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Abstract

A cDNA encoding for a thiol protease was isolated from Matricaria chamomilla. The cDNA
contained an open reading frame consisting of 501 amino acids, which had three active site motifs of

thiol protease.

Most living organisms have developed defense
reaction to protect themselves against exogenous
stimulus. As one of the defense reactions, intracel-
lular enzymes are secreted from the plant cells in
response to an exogenous stimulus (Chibbar er al.,
1984; [zumi et al, 1995). We have reported that
various monoterpenoids, especially geraniol, exhibit
a potent activity for the induction of apoptosis-like
cell death as a defense reaction (Izumi et al., 1999)
in the cultured shoot primordia of M. chamomilia
(German camomile). Recently we found that several
proteases are secreted from the cultured shoot
primordia of M. chamomilla when geraniol was
administered to the cultures (Izumi et al., 1996; and
unpublished data). In continuation of the structure
determination of proteins concerning to the defense
reaction in higher plants (Kohchi et al., 1999), we
have now investigated the protein with protease
activity in the cultured shoot primordia of M.
chamomilla and report here the primary structure of
a thiol protease.

Shoot primordia of M. chamomilla were cultured
as described elsewhere (Hirata et al., 1993; Takano
et al., 1991). Total cellular RNA was isolated by
guanidine thiocyanate-phenol-chloroform extrac-
tion method (Chomczynski and Sacchi, 1987).
Contaminated polysaccharide was removed from
RNA by precipitation with 2M LiCL

c¢DNA cloning was performed using reverse tran-
scription- polymerase chain reaction (RT-PCR) and
its modified method, i.c., the rapid amplification of
c¢DNA end (RACE) method (Loh ef al., 1989; Ohara
et al., 1989). The sequences of PCR primers other
than Oligo dT,, ;3 (Pharmacia Biotech, Tokyo,

Japan) and the schematic positions of the primers on
a supposed mRNA for M. chamomilla thiol protease
are summarized in Table 1 and Fig, 1, respectively.
Moloney murine leukemia virus reverse transcrip-
tase (Promega, Madison, USA), terminal deoxy
transferase (GIBCO BRL, Rockville), and KOD
polymerase (TOYOBO, Osaka, Japan) were used
for cDNA preparation and PCR. Each PCR product
was cloned in pBluescriptSKII(- ). DNA sequencing
of double stranded plasmid DNAs was conducted
according to the method reported previously (Sang-
er et al., 1977, Smith et al., 1986) and the standard
manufacturer’s protocol with a DNA sequencing kit
for dye terminator cycle sequencing using an
Applied Biosystems 377 DNA sequencer (Perkin
Elmer Japan, Applied Biosystems Division, Chiba,
Japan).

Recently, we isolated a protease from cultured
shoot primordia of M. chamomilla as a defense-
related protein against chemical stress (unpublished
data). The partial amino acid sequence of the
protease (PEAAHAINTG) was found to have ho-
mology with a region (IEAAHAIATG) of Glycine
max thiol protease (TPase) (Kalinski et al., 1990).
Thus, in an attempt to clone TPase gene of M.
chamomilla, we first performed RT-PCR using
degenerated primers corresponding to the following
amino acid sequence, PEAAHAINTG (pTP-1),
QELVDCV (pTP-2), WIAKNS (pTP-3), and
WGEDWG (pTP-4). The latter three amino acid
sequences are those of G, max TPase, and they
position downstream of IEAAHAIATG (Table 1,
Fig. 1). As illustrated in Fig. 1, cDNA reverse
transcribed with Oligo dT12-18 was applied to 1st
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Table 1. Oligo nucleotides used for RT-PCR
Primer Sequence (5°— 3%)
3’RACE-A TGG AAG AAT TCG CGG CCG CAG TTT TTIT TTT TTT TTT TTIT
RACE-C TGG AAG AAT TCG CGG
3’RACE-E TCG CGG CCG CAG TTT
5'TACE-D TGG AAG AAT TCG CGG CCG CTT AAG GGG GGG GGG GGG
S’RACE-E CG CGG CCG CTT A
pTP-1 CCI GA(AG) GCI GCI CA{CT) GCI AT(ACT) AA(CT) AC(ACGT) GG
pTP-2 CAA GAG CTC GT(AT) GAC TGT G
pTP-3 CA (TC)GA GTT CTT GA{TC) GAT CCA
pTP-4 CC CCA (AG)T(CT) T(GT)C TCC CCA (TC)GA
pTP-5 GGG TTC GGC TTA TGA TTT CC
pTP-6 ACA CCG GGG GTG TAT ATA AC
pTP-7 CGC ACC CAT AGT CAT AAG TG
pTP-8 CGT GTC CAT GTT TCC ACC AT
pTP-9 CTC TTC ATT ACT CAA GTC AGC
PEAAHAINTG
S S - R e MV C C VA
IEAAHAIATG WIAKNS
B — F——— AAAAAAA
QELVDCY WGEDWG
-4 dT12.18
PTP-1 3 - - - eee e -« pTP4
pPIP2 B oo -«pTP3
<—  YRACE-A
) e - RACE-C
PIP-6 - - - - - - - - oo 4 IRACEE
SRACE-D —
RACE-C 4 - - - - - - o mmmmmmmmee oo - pTP-8
SRACEE B - - - -—-mmmm oo -t pTP-7
------------- - pTP-9
Fig. 1. The schematic positions of primers used for PCR on a supposed mRNA of M.

chamomilla thiol protease.

A supposed mRNA and its ORF (dotted line square) for M. chamomilla thiol protease (A),
and a mRNA and its ORF (solid line square) for G. max thiol protease (B) are shown
together with their partial amino acid sequences (gray squares). Arrows show primers,
their directions, and schematic positions corresponding to mRNAs abave.

PCR using pTP-1 and pTP-4 as primers. An
aliquot of the 1st PCR product was subjected to a
second nested PCR using pTP-2 and pTP-3. The
nested PCR gave a 410-bp DNA fragment. Se-
quence analysis revealed that the DNA fragment is
a part of an open reading frame (ORF), in which an
eukaryotic thiol protease histidine active site is
contained. Thus, we named the cDNA as c#p regard-
ing as a2 ¢cDNA encoding for one of the thiol
proteases of M. chamomilla.

To clone the whole ORF of ctp, we subsequently
tried 3’ and 5 RACE-PCR. For 3° RACE-PCR,
two sense primers (pTP-5 and pTP-6) were de-
signed based on the determined ctp sequence, and
three antisense primers (3’RACE- A, RACE-C, and
3’RACE-E) having Not I adapter site were pre-
pared (Table 1). cDNA reverse transcribed with

3’RACE- A was applied to 1st PCR using pTP-5
and RACE- C as primers. An aliquot of the 1st PCR
product was subjected to a second nested PCR using
pTP-6 and 3’RACE-E (Fig. 1). The nested PCR
gave DNA fragments which have polyA stretch at
the 3’-end and are overlap with cfp at 5 -end.

For 5° RACE-PCR, two antisense primers (pTP-
7 and pTP-8) were designed from the determined
cip sequence, and three sense primers (S’RACE-D,
RACE-C, and 5’RACE-E) having Not I adapter
site were prepared (Table 1). Oligo dT,;_,5 primed
single stranded cDNA was dC tailed at the 3’ end
and then the double stranded cDNA was synthe-
sized using oligo dG/Not I adaptor primer (5’"RACE
-D). First PCR was performed using RACE-C and
pTP-8 as primers. An aliquot of the 1st PCR
product was subjected to a 2nd nested PCR using



5’RACE-E and pTP-7. After confirming that the
nested PCR product has a cDNA overlapping with
ctp, pTP-9 primer was newly prepared. To deter-
mine the sequence of 5’ non coding region of ctp
more longer, 5° RACE-PCR was re-performed
starting with cDNA reverse transcribed with pTP- 8
followed by 5S’RACE-PCR using pairs of primers,
RACE-C / pTP-7 and 5’RACE-E / pTP-9 (Fig.
1.

Sequences of PCR products were analyzed for at
least 6 independent clones for each region and
consensus sequences were determined, respectively.
Fig. 2 shows the combined 1732 bp-entire se-
quence of cfp and predicted amino acid sequence
(GenBank accession # AF182079).

The largest ORF, which is composed of 501
amino acids, starts at nucleotide position (atp) 44.
The predicted protein from the ORF has three
eukaryotic thiol protease motifs, i.e., cysteine active
site at amino acid position (aap) 161-172, histidine
active site at aap 305-315, and asparagine active
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site at aap 322-341. We designated the predicted
protein as cTPase. The cTPase may not be identical
to the protease which we have previously purified
from oil body of M. chamomilla, because PEAAH-
AINTG sequence is not found in the deduced amino
acid sequence. Instead of PEAAHAINTG, a related
amino acid sequence, IESANAJATG is found at aap
176-185 in cTPase. Presumably, this region appears
to cross react with the degenerated PCR primer,
pTP-1, so that ctp was amplified by RT-PCR.
Homology search in the protein database indi-
cated that cTPase has approximately 40% homology
with TPase of Lycopersicon esculentum (NCBI #
AJO03137) (Lers et al., 1998), Phaseolus vulgaris
(NCBI # Z799954), Solanum tuberosum (NCBI #
AJ245924), and Glycine max (NCBI # J03560)
(Kalinski et al, 1990) as shown in Fig. 3. These
plant TPases have a high number of N-myristoy-
lation sites in their molecules. cTPase also has 14
possible N-myristoylation sites. This suggests that
the plant TPases, including c¢TPase, might localize
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GGAGAACCTTAGGCTTGAGAATTTCAAGARAAGTGTAAAGT T TG TAATGGAGARAAACTCAGAGAGGAAGTCTGAGCTAGATCATACTGTGGGATTGARTAARGTTTGCTGACTTGAGTAR
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R K 8 E L DB T V G L NTZE KTFB ATDTL 8§ N (106)

430 440 450 460 470 480

TGAAGAGT TTAAAGAGATGTATATGICARAAGT TAAGGGGTCTAGAAGTAATGAAT T AAAGATGGGGGGTGTGAAARGGAACATCAGTGTAAGTTCGACGGACTTGTGATGCACCAACTTC
EE F K E M Y Mm § K vV X6 § R S N EL KM GGV KRNMS VYV 53 8 R T C D A P T 5 (146)

490 500 510 520 530 540
TTTGGATTGGAGAGACAAAGGAGTAGTTACACCAATGAAGGACCRAGGCCAGTGTGGAAGT IGTTGGGCATTCTCAGTGTCTGGATC AN AAAGT
LDWRDKGVVTPMKDQGQCGSCWAFSVSG53'

610 620 €30 640 650 660
ACACTTATGACTATGGGTGCGATGGTGCGARACATGGACACGGCTTATAGATGGATTAT TARAGRATGGT GGGCTTGATTCTGA
“T ¥ D ¥ ¢ C D GG NMDTAYURWI I KNGG L D 8 E {228)

CCTCATTAGACTCTCAGAGCAAG.
L I R L S E g

(pTP-2)

730 740 750 760 770 780

550 560 570 580 590 600
CCOGTGA
S50 (186)
(pTP-1)
670 680 690 700 710 720

790 800 810 820 830 840

AGACGATTATCCATACACCAGTTCTAATGGCCGCGATGGTARATGTGACAAAACAAAGTCAGCAAAGTCAGTTGTCTCGCTTGATAGCTATGTGGARGTAGAATCGAATGAAGATGCAGT
D DY P Y T S S NG RDGIKCDE KT EK S A K S V V S L DS Y V E VYV E S N E D A V{2686)

850 860 870 880 890 9¢0 910 920 930 940 950 960
TTTATGTGCTGTGGCAAC TACCCCTGTTACTAT TGE TATCETGGETTCGGCTTATGAT I TCCAGCTATACACCGGGGGTGTATATAACGGACAATGCTCAAGTAAACCATATGATATAGA
L ¢ AV ATTU?PVTIGII VG S A Y DPF QLY TG GV Y NG Q C S8 8 K P Y D I D (306)
*2

970 980 990 1000 1010 1020 1030 1040 1050 1060 1070 1080
CCATGCAGTGCTAATCGTTGGTTATGGTTCACAAGATGGCAAGGAC TACTGGATCGTCAAGAATTCATGGGGCACTTATTGGGGACTAGAAGGCTACATTC TAATGGAAAGARACACTGA
i
*3

H A V 1L I V 6 ¥ G 8 O D G K D ¥ % V L E G Y I I M E R N T D (346)
pT : (pTP-4)
1090 1100 111¢ 1120 1130 1140 1150 1160 1170 1180 1190 1200

TATTAAAAACGGGGTTTGTGCGAATGTACCT TGAGCUGETGTACCCTATCACTGCGECECCAACACCCCCTEGETCCACCGCCACCACCAGCCCCGCCTTCTCCACCACATCCACCTCCACC
I K N &GV CGGMY L EUPV Y P I TAAPZT P P G P P P P P A P P 5 2 P HE P P P P (386)
*4
1210 122Q 1230 1240 1250 12860 1270 1280 1290 1300 1310 1320
CCCAACGCCACCAGCACCTAGCAAGTGTGGTGACT TCCATTATTGTGCGGCTGACCAGACATGTTGT TGCATATTTGAGT TCTATAACTATTGTTTGATCTATGGTTGTTGTGGTTATTC
P T P P A P 8 K C G D F HY CAADOQTCCCOCTIVFEVF Y NY CUL I Y G C C G Y S (426)

1330 1340 1350 1360 1370 1380 1390 1400 1410 1420 1430 1440
CGATGCCGTGTGTTGCAAGAATAGTGCIGCTTGTTGTCCTAGCGAT TACCCCATTTGTGACGT TCAAGCTEGGATACTGCTATAAGAATTCTGCAARGACGTTCGGGGTGCCAGCARAGAA
D A&V ¢ C XK N S A ACCPSDY P I CODVQAGY C VY KNS A KT F G V P A K K (466)

1450 1460 1470 1480 1490 1500 1510 15290 1530 1540 1550 1560
ACGACAACTAGCAAAGCACAAGATGCCATGGGAGAAGATAGARGAARCAATCARGGAGCGAGTTCCAGCCTC TTGCGTGGAATAGGAACCCGTTTGCAGCAGCGGCTTAAGAACARCACAT
R ¢ L A K KHX M PWEZK I EETTIKEETFQ¢PLAMAMWNDNI®RNDNUPTFAAA A * (501)
1570 1580 1590 1600 1610 1620 1630 1640 1650 1660 1670 1680

TAGGGATATTTTTAGCTGATCCCTTACCTTAGGGGTTATGTAATGTCTATGTCTTTAGAATATTTACAAATTTGAAATCATGTAACGTAACCGTACGTATTTCTTGAACACACGTGTICAG

1690 1700 1710 1720 1730 1740
GTGTGAARTTTGACGATGAAARANAAARAARRARAAARAAMRAARAARRARD

Fig. 2. 'The nucleotide sequence of ctp encoding M. chamomilla TPase (cTPase).
The predicted amino acid sequence is shown below the DNA sequence. Asterisks show
motifs as follows; *1 Eukaryotic thiol protease cysteine active site, *2 Eukaryotic thiol
protease histidine active site, *3 Eukaryotic thiol protease asparagine active site, *4
proline rich region. Shadows represent the possible amino acid loci cross-reacting with
pTP-1, 2,3, and 4.
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M.c. 1
L.e. 1
P.v. 1
S.t. 1
G.m. 1
M.c. 87
L.e. 86
P.v. 77
S.t. 86
G.m. 81

M.c 176
L.e 171
P.v la0
S.t

G.m

M.c 265
L.e 258
P.V 247
S.t 258
G.m 256
M.c 350
L.e 341
P.v 331
S.t 341
G.m, 344
M.c 439
L.e 420
P.v 410
S.t 420
G.m. 379

Fig. 3.

Comparison of amino ac1d sequences of thiol protease among several plants.

M.c.: Matricaria chamomilla, L.e.: Lycopersicon esculentum (NCBI # AJ003137) (Lers et
al., 1998), P.v.: Phaseolus vulgaris (NCBI # 299954), S.t.: Solanum tuberosum (NCBI #
AJ245924), G.m.: Glycine max (NCBI # J05560) (Kalinski ez al., 1990). Asterisks denote
identical amino acid residues through all thiol proteases and dots denote common amino
acid residues to three of five thiol proteases. Dashes represent gaps. The thiol protease
active sites are shown below the amino acid sequences. Shadows represent the possible

MATSNSMITILIFLTYVSYSISTKTLPSE-~-FSILEGQ-ENDILSSAKVSDLFGKWKELHGKTYQHEEEENLRLENFKKSVKFVMERNS 86
MAAHSSTLTISILIMLI-FSTLSSASDMSIISYDETHIH-RRTDD-—-EVSALYESWL IEHGKS YNALGEKDKRFQIFKDNLRY IDEQNS 85
------------ MLLFALFA-LSSALDMST ISYDNAHQD-KATWRTDEEVNS LYEEWLVKHGKLYNALGEKDKRFQLFKONLRF IDOONA 76
MAAHSSTLTISLLLMLI-FSTLSSASDMSI TSYDETHI H-KRSDD-—-EVSALYESWL IEHGKS YNALGEKDKRF(QIFKDNLKY IDEQNS 85
--------- MG—FLVLLLFSLLGLSSSSSISTHRSTLDLDLTKFTTQKQVSSLFQLWKSEHGRVY HNHEEEAKRLE T FKNNSNY TRDMNA 80
- * » e s aseamsmueaeas - .*- *-~ *n -**- *-..n*-.-*n--** -------- *-
ERKSELDHTVGLNKFADLSHEEFKEMYMSKVEGS -RSNELKMGGVKRNMSVSSRTCDAPTSLDWRDKGYVTPMRDQGOCGSCWAFSYEGS 175
VPNQSYK—-LGLTKFADLTNEEYRS IYLGTKSSGDRK=~~KLSKNKSDRY LPKVGDSLPES IDWREKGVLUGVKDQGSCGSCWAFSAVAA 170
ENR-TYK--LGLNRFADLTNEEYRARYLGTK IDFNRR-~—-LGRTPSNRYAPRVGETLPDSVDWRKEGAVVPVKDQASCGSCWAFSAIGA 159

5 VPNQSYK——LGLTKFADLTNEEYRS IYLGTKSSGDRR- - ~KLSKNKSDRY LPKVGDSLPESVDWRDKGVLVGVKDQGSCGSCWAFSAVAA 170
NRKSPHSHRLGLNKFADITPQEFSKKYLOAPRDVSQOT ~—~KMANKKMKKEQYSCDHP -PASWDWRKKGV ITQVKYQGGCGRGWAFSATGA 167

.**--***.--.*-- *..-- -** *r -*» . u*-*--**--****. .
| S ——
(pTP- l) TP motif {cysteine)

ANA LY TE DL IRLSEGEINDCH T Y DYGCDGENMDTA YRWI IKNGGLDSEDDYPY TSSNGRDGKCDRTKSAKSVVSLDSYVEVESNED 264
MESINAIVTGNLISLSEQELVDCDRSYNEGCDGGLMDY AFEFVIKNGGIDTEEDY PYKERNGVC DQYRKN-—AK-VVKIDSYEDVPVNNE 257
VEGINKIVTGDLISLSEQELVDCDTGYNMGCNGGLMDYAFEF I IKNGGIDSEEDY PYKGYDGRCDEYRKN—-AK-VVSIDGYEDVNTYDE 246

DKSYNEGCDGGLMDYAFEFVINNGGIDTEEDY PYKERNDVCDQYRKN-—-AK-VVKIDSYEDVPVNNE 257
JGDLVSLSEQELYPCVEESEGS YNGWOYQ- SFEWVLEHGGIATDDDY PYRAKEGRCKAN-R IQDKVTIDGYETLIMSDESTE 255
----- *-u-------<u--**.----**** . * DRI
(pTP-3) (pTP-4)
AVLCAVATT-PVTIGIVGSAY--DFQLYTGGVYNGQ-CS SKPYDIDHAVLIVGYGSQDGKDMVKNSWGYILMERNTDIKN— 349
KALQKAVAHQPVSIALEAGGR--DFQHYKSGIFTGR~CGTAV-~~DHGVVIAGYGTENGMDYWI VRNSWGANWGENGYLRVORNVASSS— 340
LALKKAVANQPVSVAVEGGGR--EFQLYSSGVFTGR~-CGTAL-~~DHGVVAVGYGTDNGHDFWI VRNSWGADWGEEGY IRLERNLGNSRS 330
KALQKAVAHQPVSTAIEBAGGR-~DLOHYKSGIFTGK-CGTAV-~--DHGVVAAGYGSENGHMDYWI VRNSWGAKWGEKGYLRVORNVASSS- 340
SETEQAFLSAILEQPISYVSIDAKDFHLYTGGIYDGENCTS— PYGINHFVLLVGYGSADGVDmxmmmEDGYIWIQRMGNLL- 343
................. --* -*--.* *--- * * *** * * ‘* **** **- **-- -**
L i l 1
TP motif (histidine) TP motif (asparagine}

GVCGMYLEPVYPITAAPTPPGPPPPPAPPS-PPHPFPPPTPPAPSKCGDFHYCAADQTCCCIFEFYNYCLIYGCCGYSDAVCCKNSAACC 438
GLCGLATEPSYPVKTGPNPPKPAPSPPSPVKPPT-——E~m—————— CDEYSQCAVGTTCCC ILQFRRSCFSWGCCPLEGATCCEDHYSCC 419
GKCGTATEPSYPIKTGQNPPNPGPS PPSPVKPPN—— —V———————— CDNYYSCSDSATCCCIFEFGKTCFEWGCCPLEGATCCDDHYSCC 409
GLCGLATEPSY PVKTCANPPKPAPS PPSPVKPPT— - —E— e~ —— CDEYSQCPVGTTCCCVLEFRRSCFSWGCCPLEGATCCEDHSSCC 419
GVCGMNYFASYPTKEESETLVSARVKGHRRVDHSPL 379

* kk - .. -** mres ers rrEmasETTREEOCY + * 2 saaars B s EBsamsamrasa s
PSDYPICDVQAGYCYKNSAKTFGVPAKKRQLAKHKMPWEK TEET TKEEFQPLAWNRNPFAAAA -~ ———————— 501
PHDYPICNVRQGTCSMSKGNPLGVKAMKRILAQP —— IGAFGNGGKKSSS 466
PHDYPICNTYAGTCLRSKNNPFGVKALRRTPAKP. HGAFAGN-KVSNA 455
PHDYPVCRNVRQGTCSMSKGNPLGVKAMKRILAQP ———TGAFGNGGKKSSS 466
379

amino acid loci cross - reacting with pTP-1, 2, 3, and 4.

in membrane or lipid layer locus. Although ¢TPase
would be a different protease from that we pre-
viously isolated from M. chamomilla (1zami et al.,
1996), it could be one of the membrane- or oil
body - associated proteases. As a characteristic fea-
ture of ¢TPase, a proline rich region is found at aap
366-392, but the role of the proline stretch is not
clear. A number of possible target sites for casein
kinase II, protein kinase C, and tyrosine kinase are
found in cTPase, suggesting that the activity of
cTPase might be modified by phosphorylation.

Further investigations are needed for clarifying
the function of cTPase in the shoot primordia of M.
chamomilla.
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