

fuman.ly=8 , 621, .WMWMWWUMFMHEEEQME. .

{ Aouss . Lis 21, .msmmmm:mmrmmw:muwmmmsw-
= sow. Ly ; 1:-.umvmm1mrummrwnmmmme.
o Arghide ++ 2L NGO CMMDEATPHY LOM I DU T TLOHGF TKTEFGS VPRVGRO IR FGHIAVOAYLL . |
e Diccy co 21 BOGYCMHOEATTYYDDTT VHPKIGWHIDFFOHSATOARIF
= C.elegansl .71, GGGWVONDEATSINVDI LM T Lo LR L e L PSR APV TGO I DP FGHS L EMANTY
E_'-g pigllskd --33. . LGGOVMHDEAVTHFDO I LOL TEGHGEFLYETRS IRPOFSHOVDFFGASATTPTLL,
e rak, g3 -31. . TOCWVMADEATTHYFALIDOL T EGIOWLERNLS VERRSOWAIDFFOHS FTMTYLL
= miLge . g2 3L, TOOWV M OEAT FHYFALI DL T ESHOWLEKNLS VEFREGHAIDPFOHS PTMAYLL ,
human g2 <13k, TOGWVMFOEANEHYFAL T DOL I BSHOWLERNLG ATFHECHAVDPFOYSSTMRYLL .
| C.oeleganal | 31, .ms#mmmmmrmmmmuﬂummmpmpmnm
Drasoph .21 mmmmummm P TASWRIDPFGHEETMRYIL .
yRast -2 . IPVTAFESGSERTEY VLPETSOOXHFFYIEACNRGMFOCD AGSTINPEOONRFFY
Fak . ER 21 GVARGLOECNCRIFOALYTANGN VHICDPAQPETY PAMEALAS KFFGORGOESOHT
SmanIWIFOf,
~ t human.lysA 44, . FTOV LPMCYNEERNLE -+ 30, LHVATACGRYYRTMHTVMIMGEDF OF
| fuman.lys8 44._FTGV LPWOYNEERNL: -+ 39 LIVATAQGREYYRTHHTVMTMGEDF oY
il mouse, s 44 _FTGV LENNYMEPKYLC -+ 39 LELASSQEGFYRTNETVHTMGEDF iy
2 cow, lys 14, FT5Y LONWYNTPEGLC 29 . LELATDQIKLYATHHTVHTMOSDE gy
Arabida 44, FTOV FPREYODPREGET Z3. .vnuummmmuw'mr BY
Dicey 42, FTEV LARMYICTEDGFN .27, «TQVALEYATHYRTHWVLIPRGCOF AT
C.elssansl 10, FTGAFFNDNYSPREGR: -+ 29, VDHVENGAAHOSTHOVMLLMGEDE gy
" pigliskd 4% FTHV LDOYSYCsDaPM 35 VORVHERAANFRTOHVLWAWGEDR OF
rat g3 13. FYSYDIPHTICGPORKICOD. .34 LOQYREKSNLERTEVLLAPLEEOF IF
LSS | g 4% -mmrlmﬁpmn:m. ML <LOYREREENLFRTICVLLAPLETGT RF
SRt | oiman.g2 - 43..FYSYDUPHTCOFDKICCU..)4.  LOQYRKKSOLFRSHVLLVILODOF RY
f C.alegansy 49 .nm:m:n:anﬂm. -14 DY RKKSQLFYNNY IEQPLEDDF By
Draseph 4% FYSYDIPHTCGPOPRVECD. - 34  VDOWKKXAELYRTNVLLIPLGODF BF
FEARE 50, FOPHDRSSVAKCHELLORE, . 3%, AETRRK IVRSWSSGCTLMCRFPEYERY
R rac.ER SZ. . WVINTYPGLYNOLOEFACR , 43 SEFHLPDTFOY SAQL EQ IMOO ST KRF
o S HFRATE, . 11%
* Fig 1. icontinued)

plant sequence, from Arabidopsis thaliani, was found in
family 38. Other sequences were from animals and fun-
Bl. A phylogenetic tree and partial sequence alignment
for family 38 are shown in fig. |, Twea groups of proteins

in fig. 1.
in this family, the lysosamal o-mannosidases and the

golgi type IT @-mannosidases contained separate sers of
sequences conserved enough to make degenerate oligo-
nucleotide primers. These sequences are indicated in bold
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pl:ﬂnq

ratg?

moise.g2
v human.gl
C.elegans2
Drosoph

—]

o yeast
- rat.ER

Sequences listed were cxiracted from the NCBI GENBANK database server and the SWISSPROT databdse and phylogenetic
tree (A) and alignment {B) developed by the method of Feng and Doolinde (4). Sequences used 1o produce degenerate primers
for PCR cloning are indicaisd inhquau.Thnd:ﬁmﬁnuuf:hepﬁmd;ﬁvdﬁmﬂnuqu:mumhdimudm&
alignment for o-mannosidase rype 1 {lysozomal isoryme) and below the alignment for o-monnaosidase type Il {golgi isozyme)
primers. Numbers between saquence blocks indicate the number of amino acids between the represented blocks.

The sequences are &-mannosidases from: human.lysA: human lysozome (type | A) (Mebes and Schmide, 1994); human lysB:
buman lysozome (type [ B) (Nebes and Schmidt. [994): moase. lys; mouse lysozome (Beccar er al. 1997): cow.lys: bovine
lysezoms (Tollersund er al., 1997); Arubido: Arabidopsis thatiani gene (Quigley et al, 1996): Dicey: D discoidinm (Schatzle
er al, 1992); C.eleguns|: gene from Caenorhabditis elegans (Wilson er al., 1994, pigl35kd: pig epididymis-secrered 135 kd
protein (Okamura er al, 1994); ratg2: mt golgi (type ) (Moremen and Robins, 1991} mouse.g2: mouse golgi (type I
{Moremen, 1989); human.g2: human (type [} (Misago er af., 1993); Drosoph: D. melanagaster golgi (type [T} (Foster er al.,
1995); C.elegansd: trunslation product | from C elepans gene FSBH] (Wilson er o, 1994; yeast: 5 cervairae AMS] gene
{ Yoshihizn and Anrakn, 1989); mt ER: rat endoplasmic reficulum (Bischout £ al,, 1990). Note: sequences with >95% identity
from the same species are included as only one Tepresentilive sequance,

Fig 1 : Phylogenetic Tree und Parial Sequence Alignment of Glycosyl Hydrolase Family 38 a-Mannosidases

dGTP. and dTTP), 1-4.5 mM MgCl, (typically 3 mM),
50 mM KCL 10 mM Tris (pH 9.0 at 25°C), 0.1% Triton
X-100, 50 pmols forward and reverse oligonucleotides,
0.01-1 i template cDNA or plasmid, and 1 unit of Tag
polymerase in a 25 pl volume. Cycle conditions were
generally as follows: 5 min. 94°C melt; then 30 cycles:
30 5 94°C melt. 60 s 40-55°C annealing, 60 £ 72°C ex-
tension; then one 7 min. 72°C extension and hold the
samples at 4°C.

For each enzyme cDNA fragment amplified.

the amplification took the form of two nested reactions.
First, the most 5° forward primer and the most 3 reverse
primer were used to amplify the reverse-transcribed
RNA. Then, the most 3’ forward primer and the most §'
reverse primer were used to amplify a fragment from
within the predicted product of the first amplification
using 1 pl of 1/10 dilution of the first reaction as lem-
plate. The nested PCR product was then analyzed by
either 1% agarose gel or 8% polyacrylamide gel elec-
trophoresis (Sambrook et al., 1989),
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A. Phylogenetic Tree [
Mouse —'-'f; > ‘Sequences;
=" -Mouse (Namba, 199}
Humun > - Human (Qshima, 1988)
: i X. manihotls Xanthomonas manihotis (Tarvon, 19935)
C. elegans (Wilson, 1994)
. elegans Tomato {Carey, 1995)

. Appie (Ross, 1994}

Wmto Asparagus (King, 1995)

Apple Camation (Raghothama, 1991}

Braszica oleracea (Downs, |905)

Asparagus Aspergillis niger (Kumar, 1992)
s = Carnation
' B o - -
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i, Multiple Sequence Alignment
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Juparasis  WPOLIOKARDGGLDV IO TYVFWNGHEFS POOYYFOORYTLVAFLELY KOROLYANLA IGEYVCAENNPGSFBVHL I pe
somato WPDLI QKA EGG VDV I QT YV FWNGHEFEEGKY Y FEERYDLVEF TXVY QEAGLYVHLA I GFYACAENMIGEFEVWLE VDS

’ Apple WPDL I QKRR OOOLOV IO Ty FMNGHEPS PONY Y FEERYDLVEF IXLY QOEGLIVNLA IOPYVCARMMPSEFEVEL VRS

carmatian  WRDIIEKAKDSQLOV IO T VIMHGHEFSECKYY FEGAYDLVEFIELT HORGLIVHLA IOPFRCAENMFGOFE VWL e
. oslaraced WRDLISKARDOOLDT IETYVINHAHEDSRROYDFSCHLOLYRETETT S RG LY S VLR IO AN Y CGF I VWL IR [
- Hi==an WO L L MM O LA T Ty B W FHEF WP GO Y O F S EDHEVEY FLELA HELGLLVILRPOPY ICAEWEMGGLEAWLLEKES
sl WEDA L L EMIMAG LN, I O W FHEF G PO Y EF SGORDVERE TOLA HELGLLVILA PGPV I CREWOMGELRRWLLEKDS
. manthobis WEDALOKARALG LN TVE TY VFHNLVEPOCGO FOE SCaMDVAREVEER ARQGELHY I LAPOPY ACAENEAGTY PAWL PSRGH
W ai@dans mmmmmmrurmmmw:mmmm

L. nigel LT T POV R AL G Y B VWAL VEG K FEETRADT IFDLERFFOAR SEAGTYLLARPGEY INAESS0QGFRSWLIEVHG
TRIMERS byalIvits bgalsllofs
bgelW1ll) £
L] - L]
rigsaTIgus .93, . CH GFYC DYFSPNE DMKFE — MWNTEAWTOWFTGFGGAVPQRPREDMAFAVAR FIOHGSSE
= TRATS --93..0M GFYC DYFTENE ANKFE WNTEANT AW TEFOOPVPTRPAEDMAFAVAR FIOTSGSE
anpla --%3, ,cH GFYT ENFIFNE DYKPE  MWTEVWIGWYTEFGORVETREAETVAFSVAN F1OS0OSF
SiTmasicn % LT = | OFYC ECFVFID KEKFE  WWIENNTOWYTEYGKFVPTAFAEDVAFSVAR FIQHGOSF
i i sues3ced 33, .00 GFYCT COYEPSH PESFE  MWTERWTOWFENWOGKHPYRTAEDLAFIVAR FFOTOOTE
HlSad -98..7& EHIT DAFLSQR KCEPRGPLINSEF Y TOWLOHWGIFHS TIKTEAVASSLYD | fLARGAS
woada <2153, .TQ HMIT QAFLVOR KFEPKGPLINSEFYTOWLOHWGKEHS TVETETLATSLYH  LLAROAN
4. zanilscis. . 92 AP GEAX SAFORELI HFRFDFRMVOETWACHFOAWSK FHARTDARQOAEEFEY | TLEQGHS

R B ] -8, VRN P TV F G P T OO AKE | BN F L R K T AFRG P LV S EY Y PO L L NGO RO L P S PO T L I NG SO T S LA S
nozazer 8. YGHDSYPL  OFDC. .12., THERTLHELEQSPTTPYAIVEFCGGSYDPWEIPOFARCSELLNNEFERVEYRNOFEE

(RIMERE- sbgalTissc
L] - Ew LR EEEE -
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& el LENTYMYHSCTHRG COPFFM AT SV DY DAPLDEYGL PRE P WEHLADLHRAIKSCEEALYIVOPEY
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E, Thr FTHIHGGTHRFGTHHGAE TE APCITSYOTOAFISESODY TTEYLEIRKWIE GLTDNFIFR
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Fe o Poviopenetic Tree and Multiple Sequence Alignment of Glycosyl Hydrolase Family 35 B-Galac/tosidases,
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Plant Enzymes
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Enzyme sequences included are: mapethiol-3, rpe {Brassica nopus) thioghucosidase (Falk ef al, 1992: Falk e al, 1995;
Thongstad, 1993). wmusthio, white mustard thioglucosidase (Xue ¢r al., 1992 Arabthiol-3, Arabidopsis thaliani
thivglucosidases {Xue ef al, 1995; Schmidt er al. 1995); swchbghuc, sweet cherry P-glucosidase (Weisma and Fils-Lycaon,
19%6); behprhyd, black cherry prumacin hydrolase (Poalton and Jurk, 1996); behamhyd, black cherry amigdalin hydrolase
(Li, 1992); csvlinhyd. cassava linamarin hydrolase (Hughes ef al.. 1992); csvncbgluc, cassava non cyanogenic f-glucosidase
(Liddle er al, 1996); welvlinhyd, white clover linamarin hydrolase ( Trifoltum repens L) (Oxtoby et al, 1991} welvnchgluc,
white clover non cyanogenic B-glucosidase (Oxtoby er al, 1991); Debbgluc, Thai Rosewood (Dalbergia cochinchinensis
Pierre) B-glucosidase (Caimsetal in preparation), Cspibglue, Costus speciasiz furatonol B-glucosidase (Tnoue ef al. [996);
mapebgluc, rpe f-glocosidese (Falk, 1995); combghee, maize f-ghicosidase (Brzobohaty, a1 al, 1993%; sorghdns. sorghum
durinase (Cicek and Esen, 1998); oatbgluc, oot f-ziucosidase (Gus er al., 1994); barlbgluc, barley P-glucosidase (Leah ot al.,
1995); Iphdom 2, 3, human lactase phlorizin hydrolase domains 2 & 3 (Manti er al., 1998); TmobglucA, Thermoroga
maritima fi-glucosidase A (Liebl eral.. 1994); Agrobgiuc. Agrobacterium sp. strain ATCC 21400 f-glucosidase (Wakarchuk e
al., 1988); MbibglucB, Microbispora bispora f-glocosidase B (Wright er al, 1992); Ecopbglucl, 2. Eschericia coli
P p-glucosidases | & 2 (Schnetz et al., 1987; Burland ef al., 1993); Bsuphgluc, Bacillus subrilis phospho-B-glucosi-
dase (Vosman, 1988); Leapbgal, Lacrobacillus casei, phospho-§-galaciosiduse {Porter and Chassy, 1988); Llapbgal. Lacrococcus
lactus phospho-f-galactosidase (Boizet o1 al., 1988); Ssobgall, 2, Sulfolobus solforaricus f-galactosidase | & 2 (Linle er al.,
1589); Pfubman. Pyrococcus furiasus B-monnosidase (Bager er al. 1996); and Pfubglue, Pymceccws furiosus f-glucosidase
(Baver e al, 1996

Fig 3 : Phylogenetic Tree of Glycosyl Hydrolase Family | and Multple Sequence Alignment of Plant f-Glucosidases and
Thicglucosidases,
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eaparhiol
wmusthio
rapathing
rapathiod
arabthial
Arabthisd
rcbglus
beprhyd
beamhyd
cavliahbyd
clvlinbyd
slvachgle
Doobglao
Capfoglus
cavochglo
Arsbehiad
rapebgluo
cornbglug
sacghdns
barllbglac
ocaktbglao
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wmusthio
rapachioZ
capschiold
Arabzthial
Arabthicd
schglino
beprhyd
beamhiyd
aavlinbyd
alwlinbryd
elvnehgle
Beabglus=
Crpfbglus
cxvachgle
Arabthial
rapabgluc
cornbglucg
sorghdns
barlbgiao
sitbglas
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RGRE VN WDGF SHR Y PENAG S DL NGO TTCEE Y TRREOVDVMGELHATGYRFSFANE

IEGE  RORGVHVWDGFSHREYPENSOI0LANCO T S ES Y TRNEEDVE INGELHATGYRFSFANS

LEGG

R LN WD G FTHR F P R GG S DLGNGDT T CEE Y TN ED I I MDEMAA TG YRFEFANS

ACE LORGLEVWDGF THR Y PR SO R CH NI T TS F S WD IOV LDELNATOYRFS LANE

WEGG

RGR G LV WD S F THR F P Gl LD T T DS Y T LN KD I VMO ELR S TEYRFS LANS

IEGG RGRG L WOGE THRY FEXGGADLENGOT IO S YR TH N D LOVMEELOVRG YRFEFAMS

LEGAAN [ DGR EPOINOAFTHNHFEKL
LEOARNICCRGY SVWRNFTHENPEKT
FEGARKEDGRGPS INDTY THNESER]
IEGEATANGRAPSVWD IFEEETFORL
TEGAAFEDGECPIINDTFTREYRERT
FEGAVHEGGRGPEINDTFTHEY PERT
YEQ EORVFEITHONFTHOQYPEKT
VEGAWWEGGRGPS INDTFTHOMPERT
IEGARNKFCROASVROTFTHOVPERT
VEGAIHETCRGPALMDIYCRAYPERC
VEGAVHEGCEOFSLHDIYTENFPHRY
IEGAWHEDGEGE SHWDHFCHNHPER T
1 EGRWHEDG RGPS TWOHFCHNFFEWL
VERMAROGHRGFCIWDAEY AIQGHML
IEGAWNEGGNIFS SWINFCEEHFORT

TGV AL D HRE Y KEDVATMEOMOLOAYRAF TSNS
TOGERGIVAI D THRYKEDVAIMEDHGLOAYRFEIEWE
FDGERGDVAYDO Y HRY KEDVR IMEENGFDAYREF 3 TSNS
LOGSHGEOVANVDFYHAY IQD IENVFEKMOFRAFEMS TSNS
FORTHGO VA IDE HRY EED IO THXDMNLDATREF 3 I5WE
ROGSHAD I TVECYHRY KEDVE INKDOMMD SRS T SWP
ADASHODVAVDOFHRY EED T ATMITMMLOATAMSE TENET
ARG RAT Y REYREDVELLEDLG LIS YRFS T SHE
IoHY TS VADSFY YRFRODI ONVINMIFHAFAFLIGNE

HHDRGDVAVDFFHR Y KED IQLMEHLATOAFRMETANY

FHEHADVANDFYHEFRED I KLMEKELHTOALALS LAMT
LDGSHEDIGANS YHNYKTDVALLEEMGMDAYRF SI5WE
VORSHGDVAADS YHMY REDVRELLEEMCHDAYRFEISWT
AGHGTADVTVDEYHR YKEDVE IHENMGFDATRF AT WS
HOESHADVAANS MY EEDYRRLEEI GMDE TR 3T 3P

bglaFEdfs By lublOSE>
L D L] - W w - - " LA R ]
30, MITFFVILFHNCLFOTLODEYEGELD . . 34 .  WITINQLYTVPTRGYAIGCTOAPD RCEF
3,  HITEFYTLFMWOLPOTLODEYEGFLD . . 24 . (WITINQLYTVPTAGYALGTDAPG RCIF
30 . . HNITPFVTLYHWDOLPOTLODEYEGFLNE . . 34 . WLTINGLYSVFTREOYETGADARY RCEF
18, . GITPFYTLFEMOLPVLOOEYEGFLD . . 24 .  WLTIHGLYTVETRIYGACIOARD RCEF
16,  HMTRFVTLFINDLEGTLODEYMGELY . . 24 . WITINGLYTVFTRGTALGTDRPG RCEP
10,  HITPFVTLFEMDLIGSLOSEYESFLD. . 24 . . WITIAQLFTVPFTEGYALOTOAPE RCEQ
i10.  CIEPLVTLFEWOVFOALEEEYGSVLE . . i4. WITLWEPYTIEHHOYTIOIHARPG RCES
39, GIEPLYTLFHWDVPQALVDEYDOLLS . .24 . . WITLHEPYTYWENHEYTIGIHARG RCEC
30, GLEPFYTIVIGNDLPQRLEDEYGOFLS . .24, .WITLHEFYTFSSSGYAYGYHARG RCIA
30.  GLEPFVTIFHWDTRIALODEYGGTLE 24 . WWTFHEFSAYVOFAHODGVFARG RCES
30 . . CMQFYVTLFEWDVRJALEDEYRGFLE . 34, WITLHEPWOVSMHAYAYOTFAFG BCED
0. .CIQPFVTLFENDLPOVLEDEYGGELN . . 24 . . HESTLNEPWVFINSZTALOTHAPO RCEA
10, GITPFYTIFHENDLPQALEDETOGELN . . 24, WITLHNEFSIFTANCYAVOMFARD ECEP
10, GIRPMYTLFNWDVPCALEDSYHGFRE . (24 . _WITLHEFWELSTHGYAFGRHARG RCET
19 GHEPFVTIFIMOTPGAIEDEYGGFLS . .24 . _WHTFHEPWELESGFAYDOGYFARG RCES
10, GITPRTVIHWOTEGDLEDEYGGFLS . - I4 . .HITFHEPWVFLHAGYTWEKEARS RCES
30, . DLTPLYTIFHWOMBPADLEDEYSGRLS .24, HITFNEFHNVFEESAYDVGREARG NCEP
30. . GIEFTVIIFHWDVPJALEERYGGFLD .37, . WLTFHEPQTFTAFSYGTUNTARG RCER
0. .GIEFYITIFHWOTPQALVDAYGGFLD , . 34,  WLTFNEPETFCSVEYOTGVLARG RCER
18. . OITPYAMLYHYDLFLALHGOYLGWLS . . 14,  WFTFHNEPRVVAALOYONCFHARG RCEK
16,  GIEPYITLFANDTPOALADEYFDFLD . .34 . HFTFHEPHSFOGLGTGTOLHARGARCER

shgluMiSss

g lwCITIs

Protein sequence alignment and phylogenetic amalysis of known f-galactosidases grouped all known plant E—pln:m;dm
into glycosyl hydrolase family 35. A phylogenetic tree and partinl multiple sequence alignment for family 35 arnh:m]mmﬂu.
2, All plant enzymes grouped together and conserved sequences back-translated to design degenerate oljponucleotides are

indicated in bold proe.

Fig 3. (continued)

Protein sequence analysis of the b-glucosidases indicat-
2d all known plant enzymes fall into giycosyl hydrolase
family 1. As shown in fig. 3, this family also contained
the plant thioglncosidases, which group very closely to
the dicot and monocot b-glucosidases. Degenerate prim-
ers were designed from the sequences shown in bold in

the partial multiple sequence alipnment of the plant en-
zymes (fig. 3b). These sequences were based pl:jmlrilj-'
on sequences from the group of dicot b-glucosidases.
Note the primer sequences were less conserved than the
b-galactosidase and b-mannosidase sequences.
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Protein Plamt RNA Predicted Product Size (bp) | Actual Product Size (bp)
C-mannosidase rice 0120 BO, 120, 160
(lysozomal-type) Y
-mannosidoss rice, bean 3350 no specific bands
{Golgi - type IT)

B-galuciosidase rice, bean, 90 390
. D cochinehinensiz

P-zlucosidase bean, rice, = 150 160

0. cochinchinensiy i 50

PCR was conducted a3 described in the methods. Single strand cDNA's were first amplified with the most N-terminal forward
primer and the most C-terminal reverse prifner (the outer primers). A 1 i aliquot of the product or a 1/10 dilution of it was
— " used for the second round of PCR with the C-terminal forward and N-terminal reverse primers (the nested primers). Nesied
PCR product sizes were predicted by taking the median length of the known cDNA sequences in the muiltiple sequence

alignments,

74
Results

Protein Sequence Analysis

Protein sequence alignment and phylogenetic
analysis indicated that most known o-mannosidases fall
into either glycosyl hydrolase family 38 or 47, The only

PCR of cloned f-glucosidase and reverse-
transcribed plant RNA

In order to test the ability of the f-glucosidase
primers, which were the most divergent, to PCR amplify
cDNA from B-glucosidase. A plasmid containing the
cloned full length f-glucosidase cDNA from D. cochich-
inensis was used as a substrate for PCR. The cloned
cDNA did not exactly match that for the oligonucieotide
primers, since as seen in fig. 3, the cDNA had a valine
instead of glycine in the 3rd amino acid of the first for-
ward primer (bgluG632f), and a methionine instead of
phenylalanine in the fourth amino acid position of the
second forward primer (bgluA 1091). These differences
would result in nucleotide differences of T instead of G
in the first case, and A instead of T and G instead of T or
C in the second case. Nonetheless, the outer pnmers
amplified the expected 484 bp product and the inner prim-
ers the expected 150 bp product from the plasmid. PCR
of reverse-transcribed D, cochinchinensis seed pod RNA,
germinated rice RNA, and germinated bean RNA pro-
duced similar size bands after nested PCR.

Table | indicates the size products observed in

nested PCR amplifications of reverse-transcribed RNA's
with ot-mannosidase, f-galactosidase, and f-glucosidase
primers. Specific, expected size bands were seen when
nested PCR was performed with lysosomal ce-mannosi-
dase, f-galactosidase, and B-glucosidase primers, but not
with golgi a-mannosidase primers. [n all cases, controls
in which either of the pnmers or the template was left
out failed to produce the specific bands of the expected
size.

" Conclusion

Protein sequence analysis demonstrated that the
known plant B-glucosidase, f-galactosidase, and o-man-
nosidase fall into discreet subgroups within glycosyl
hydrolase families 1, 35, and 38, respectively. Within
these subgroups, sequences were found that were suffi-
ciently conserved for design of oligonnclectide primers.
The most degenerate of the primers designed were from
the plant B-glucosidases. These primers were tested
for viability by amplifying correct size bands from a
plasmid containing a P-glucosidase from D. cochin-
chinensis. Despite mismatching the sequence of the
cDNA at one position each, the outer set of primers
amplified the expected 482 bp major band from the
cloned cDMNA. The inner set of primers, amplified the-
expected 150 bp product as the most predominant band.
When D. cochinchinensis RNA was reverse transcribed
and used as template for nested PCR, the same size
product was seen, and similar size prodocts were seen
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with rice and bean RMNA. Thus, it appears that the prim-
ers designed should be useful for PCR amplification of
B-glucosidase cDNA fragments from 2 variety of plants.

Similarly, f-galactosidase and lysosomal ¢-man-

nosidase primers were able 10 amplify the expected size
bands from reverse transcribed plant RNA. In the case
of the B-galactosidase; this was the only predominant
bond when proper conditions were discovered. How-
ever, in the case of the a-mannosidase, other bunds
larger and smaller than the expected size Were cnooun-
tered at similar intensities under conditions tned to date.
These bands appear specific for both primers and the
DMNA template, so it is possible that they are all @-man-
nosidases or related proteins. If conditions cannot be
found to produce 4 single size product, cloning and
sequencing of these bands will be necessary to resolve
whether they are actually -mannosidases or related
proteins.

The degenerate primers designed from the golgi
o-mannosidases have yet to produce bands not also seen
in the negaiive controls. This may not be surprising. since
this group did not contain any sequences from plants,
but only from diverse animal species. It is likely that
plants also have this type of protein, since it appears o
diverged from the lysosomal o-mannosidases before the
plants and animals diverged based on the phylogenetic
iree (fig. |A). However, it is uncertain which of the
conserved sequences found in the animals will also be
conserved in the plants, so the oligonucleotides may not
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The dalcochinin-§'-O-f-glucoside f-glucosidase (dalcochinase) from the Thai
Rosewood (Dalbergia cochinchinensis Pierre) has aglycone specificity for
isoflavonoids and ean hydrolyze both -ghicosides and f-fucosides. In order to
determine its structure and evolutionary lineage, the sequence of the enzyme has been
determined. N-terminal and proteolytic peptide sequences were determined by
Edman degradation and used to design primers to amplify the cDNA for the protein
by polymerase chain reaction (PCR) and rapid amplification of cDNA ends (RACE).
The cDNA included a reading frame coding for 547 amino acids including a 23 amino
acid propeptide and a 524 amino acid mature protein. The sequences determined at
peptide level were found in the cDNA sequence, indicating the sequence obtzined was
and one was confirmed to be glycosylated by Edman degradation and mass
spectroscopy. The daleochinase sequence was homologous to sequences in glycosyl
hydrolase family 1, indicating that dalcochinase is 8 member of this family. The
mature enzyme is 60% identical to the cyanogenic f-glucosidase from white clover,
for which an x-ray crystal structure has been solved. Based on this homology, several
structural features can be postulated.




Beta-glucosidases (3.2.1.21) play important roles in plants, including growth

regulation, response to stress, cellulose degradation, and defense[1]. They are thought
t0 regulate plant growth by releasing cytokinin growth factors from their ghucosides
and help hydrolyze cellobiose produced from cell wall degradation. P-Glucosidases
mmmm;mmllymmﬂnmmmwwwm
m.mmgmmmdMymmlmWﬂymmﬂu
same basic reaction, their substrate specificities are distinct[1,2]. Prunasin hydrolase,
for instance, is unable to hydrolyze amygdalin, linustatin, and neolinustatin [3,4].
Myrosinases (3.2.3.1) are closely related evolutionarily to P-glucosidases and also
funétion in defense by hydrolyzing B-S-glycosidic bonds between glucose and a toxic
aglycone[5]. Other related B-glucosidases which perform diverse roles in plant growth
[6] and phosphate starvation response[7], most likely have different aglycone
specificities as well. These homologous enzymes show different substrate specificity,
so small sequence differences must affect this specificity.

The wide variety of B-glucosidases and other glycosidases in plants also have
several potential applications. Notably, they have been applied to synthesis of
oligosaccharides by reverse hydrolysis[8] and mapping of carbohydrate linkages,
including those in glycoproteins and glycolipids [9]. For this reason, the discovery of
new glycohydrolases with novel substrate specificities is of great interest.

During screening studies for glycohydrolases in Thai plants using p-nitrophenol
(PNP) glycosides, extracts of the seeds of the Thai Rosewood, Dalbergia
cochinchinensis Pierre, were distinguished by high levels of B-fucosidase and -

glucosidase activities| 1 0]. The enzyme was purified to a single band on native gels,
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obtained in SDS-PAGE with an apparent molecular weight of 66,000 Da [11]. Native
EMZYMeE appears to consist of 4 subunits and a pl of approximately 5.5.

| Both the apparent K., and the k., for the enzyme were lower for the pNP-5-
fucoside compared 1o pNP-B-glucoside, while the other pNP-glycosides had much
lower k_; values[11]. A series of inhibitors had similar affects on [-glucosidase and
p-fucosidase activities, suggesting that the two activities are located at the same active
site. Modification of the purified enzyme with conduritol B-epoxide (CBE) inactivated
p-fucosidase and B-glucdsidase activities at essentially the same rate, indicating the
presence of a carboxylic acid in the common active site [12].

/ Further studies showed that the enzyme does not efficiently hydrolyze
commercially available natural B-glucosides, so the natural substrate was isolated
from extracts of D. cochinchinensis seeds based on its cleavage by the enzyme{11,13].
The natural substrate, which was present at over 3% (by wt) of the seeds, was found to
be a novel rotenoid p-glucoside, which we named dalcochinin-8'-O-P-glucoside. Due
to its structural similarity to rotenone, & natural insecticide and piscicide, the aglycone
was postulated to play a role in plant defense against herbivores, such as insects.
However, the molecule is distinct from the cysnogenic B-glucosides, thought to play
similar roles, as it is not cyanogenic and the respective B-glucosidases show little
ability to hydrolyze each other's substrates.,

Here, the primary structure for the D. cochinchinensis dalcochinin-8'-0-f-
glucoside B-glucosidase (dalcochinase) was determined by peptide sequencing
followed by RT-PCR amplification, cloning, and sequencing of the cDNA. The
cDMA-derived protein sequence is shown 1o be closely related to other known plant
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defense-related P-ghucosidases in glycosyl hydrolase family 1 [ 2,14]. Based on the
crystal structure of the white clover cyanogenic fi-glucosidase [15], some structure-

function relationships can be postulated.

Experimental:
Materials and Reagents

Dalbergia cochinchinensis Pierre seeds were kindly provided by the ASEAN-
Canada Forest Seed Center at Muek Lek, Saraburi, Thailand. Endo-F/Peptide-N-
Glycosidase F, pNP-gluchse and pNP-fucose were purchased from Sigma Chemical
Co. (St Louis, MO, USA). Oligonucleotides were obtained from GIBCO-BRL (Life
Technologies, Grand Island, NY, USA), Midland Certified Reagent Co. (Midland,
TX, USA), and the BioServices Unit of the National Science and Technology
Development Agency (NSTDA, BIOTECH, Bangkok, Thailand). Superseript T
reverse transcriptase and the 3' RACE kit were purchased from GIBCO-BRL.
Trypsin, Taq polymerase, deoxyribonucleotides, other PCR reagents, pGEM-T
cloning vector, and Wizard 373 plasmid preparaton kit were purchased from Promega
{Madison, W1, USA). Endopeptidase lysine-C, and terminal deoxynucleotide
transferase were acquired from Boehringer Mannheim (Mannheim, Germany). A
PRISM cyele sequencing kit from Perkin Elmer (Roche Molecular Systems,
Branchburg, NJ, USA) was used in DNA-Sequencing. All other reagenis were
analytical grade or better.
Peptide Mapping and Protein Sequencing

The P-glucosidase/f-fucosidase enzyme was purified from Dalbergia
cochinchinensis Pierre seeds as previously described[11]. Deglycosylation was




Endoglycosidase-F/peptide-N-glycosidase F in 200 pL 10 mM sodium phosphate (pH
7.5), 25 mM EDTA, and 0.01% sodium azide (final pH 6.7). SDS-PAGE
electrophoresis was used to confirm deglycosylation. Following deglycosylation, the
m“pﬁﬁﬁummwﬂPdﬂﬂmﬂx*ﬁm}ﬂmlm.ﬂmd
wﬂaﬁ@mﬂﬁﬁmﬂm?ﬂ%mﬂrﬂehﬂ.lﬁﬂﬂ,m:“'mﬂﬂ
HPLC. Products were deiecied by monitoring absorbance at 230 nm and 280 m,
Portions of the enzyme preparation were digested with Trypsin or Endoproteinase
Lys-C. Tﬂﬁnwwmwmmummymum
raﬂnufl:&ﬂh:rwtfwllhuET‘CiniﬂmHTﬁipHT.ﬂﬁ,lmly'lﬂﬂ:.I'IH"i
acetdniirile. Endo Lys C cleavage was performed at an enzyme: substrate ratio of
1:45 by wt in 50 mM Tris pH 9.0, 0.5 mM EDTA, 10% acetonitrile at 36° C for 12
houss. The reaction was stopped by addition of 10% TFA to lower the pH 10 2.0. The
cleaved peptides from each digest were separated using & LichroCART 250-4 HPLC
Wtﬁﬂﬂﬂ[LinlEﬂ!PhﬂlﬂﬂRP-ﬂmad{Hﬂximm}].Puﬁﬁdpapﬁdcﬁmﬂm
were dried by speed vacuum.
melﬂﬂpmulqmlmhnqulymhtdpﬂdnmdipmdpcpﬁdm
mﬂnﬂl@hiﬂﬁmﬂnﬂﬁhhmwlnlﬁhmmﬁbnﬂnm
dried under argon, mwmmmm_mmnm
and 477 from ABI, CA, USA). Some fractions were also studied by mass
mmmmmwmmﬂnmnvﬁ
mwmmmmmm.mummwmﬁm

Molekulare Medizin (Berlin, Germany). A 0.8 uL sample was mixed with 12 uL ofa
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337 nm nitrogen laser, and accelerated over a voltage of 22 kV.

Determination of Enzyme Activities in Thai Rosewood Tissues

' Crude enzyme was prepared based on the method of Bednar [16], Seeds
were surface sterilized in 0.1% bleach, soaked in distilled water overnight, and
germinated on moist cheese cloth.  Young leaves and stems were collected from
Dalbergia cochinchinensis Pierre trees, surface sterilized as above, and extracted
within 1 h of collection. Tissue samples (0.3-0.5 g) were weighed, quick frozen in
liquid nitrogen, and ground in a cold mortar and pestle, They were then mixed with 2
mL/g tissue cold 0.05 M sodium acetate, pH 5.0, 1 mM PMSF, and 5% (wiv)
pol§vinyl polypyrrolidine (PVPP), and filtered through 4 layers of cheese cloth. The
homogenate was then centrifuged at 8940 g (4° C) for 30 min. Dowex 2X-8 resin
was added to the supernatant up to 25% (w/v) and stirred 1 b at 4° C to adsorb
phenolic compounds. The resin was removed by centrifugation at 8940 g for 30 min,
and the supemnatani was either immediately assayed or stored a1 -20° C umtil assay.
Activities toward pNP-B-glucoside and pNP-f-fucoside were determined as
previously described[11], using a Shimadzu UV-21008 spectrophotometer (Shimadzu
Co., Tokyo, Japan) to measure the p-nitrophenol absorbance at 400 nm.
PCR Amplification and ¢cDNA cloning

Protein peptide sequences were compared to the nr database for related
sequences, using the BLAST facility of the National Center for Biotechnology
Information at the USA National Institute of Health [17,18,19]. Related p-
glucosidase sequences were downloaded and aligned with the programs of Feng and

Doolittle[20] to determine relative positions of peptides in the protein. Degenerate




procedure [21]. The RNA abtained was dissolved in 0.100 mL DEPC-treated water

and 1-5 pg total RNA mmmﬁudilmﬂnghﬂmdnﬂmm
Superseript Il reverse transcriptase, with 2.5 uM reverse 2 primer (50 pmoles per 20 p
L), as deseribed by the manufacturer, A 1 pL aliguot of the product was used zs
tamplauﬁrpuhmdﬁnmm,}ﬁﬁ | uM each of the forward 1 and
reverse | primers, 1.5 mMMﬂhsnmhlEﬂ.ﬂ.lHTﬂm}E-lﬂﬂ,ﬂlmMufﬁ:h.
dideoxy-nucleotide (dATP, dCTP, dGTP, and dTTP)and 2.5 units of Taq polymerase
in a 50 uL reaction. Mﬁmmr&gmdmhlmmmm?du
using the following program: 94° C 5 min, then 5 cyclesof : 94° C 305, 37°C 30 5,
mdm-ﬂﬂ“cﬁﬂnfnﬂnwﬁihriﬂmﬁunﬂﬂ‘EMm 44° C 30 5, and 72°
C 60 s; and finishing with 7 min at 72° C.

Four oligonucleotide primers, For. 2, For. 3, Rev. 3, and Rev. 4, were made
ﬁum&tnqumnfhﬁﬁﬁﬂ-mmfumhmpﬂ-mﬁﬁ:ﬁmnﬁﬂﬂﬁ
ends (RACE), 43" RACE system kit from GIBCO-BRL was used for amplification
of the 3' end of the cDNA_ The first strand ¢DMA was produced as described shove,
but 10 pmoles of AP (poly T) primer provided in the kit was used for priming the
synthesis. The RNA was degraded by incubating with RNase H 20 min at 37° C,




mcthr,imdAUAPprimm{Tahl: l}linuiﬂul.rﬂi:ﬁﬁu,mnhiningﬂu':rmhu
reagents as described above. Thcmﬁiﬂuﬁmmﬁhtbrhomm-inﬁnmﬂ‘
C, followed by 35 cycles of: 94°C | min, 60° C 1 min, and 72° C 3 min. The

mcﬁmwmmmm-dmﬁmrmuﬂ*cﬁummm, A second

using the Geneclean ITF (Bio 101 Co., Vista, CA, USA) method.
Sin&lmiy.thtﬁ'endnfﬂmnﬂﬂﬁmmqﬁﬁudtduﬂummfwf
RACE. Synthesis of the first strand eDNA was primed using | 1M Rev. 2 primer
under the same conditions as 3' RACE. After heat inactivation of the reverse
mhmﬁmﬁmwmlpﬁMHhhmﬁmmﬂ
incubating at 37° C for 20 min, The first strand ¢cDNA was then purified with
Geneclean [T and eluted in 10 uL sterile, distilled water. The product was tailed with
dGTP using terminal deoxy-transferase (T4T) in & redetion contsining 0.5 M
potassium cacodylate, 25 mM Tris-HCL, pH 6.6, 0.25 mg/mL BSA, 0.1 mM DTT. |
mM CoCly, 25 uM dGTP and 25 units TAT in & 20 uL volume. The reaction was
incubated for 20 min at 37° C and heat inactivated at 70° € for 15 min. 10% of the
product was then amplified by PCR with 1 uM each Oligo dC14-S4l T and Rev. 3
primers and the following program. After 5 min at 94° C, § eycles of denaturation at
94° C 1 min, annealing at 37° C | min, and elongation at 72° C 1 min were
performed followed by 30 cycles of 94° C | min, 60°C 1'min, and 72° C | min. The
product was extended 7 min at 72° C after the final ¢ycle, as usual, A second




