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Fig. S1. Screening of plant materials. HI activity in crude extract prepared from each plant material was
determined by standard assay. Data are means = SE (n=3). ND, not detected.
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Fig. S2. Detection of HI activity by HPLC. Typical chromatograms of DNP-derivatized samples prepared
from reaction mixtures before and after reaction are shown. Arrows indicate peaks of which retention time
were identical to those of authentic compound-DNPs, respectively. Substrates are (Z)-3-hexenal (A), (E)-2-
hexenal (B), (E)-2-nonenal (C), and (Z,Z)-3,6-nonadienal (D). (E)-2-Hexenal was not isomerized (B).
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Fig. S3. pH dependence of activities of native CaHI (A) and rCaHI (B). Enzyme activity
was determined by standard assay in 50 mM Na-acetate buffer (pH 3.0-7.0) or 50 mM
Tris-HCI buffer (pH 8.0-10.0). Data of native CaHI and rCaHI are from single assay and
triplicate assays (means + SE), respectively. Maximum activity was set to 100%.
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ALPHYADSSKIAYVIEGECIAGLISPEDSKEEVIKIQKGDSVPVPIGATS

WWYNGGDTRLSIIFLGESGEYTPGEFCYFFLTGAAGILNGFSNELLAQTF

HMTKTESEKLKKDQSSLNITITKISEGIKTPDPCNSGIHKLVFNLDGAKPS

- 1
VEMKNGGVLTSVSVRDLPLLGDIGLSANRVVLEGGGMLGPLFTADSSVHL
2
- 2 SYVTKGSGRVVIVGLFGKVVLDTKVDEGDLFFVPKFFPFVVEADEGGIEF

FSVKTSSKOIYGALSGGPKSVFVAESPSILEASLNMTPDFTKSFKSKIAK

GAVIAPP

Fig. S4. Determination of internal amino acid sequence of CaHI. (A) Purified CaHI was cleaved by BrCN and
then the resultant peptide fragments were separated with Tricine-SDS-PAGE. Peptides blotted onto PVDF
membrane were stained by CBB R-250. Arrows indicate peptides of which sequences could be determined. (B)
Determined internal amino acid sequences are underlined on the whole amino acid sequence of CaHI.



A B

E T HI (T HI & F
mpty vector (Tag) rCaHiI (Tag+CaHI) Standard (E)-2-Hexenal ’V% o

M1 23456 1231456 N\

(kDa) o

75
50
37 N

Empty vector
25

20

A370

— Sample profiles ‘ JM
1. Cell debris |
2. Soluble crude extract
3. Flow through

4. 1st wash Purification
5. 2nd wash steps

6. Final elution J\/\JL\_L

0 5 10 15 20 25 30
Retention time (min)

rCaHlI

Fig. SS5. Production of recombinant HI by heterogeneous expression in E. coli. (A) Purification of recombinant CaHI
(rCaHI). Proteins in each fraction were electrophoresed by SDS-PAGE. Purified rCaHI is indicated by an arrowhead
(60 kD =35 kD (CaHI) + 25 kD (Tag)). (B) Activity of the purified rCaHI was confirmed by the production of (E)-2-
hexenal. (C) By same strategy, activities of recombinant HIs from tomato (rSIHI1) and potato (rStHI1 and 2) were
confirmed, on the contrary, recombinant HI-like protein from tomato (rSIHI-like1) did not show activity.
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Fig. S6. HI gene expression analysis of different
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Data are means = SE (n = 3). Internal standard
genes were elongation factor 1 for potato (StEF1),
and actins for paprika (CaACT) and tomato
(SIACT).
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Fig.S7. Alignment of HI and HI-like proteins. Positions of catalytic HKY are boxed. Red and blue
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® StHI1 -MDLILSSKK ADKTIVEVEG VGG-YYTWSS SQFPVLSQKK I AGGLLVLQP RGFALPH[YAD SSK|IGYVCEG
StHI2 -MDLILSSKK ADKTIVEVEG VGG-YYTWSS TQFPVLSQKK |AAGLLVLQH RGFALPH[YAD SSK|I|AYVCEG -ECIAGLTSP
® SIHI1 -MDLILSSKK ADKTIVEVEG VGG-YYTWSS SQFPVLSQKQ GLLLLQP RGLALPH|YAD SSIK[IAYVCEG -ECIAGLISP
® SIHI2 -MDLILSSKK ADKTIVEVEG VGG-YYTWSS SQFPVLSQKQ LLLLQP RGLALPHIYAD SS|K|IAYVCEG -ECIAGLISP
GmHI2 -MELDLTPKT AEA---LFEG DGGGYYTWSS SQVPLLAKNN RLVLQP RGFALPH|YAD SSK[IGYVIQG TDGVVGMVLP
® MsHI -MELDLTPKT AQP---LLEG DGGGYYIWLS SQVPVLAKTN VGAGQLVLQP RGFALPH|[YAD SNKVGYVIEG TDGVVGMVLP
MtHI -MELDLTPKA AQP---LFEG DGGCYYIWLS SQVPVLAKTN VGAAHLVLHP GGLALPH|[YGD CSKVGYVVEG TNGVVGMILP
® OsHI1 ---MAATDMS PKAGKPLVEN DAGSYLAWSG KDQPAVAGEK LGCGLLVLKP LGFALPH[YAD SGKIFGYVLGG SAVVGVLPAG
OsHI2 ---MAA---L PKAGKPLVEN DAGSYLAWSG KNQPALAGEK LGCGLLVLKP LGFALPH|YAD GKIFGYVLGG SAVVGVLPVG
OsHI3 ---MAAPDMS PKAGKPLVQN DAGSYLAWSG KDQPTLAGEK LGCGLLVLKP LGFALPH|YAD GKIFGYVLGG SAVVGVLPVG
® CsHI1 -MELNLKPMD PSN---FFTG EGGSFHKWFP SDFPII1SQTK VGAGRLLLHP RGFAVPHNSD SSKNVGYVLQG -SGVAGIIFP
CsHI2 MEEQNLKAMN PRK---HFEG VGGSYNKWYP SDYPLLAQSK VGAGMLLLHP RGFAILHYSD ASIKIVGYVLRG NNGVTGFIFP
CsHI3 - ---- MEAMN PKP---FFEG EGGSYHKWLP SDYPLLAQTN VAGGRLLLRP RGFAVPH[YSD CSIKIFGYVLQG EDGVTGFVFP
® CaHl -MDLILASKK ADKTIVEVEG GG-YYTWSR -KFPVLSQKK LAAGLLVLQP RGFALPH|YAD SSK|IAYVIEG -ECIAGLISP
CaHl-ike - ------ SKK ADKTIVEIEG -YYTWSS THFPLLSQKK A LLVLHP RVFSQP|Y[YSV SSKI[LAYVCEG -ECIVGLITP
® AtHI-like1 -MELDLSPRL PKK---VYGG SYFAWCP EELPMLRDGN SKLALEK YGLALPR|YSD SPK|VAYVLQG -AGTAGIVLP
® SiHI-like -MDLILASKK ADKIIMEVEG -YYGWSS SQFPLLSQKK LFLLQP HAFVQP|Y[YSV S§K|lAYVCQG -ECIVGLISS
StHI-like -MDLILASKK ADKTMMEVEG -YYGWSN SQFPLLSQKK “GLLLLQP HGFSQP|Y[YSV SSK|IGYVCEG - -- - - -
® CsHlI-like -MEIDLTPQL PKK---1YGS GGSYYAWSP KELPMLREGN SASKLALEK GFALPR|YSD SAKVAYVLQG -NGVAGIILP
‘— GmHHike2 -MEIDLSPQL AKK---VYES NGGSYHAWSP SELPMLHEGN IGAAKLALQK NGFALPQ|YSD SSKVAYVLQG -SGVAGIVLP
90 100 110 120 130 Y 140 150 160
_ S O O S O (AU (DU S I |
® StHI1 EDSKEEVIKI| QKGDALPITV GTVSWWYNAG D-TKLKIIFL GESSEDYTPG EFC|Y[FFLTSA AGILNGFSNE LIAKTFHMTQ
StHI2 EDSKEEVVKI|I QKGDTLPVTV GTVSWWYNAG D-TKLTIIFL GESSEDYTPG EYC|Y[FFLTSA AGMLNGFSNE LIAKCFHMNK
® SIHI1 EDSKEEVVKI|I QKGDTLPVTV GTVSWWYNAG D-TKLTIIFL GESSKDYTPG EYC|Y[FFLTSA AGILNGFPNE LIAKSFHMNI
® SIHI2 EDSKEEVVKI|I QKGDTIPVTL GTVSWWYNVG D-SKLTIIFL GESSDEYTPG EYCIY[FFLTGA ADILNGFPNE VIAKSFHMKK
GmHI2 NTKEEVVLKL KKGDVIPVPI GAVSWWFNDG D-SDLIITAFL GETSKALVPG QFT|YFFLTGA LGLVGGFSNE LTSKVYGLDN
® NMsHI STGKEVVLKL KKGDVIPVPI GGVSWWFNDG E-SDLNIIFL GETSIAHVPG EFT|YFFLSGV QGLLSSFSSE LISKVYNFNK
MtHI STGKEVVLKL KQGDIVPVPI GAVSWWFNDG D-SDFKIIYL GETSNALVPG EFTIYFILGGV LGLLGSFSSE LISKVYNFNK
® OsHI1 VDARERVVRL EAGDVIAMRA GEVTWWYNDT DGEDVTIVFM GDTAGAVSPG DIS|YFVLAGP MGVLGGLDAG LLAKASGLTS
OsHI2 LDARERVVRL EAGDVIAMRA GEVTWWYNDA DGEDVTIVFM GDTARAASPG DIS|YFVLAGP MGVLGGLDAG LLATASGLTS
OsHI3 VDARERVVRL EAADVIAMRA GEVTWC---- ---------- -------- G DFS|YFILAGP MSVLGGLDAG LLATASGLTS
® CsHI1 CKSEEAAVRL KKGDVIPVPE GVTSWWFNDG D-SDFEVLLV GDTRNALIPG DITYVVFAGP LGVLQGFSSD YIEKVYDLTE
CsHI2 NTSNEEVIKL KKGDIIPVPT GVTSWWYNDG D-SDLEIAFL GETKYAHVPG DIS|Y[YILSGP QGILQGFSQD YVAKTFNLNE
CsHI3 KKCNEVVIKL KKGDLIPVPA GVTSWWFNDG D-SDLEIIFL GETKRAHVPG DITIYFILSGP RGLLQGFTPE YVQKSCSLNQ
® CaHl EDSKEEVIKI| QKGDSVPVPI| GATSWWYNGG D-TRLSIIFL GESGE-YTPG EFC|Y[FFLTGA LNGFSNE LLAQTFHMTK
CaHl-like EDSKEKVIKI EKGDALPINL KAISWWYNGG D-AKLKIIFL GEYDDENTPG TPCYFFLTGV LKGFSNE LIAKSFHMTK
® AtHI-like1 E-KEEKVIAIl KKGDSIALPF GVVTWWFNNE D-TELVVLFL GETHKGHKAG QFTDFYLTGS NGIFTGFSTE FVGRAWDLDE
® SiHI-like EDSKEEVIKL QKGDTLPLTM KEVSWWYNDG E-SKLEIIFL GEYDDEYTPG EYCGIFFLTGF TGILNGFSNE LIAKSFHMTK
StHiHlike ~ - --------- s aaaae aaiiis aeaaaaao-- -EYDDEYTPG EYCGIFCLAGF IGTLNGFSNE FIAKSFHMTK
® CsHl-like E-SEEKVIAIl KKGDAIALPF GVVTWWFNKE A-TDLVVLFL GDTSKAHKSG EFTDFFLTGA NGIFTGFSTE FVGRAWDMDE
‘— GmHIlike2 E-SEEKVLAI KKGDALALPF GVITWWYNKE D-TELVVLFL GDTSKAHKTG EFTDFYLTGS NGIFTGFSTE FVGRAWDLEE
170 180 190 200 210 220 230 240
_ e T T T T 1 1 T T I |
® StHI1 TESEKLVKDQ SGLNIIIKVN EGIQIPNGSS S-AKRKFVYN LDGAKPC-VE VKNGGHLSSL SIKNIPLLGE IGLSANRVVL
StHI2 TESEKLMKDQ SSLNLLIKIN ESIQMPNSSN S-AKRKLVYN LDGAKPC-VE VKNGGHLSSV SGKNIALLGE VGLSANRGVL
® SiHI1 TESEKLMKDQ SSLNLLIKVN EGIQIPNASN S-AKRKLVHN LDGAKPC-VE VKNGGVLSSV SGKNIALLGE VGLSANRLVL
® SiHI2 TESEKLMKDQ SSLNILIKVN EGIPIPNPSN S-AKRKLVYS LYDAKPC-VD VKNGGVLSSV SGKNIALLGE IGLSANRLVL
GmHI2 DEVEKLTKSQ TGV-LIIKLD KSQPMPKPQ- MNMTKKLVYN IDAARPENVV E-NAGLVKTL TEKDFPFIGD VGLSVMRVKL
® |isHI DEVTKLTQSQ KGV-VIIKLE KGQPMPKPQ- LDLTKDFVYD IDAKKPDIKA Q-NVGLVTTL TDKDFPFIKD VGLSVIRVKL
MtHI DEVTKLTQSQ TGV-TIIKLE KGQPMPKPQ- MDLTKDLVYD IDAKAPEIKE K-NVGLVTSL TEKDFPFIKD VGLSVIRVKL
® OsHI1 PEQAATAFRS QPAALLTRLN GKLHGVRPR- EHDRHGLVVN AARVPADSNT G AAGTKTV TAAHLPVLAQ LGFSVGLTRL
OsHI2 PEQAATAFRS QPAVLLTRLS RKLQDVRPR- EHDRHGIVVN AARMPADSST AAGTKIV TAAHLPVLGQ LGFSVGLTPL
OsHI3 PEQAATAFRS QPAALLTRLS RKLHGVRPR- EHDRHGIVVN AARVPPDS-T ----KTV TAAHLPALAQ LGLSVGLALL
® CsHI1 KEREVLLKSQ PNG-LIFKLK DDQTLPEP-- -DCHSDLVFN IYHTAPDAVV K-GGGSVTVL TEEKFPFIGK SGLTAVLEKL
CsHI2 MDTSTLLNSQ QNG-MIFKLQ EGQTLPTP-- -TKDTKFVYN LDNYD----- ----- FFMKV SESEFPFIGE TGLAVVVERL
CsHI3 EETNTFLKSQ PNV-LIFTVQ PSQSLPKP-- -HKYSKLVYN IDAAAPDNRA KVGDAAVTMV TESTFPFIGQ TGLTPVLEKL
® CaHI TESEKLKKDQ SSLNIIIKIS EGIKTPDPCN S-GIHKLVFN LDGAKPS-VE MKNGGLLTSV SVRDLPLLGD IGLSANRVVL
CaHl-like TEFEKI IKDQ SSSNVLIKIK EGTKMPDPCN NDVKHKLAFN LDSAKPC-VE VKNGGTLSVV TCRNLLLLGD VGLSANRVVL
® AtHI-like1 TTVKKLVGSQ TGN-GIVKVD ASLKMPEPK- KGDRKGFVLN CLEAPLD-VD IKDGGRVVVL NTKNLPLVGE VGFGADLVRI
® SiHI-like PEIEKLIKEE TSCNIIIKIK EDTKMPEPCN KNAKHELVFN LDSAEHCTVQ VKNGGILSAV TCRNLPLLRD IGLSANHVVL
StHI-like IESEKLIKDQ SRTNLLIKIN EGTKMPHPCN K-VKHKLVFN LDSAKPC-VE VKNGGVLSAV TCRNLPLLGD VGLSANRVVL
® CsHl-like ASVKSLVKNQ TGT-GIVKLK EGTKMPEPK- KEHRNGMALN CEEAPLD-VD VKNGGRVVVL NTKNLPLVGE VGLGADLVRL
— GmHIike2 KDVKTLVGKQ SGN-GIVKLE GNINLPEPK- EEHRKGMALN CEEAPLD-VD IKNGGRVVVL NTKNLPLVGE VGLGADLVRL

dots indicate that their recombinant proteins showed activities and not, respectively.
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Fig. S7. (continued)
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Fig. S8. HI homologs of alfalfa (A), cucumber (B), and rice (C) showed HI activity. Catalytic pocket of each
HI by homology modeling is shown in lower panel. Catalytic HKY locate in the same pocket. PDB ID of
template protein, identity between CaHI and template protein, and QMEAN score are shown in parentheses.
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Fig. S9. Production of point-muted rCaHI by heterogeneous expression in E. coli. (A) Purified rCaHI recovered in
soluble fractions were electrophoresed by SDS-PAGE. Purified rCaHI is indicated by an arrowhead (60 kD = 35 kD
(CaHI) + 25 kD (Tag)). (B) Activity of the purified rCaHI was determined by the production of (E£)-2-hexenal.



