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Dimethylsulfide (DMS) is the major sulfur compound released‘ from ocean to the
atmosphere. As 80 % of biogenic sulfur emitted from ocean is DMS, it has significance for
the global sulfur cycle. However, the conversion of sulfate to DMS was the missing link in
the global sulfur cycle. Emitted DMS is oxidized to sulfate which plays an important role
in cloud formation, thereby it may commit to the acid precipitation and the climate
regulation. It is generally thought that the precursor of DMS 1is dimethyl-
sulfoniopropionate (DMSP), which is cleaved enzymatically or in alkaline condition to
produce DMS and acrylate. DMSP is a growth promotive compound for fish, and acts as
an anti ‘ulcer agent in rat. The primary DMSP producers are marine macro- and
microalgae, and the possible biological function of DMSP in algae is osmolyte. But the
mechanism controlling DMSP pool is still unknown. Investigation of the DMSP
biosynthesis has significance in understanding the missing link in global sulfur cycle and
the osmoregulation mechanism, however the biosynthetic pathway of DMSP has been
little known. Recently, two pathways were reported. One of them was found in a flowering
plant Wollastonia biflora which produce DMSP from S-methylmethionine (SMM) and the
other was found in a green alga Enteromorpha intestinalis which produce DMSP via 4-
methylthio-2-oxobutylate MTOB). These results suggest that the several pathways exist
in DMSP biosynthesis.

T YEPEAEM T ¥ (Department of Marine Biotechnology, Fukuyama University, Fukuyama 729-
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In this study, the dinoflagellate Crypthecodinium cohnii, the producer of a large
amount of DMSP, was used for investigating the biosynthesis of DMSP. The results
obtained in this study are described below:

(1) The incorporation of L-methionine into DMSP was examined by the in vivo
radiotracer experiments. In two hour incubation, the methyl, C3, and C4 carbons, and the
sulfur atom of L-methionine were effectively incorporated into DMSP. But the C1 carbon
of L -methionine was not incorporated into DMSP. These results suggest that L -
methionine is the close precursor of DMSP and the synthetic pathway is consistent of
decarboxylation, deamination followed by oxidation, and methylation.

(2) The dilution effects of SMM, MTOB, and 3-methilthiopropionate (MTP) to the
mcorporation of L-methionine into DMSP was examined. SMM and MTOB did not affect
the incorporation of L -methionine into DMSP. But MTP strongly inhibited the
incorporation of L -methionine into DMSP. These results suggest that the pathway is the
conversion of L-methionine into DMSP by decarboxylation (the putative product is 3-
methylthiopropanamine (MTPA)), deamination followed by oxidation (the putative
product is MTP), and methylation (the putative product is DMSP) in this order.

(3) The enzymatic activities of decarboxylation of L -methionine, deamination
followed by oxidation of MTPA, and methylation of MTP were detected in the crude
extract of C. cohnii These results confirm the evidence of this pathway in C. cohnii

(4) L-Methionine decarboxylase [EC 4.1.1.57], which should be the key enzyme in
DMSP biosynthesis from L -methionine, was purified from C. cohnii After four
purification steps including anion exchange chromatography and size-exclusion
chromatography, the enzyme was purified 215-fold and the yield was 0.1%. The purified
enzyme showed a single protein band on polyacrylamide gel electrophoresis (PAGE). The
molecular weight of the enzyme estimated by gel filtration was 204,000 and that
estimated by SDS-PAGE was 100,000. The optimum pH of the enzyme was pH7.3. The
optimum temperature of the enzyme was 30 °C. The enzyme was pyridoxal 5'-phosphate
dependent decarboxylase. The N-terminal amino acid sequence of the enzyme was Ala-
Leu- Cys- Trp- Ser- Asp- Ile- Ser- Pro. The decarboxylated product of L-methionine by
the enzyme was MTPA.

(5) To investigate the physiological role of DMSP in C. cohnii, the effects of salinity
changes on intracellular DMSP content and L-methionine decarboxylase activity were
determined. The salinity upshift resulted the accumulation of DMSP in cells. The
‘methionine decarboxylase activity was also stimulated by the salinity upshift. These
results suggest that the high osmolarity stimulates the production of DMSP and DMSP
acts as the osmoprotectant in C. cohnii. But the evidence that the accumulation of DMSP

_occurred rapidly in high salinity than in E. intestinalis suggests the regulation
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mechanisms of these organisms are different. It may be due to the difference of DMSP

biosynthetic pathway.

Key words: biosynthesis, compatible solute, Crypthecodinium cohnii, decarboxylase,
dimethyl sulfide, dimethylsulfoniopropionate, dinoflagellate, L -methionine,
osmoprotectant
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ERMEEBMEIL S TH DHLY A F/v (dimethylsulfide: DMS) ((CHy),S)ix, & V, b=k ?,
A7 4—ha—r 9 E—L 9 wyia)b—Ah % REORE, NMTARTRETIEIBLVTRTK
S LTHREENTWVWS, £z, DMS RIEECBIT 2MEDE, Wb E0E] OERSTH
HY, JUREOHEE Y, FAXT I, TE, DUNK REOHBEYT 0 TRHESh, EEDE
BOBSKRD LB ERMBATVAS,

i, 2o DMS 2%, HEKFEOMEBRICE o TEERREZEoTWD I EBRALNBITR-TE
Fo W ER E OB ORR BT D 0OITIE, L0 TOREOHEED b E~D&i%R
BOGEEZZ X 2T0ER B0, 1970 FRFE T, KB OKBE~OMBOBMEIIKREIFEL
TWAEINTWEDIRMETH Y, FFICHFHH CREBRTE OERIC L > TAEL HLAKED HKH
ELREL DTV B9, Lnl, BEOKMIIEIBEMLRRETHY, MBELEOLEESINIA
VIEEED I —HICBE T, HECBO TR SN AFLAEOEIMEOT — 2 R EEIN DI L bR
>TC , RRETOMKEOREMEZEDOEETEWHERIMCE TIDD I L OREEPEREIND &
AT ote, Lovelock B 1 [k B¥BEREHNHO DMS ORRITE - T, FALKRIZbD BIEEK
BIT5REREEOHRGIRE L TEBEERMBLEDRERIND L& RY, BEXKFTD DMS
7 EEMERIFEOMBLED OREREKBRAITOND LD kot o TORR, EMEROTMIRIE
L& OPEHENL 98 TgSlyear & ALFREIOBREE & NBEIROPEHEICILET 2 L REbLbh, £0
2 BLUEERIROKAERMEIL 50 TgS/year Tho7z, DMS I 40 TgSlyear ThH Y, EMEIFLEKT
HTH 40 %, MHERRIZR- THIUT 80 % & K& REIGE 59, HEKREORERRICEERYE
ThHIEBHAESE 2o7z 19,

WERBIZBWT DMS H—REEHDOEVERIZEZNE S ¥, 7%, DMS OBRELfIXZ7 oo
T4 a OERESMEMERHEENVIRERDH S 19, £, REBBIOMERNICD 5EBIX
DMS AENREL, MEABRRICKESHELTWAEEDbNLTEY 20 | \BAABTHHEEED
NEDEEZFETHDLENTND W, MEIZEITS DMS OEEZIZOWTIY, Haas 2 2, #IEE
&%ﬁ?ﬁﬁﬁ?é&DMSﬁE&#é:&%%%LTu%,ﬁﬁ&?mﬁﬂﬁﬁ&&w,%5wm%
HEEWE 20 oD REE 1B U OMAERES DMS 2AETAHIEBREINTWS, BEICEITS
DMS DB’ E 1Y, Challenger and Simpson 2 |2 & > THI# Polysiphonia fastigiata \Z1F7ET 5
CEREBPCENEY AFIVANT 5 =4 T CF B (dimethylsulfoniopropionate: DMSP) T&%
% 82128 DMS i, DMSP OEERMISMIZ LV T 7 UVERE L b ITEREND R, ZORGEfE3
5EFTHD DMSP V7 —¥il, DMSP £EHZ THALEEICH, HEETHOIMBACLGEETL L
BEE SN TNG 239

INHLDIEND, WEFEICBITAMEBRICIHUTIIBRDE L) RRBEEZ B ENTES (Fig
1-1), K PIZBBIFET DB % BEN I Y 1A%, DMSP £0MOER LE¥E &/ T 5, DMSP i3,
HAEHIZ X > T DMS IZHM SHMIANIHE SN 5B, b5 WIS K SN2 BHE R 21T
L->T DMS IZHEEN 5, DMS O—HiI R 3 1C#EKF T humic acid O & 5 BRI OFET
TBALIN T AF VRNV T 4% %A F (dimethylsulfoxide: DMSO) 240, X 5B TY X
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Fig. 1-1. Possible diagram of marine sulfur cycle.
DMS, dimethylsulfide; DMSP, dimethylsulfoniopropionate.

FNANT + > (dimethylsulfone: DMSQO,) & 720, Bef&rQlCiBglc & TRL S B, B L7 DMS 1T
KEPTARBET CHNIC L BHACEOBILRISEZT, “BILHEE S0, AFVALT B
(methanesulfonic acid: MSA), MBIz, SO, & MSA &BREMICIIFBICE ClbSNn5, Filk
EARKHF TR FE LTHEEL, SBWREBHEFFOZ & NHEEFE (cloud condensation nuclei: CCN)
L UTHEA L, BRIEHHE LTI E 2> TR D TR LIBEICES, “hbOREICE-T, %
PECRmMAB M SNB L EX BB,

DMS D7 5 EIRITHEEIC T B— W AEEE Th HHET, DMS HFEEE TBLShT CON &
ROTHBBRRKEEDORFETHEZT VAN RIERET I &N D, HEREOKERATICEL-o T3
LHnbnTng 9, ABEREAT S E—REEMERL, TRICE B753-T DMS OEERLEL
¥%, DMS SABICHIEESNS & BB L—REEN BEBDT B, T5% DMS OEER b
LENRY, ABRBEAT S, 20 ELAGEDETO—MEE- T\ S TERRD S, £, B
it, CO, BEICE > TREPREIAEROSE B L & bIT, DMS ORHIT L 57~ KoK &
STHROBELARNS X, BEPHRICIASBREAZMSXITVADTIRVSAE BEXLNS,
FDHIZ, KE~OBITRFIZIED 7 4 — Ry JHEL LT, BECBIT2—REEDHEXIZE B2
DMS DB T VR ROBAIC & BRBEDE T2 b7 b3 HEMEMEHSNTVS 9,

DMS DORIBEME CTiD DMSP 1L, MHEAMMNERET D ABEMME L L CER ShTW\5, DMSP
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1T, ABICK LTEBESEDREEF O EARESN Y, &bITAEAENC DMSP ZIBETHE L.
BEIITBEE R BRI ERRFTHEZEARBO LTS 29, £, DMSP 045+
BENEBEE LTHANDLN TS S AFNVAFA=VZEEULTWE e D, S-ATFVATFA =
DESHBEBERAOERIZOVWTT v MEAVWTHNZL 25, DMSP KL HERBEMAR S5 Z &
DRER SN 49, ToOM, DMS i1/ VRV =R EDEIRSTHY, FEL LTOMAREA LN
%, DMS ORIEFME THS DMSP 27 uF*x2 Y VT kW RFFTHZ & T, DMS OMfEDE
| RERBICKEED L LRHALATD 9,

DMS, DMSP, BX U7 7 V/VEROBERIZET HHEIC OV T T OREESE H S, DMS 21T
i, SETEBEC AT BRI T AEHDRERSS 0, DMS 24FETAH I L TEVIEELZE L L
BAEFESLTVS D, LV okBThb, 72 VML, MEOKBEES ©, BEOBKOBE
B THOREERARS S 9, Lokl ERBEINTWD, Lnl, IbIWTis ERICH
MO BT D TR, DMSP 13, BMHMERICBNT, S TT /YW AFF=0R S AFV
AFF =i L AR AT NVEMERE U TERT S Z LB REINTWD 2, £, HWKEEHIT
WERERESRIC LT DMS DAEBADR, LI BERDHD W, DMSP 24ET LWL, HR
HOWKBIC AR T 28, EEBIATT2HEHEY R ERBEEEMMORENVRREICEET S0
MENZEMD, INHOEHIZBWCRBEERGHWE L LTHEL TV DO TRV LTHRDR
EATEL, REPOBRBLEOLAICE o THENIZERIN, MROESHEELEZ2VHE
Z _EMS'E (compatible solute) &IEQR %2, N&Z A EFECT VEu—b, Pnn—ARERMLN
TV %, Ulva lactuca, Enteromorpha intestinalis, Blidingia minima 72 £ O %k B ¥ 3 859,
Hymenomonas carterae, Tetraselmis subcordiformes 72 ¥ OPSFREELE 25 %%, Spartina alterniflora, S.
foliosa, Wollastonia biflora &\ - T=BE{bA#ES 225900 2B\ T, HBEDO ERIZEH725T DMSP 23
EREIND L ME SN, F£7, DMSP REBNICFET ZREORE T T subcordiformes H
KDY ABEPKEERR EOEMEEEE L 2N ERNRENEZ @, LEDZ Ens, BEICKWT
DMSP 1%, BEED EHICH > THERNCER LABHRCEE L2V b TEEREE LTREE
FEHICBEHEL TWBHDEEX BN5HM, DMSP AR OFEMELR L IIWEEFRATHD, £, B
WBISIZ £ 8.9 % Phaeocystis pouchetii 72 ¥ DESEIZ DMSP %% < &1HAHEL, DMSP iohb
DREICEWTHEREDE L LTOMEL L 2EEXbNTND %),

DMSP %, TOBERAFA=IEBULTEY, AFF=rvBLOE0OFEERPLAERREIND &
EZbND, AFA= ORBFBEITEL TL, WHLEMIBNTE, S-TT /WA FA=r, KE
VATAVERTY R TFTA=Y, VAT VEEDATFNVEGRBREICL > TRFEND 211 EL<
MBNTVD A, 7I ) EEBREIZLI > TREINDIEVIBRELH D, ZORKIEL, ATFH4=
BT X EEBRIGICEY 4R FNFF 2.4 % VBB (4-methylthio-2-oxobutylate: MTOB) & 72
D, EHLIECPREBEINT 3-AFNFF 70 4 B (3-methylthiopropionate: MTP) & 72T, & 5T
AZ U FA—NR DMS BEMEND LWVWIBDTHD O, MEMIBIT D AFA=RFHE, £
DA FNVEERBREY, 7 I EEBRKBIINAT, XY TFVBEELBRTF A FVERE, 3-2
FINFF T s3F7 2 (3-methylthiopropanamine: MTPA) %4 U ABREERIGR ERM SN TV 5
8, AFA = OFEKEE LTI, Cantoni ¥ 12k~ T EMAFA =) ELTREESNE S-TF
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JVNAFF = RELTHDNR, ERLELIICAFNVELEELE LTERETISNIRIT IS
RIEBITBT I 7O CLESERE RS L bHMBATNS, RUT IV (FhLvy, ALY
vy ANV V) I, MIRNERMERSY (B2, VU BRE, ATP) KHELT, BEDZ U RIBE DR
ZiREL, MEOHEESHLORHIEOLL L ENIMETHD P, RIT IVERIT, ST77 /v
AFF = URBBERCA N =T VRBEBERICE o TRE SN TWEEEXLN , S-TTF VNV AF
F= U BURBBER OMEEEIIZ < OB R 2 SN TS © 0, BMIEH Gonyaulax polyedra &Y
i, HRINEI=F) b, AFF=UPbEaMENZEBELLNTVWS ™D, I=FV i, G
polyedra W3 EARBHIAZORANELEHRIEZ/EANRSH O, #BAMK (circadian) )V XA%x a2 b
o=V SE L L THRRRY,

—2%, DMSP OR#HTOVTIL, DMS &7 27 UV NB~OHERES LRI TWS, HBDE
&, IR /K, BEDOWMEM< » MIIX DMSP £ 1L T DMS ZAEUAEERSH D Z L@ sn %
BT ZNDLDREND DMSP S EESSBESNTWD BT DREE 35 DMSP V7T —
B, ¥# Ulva conglobata®, U. curvata®®, Enteromorpha clathrata™, #L# Porysiphoniasp.® ™,
¥ EEE Gyrodinium GATENL Crypthecodinium) cohnii®®, 7% a 7 %7 X Euphausia superba,
< 1% Crassostrea gigas %, Alcaligenes-like marine isolate °°, Pseudomonas doudoroffii " 72 ¥
THREIN TS, DMSP V7 —¥}3, 77X a74XT7 I THFE 58000 O Ta=y ks 2ENS
255 FERK 120,000 DZEETHA L HREINTWDS 9, ¥, U curvata ®®, Alcaligenes-like
marine isolate *®, P doudoroffii " Tl¥, ZABEIN, T _RTHEATHIEHRESHLTVWS, £
D> DMSP OREIREEE LTI, UAFMLEH THD 3-AFNVFAF T o tF o BE~T 3- AV
AT NTUECEF VBB DNEIAZ o TFA—NEERT IRE ™ BRESHh, B5T2MESERIN
TWa 9,

DMSP X, DMS ORISME & L THIERAEOMBRERLEZE XD L TEERYE THY, DMSP @
ERAEETHLERICRITS DMSP AR EBAT L ZLITMEBROI vy VU 7Y v 2
DLV ZLIToRRBEBEXBND, £, DMSP OABKECEBREMEMNE L LT DMSP @
ISHAE%ZE 2% ETH DMSP AR OMEANEETHDHEEXLND, DMSP OAARKIZE
T HBHOMEIL, Greene 0 NGH Ulva lactuca ILBWT AFH =L iBEVFBETH Y, AFF
=L O L AFVEN DMSP BT 5 2 L AR LEGOTHS, £, Kahn @ 1%, 70 U8
DMSP AEMRDAFNEHKEERIIRZDZ L ERE L, LL, TO% DMSP £ARRKIZOVWTIE
ROMBIERIIER L TV Aok, Thdb 20 F£2&T, Vairavamurthy 5 2 i3, ~7 M H
carterae DRREEYE, RGBSR, FARREEIE, AT A UEMHIEL LT DMS 28K T2 256,
FERE N B AT A L 2ET DMSP 28R T 5 L BB LR, TOMORREE L O LTk
DEETHoT, TDHK, 1990 FERICA-T, BATEEY W biflora B X OW#E E. intestinalis [
% DMSP A& RZRBIZOWTHREN 2 EIN7z 88 W biflora TiE, DMSP X S-AF NV AFA =V
BT X RIS, BRBRIGERTEREN, E intestinalis CBWTHEAFF=vnbli7 2 /K
oy AFNVEMMRIE, BIUORRBRIGERTERINDILENTVD, ZOX T, XAFF=rn
H DMSP 283 2RBEITEMRBM TR D 2L, T OLEHBE, AROFETEEL SHEEND
DT ENTFRINTND,
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F ZTABIE TR, RAKBOIFAE R EIZEE L DMSP 2 KEIZAET D IEBRBMEOREE R
Crypthecodinium cohnii % A\ T DMSP £ 8RB OMALZRLT, IREEEL, BERZEHTHY
RWBEANERELERNREOREEROZ LD LEMIZ L BKENENTH Y, ERAELUMT
¥, GQymnodinium mikimotoi 732 ¥ FEE T 5B IC DMSP EAERH Y, HFICHREBCE TS
DMSP OEALAIZKREBEEL TV LEEALND, ¥F, HFEETI, RI EHAFF=V2RAVE in
vivo hL—H—FERIZL>TRAFF =13 DMSP OEWVFIERHE TH D% HRETL, DMSP A& K
DOFREL FRENDREBIEDIZ L D2FRPHRIZEL > T DMSP £EEHRREHRA L 2, =bIZ,
C. cohnii ¥AEFEFRIEFIZ DMSP £ &R A 2BRHOESZRE L, F=ETIL, C cohni
1T 5 DMSP £5 S RBOE —BEE LML 5 A F4 = VIIREEEER ORR, HEEORS, KIS
EMOREL RS-, EWETIY, RBEOEICXNT S C cohnii #lgH DMSP 0% E), DMSP 4
BB OBRBERLEZL DND AT A = HURMEER OILTEEOEBICOWTRETL, C cohnii iIZ8
i75 DMSP DABMIEL ZEE L, ‘
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B VERERMEERE Crypthecodinium cohnii @ DMSP A& FAk
B invivo b L—F—FERIZL D DMSP A4 R OREY]
#w =8

DMSP DA RRBIZOVTIL, Greene 8V 2348 Ulva lactuca \ZBVNT A F4 = R HTEER
THBELERE LR, AFF=r»b DMSP ~OREOFHEEKIIRATH o7, ZLEEIRR-
T, BAIEHEY) W biflora 3L UY%¥E E intestinalis 123175 DMSP A& BRKIZOWTHIEN 2 &
U, W biflora TiX, DMSP IXS-AFNAFF =0T IV RIE, BRBRGEZETERIN, E
intestinalis IZBWTIEAFA =0 NoBT 2/ R, AFNVEMNRIE, BLOBRRBRSERTE
MENDEREINTWVWS 88 L5, DMSP IAFA=vBIUREOFEENSERRIN
BILBELME o TEER, ZORBITAEMIC L > TR SRBEEN, 202 L H b, DMSP &
EETIEMIL, TORMOPBELEOMNE, LEFREREICL-TELRS DMSP A4 BB EFL,
FEENLDEWIZEIT D DMSP OABEIEIZOWTH R D IEMENTREINS, AHFETIE, B
K ER/RLLRBOEZEYOBEBEIILEDE R N BRIV CELRIICEKRIEL, £220M
fANIZKE® DMSP 2 EfE T D18ME# C cohnii % AV T DMSP A& RO 2R 477,

AETIL, £, C cohnii IZBWTH AFA=UNEWETERHE THA 0% in vivo hL—HP—F
BRICE - THRET L7z, RI BHBATA =% C cohnii KRV AEE, BEHCY 7Y 7 Lk
NOIESFLEHmF D RI E#ILEMERE L, A F24 =% DMSP OIWEIERME Thid, Rl 2
AT A= TSN DMSP (TRF X4, RI Zi DMSP BEEIND LB NS, £, AF
ZF=rDEDOES N DMSP £ARICFIBEINDONERLMNIT B2, ERHMORLRE AT 4=
% C cobnii [ICHRYIAERETENENDOERIALN DMSP IZBITT A0 ERET Lz, SBIZ, AF
F=rt DMSP DBEZIETHZLIZLD, DMSP XX FA = bBRBEIG, BT 2/ K,
BIUOAFNVEMMO=ZRISICE > TEREIND L TFREIND D, TENLORKERED L D RIEFT
BZB00EHMET L, RIEHEAF A= L BT, TTIRHREINTVS DMSP EABKREOS
ML ENTND S-AFNVAF A= (S-methylmethionine: SMM), 4- X FIVFF-2-F % VEEEL (4-
methylthio-2-oxobutylate: MTOB), BXUGERHZBRBREF OB EICFRMEE FREIND 3-AF/VFF
7'u EZ B (3-methylthiopropionate: MTP) % EEs 2% T RI B A F 3 = ORBIE
W% 5AT Lic, MATEREBOICEHBFRETHNITERA FA4 =28 DMSP K235 E ™ BT
DERPENBEIND LB NS,

MHELUVFZE
ERICAV-BBELTDIEE RERIZIL C cohni ATCCe32001 #%& AV iz, AEEIX, HAKED

ARG EICAERL, &V DMSP §RBZFOUERKRMECRBEETH D, AEL ESW 5t (K@
WAKIZ 2 % D-(+)-7Nva—ak 0.2 % HEERTX2 (Difco 48 Z¥M) T 25 C, WHTTHE
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BE L,

EGAHRER 4 DRISERE L7z C cohnil OEERIREWEE L= A5 X, TIZE 6ml LT,
[}3S] AFA =1 (iEM 40 TBg/mmol, ARC ##), [3,4-1*C] A FA = (tLiE#E 2.2 GBg/mmol,
ARC #5), [methyl-*C] A F#+ =1 (ttiE¥E 1.7 GBg/mmol, ARC ##), [1-*C] A FAF = (K&
#£ 2.0 GBg/mmo/ ARC HENE 444kBq 2 ENFNREML, BEEREETA U Fa—-F L7, O,
15, 30, 60, 120 HHIZEEE LY 1ml FOoTyXY PV T7Fa—TICHRL, EL5BE (1600x g, 5 min)
L EEREED % ESW T 2 BEHE LMRREOEBEM LR, 2RO ZIERIC
4 % BEFREE 0.5 m! ZMX TES FESZHHL, BLOH L CHIRES S V7 BEREOESFE
SEBRWE, EiEE 5NKOH THFIL, it Lzb ) v ABEERV-CHINIES FESSRE L L,

AFA = DMSP ~AOEBROPHEDKREN IRV AALEREFRICIELZ C cohnii FEF
Rz, [°S] AFA = (HiEM 40 TBg/mmol, ARC ##d) 444 kBq &:RiE#H DO SMM, MTOB B
LT MTP 22N € 1 mMm ML, HEREAXRHETS Fa—bL7k, 0, 15, 30, 60, 120 77
BICHEELY 1m/EIRL, EREFRIESIFESRBEZAML L,

“RTHERIOT LIS T74— AE L7 C cohnii MBANIESTESRENT, “RTEE 7 v~ b
777 4— (2D-TLC) TH# L7, BRFEIZIT DC-Fertigplatten Cellulose 200 x 200 mm (Merck
#HE) CEEHE RV, BB, o775 /- EB k= 4:1:1, BLBT=/—/L K
= 7:3 O 2@EMAVE, BHE, ®E#%, 2D-TLC FL— b LOMRESESHREZ T 47 u~) A ¥F—
JTC-501 (Aloka #:8)) THIE L7z, BHEIESNTZARY FOMNBIIA—8 LT 4 v 7 RERILAEHOME
EHBLUTILEMERE L, BMBEHEMEICH T2 LEMOBSHEROBIEZE L, A FF =0
RWEH ORFELERTT Lz,

g R

BEAFA=VORKBEY BVAALZERIIBONT, EOFELSREBOFERIC 15 9005, R
BT 2 £ TORFMIZ 16 D MATA ¥ aX—h#EE & Lz, C cohnii i, [PS] AFA4=
ERVIAEYE, R E#LEMmE BB 2D-TLC S LR % Fig 2-1A 1T F, A% a~<—}
BPR 156 4 235 DMSP & —HJ AMEBICARy BEbNh, BEL L LIC2ERILLEMITED S
DMSP DOEIEII#EML, 135 S TIHERS WKL FLEHDOK 90 % 25 DMSP & iodz, k7,
C. cohnii 1T [3,4-MC] AFA=v%RVAERT, RI EBLAMERENC 2D-TLC 04 LR %
Fig.2-1B X" §, £ ¥ 2~— N 1 RERBARIC2ERIES FILA®D 90 % 28 DMSP & /2o,
WIZ, [methyl-**C] AFF =% C cohnii IZHRYAEHE RI E#{LAMEREFAIC 2D-TLC 447 L
7FER%Z Fig. 2-1C 17T, B8] AFA=0BLW [3,4-14C] AFF =" L0 HESOHICAZRILEY
5% DMSP QOEIEGIIEM L, —F, [1-4C] A FA =% RV iAEYE, RI E#{b4%H% 2D-TLC
I LIEE A, 2 FFRZICEH DMSP IS4 AMBICIIREINT, FLAERATFA=BLY
AFFA = 2ANT +F YA R Choe (Fig 2-1D) ,

FRALEFEINZIEEMICEBFRIE C cobnii 12 [38) AFA = %FEML 2 ERREERIC
BT SMM, MTOB, BLU MTP ZBRICMA TENLDILEMRAFH="0H DMSP O4H



BEEREOERCEMEGRICET HHE

RICE % D HBE R LIRS Fig 22 IRT. SMM TH, 76 H%ICIERHSh 2ERLAY O
75 % # DMSP Th ) FRHBITE SNT, ERMOBE LY AF4=1 125 DMSP ~OBITHE
EESNAEARR BN Fig. 2-2A), MTOB TiX, #E#HEMOEIE ORBFELIIETRMOEE &
EIFRICEHER L, FRDBIIR OGN -7 [Fig. 2-2B); MTP A ZHEITIL, 135 F&ITH
RSN AERILAMD 90 % UEEAFF=VBEIBAFA=VANT %94 KTChHY, DMSP 1%
| BE SRR Fig 220
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Fig. 2-2. Ratio of detected compounds in PCA soluble fraction of C.cohnii incubated with [*S] methionine

and SMM (A), [*°S] methionine and MTOB (B), and [*S] methionine and MTP (C).
(O, methionine and methionine sulfoxide; @, DMSP; O, others.
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Fig. 2-2. Ratio of detected compounds in PCA soluble fraction of C.cohnii incubated with [*S] methionine
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(O methionine and methionine sulfoxide; @ DMSP;  others.

% =K

BHATFA =V OBV AHBERT, ATFTF=2V0RXAFNVE, M, BLWV 3, 4 fOKRKIX 156 4L
P&V D ERERIT DMSP iIZRREENB 2 Eh b, C cohnii ICBWTAFF=23 DMSP DV FTER
METHDIENRALNE 20Tz, T2, WIVEFINVEDRKRFEIL DMSP BT LRV ek, R
FA =50 DMSP AABBRRICIIBKBRIGAE N5 L FHEIN, DMSP OX/VRF ILED
RERFIIATA =00 2 NOREFERFERTHD ZLWNRBENZ, AFA = OMEB LK 8,4 fif
DRFLY b AFNVEORBBERCHIZ DMSP KBITLEZ LD, AFF=v0—8IX S-T7F /v
WAFF=Y, S AFNAFA=UREDAFNERERE 2D, DMSP A/RICBVTHNE S A
FNEOHBIRE LTHIR SN TV BTSN S 2,

C. cohnii (X, YV RAAL A FA =2 2ELHNZ DMSP oR# L, EHFES DOKESIE DMSP &
2%, ZDZEXY, C cohnil IRV ANERBILEHD 5> HRES% DMSP OFICLTEATE
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D, DMSP ZMEDITEMAE L U TWARREMEN R I, LiL, 4E, BaFESIC OV TIEIREL
TELHT, RVRAENEAFE=0DS, U EERRECFHIBINEESFES & DMSP 72
CIRBENZESFESOLITA LN TR, £, HRADAFF=0 T —NRE0EEHRB X
ORHMOBEE LI OWTIIRIT LTV RN L5 DMSP ZMBEOIEMAE & LTS IS0 T
ELIRHBLETHDEEALLND,

AFF =1t DMSP D&% 35 L, (1) DMSP (XA F4 =12 CHy- B—2f LT3, (2)
DMSP DRFEERHIIA T A=V DRFEH LV KREFER @D, B) AFF=VITHHFEETLET
J S DMSP ZiX R, &) ZeRbh»b (Fig. 2-3), LER-T, R EBAFA =V 0ORY AL
EROBREDPETELD L, AFF=250 DMSP £ARREKIX, *F/VEMM, BLREE, B
fEBIBT X 7 WO ERIEND 2D L FREND, £IT, TNOLDORIGDIRFEZRLMITT DI,
B AFA=r o bicFRke FRENS/LEY (SMM, MTOB, MTP) ZlRYV2EE, ThbHOY
BIZ L 2FROREHE L1

Methylation Decarboxylation

Methionine \

Deamination
* Oxidation
(CH3)2S*CH2CH2COO0H

DMSP

Fig. 2-3. Comparison of the structures of methionine and DMSP.

SATEREY) W biffora TIX, AFF =L DAFNMLEHTHS SMM H5H DMSP REAKENS Z
EBREINTVWES (Fig. 2-4B) %, U, L, C cohnii TIX SMM IIHFRHRETRET, XF/VLix
E—BRETIIRWE FRINZ, £, SMM HEINCL Y DMSP AR OEEME RAHERARRE LN
7 Z &b, SMM IXFRAETIEZ2V S DMSP £ &8 BRE O A FIVEMEETH B RN R I,
AFF =D '
KB EOWBLT I EHTHY, DMSP L#ERLETHE CH 28 1 ARELTWVS MTP (CidF
FTOIRPIBOONT, ZDZEXY, AFMERZORBORKKIGE TSR B bV, Ziud, C
cohnii 121X W, biflora L132< £72%5 DMSP £ BRBRBGFET DL ZRR LT3,

¥k¥E E. intestinalis TIIA T A=V DOBLT I/ EHTHSD MTOB 2R TAFF=UDESKIND
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REEEROEHLEMERKITE T HHE

EREINTWS (Fig. 2-4 C) ¥ 2, C. cohnii TiX MTOB L AHFRIFRITIRONT, MT I/ K
Job DMSP £EBBRBOE BB TIRNWEBL b, DI LMb, C cohnii X E. intestinalis
EHRD DMSP £8FREKEREEZx bk,

ULORREZRETH L, IBMEE C cohnil IZBWT AF2F=21% DMSP OEVWEEEME THY,
x%%:‘/ﬁﬂ’o DMSP BEKINBREBIL, A TFA=URETBREBIN, FWOTHRT I /1k, KB
fbEndz L&V Aamand MTP 28T, BBIZAFNVENIMEINS Z Lizk Y DMSP B4
ENBLOThHBEEX BN (Fig 2-4A),

EMFEIZ L T R725 DMSP £8MERKE K-> LiZ, DMSP OMEA TOAEREE, FEikE
WKEVRHD L BTRT S, AFF=r0b DMSP 248K T2 WVWORRIIALTH-oTH, £
ORBICE 5T IBRBENRRELRLOTHIUL, TORKBEZES L ZBECHEEBEBIIRRATREERD
%, BIEE TICHA SN DMSP £ &R KITHEMBED Th 2IRMEE, SHRED TH HHE,
BIHEMOLDTH Y, TNENSBORKREFFOZ ENMRBIN S, BEEHEY W biflora Til,
CORBIIEREICFEET D EREINTEY ), C cohniil IFEREEF LN ENLLERLE
BENRRRDZEPBEIND, ThbOEE, #%TIL DMSP IEZEEREICED> TV HD T
BONEZBZ LTSN, MIRSNOERELCICEERINIEMROBERL, —HOBELTIE
BRECRESNABEEY T, AFREOE P ORBELLORA, WEICHTIHEIRLRDT
BMERDHY, ILICHENEDZ RSN,
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B8 Crypthecodinium cohnii R IZ BT 2 BEREROKRE

#

i

MR T IR DOESRBBEMBAT A DI, TOEYMRERRE M+ BRHELFOZ
L EBBINCT B D ERFEKTh S, MY W biflora Tt DMSP £ &REROE R & Rk
Rt TN ETNRET 5 EEX LNBBE (S-TTF /) IUNWAFF = —AFF =0 AFVEGEBER,
PAFIWNANT 3 =F T X TIVT & FBKREER), &% E intestinalis TiIZH O 3 KIG %k
2L EZLNBEE (AFF=LAF T —F, & XAFLFF 23F VEIBLY 7 F—F, 4-AF
NFF 2-& RO X T EREERA FOVEERNEER) OFERRE INTVS 8488, FifioR LY, REE
B C cohnil [ZBWTAFA=0vb DMSP 245K T 2B%IE, (). AFA = OBRBRIG

A B
CH3SCH2CH2CH(NH2)COOH  CHsSCH2CH2CH2NH:2
Methionine MTPA
PLP )ammo acid
PMP 0oXo acnd
CO:
CH3SCH2CH2CHO
‘CH3SCH2CH2CH2NH:? MTP-ald
MTPA NADP* + H20
NADPH
C CH3SCH2CH2COOH
‘CH3SCH2CH2COOH MTP
MTP Fig. 2-5. Possible reactions of the formation of
ado-Met dimethylsulfoniopropionate (DMSP) from methionine.
(A) Conversion of methionine to 3-
ado-Hcy methylthiopropanamine (MTPA).

(B) Conversion of MTPA into 3-
( CH 3) 2S*CH2CH2COOH methylthiopropionate (MTP). 3-
DMSP methylthiopropionaldehyde (MTP-ald) is a possible
intermediate.
(C) Conversion of MTP into DMSP.
ado-Met, S-adenosylmethionine;
ado-Hcy, S-adenosylhomocysteine.
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(Fig. 2-6A), 2. () ORGEHE FTRIND 3-AF N FF T w7 I (3-methylthio-
propanamine: MTPA) OERLAIBLT T / KIS (Fig. 2-5B), (B). (2) DFREREL D 3-AFNFA T
B MTP) @A F)VEMNKEG Fig. 2-5C), DS b2bEEX bz, TIT, (1) &
B AFA = UBURBEER, (2) T2 MTPA 73/ EEBEER, O) LT3 MIP A5V &
RO ZBERIEMD C cohnii MBERKRPICHFET INERIT L, MEDIZBWNTL, Z0LD
REGHBEOBEIT R, £, XA TFF=UBUKBEEBERLSNOBRIL, TOFENRBREE CICHES
NTOVRVWEERTH D,

MHELUEE

FARFRBEORE ESW B THER U BUBTER IO C cohnii ATCCe32001 Z i L47HE (1600x g,
5min) (L VEEL, 10 FEOEEFKRA (0005 M VUVB—HII AV UVBTZ IV DL, pHT2) IZ
BB L 7, TR & S AR UR-200P (Tomy #:8) ZAWT 5 kL, =008 (25,000 g,
30 min) L THERRARIEZ RV, LHIEIC 80 % fFAIC/2d & D ICHiEET VE= U L&A 1 FEREA
L7et%, & DB (25,000 x g, 30 min) LT LHBLMBEERRE, PEOEER A THEHL 100 &
ORBEIR A WX LT 2 EENZITok, TNERLSBE (25,000 x g, 30 min) L T % 5 & MEEHR
L Lz, ZNHLDBIERIETKESHBWNE 4 °C TITo7,

AFA-ZUBHREBRIEDKRE AFF=UBURBMEERTEMEIX, Mazelis *® ¥ XU Dixon and
Benevenga ® OFEEZHRB L, [1MCIAFA =2 HEE L LTAVWT, RIGEKRE SRS “CO, ¥
ELTEORKIERZRIETZ2ZLICEVBRE L, ¢ 18 mm RBREICRGKE U CHEERIK 700 o
I(1 mgprotein), 1mM Y R¥H%—)LU B (pyridoxal 5'-phosphate: PLP) 100 n/ # AL 30 C @
KB FCRIEHE, 200mM AFF =2 100 u]}%:]:()t [1.MC) AFF =2 100 n1(837kBq, HiEME 2.0
GBg/mmol, ARC #8) ZMA TRIGERIML, BN T F VIR TRREOOZAL, BN
WRELR2ROA L FaX—FL7%, 30 0%, 50 % b U 7 o ofEi@ (trichloroacetic acid: TCA) 100 u
1 ZRUSRIMARGEEEL, BRPO CO, it &8, KHEhE CO, 1X, RBREE AT v
JEHIEREV NI FIATAVFD NGy TR QT I/ TF )=V 2R hXvTF ) —L: T
TV 1= 1:15:175) ZHREET, BHEFL— v #Z— LSC-3050 (Aloka &)
TE DOBSEEZRE L 72,

MTPA 7 2/ BEBRIEDRER ATFF = ORRBRKIGEYN THD MTPA OBLT I /7 EXGIL,
T EEBEBEL T NVT E NBKRERLE ORERIGE LTHREBERA L, =y XUV T7Fa—T
(BRI (1 mg protein), 10 mM MTPA, 1 mM PLP, 1mM 2-7% Y 7 /L %)L&, 1 mM NADP*, 1 mM
CFFAVA M—=NE 2B 1 ml LB EOIZRBELTALN, 30°C T 60 HAFa—hLiz
50 % TCA 100 ul TRIEZEELL Lz, LSBT LV thiBEHRE, EETORGED % BERES o
2 NI ST 4RSI LT, BT MTIX#HEMS T A IRICA QC Pack C18 AV, BEEEAEEE LT
A @EH30 :7Er=FIV= 9:1ZHAVWTHE 0.8 m//min TEEAL, KK 210 nm ORLEL
RESTBZZLiZL>TEEHE ST LT,

MTP A FLEMMREOBRE MTPA 07 3 ) KEf, KBLEBEREOENTHS MTP IKAF



i

VE BRI BRI, AFLVEMEEE LT STF/INATFA=VERVTRITLG ISR E L
CHEEFET (1 mg protein), [methyl-“C] S-7F / vV AFA =2 (37 kBq, HIEHE 2.1 GBg/mmol,
ARC #8), 20mMMTP #EALTLE% Im/ & LTy~ KL 7Fa—T AR, 30 °CT 1 K
RS L Fa~—h L7, 50 % TCA 100u I ZMX TRIGEFILEL, EODBELZ EYE%E 5 N KOH T
mFnlL, SE—EICRLEEMET 2D-TLC #1T- 7%, TLC 7L — ~ EoBETEMER, BAS-2000 /3 A A
A APV ITFIAP— (Fuji Film #HE)E AV TRE Lk, |

m R

AFAZUBREBER C cohnii MEERIRTD A FF4 = BIRBBERTEM LR LK RE Table
9.1 1273, BMEFE LT PLP #MMX72RT [114C] AFF=vrb0 “CO, DHRHFHERIN, C
cohnii A FF = U LRIEBER 2 FF O Z L MR R T,

Table 2-1. Detection of L-methionine decarboxylase activity in
the crude extract of C.cohnii

System Released “CO, (dpm)
Complete 2333
Without PLP 1299
Without crude extract 34

Release of "“CO, from [1-“C] methionine was determined.

Table 2-2. Factors required for the conversion of MTPA to MTP

Ingredient System

MTPA
PLP

NADP*
2-Oxoglutalate
DTT

Crude extract

+ o+ 4+ o+ o+ o+
+ + 4+ + o+
+ + + + + o+

+ + + +

Detection of MTP + - — - —

The systems were incubated for one hour and the production of MTP was analyzed by HPLC.
* Heat treated.
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MTPA 7 =/ B&BRIG C cohnii HEERRE, RETHD MTPA, 7 I/ EEBEBROMERT
»5% PLP, 7T/VF b FRKEBEZEORBEE THD NADP' && b 60 41 Fa—hLEDD,
HPLC 4Ll =5, 0 A THRAEBN R E—7BA BN, InBA—krT 4 v 772 MTP ©
E—s L—%L% Fig 26 £, TOE—JRKISROEDEFERNTHREENT, &k, H
BRBEBLE L EOBRESETHRIHENRN 57 (Table 2-2),

A B C
Omin— ; OminT 0min-1
Cs———_ g
| =
E 4min — 4min— 4min -
=
]
3
: .
£ 8min— 8min— -« 8min—
m .
12min — 12min . 12min -~

Fig. 2-6. HPLC chromatograms of the transamination products from 3-methylthiopropanamine by the
crude extract of C. cohnii.

.(A) Chromatogram of the reaction mixture incubated for 0 min. (B) Chromatogram of the reaction
mixture incubated for one hour. (C) Authentic 3-methylthiopropionate.

A B

— . — wh

¥ & ¥ i

i ’ ¢ I 4
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4 =] b

g K 3
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< 1 8 1

';:?, = ’3 -

= =

phenol: water=7: 3 phend]: water=7:3

Fig. 2-7. BAS-2000 images of “C labeled compounds developed by 2D-TLC.
(A) Chromatogram of the transmethylation product. Reaction mixture (see text) was incubated
for one hour and then developed with two solvent system. (B) Chromatogram of control

(without enzyme). Reaction mixture without enzyme was incubated for one hour and then developed.
1, S-adenosylmethionine; 2, DMSP. Other spots are unidentified,



k0

MTP A FIEMMRE HEE LT MTP, AFAEHEARE LT [methyl-“C] S-7F/ VWA F
A= ERAWTARENS “C Ei# DMSP O ERALERE Fig. 27 177, ABEREEZMA
7% Tix 2D-TLC EORMSHEMSATIC DMSP ([ZHY T 5 2Ry MR S22, HEEERKE M 72
Mo R THBRHEN2 o, Eie, HEREENELEL7Z5EE S DMSP KRS T 52Ky MM

RSN, TORGIBRILLZbDTHDEEX DN,

5 K

C. cohnii TI¥, AFF=rH5 DMSP HEERHT HREDOE KL, FH#HOBERLY X FA=
VORRBRIGTH DI LN RBRENTWS, £ZT, C cohnil HERRPICATF A= ORLEK
BETEMEDNTEET DN ERFLERBER, AFF=unbD CO, OMHPBEIN, TIIBERIETH
BLEZ BN, AFA = ORBRBERGIL, horseradish peroxidase & & 5 EMLAIBLREES IS *, PLP
BERICE DPURBEE 1% @ 2 DR BN TWB, C cohnii TIX, 7 X/ BELIREEEER ORRAR
HBERTHD PLP OFIMNC LY FLWEMED EAAR R 51, horseradish peroxidase 2 & 2 BE{LATAL
REEIICLZED Mn? 2L THRRBIEESRbNZZ & XV PLP KEFEMA F4 = K
MEREFOEE XL DN,

AFF = UIREEEER I L A RUSEDIE MTPA THEHEWIHIRENRHD 9, £k, in vivo hL—
PF—KROFERLY MTP BHEETH S L FHREINSD, DMSP £SO FH &L MTPA %k
TI/FDILICEY MTP AL BRIETHD L ERX b, €I T, fMiMEL LT NAD" 8LV
NADP*, 7I /EZAEKL LTENVEVEE, 23X Y ININEREERAWTHT I/ BREEZRER
L7enNEEIIR biedode, 2T, PLP 2fBER L 3757 IV EERBRISE, TNIZE>TAL S 8-
AFNFZTaEFTNT e R NADP® 2R L LT MTP WEBT DT NVT & RBKRBERD
HEXE (Fig. 2-5B) ZREBLTRIGHKEZRAB LI A, DELRRDL MTP OEREZBET A LN
T&k, TV RBKEERL, EEBEREMEOREVLD LBV OREET IR, ZOERTELEL
RLUTEEERD, ZOEERRBRICBWTHEEMNICE EEAREEOEV LD THEDONE 5 NZoNT
BIEDE ZAXRBTH B,

MTP ORFHRFICAFIVERMGMEINSE DMSP &742%, ZORGERETHZDICEEL LT
MTP, A FNVEREEE LT S-TF /N AF A= 2 AVTHABRRT RIS SEZE 25, 2D-TLC
I DMSP & —¥3252Fy bRBEEINE, 202 L XY, C cohni HEERETIZIX MTP X
NEGBERREETS Z L BNRB &Nk, 2D-TLC kicid, #£E, DMSP SUAHC b RERHEy M8
WS ORI S, MHEERIRIX, BT 21T - TR FLEHIIRW 28, REMREREE-TRY,
ENBATF AL INZRREMENR B B,

LEXY, C cohniili, HF—ETFHEINZ DMSP £ 4R KICEETIBREEEZLE TR L
BB R ENT, C cohnii 1815 DMSP £5MARKIY, Fig. 2-8 K RTRETHDHLELDOND,
AU, OIS SNTWASETEREY W biflora , $k% FE. intestinalis L 1IR/2 AR THY, DMSP
ERBICIID B E L ZHORENRTFET D ERHLMNE 2o, MAEHICIBNTIN D OBERTEMSE
RFETDIDERFNTHLICEY, EHERICEIT S DMSP A£&BRE O Z OBEGERICE
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L CTERRVCHRRABELND b O LIF SN D,

CH3SCH2CH2CH(NH2)COOH

L-methionine

Decarboxylase
CO:

CH3SCH2CH2CH2NH:

3-methylthiopropanamine
P_ amino acid

PL Y
FPMPXOXO acid

CHsSCH2CH2CHO
3-methylthiopropionaldehyde

NADP*+ H
Dehydrogenase K +H0

NADPH

CH3SCH2CH2COOH
3-methylthiopropionate
Ado-Met

' Methyltransf
KAdo-Hcy

(CHs)2S'CH2CH2COOH
DMSP

Fig. 2-8. Synthetic pathway from L-methionine to DMSP in C. cohnii.

I

YEREIRMEEME C cohnii \=HV) B DMSP A£ARER %, in vivo FL—¥—ERICL > TRE Lk
B, AFF =V EORIBRHE TH Y, AFF =0 DAL ORBUNDIRERFE L OFEFR T DMSP
BRIZFASND ZLZHLNT L, ZOFEREAFA =& DMSP OEEDLENDL, XA FF=
v b DMSP & &Y DR, BURBEIS, BT I/ KIG, A TVENIBUEO ZRIGH 5785 2
ERTRRENT, T T, in vivo hL—V—FRILBIT S, FHEKE TFRENDILEHOFTRYDRE



ikno

BEfLizk 25, hEHO DMSP £EBEREOFHEIIFRORE RET, HFRESHRRROTFE
WL R SNz, TIUL, AFF=VORRBRIGIZED 3-AFNFFATa X T IVEEL, i
TT I EEBRIGICE>TELD 3 AFNTFE T U BERTAFNVEMMKGEREKIGE L
T DMSP BERINDEWVIRKTH D, ZORBOFELZHLNIT 7w, C. cohnii HEERET
CINDOBRENOFEEERELEE 2AH, ATFF =V BUREBREER, 3-ATFNTFATa v TIVT
I EEBEER, 3 ATNTATu A UBAFNVEEBEERIEMEN TS THFEL, C cohnil 132 OR%
BIZ L o T DMSP 26T 5 Z &L B3R R I N7,
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=% C cohnii A FA=BREBEROBRE T OMEER

B A F A= U BRREEEER O

&

i

C. cohnii DEKRNIZEIT B DMSP OABMELIFR TS 2 2T, BERE, BRE, XFHELRELEDL
) RBEREEFHEOEITL >T DMSP OAKE, NHENEETIONEHALNITLILBLETD
bo EEEMOEALICHED DMSP OHFEEOELERITTHZLICELY HIBEEIRBOEEEE
LTRSS R HERIT2 Z L BAFRETH 52, £EEMBRKICEE T IRHORT, REATIRELHF
ATAZEICEoT, SOICHEMCTHEBELALMCTHZ LN TE S, DMSP DA ERICEE Y 5
BERIZOVWWTIL, BATENE®) W biflora BV, £ABRBOFE—BEEMEST S S.T77 /Y AF
Fov - AFF = AFNVEEBERESERIN TS 94), LU ZOBERIX, DMSP Z4A£ELR
WHEBIZB W TH EEMICFET AR THY DMSP A8 AR DEER THOINIEMTH S,
HECHERLY, C cohnii iZBWT DMSP XA FA =V ZRiRE L L TEAK I, TOEARRE
BOE—BEBIIAFA=VOBRBRIETH D ENBIFRENE, EIEE_HOKRLY, C
cohnii % ) CEERRRENR T CRERE U CRRRL L 2 MR I I PLP 2Bk & 3725 X F4 = VilIRER
BEOHFERBD LN, TZ T, KETIE, C cohnii LY AFA+ = BlREEERDOESFRERAL
Too RELUEBREZAWS Z L TRIGE in vitro THRL, ISEHEZH LM U TRWTE Z 3 K
DEEEBETDIILNRTED, Ik, BRLLBRZAVT—REELMNT T2 L2k Y DMSP £
ERREORER L ZR ONIAMBRIGT ORI EIT ) ER L RIBFREBOND L BPHFEND,

HHRELUVAHE

RRICAV-BESLUTOHE KR, FEELRAUL C cohnii ATCCe32001 #k% AV 7z,
ESW #i1, 25°CREGIE T CRINER L2 ARG OIS 2/ BIfY 7 5 2 20> ESW Mt HE L,
FAEHETT 4 BREE LML ERE L TUTOERICA VW, UTIORTHRFIEY, $T4CT
fTo7,
 HERBOFAS ESW s CHE U XTEUERE%EI O C cohnii %% 0B (1600 x g, 5 min) (2 &
VEEL, 20 FEOHTE R ( —18C ) EMAFEYFA XL, 77 FT—RICT A NF—2—
s3— No.2 (Millipore #HE)Z2EE L HRET =X — FE2FEOLERIIRB LT & 2RV, 740%
— DT NOARBEESE VT TN —TIVTHEE L TREZRL, T RUF—%2FRLE, 7
ERRNTF—% 20 FEOEER A \TEFRERH UR-200P (Tomy #8) % FAWCTHRE L —WiE
Lz, TNEELVEE (25000 x g 30 min) L, EiEIC 80 % £AFNIC/RB K 5 ICHEET VE= W A
EMzic, 1 RRFEEBELZOLELSBE (25,000 x g 30 min) L TEFELZERE, DEOEER A IXH
BB L 100 FEOBER A TR LT 2 BENZI1To7m, I &ELOEE (25,000 x g 30 min) L TIL
BERE, HEBRKREL, 1770 NI 7 40— L BBEORE L L Fig. 3-1)
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C. cohnii cells

— Treated with acetone

Su;;. Plpt.

—— Suspended in buffer A
f— Centrifuged

Su!:. P|!t.

—80% (NH,),S0,
— Centrifuged

Sup. Ppk.

— Resuspended in buffer A
—— Dialyzed

Crude extract
(_ Column ch]romatography \

DEAE-cellulose

\

Resource Q

Y

Mono Q HR5/5

\

Superdex 200HR )

\

Fig. 3-1. Purification procedure of L-methionine decarboxylase from C. cohnii.

DEAE-cellulose &4/ 4 X#@hS LY AT 55T 4— DEAE-cellulose DE-52 (Whatman %)
% XK 26 5% & (Pharmacia #8)) (275 (25 x 200 mm) L, BEE A TEELLE, ZOXT 4
ICHIBERIR Z i 1.5 m/ /min THEML, BEK A THRELE, Z20%, I I7LIREINEZF N
7 %% 0~0,6 M NaCl EMME AR (400 m/) L& VM ST, WHEE 757 araly §—
Retriever II (Isco #%) ZAWT 10 m/ & 1 B4 L LTHELE, F 237 HBIT UV £=4—
UA-5 (Isco #8) TR 280 nm TORMNEBEL TRk Lz, FEHOESEZHEL, EEESEZE
DT 80 % HBRT VE=U LAGEICL Y ZU 7 2R L, BER A TR LTENRLTROL T A
ruw NI 7 4—DREE LT,

Resource-Q B4 A VXA SLH OIS 5T 44— FPLC A7 A (Pharmacia #:8) (7,
Resource-Q (Pharmacia #8Y) &A1 4l o L& EE L, BEK A TEELLZ, REZHEE 2.0
m//min TEHEML, BERCHE L LEBRFINZY 737 E% 0~0.5M NaCl ERRESDE (20 m/)
WCEVBEH U BFHEIY 1m/ %2 1 By e LTHOBEL, SESOEERZHEL, EEESZEHT 80%
BRERT Y E=U LDENC LY F U3 R REL, REH B Q05M VM-I UA- VB H)
7., 02MNaCl, pH7.2) KXHLTHEFLTKOITLZu< ST 7 4 —OREE LT,

Mono-Q A A oX@AS LY AT S F5T 14— FPLC 27 A (Pharmacia #8) 1Z, Mono-Q



BEEEREDOEHULEMESRITET SRR

HR5/5 (Pharmacia #t%) f&A A Xl 7 L% EE L, BER B TEEL Lz, REEZFE 0.5 m/
/min TEHRIML, BEK B THEF LZBEFENZZ V% E% 0.2~0.4 M NaCl EREEAE (20
m/) ICEVEH UL, BHKIZ Llm/ % 1 Bl LTHBEIL, SFESOEMEZRE Lz, EEESZ
EOTIERER C 02M VB—FY UL VBT AV v A, pH 7.2) XL THENL, BEREER
LEREE AL RS 7Y — - MC (Millipore #8) ZAWT 200 p/ IZEHEL, ROITLI7u< T
I 74 —OREE L, |

Superdex 200HR #/ILEBHS LY RATI T 5T 14— FPLC AT AT Superdex 200HR # /L&
Wh T LEEEL, BER C TEELLZ, AEZFEE 0.5 m//min THRML, HHE 0.5 m//min O
BER C T/NVBBEZITY, 1ml %2 1 Bl LTHE LEZ, SESOEEZREL, EEXRDDL
NEBESORMEZERIKNICE VR L, £k, BE X% F (blue dextran, 2,000,000;
thyroglobulin, 669,000; ferritin, 440,000; catalase, 232,000; aldolase, 158,000; bovine serum albumin
(BSA), 67,0000 ZFNVIEBL, AN T AL B0 FRUEOCEEMBLERL, EEESOBEHAEREL
VEABROOGFEEFHRE LI,

RUYFHOULT S FFLBLRKRE (polyacrylamide gel electrophoresis: PAGE)‘ BRKENL,
Laemmli *® OHEIZESWTITo %,

FERE OREICILTEME OB FTEE/: 7.5 % native—PAGE # AV iz, B2 B#E L T 3ot 7
L = VCERL, 20 mA EEHTKE L, FVOBERREZIMZ 570, KL 5 C TiT- 7%,
FNO—3it 2 mm BRETHV L TRER A KBEL, YVFHOZ U R RBEHISEZOLZN
FROESOE®RZEIELEZ, bHY—FOF NV EDZ /7 BixiYsE (Silver Stain Plus, Bio-Rad
Labs) IZ& Vi L7,

¥z, HFERE, VTa=y MEEORIZIX 7.5% SDS—PAGE %AWV, k% SDS 3RkHK
ICBERMELZDD 95C 3 SOBLEEIT, FU RV EEEEES®E, ik 7.5% SDS—PAGE
ZHEL, 40 mA BERCTIKE L, ¥V EDHZ 73783 Coomassie Brilliant Blue R-250 ¥z &
VIR L7z, 2% Z /%27 & (myosin, 212,000; «-macroglobulin, 170,000; B -galactosidase, 116,000;
transferrin, 76,000; glutamic acid dehydrogenase, 53,000) DOFBENEH b4 FEHEIE OZMEMRE VER
L, BRY I BEOBBEN O FREZHE L,

BUNVEDER FL7EOERN, Bradford % OFEICESE, TuFA T vEAXy b
(Bio-Rad Labs) ZAVTEE 595 nm TOBRKEZAET I LICLViTor, EHELLIEL L
T BSA 2 AV TR LA RESRE L LICREO S L REREH L,

EMRE EME, BIEICRULEFETRE L, SR, EXCARLTEES 700nl 1L
F BB, 1mMPLP 100 u/, 200mM AFAF=1 100 ul [1-4C] AFF=1 100 u1(37kBq,
HiEM 2.0 GBg/mmol, ARC ##)T2&% 1m/ & L7,

- DEAE-cellulose 77 A7 v b 77 4 =D/ 7 =% Fig. 3-2 1T7FF, NaCl RE 0.4M {F
WICABERTEMDI R L, HEERE) D OFEREIL 1.67 Thol, ZORBRMEENEZ 80 % MBEET L E
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Fig. 3-2. DEAE-cellulose column chromatogram of L-methionine deacrboxylase from C.cohnii.
The crude extract was applied to a DEAE- cellulose column equilibrated with buffer A. The
retained proteins were eluted with a linear gradient of 0-0.6 M NaCl in buffer A.
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Fig. 3-3. Resource-Q column chromatogram of L-methionine decarboxylase from C.cohnii.
The active fractions from DEAE- cellulose column were applied to a Resource-Q column
equilibrated with buffer A. The retained proteins were eluted with a linear gradient of 0-0.5 m
NaCl in buffer A.
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Fig. 3-4. Mono-Q column chromatogram of L-methionine deacrboxylase from C. cohnii.
The active fractions from Resource-Q column dialyzed against buffer A containing 0.2 M NaCl

(buffer B) were applied to a Mono-Q column equilibrated with buffer B. The retained proteins
were eluted with a linear gradient of 0.2-0.4 M NaCl in buffer A.
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Fig. 3-5. Superdex 200HR column chromatogram of L-methionine deacrboxylase from C. cohnii.
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The active fractions from Mono-Q column were concentrated and applied to a Superdex 200HR

column equilibrated with buffer C.
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Fig. 3-6. (A) Native polyacrylamide gel electrogram of L-methionine decarboxylase from C. cohnii.
The enzyme was subjected to 7.5 % native-PAGE and stained with Silver Stain Plus (Bio-Rad).
(B) Gel sliced assay of L-methionine decarboxylase from C. cohnii.
After purified enzyme was subjected to 7.5% native PAGE, the gel was sliced every 2 mm and
the activities were measured.
(C)-SDS polyacrylamide gel electrogram of L-methionine decarboxylase from C. cohnii.
The enzyme was denatured and subjected to 7.5% SDS-PAGE and stained with Coomassie
Brilliant Blue R-250.
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Fig. 3-7. Molecular weight determination of L-methionine decarboxylase.
(A) Determined by Superdex 200HR gel filtration. 1, thyrogloburin (Mr; 669,000); 2, ferritin (Mr;
440,000); 3, catalase (Mr; 232,000); 4, MetDC; 5, aldolase (Mr; 158,000); 6, BSA (Mr; 67,000).
(B) Determined by SDS-PAGE. 1, myosin (Mr; 212,000); 2, « -macroglobrin (Mr; 170,000); 3, 3 -
galactosidase (Mr; 116,000) ; 4, MetDC; 5, transferin (Mr; 76,000); 6, glutamic acid dehydrogenase
(Mr; 53,000).



RFEEO S AW ESRICET DR

= AT X o THERFE L, Resource-Q 7T LML o CHHE LEH ¥ — % Fig. 3-3 1777 ,NaCl
B 0.4M MEICABEREENEH L, AERK»DORUEL 285 Thotk, EEELSE 80 % i
BT B AREICE - TEME L, Mono-Q 77 ALK THELEZEH ¥ —% Fig. 3-4 K
%, NaCl BE 0.3 M [HEICABEREESEL L, HEBRR» O OHREL 208 Thol, TEIEES
%ML, Superdex 200HR 4 7 A& o THE L7, ABEREMT Kav= 0.3 i@ HL, &%
PBEDAL v~ L BIRAMBIEEY -7 BR b (Fig. 3-5), Superdex 200HR U 7 A%, #
BERIRD b DRERIEIIN 215 THYINEIT 0.1 % Thotr, ZOEMELOMEE 7.5% native-
PAGE IC ko> THERR L7 25, SBRILAICEL - TH—DNY RAERINEFig. 3-6 4), £k, BEXK
BLAS V% 2 mm BECTEBTL, BER A KBELTY L E2BEHIETEOEMEZREL
L5, BRATERRINLNAY FOMEL —KT MO ABREERR LN Fig. 3-6 B), i
bDZEED, ABROBEMPET Lz LU Lz, RRWLBUFIEL Table 3-1 277,
AEERIL, FVIEBI TS A7 uw b7 7 4 —DERPLTFRINSHTEIL 204,000 THY,

SDS-PAGE DR HFEEN 54 F&iX 100,000 TH -7z Fig. 3-7)

Table 3-1. Summary of purification of L-methionine decarboxylase from C. cohnii

Step Total protein Total activity Specific activity Yield Purification factor
(mg) (unit") (unitmg’l) (%) (fold)
Crude extract 650 13.5 0.021 100 -
DEAE-cellulose ~ 50.2 1.73 0.035 12.9 1.67
Resource-Q 2.34 0.138 0.059 1.03 2.85
Mono-Q 0.140 0.060 0.431 0.45 20.8
Superdex: ZCOHR 0.005 0.0223 4.45 0.17 215

One unit of activity is defined as the amount of enzyme required to release 1  mol of CO, per min under the
reaction conditions described in the text.

t B

C. cohnii W IHIFENICIHN ZE L &0, BEL BREERE AV EEMRE, HD5WVIIEERIC
BBLT7 Vo F 7 LVRAERIIBETRAEIC X - CHRZER LB E, BRRICHTBEAL TR
ZERRFETH oM. TTT, C cohnii MERREZART D, BELZ7 & FALEL THES ZERV
T oY X — AR L O LBERICRE L T2 FEE AV, BEETE T E—
W LTHRELEEA, ATFA4= U BRBEERIEEIIARIT TRV ARETh o7,



= dn]

Mono-Q # T L7 =757 4 —HERNRT IV FERAVTHEEREE HITBOICAVE,
LEIBVED T LD 5, Superdex200-HR VT A2 AW L ENEBIITREIR b - & bRFERENHH
0, BRI LTHELEX b, BT A, SEAVZEDOOMIZ, N FaXinT /%1 b
(Pentax #&) BA AW T b7 nv bF 57 4—, Sephacryl-200HR /W7 v~ b7 77 ¢
'—, Phenyl-SepharoseCL4B BKMMAEL T Lo vw< hF T 74—, £ LT Phenyl-Superlose (FPLC)

BT A7 u< NI 7 4—BRHM Lz, N FaXxI VT REL MIT LXRA T MBH T A
. TH 5 DEAE-cellulose 15 ALIZRRE Z LI ENMERBOL B LR, BMNEBERLEDIE
ENEETOE U RIENRAN—BESIZEH L DA TR v & B L7z, Sephacryl-
200HR 4O T MIBHIBERER L RIBDAAL v E—T ERICLK UAA RU AV a—ALfHEICEH LA
ZE, YUTNEEMTB20CT I BRAMNERICLLIBHEALETHY, TORECERIZIRERIC
ZURIVERRETHEDICEBEIENKRELRB L, REOCHEAMNGFERLWI & & Uik, Bk
S§H T DI TREERAA, F U BE— X RN—EHIT LA LN ok, £, SEHES
BN L BERRIERIT o L ZABERRAR LN 2T, ZHUL, F U0 BOBKEZERD ST
OHEBET E=UABMED5, BHBIZTF L7 Y a— e i 52 EDRECL VEBERNKE L,
BHDBVIIAEBERPIERICHAER RN DI LY CEEICRE Lz, REOBEBEIOND, ¥V
NWNIEE— I PANV—BEZIZ LA LNRNoI L, EEERBIHK 2P0 b, SEREL
T BOKMERIAE D 7 DI BECERD TIL A L Il L 7,

ABERDOREEZITO LT, BEHEOBOPKRE2BEL 2ok, ZOREE UL FERIIEEERES
FOMEDESHIZEDAERTHIIDIERIARENE Vol BB NS, ThEHIED,
2-ANHT b H )=\, 7 )Eu—, PLP ZBERICMA TEEOBROBREX DN BNERFL
=B, B TRAeholk,

TNERA Z Ly u= N7 4 —OFRNOTFEEN 55T B SDS-PAGE OFERM»LTFREIN
LOFEOK_METHo, £72, SDS-PAGE TEEIND IV /NIEDNV R 1 KTHDH LI
£V (Fig. 3-6 C), AERPE~—~DY Ta=y MnbRBIEBRRBRINE, Lo T, AEBERIISF
¥ 100,000 0¥ Ta=y FZonbRAHFE 204000 OFE_EBETHB LHER SN,
Dryopteris filix-mas °2, Streptomyces ™% DA FF = [HREERL T _BETHD LBESNT
WBH, ZhbnY7a=y FOSFRIZENENR 57,000, 59,000 THY, C cohnii DABERILE
NoDEY BHRYREV,

" D. filix-mas 2 FA =V RRBBRIIEESBOZ LRIV ETHEEREINTWNS D B, C cohnii
AFA=VBRBEBRIY, FRBICRLZZIET ® PR EEEFZER TS RO 0EE
TORSTHAWIT D ERNTERLYD, MRELGFETIEBRTHILELIDNE,



BEEEOERLEWESHICETAME
BE AFF=BUREEEER OBMEE
® B

AR T, BEEEN LMD TATF A= UBIRMEER L ZERER L, KEBERIT, oFE0DHET
LTHLUMHRE SN BREBERZEEEZFOLELLNEDT, W 2D OBRLFAHEE IO
ThRET L7,

C. cohnii O A FF* = BREBEERIX PLP BETHDHLEXDLNDEA, PLP BRII—2OHERT
W DL DORBRIRIGEME T HEBERFEL L THEREN, ZoMHE, MESECEITITRENPBRACIT
RPILTWS 7%, HABREERFIICRINT S, »EHVIIZRITEERTOLDICERLEITO L

i, MELRRERKBIIVNETHD, ABROLICKBICERT S Z L AEELBR T, 20
BEL - R 58EFEI/u—= 7 LTKRERARLEBET I LIIANTHLEELOND, F
T, 70—==V 2RV EORBFEINERETDILICLY, HEDT I/ B~FRAREREZEA
THZ LKL VBRI 2T o720, 77 0% 7HREEBIT LT, ZOBRROESHEEICET 24
REBDZENTREIR D, BEFALHEHTEN, REEOEWVEENRSH S Z Lo TV HEE
DEAITIY, REEOERVEROERSZ b L Ic T u —T 2R L TREFOREEITO ZENTE B,
BRBPDL2VERIIL, COBROT I/ BEFIED LICRREZTORITNIZRL2V, V7 ED
7 X BEFIREET, BERDL LITRLbNTWADIE, = R ofBic ks N KRIET I/ BREFIR
EBETHD ¥, 2T, = FvUikE2BWT C cohnii DA fﬁ'ﬁ/ﬂﬁfiﬁﬁﬁ%%@ N RK¥g7 I/ B
BLFIDORIE ZRA T,

Db, RERIIATFA=00 DMSP OASBRRERORBERTHD LEL DN, EGHRBEKORK
O DIZIIABRORSERERA LML, RORGOEER/FETHZLENREETHHEEL LN
%5, PLP 2MBR & T ABRBEBERIL, EWL LTT Ir0EnieT I/ EEBRISERBICITIZ L
TTNTE FEEULBZRENRS D 9, BULELAFA=VRRBEREAVD ZEICEY, in vitro T
ABREEL LRSS COEMENFTTE T E#T%Tkék%xﬂP%]%%ﬁﬂ/%gﬁkﬁw
2D-TLC #7195 Z L IC &> TABRORISEM DRIE & R4,

MHELURE

AFFUBREER EEEORFICE, B-EHOHFET C cohnii VBRI AFE=VBR
FEEER 2 RV,

BEEN pH FENREMEREREDD b, BEKR A ORDVIC pH 4~9 OFEHE TLLT OREER
ZRAWTRISHR® pH Z#A&% L TERLZRIE L, AVWEHEERIL, pH 4~6 i3 50 mM 7 = FE&fE
#i, . pH 6~8 IX 50 mM U ERAEEIR, pH 7.7~9 i3 50 mM Tris-HCl BERTH 5.

REEHRE BEEMRED, BEWNRRINEY 15~55 C OMT 5 C MBTHRE L, KiG
REFRET 10 HMRGSETHREEND “CO, OBRMEREZREL, FERETORREKEMAR
v b=V THHENS “CO, OHEHEN L OENLZORE TORREEZHE L,
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PLP ERM BREEERIY, #MEERKE LT PLP BRI 57NV —T L EEPLICENVRANVEEZ D
DIN—FIKBEND B0, KEEKR PLP BRTHILE, PLP HEL Lo TESES ERATHLE
%2 b, T, PLP E% 0~1mM OHFHETELIETEMEZHEIEL, PLP ERMZRFT L7,
(77, RIGKIZ PLP BX O EH T % phenylhydrazine, semicarbazide hydrochloride,
carboxymethyl hemihydrochloride, hydroxylamine % Z31L€i 1 mM FMLU TEEZREL, FHED
REBRF L7,

ERAAVOHE SBAFUPEHCRISTHEEERTTT 2D, BERIC Ca*, Co”, Cu®, Fe*,
Mg®, Mn*, Zn* (& T Cl #) 2TNFN 1mM K22 L5 IKMET, TOEEREERA A VIFFET
TOEMEE B LT,

EERBEY ABROEEFEMEZRARDLLZY, 7, TIVBICL3HFRDIRERTFT L, AFF
=X B EERMMEORWER ZRIGRICMAIE, A F4= o HRBRGIIEEENS L FRIN
bo BUNMKIZ, & 20 mM ERDEDITAFA=VLUSND 12 BOT I/ BEENTNMNA, ATFF=
YDHEMIIeA Y hu—/ L DIEREDLERD, Ek, BEBRER S-T7 /7 LNV AFF = BUIREETRE
HEFEONTONTHRES Lz, FHENRERAERGD D, 20mM X FF=% 20 mM S-77/
YNWAFF =, 87 kBq [1-MC] AFA =% 37 kBq [1-C] 8- 77 / IV AFF =" (SIEME 2.0
GBg/mmol, ARC ##)) tEx#HX TIEMEZHIEL =,

N Rik7 =/ BEFHORIT BRLEZATI=URIRBERTZ2EN 50 u/ K23 X5 ICBMHL,
HRE 0.1 % 225X 512 SDS #MMxT 95 °C 8 #MLE L7z, ¥E%E SDS-PAGE (140 x 140 x 2
mm) DOV =)VIZEML, 40 mA BER CTERIKEIZ T o7, VkEI#%, Nova-Blot (Pharmacia ft8) %
BWT 0.8 mA/em® EER, 1.5 R4 H T PVDF & Immobilon Millipore #8) ic7 w7 4
7 L7z, PVDF [E 13#8#i/k CH%#% Coomassie Brilliant Blue & %17V, BEHKBEMA CHRELT
B# L7, PVDF REDAFA = BRBEBELZIVEL, XTFRF—F % — (ABI 477A/120A,
ABI #8) OV INF ¥ XML, =R ARICEY N KRBT I BES| OB £21T o7,

RISEDDH A TFA=UBRBEROKISEDIL, [PS] A FA=E2EEL L TRRELEZATS
=UBLIRBEEER L RIG ST, £ LERISED%E 2D-TLC THOMTHZ LIV RE L, KISKIL,
1 pg OFEEXFA = BR#EEEE, 1mMPLP, [¥S] AF4=1 (37MBq, HiEH 40 TBg/mmol,
ARC #%) 2BALTL2EE 1m/ &Lk, TRETY XV FAT7F2a—THT 30 T T 30 RS
7tk 50% TCA 100u ] #MATRIGEELEL, BLABIIEY ELSFESEZRVZ EESE 5 N
KOH TH L%, TNERUSEDREE LT, ETEEHITRLAHIET 2D-TLC S 21TV,
BREMAZ2nary ba—) L & U TCRISEDERE L,

# B
FEEROIEMICRIES pH OFE%, pH 4~9 O#HE TR L& R % Fig. 3-8 II7T, ABED
BEEE pH X 7 {8 Th o7,

ABROEMICRIETREOKES 15~55 C OHFACHRN LAHEEY Fig. 39 (g, KEERIL
30 °C. FHE TR b B EIE R Lk,
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Fig. 3-8. Effect of pH on L-methionine decarboxylase activity.
The activity was determined with following buffers (final concentration
of 50 mm): I, potassium citrate-NaOH buffer; @, potassium phosphate
buffer; A, Tris-HCI buffer.
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Fig. 3-9. Effect of temperature on L-methionine decarboxylase activity.
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Table 3-2. Effect of PL.P concentration on L-methionine
decarboxylase activity

PLP concentration Relative actvity
(M) - (%)
103 100
104 56.7
105 50.4
10°6 33.6
1077 30.4
0 22.7

Table 3-3. Effect of inhibitors on PLP dependent enzymes.

Inhibitor Relative activity
(1 mm) (%)

None 100

Phenylhydrazine 29.0

Semicarbazide 21.6
hydrochloride

Carboxymethoxylamine 38.9
hemihydrochloride

hydroxylamine 1.56

After preincubation of the reaction mixture containing each
inhibitor for 10 min, L-methionine was added to start reaction.

Table 3-4. Effect of cations on L-methionine decarboxylase activity

Cation (1 mm) Relative activity (%)
None 100.0
Ca™ 74.3
Co™ 102.5
Cu* 65.9
Fe* 62.4
Mg 109.2
Mn* 68.5
Zn™ 24.5
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Table 3-5. Effect of various amino acids on L-methionine
decarboxylase activity

Amino acid (20 mm) Relative activity (%)
None 100.0
Ala 434
Cys : 72.2
Gln 97.7
Glu 101.8
Gly 75.4
His 68.8
Leu 101.8
Lys 58.7
Phe 112.6
Ser 100.5
Thr 103.3
Val 108.1
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Fig. 3-10. BAS-2000 images of **S labeled compounds developed by 2D-TLC.
(A)Chromatogram of L-methionine decarboxylase product. Reaction mixture (see text) was
incubated for one hour and then developed with two solvent systems.

(B) Chromatogram of control (without enzyme). Reaction mixture without enzyme was incubated
for one hour and then developed.
1, MTPA; 2, L-methionine; 3, L-methionine sulfoxide.



ko

ABERN, #HEERL LT PLP 2ERT A9 ERI Lz, PLP FFETHL Y 0.1pM~1 mM 7
TTCOARBROEEERF Ll 25, PLP BE LIEHIZITIEDOHEAR oz (Table 3-2), &7,
BRBEEZEOEEXR TH 5 phenylhydrazine, semicarbazide hydrochloride, carboxymethyl
hemihydrochloride, hydroxylamine ¥\ i b EZR%Z T L% (Table 3-3)

BRA AU PABRERCRTTHEE Table 3-4 1077, FQBAFVHFET TOEMEL, @B
FUHBFHETFTTOEMEL 100 & LiZMIHME TR Ui, REERIL, Mg? 12 & o> TRRESEL SN, Zn* 2
Lo THECHEE LT,

ABEOLEERMERITEED, AFF=2 Ll bI0ET I BERISHRICMA & &2 0OFRE
BRI LERE Table 3-5 ITT¥, 79=V, ERAFVL, UUUROPMEEDRERLER, A
FA = URBRIG R REIRET AT I BITEE Lighok, £, BEELLT [IL*C1S-T7/
VIWAFF = ERWTHREENS “CO, 2RIETHLICLY, ABRENATFA=VOFEETHS
STTIINAFA=VEBRBETIDERTLEDR, FBRIZLD STT/INAFEF=0nbO
CO, OHHIIRH SN2 o7z,

TR ARICE > THRERD N RiE7 I/ BEFIZRELLL ZA, 9 BEE THITFRETH 7,
£ OBFIX, Ala- Leu- Cys- Trp- Ser- Asp- Ile- Ser- Pro Th o7z,

RERORIGEY% 2D-TLC ¥ Liz#ER% Fig 3-10 IORY, BRXIGE —RHIT 2R T,
MTPA (Y5 ARy MBRRE SR, BEREZMABVWE, BREBLEB LERTIIEDOAR Y b
HBEINhoT,

5 K

AEROKEEYE pH X 7 8 ThHoz, ZDEIE, D filix-mas *® THRESNZ pH 5.0 £V
Streptomyces®® T#E Sz pH 6.9 IGEVMETH o 77,

AEER ORBETEMIREIL 30 CTH o7, C cohnii 13, EHEBEFEREN 25 CHETH Y, AEEE
iX, C. cohnii DEBFREMIAE THVEEEFFOZ & RR AN,

PLP BIEHIC 5 X DR BERI LR 1 mM PLP I LY PLP 3EHFFEILATH 5 F07E
HEALDBRBD Hiv, REERN PLP 2ER$ 25 Z &N RB I N, PLP EHRNCBWTH ABEREMEN
BFELTWEDIE, XBRMERFLTWE PLP OB LIABRD 2O TRV EEXDND,
%, PLP BEROMEEFANC Lo THABERESESRESN L L5, ABERN PLP ERkEThorLE
z bk,

SRA T UREBEROERIIRITTEELRIT L ER, ABRIL, ZIn? CXo THEEIIAE SN,
AL, SEHBRFNLESBA A+ VI ABEREEE T2 b0, FAERIIEHICEBA AV E2E
RLUBWI ERTREINT,

ATFF = U RIREBEEER O EE BRI OWTIL, D. filix-mas X Streptomyces Ti¥, S-—F /N
TAY, IR v, ulvy, AVafyy, vafiy, RYURERREEELIBEVIRE
BHY 29 FKMEOREERFOLONREE LRV TWEEXLOND, C cohnil DAFF =Bk
BEBESRIENEIL, T o=, ERXFVL, JVURE-HOT I/ BICE > TORHES NS, BEER
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REFLET 3 MOUFOBEHYIRONT, e, SERMLET I/ BOPRIEAT A=
DIRREBEZRICAET S L) REERFRDBETT L ORI o, ABERY, BEHREZRLE
T2 BREBUREET DI LITHERR LWk, INHDT I JBIZE AEEDRAREAMETHS
RMIEIDITHRIFBBETH DL B D, AFA=VOFEEORRBERL LT, RITIVEK
FRORBERE LTHICHIBETEISHRESNTWDS S-T7 /) INAFF = BLRBEERRH D 97, C
cohnii A FA =V RIRBBEERIL S-TT / VWV AF A= VBRBIEMIIREZ 2o Te, b OREREM
b, ABMROEE/REMEIILBNEL, ABRIAFA=U150 DMSP £4REKICEENICES
THERERETIIRVMNEE LN,

ABROMEZ T TIEREINTND AT A = PLREEEER L (& L7z (Table 3-6), ABERIX, &E
“BETHDH, PLP AfEERLIAAREEBIALHDIN, HFEMUOBR LY bk k&<,
REEMYE pH 23 pH 7 L0 LTHAZ LR EOHMESRH o7z, PLP IXSEEHRBRNIIGOMH
BRLBRIRATEDLDT2=—ITHY, TORDH, PLP BREOHFEITTORGE#E L & b I Ek
DRl B, D. filix-mas X° Streptomyces 15 DMSP % KEBIZEET R L WVWHBEIIRL, nbo
EHTOATF I = BRBEEER ORENIE > SRS TWeWed, C cobnii A FF =V BRER
BESR L D A FF = VBLIRFEEER & OIERIITHBITE 2V, TN b DEERRIG D5y FHHE OFE A
LT 72, MM EFER LR S DEBRRBRTH H0BHA LR B0 LRV,

Table 3-6. Comparison of L-methionine decarboxylases

Crypthecodinium Dryopteris Streptomyces ~ Streptomyces
cohnii filix-mas
M.W. 204,000 100,000 100,000 130,000
Subunit 100,000 57,000 59,000 -
(homodimeric) (homodimeric) (homodimeric)

opt.pH 73 5.0 6.9 6.4
Coenzyme PLP PLP PLP PLP
Inhibitory Zn™ Ag" Hg”,Cu™
cation (Mn*,Cu*" Fe™)
Reference This study Stevenson er al. *  Stevenson etal. ™ Misono ez al. *”

AEERO N RIRT I/ BEFIOREICE L TIE, PVDF BT uy7 4 v 7 LEDBENTF Ry —
UY=L, TuyT 4 U BRBEAINZE VNV EERGVHTI LY, Jue ST T4
—REBROALVMEOENRERFELONE, TuyF 7B LTHEMLZ Nova-Blot i3,
EIRFARDOT O oF 40T % Y FTHB, £ FIA FRITF v 2 RUCHAE AT B BERD 220
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BREDFERDD, TuvT 47 2 BITY, 3t 7T KORBEBLR, XTF Ry—Fro¥—oh
VINF e URA—RKREOBBT, FOTD 6 HEFEMUTHENEZ{To7z. 4E, N RiEhrb 9 EED
BRIIZRETDZLENTEE, N KEBRAFA=TRAEVZ LD LABRIIFRER TS0 7%
FITTWB ZERTBENT, ZOEFI%Z 5T, DNASIS-Mac Ver. 3.6 (HXY 7 b) ZRAWTHERY
—HRREToA, 9 BELESINGNZENOLTRENERFELMBRAELZET LT I/ BES %
FoZ U EIX RO biehrot,

GCT TTT TGT TGG TCT GAT ATT TCT ccT
C c cC C AGC C C AGC C
A A A A A A
G G G G G

Fig. 3-11. N-terminal amino acid sequence and its deduced DNA sequence of L-methionine decarboxylase
from C. cohnii.

Fiz, SEHBLESZEERSICHRT D LELERKREL Fig. 3-11), /n—=vTRhERTIT
0—7EZERTAIIIRELE THEOT, SHLIETWMETT I /BEFIZRE L TREDLEDD2VES
ERETHILERD D, SEEMNLEZREOETIIT I T ARTHENZHIZ 9 BETHENIARAEL 2o
Too AEERD N KIBIIEMEINTWBTEERD Y, KBEROT I/ BEFIOMFTICIX, BED 10
~100 fEOFEHUBERENMNETHDLEXLLND,

[°S] AFA= R EE L UTBRKISEITY, RISEBOES FHEs % 2D-TLC Lo THthLic e
5, TLC v — M EITIIEE TH B AT A=V UNMIATF A= AN T #F Y4 F ( Met(O) )& 3-
AFNFATT0T 2 (MTPA) IZH Y BABICHEEESRIE Shie Fig. 3-10) Met(0) 138
REMx2Vay br—VZEREEN, A FF=VOFBRNRILER THEEEx b, —F,
MTPA Iz b —VIZI3RH ENT, BRICLARGEDTHS L&, £/, MTPA L4t
CERRIGIC L 2 EYIIRE SN o, BHEE TICHEREN T A F 4=V BURBBER T, D. filix-
mas A FF = BIREEEER 2 137 I ) EREBERENEZFD, MTPA LANC 3-AFAFAFu st
TINT e REAEL B, Streptomyces A F3 = LREEEEFR 0 (2117 I/ EE&EBEBEREEII 2V E
W|WEINTWD, C cohnii AFF = BRBERILT I/ RERBEBERTEEIXRZ2\ Streptomyces
BATTHDIENRRIN,

ABROKIGEDPHEEINZIEITLY, C cohnii 23175 DMSP A& AR D% — BRI
AEnictExbh3, $72b5H, DMSP OHIEFE THD A FA=rb PLP ZHfiBER L T 5B
FEEESR ORUEEAIC L o C MTPA RERT BRI TH D, £ _ED in vivo IKBITDHRPROFER
h, C cobnii TIHX 3-AFAFATu A EE MTP) R ORKOFRETH S Z &AM RL S
NTW5B, LehoT, DMSP A& mHARKOE _BMEE MTPA % MTP 12357 XV EBEBRISTH
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HEEXDIND, EIET C cohnii MEERETIC PLP 2MBERE T 57 I ) BEBEROFEIHE
BN, C cohnil A FF = BUIRBEBERIIT X /7 EBBSEMEL 2V ERTFRENTEY,
TOBER LIIRID PLP KEWT X ) REBEREOFEXTREINS,

wm =

1BPEEIRMEERE C. cohnii \ZBVVTDMSP £ &R OE B L4 2 A F4 = VBIREBEER %,

A RBAT L, VBRI T LI N5 7 4—08 4 77 58RI LY ERIKERYICE—IZ
ETHR L, FERIT 215 FICETREIN, T 0.1% Thok, FEEFRIX 100 kDa 0% 7=
=y ;20006725 200 kDa OFRET_EETH-%, ABERIL, #WHEXRL LT PLP 2EXL, EE
&M pH 1T 7.3, REEMEEEIX 30C T, Mg IZ Lo TOoRiESEIL SN, In* ICL o THEFIH _
Ea3nk, ABRIEEAFEEOBVERTHIZLATRINZ, ABREO N RiET I/ BESIIX
Ala- Leu- Cys- Trp- Ser- Asp- Ile- Ser- Pro Thoz, FRERIZL B A FA = OURBERIGEDIL 3-
AFNFATaNT I T, DMSP £ 8RR OE _BEEIL 3-2AFAFFT a7 IvE 34T
NFATaEE BT BT I BEEERIGTHDI LB b,
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#EUE Crypthecodinium cohnii (2} 5 DMSP D4 BHEE
EBEOEICEES kAN DMSP &, A F 3= BiKEEEERTE DAL

##

i

BEE TIT, KBS, MOEEE, B e 82 04 DMSP 24£E T3 Z e nRESH #3818
229 TN HDEWIZEITSH DMSP OAEBMEICEERN L AN TE %z, DMSP 2#4E 3 54EMITIT,
HRHPIKBICERT 28, EREBET T I REREEEILOREVRECETTILO
%<, DMSP HRZERASHE L L THEL TWADOTIEARVRLEX LN T W, EBRIZ, K&
Enteromorpha intestinalis 23T, HHMOERBENR AT A LERATEITn ) X710 -0
EWL, RIFMTORENRF & DMSP REMET D L NREN, steady state TORZFLFHHIC
DMSP BB&ELTWA Z L RRBINZ ™, LirL, INETORRIIHAFEE/HOIAHDOTHY,
INOOEYIIRIT AR EEREEIEOHEMIT, DMSP B2+ 2E£8K, RBMOFSHE LT
LT L THRAIND LK IND,

RHEEHEE C cohnii 13, RIEE TR LEL 512 DMSP A6 RBRBRNBEAINZZ L525 DMSP i
FE2BBERSBEEHRTDILNVETNVERDZEEXDND, AETH, BEELLOERL LTH
BREELZRWT, HHOBBEEOEEZL H725 C cohnii #lIN DMSP EDOXE), %7 C. cohnii
@ DMSP £E5HBREOREER L EX bND A FF= VI IREEEESR O IIEE OB OV TRET L7z,

MBESUHE

RRICAV-BEES JUTORE EBTI, BHEEE C cohnii ATCCe32001 #Z A\ iz, HRIC
i¥, LA A2E6 #H# (Table 4-1) @ NaCl BEZZ X T, ThEh 1.5, 24, 3.0, 3.5% NaCl
CRBEDCHEB LA A, BRI, 2 /BT A2 T, 25 C RFcHRELELE,
BEREIY, EETRSEL R 660 nm OWEELHHA L TEE Lk, BETCHEEELTILIEIHEE,
HEEUHHEE 500 x g, 3 min) CTEELT, HERECRRIFEMICEE LE, 0Ly, ALL
BRLTbEeOEEELACEBEDOHBICERELEZbOE 2 bu—L e LT,

MRS, MRARHORE C cohnii HBEE 1 ml BTy RLTFa—TITL D, ELSH
(1600 x g, 5 min) LT BiEZ&HRas 30, R MIRRE L L, MASRENT, $H#% 1 m/ Mz, &
EWRER M UR-200P (Tomy #8Y) % AVVTK L CHIBERER: L, MAESSE, MISSRE L bW
THBRTE L.

C. cohnii ¥BEEFBDHAE  C cohnii FHWK 11 23E LY (1600 x g, 5 min) LTEHEL, LB
BER A B LT SRR UR-200P (Tomy #8Y) % AWCREIREL, #0408 L CHIREEY
B, ThE 30 mIICART v 7L, 80 % MR /25 K O ICHEET LBy AR MAT 1 KR
LT, EOSHEL T B L MR, EEEEE A CEBRBL, 100 fSROEER A K LT 2
BIET L CHBRRE S, 0BT TKESBVE 4 CTTiTok, HERROZ V0K
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Table 4-1. Composition of A,Eq medium

NaCl 2348 g
MgCl, * 6H,0 A 1063

Na,SO, 392 g
CaCl, (anhydrous) - L1l g
KCl | 0.66 g
NaHCO;, 019 g
KBr 0.1 g
H;BO; - 003 g
SrCl, + 6H,0 ‘ 004 g
FeCl, * 6H,0 001 g
Na, glycerophosphate 015 g
(NH,);804 005 g
Tris (hydroxymethyl) aminomethane 30 g
K,HPO, 001 g
Glucose ' 30 g
Glutamic acid 1.5 g
Metal mixture’ . 30 m/
Vitamin solution” 1.0 m!
Distilled water | 996  ml

Adjust pH t0 6.4 - 6.6

"Contained 1.0 g Na,EDTA, 0.05 g FeCl, * 6H,0, 1.0 g H;BO;, 0.15 g MnCl, * 4H,0,
0.01 g ZnCl,, and 0.005 g CoCl, * 6H,0 in 100 ml.
" Contained 0.003 g biotin and 1.0 g thiamine in 1000 m/.

=% Bradford *® ®F5{EIZ#E > T Bio Rad Protein Assay Kit CTHEEE L T 10 mg protein / m/ iZ
2% & 5 ICHEEE A THR LI, |

DMS, DMSP E0ORE DMS EOBEIIL, HR7u~v T 74 —5AVE, REWEEELICE
RLU, RJUBEMHEERE VPC-1 (Shimadzu #8) ZHANWTANY TATREXF Y VT —& LT 20 AT
VU7 UTHEBRT L BREICRERRE Lz, BT LMEMRHE (flame photometric detector : FPD)
27 a< 757 GC-9A (Shimadzu #8) 1Z8%: LT Table 4-2 TR L2 TERBMEMRFLS
MEzRE L7, DMS &, %458 — 7 OmiE) DAZREREZ AV TER L72RERE AVWTER
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L7z, DMSP &%, R &2 —EN 7V 27 LT DMS %RV 2%, 1NNaOH #/Mzx T DMSP % DMS
ET 7 UNEBIZfEL, DMS &% LLRBRICHEIEL, BE L TKRDE,

C. cohnii A FA=UBRRBBEIHORNE MHBRKTDORAF4= o BRBEREEL, B EIC
RLEESIE, [1MC] AFA=v2FEEE LTAHAWT, E#BEKREHINS “CO, #HEL TEDORKS
EMERPAIET DI EICEvREH LE, RIS, 0.1 m/ #E%EK (1 mg protein), 0.1 m/ 200 mM A
FA=r, 0.1ml[1-"C] AFF =2 (87kBq, HiEM 2.0 GBq/mmol, ARC ##), 0.1 m/10mM PLP,
0.6 m/ $EEHK A CE2E% 1ml & Lk,

Table 4-2. Gas liquid chromatogram condition for DMS analysis

Gas liquid chromatograph Shimadzu GC-9A

Vapor concentrator

Column 3 ¢ x 3000 mm glass column packed with
polyphenylether- 5 rings coated on 60/80
Shimalite TPA
Carrier gas - He
Flow rate 60 m// min.
Oven condition
Initial temp. 75 C
Initial time 5.0 min.
Program rate 8.0 'C /min.
Final temp. 170 C
Final time 40 min.
Injector temp. 175 C
Detector Shimadzu FPD
Detector temp. 200 C
H, 0.6 kg/cm’
Air 0.6 kg/cm’

Shimadzu VPC-1

Carrier gas He
Flow rate 100 m!/ min.
Brower temp. 30 C

Sample tube
Bubbling time

Flush sampler
Sample tube temp.

packed with PPE-5 rings
20 min.

Shimadzu FLS-1
100 C
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% B

EERETD C cohnii DIEMW C. cohnii % 1.5, 2.4, 3.0, 3.5 % NaCl OFFEHMTHEE L L L X

DAL 6 FRT L ICEHEK L CIER LI A Fig. 41 IRF, S5, 1B L b 1.5 % NaCl 28
F <, HHO NaCl BEA® 2 5IELHD L1,

107

10°

cells / ml

10°

104 1 1 1 I
0 1 2 3 4 5

Incubation time (days)

Fig. 4-1. Growth of C. cohnii in different salinity.
M. 1.5% NaCl; @, 2.4% NaCl; @, 3.0% NaCl; A, 3.5% NaCl.

ENDEREOEMTEE Ll C cohnii OWIAAN DMSP BE A FA = UBRBEROLEY C
cohnii % 1.5, 2.4, 3.0, 3.5 % NaCl D& TAIEE Lk, FUREOEMICEELT 4 B
L7z L EOMIEA DMSP BB L OAFA = VERMEROLEEL IR LEHRL Fig. 42 07T,
NaCl BEEEAE MG SR DMSP &, X F4 = BUREBEER OHIEMITE O L W S EEAAR bk,

BMOERBREOEIIZELES C cohnii #EAN DMSP &, A FA—UBREMREYE, HLUHE
st DMS Ed)ﬁ{b 1.5 % NaCl 2 CRIEE L7z C cohnii & 3.0 % NaCl HHtiZ, 3.0 % NaCl %
W TRTIEHE L C cohnii % 1.5 % NaCl HUCZNZNBE LT 6 BH%OMIAN DMSP &, AT
F= U RIREER OLEEOELE Fig. 4-3 12, #i5 DMS E0Z% L% Fig. 44 IZRLE, AU
NaCl REO#MICHE Lz = b e —/)L CiiMial DMSP &, A F3= LR EEEESR O LTEME I B AL
BF, EEAEIZLZMEHNRR FPLRICESEEBIIRNEDOEEX b, 1.5 % NaCl 35 Trls;
# L7 C cohnii % 3.0 % NaCl iz LT 6 BEEZIZIIMIEAN DMSP &1 2 fFLlEICEH L,
L AT A= VBUREEEROLIER b 15 L8 L, 3.0% NaCl $5#CHisE3% U C cohnii % 1.5%
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NaCl #5#1c% LT 6 R I3MAgP DMSP &, AF4=  BRREREESR O IR MR 3 TR L,
EMaS DMS BT 3 fSLEER Lk,

= )
o 1.0 L BT
< ~420 £
2 g,
£ 08 L "
D 415 E
A E=!
v 0.6 | g
= =
&) <410 3
5 04 L g
5. s
ko - 2
R | 0 3
1.5 2.4 3.0 3.5
Salinity ( % NaCl ) _

Fig. 4-2. Effect of salinity on DMSP content and r-methionine decarboxylase activity in C. cohnii.
The cells were grown in each medium for 4 days.

= 1.0 )
3 g
3 08 g
E on
& £
o 0.6 =
2 g
A 04 3
5 5
jan] ~
2 02 >
& s
g 0 j2

1.5 15 1.5 3.0 3.0 3.0

V v v v
1.5 3.0 30 15

Salinity ( % NaCl )

Fig. 4-3. Effect of salinity changes on DMSP content and L-methionine decarboxylase
activity in C. cohnii.
The 4 days culture was transferred to the indicated salinity and incubated for 6 hours.
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3.0

Extracellular DMS ( M )

15 15 15 30 30 3.0

oo v
1.5 3.0 30 1.5
Salinity ( % NaCl )

Fig. 4-4. Effects of salinity changes on extracellular DMS.
The 4 days culture was transferred to the indicated salinity and incubated for 6 hours.

5 =B

C. cohniil¥, 1.5 % NaCl 75 8.5 % NaCl O#FH T, HERENMRIZERVEIELR L, EBRIC
FAWERITEAIE CHBES ek ThH B0, WAKOHEBEL Y LIRWVERE TRIFREENRL HND
B L RTEEX DN, £, ZOLIRKVEBECHERRONS ZLIL, BEEE(OKX
EFVWREILATTAEDIHEE LTI D THE EEXL LI, C cohni PEFZEEEICK L THIS
THOMBER/F O L RTRBENT,

HRARZEEEGICR EN R, Mg A XE2EbEES, K - Na" Ro7 R8I X - THileA
DA X VEEERE TS, MIEAOES FEREAYORERETT 52 & OBIBIC X > THL 2 BEE
SHICEET L SNTVS O, FOFT, BEEO LRI THIENICEREIN, MROEEC
BEL 52 R2WVELSTFEBEEMIIZERRE L WIh, sk7va—n (FVeue—n72E), 73
JEBER (Tu ) unl), NEAVR (T rRFLrRE) BabnTnd, “ENRREICI LR
FEEAEHEIL, HIFEBER Saccharomyces BT 57 ) tu— )VOEBERBIZOWTILSHEINT
W35, Saccharomyces i%, BBEEDEAERBMTIELEF LV RIEDY VERMLEZ ST LT R EEEIC X
STV eua—VElR, SFRBEROESLHE L CHIRNZ Ut —VBEHAET5 2 &AWL
CRZENTEY, TOFMLEENIHRINL TV 19,

DMSP i, ZEMEEL LTHLNAINZA L EBENRLLTRY, BELEHRASICEAS L TNEH
EMRHDLEXBND, £IT, C cohnil \ITRWT, RMOEHEE LN DMSP & 0BKRE#A
Rzl 25, BEEORBVWETRE Lz MIRN DMSP &< 23HANA bk, £ O
M DMSP &%, 0.3 ~ 0.6 pmol / cell THY, ZDEIX C cohnii DHIKEY A XEER 2.0 pum D
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B L IELT AL MIANBBEEICL > THETHD EEL DN, ZOZ LN D, C cohnii 1, I
NOBRFELE A L CHIKA DMSP B2EE S €A LICL o THEE LTWD Z & AR S 7z,
¥, BMOEBENEOIZE DMSP £ARRBEOFE —BREE BT 5 A F 4= BURBLEER O LT
HLEWVERASR O, MIAOERED EFICE > T DMSP ASBERAEEL L TVD Z &R
BEN, SO LMD, EIGEESME TIE DMSP B4 EENICE MR L CGEIST A MENFET
DTV EEZ DT,

Changes of external osmolarity

DMSP biosynthesis
activation/inhibition

Fig. 4-5. Hypothetical mechanisms of osmoregulation in C. cohnii.

7o, BMOEBESEMLLTHE 6 BMEOMIEN DMSP &, #Miast DMS &, AF4=MH
IREBEROUEEOEB 2R Lics 25, HBEEN LA L2k 2 CI3MIEA DMSP &, A5Ft=V
BURBSEER O HIEMEITE bIC kR Lk, Z0ZE XY, C cohnii SN OBBEED LRI L b 725
T 6 REALANIC DMSP A8 R EE ML T DMSP 2B T35 2 L ICEVBBEREGZITOZ LN
RR SNk, —F, BEENED Lk & XIi0iT, MM DMSP &, A F4 = BURBEEE OGN
EHIEA L, S DMS BABEEIC LRSS DL ABESR, TOZEnD, C cobnii 1IN
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NOBBEORNICE bl2oT, 6 BEFUNIZ DMSP £8H R LM T2 L & 612 DMSP Z4yfF3 -
B LTk o THIRRAMT FH L CHEREN DMSP B2 SEABELF > e NRBRENT, Zihd
DFERDP D, C. cohnii RS OEBE OB Z ML, MBRNOREEZNFR L —EILHROBED
—2& LT DMSP EOREBEN DD LEZ bIND, Fig. 45 1%, TOBELEXNITLERKTS
%, C.cohnii iX, MIKSNDOFZEER LH$ 5L DMSP A% DIEMAL, SR OMENT L - THIKER
DMSP EZHEMIE THRNOBZEEEL®ED, FICHRSIOBRFEN TR S L DMSP &% O],
SRFOEMCIZ L VKA DMSP B2V &P L0 E - THRAROBEE 2 TIF TH- B3
EEREICELTBDO TRV EER LT,

#%BE E intestinalis TiX, DMSP, uly, R/ u—XQOZBOEYRERBELE CERTS
TERBEINTVWDS ¥, BFEDLRA®% 6 BEMUATIET o) UREREL, 12 BMUREICR 7 o—
R, ZHITEV steady state TiX DMSP R ENENEET DI L2 b, ZnbDEMIIERELSR
IR SN DRI E o THEWSITENRTVWD L ENTWS, C cohnil ITEBWT, HHOBEREL E
FHEET 6 BFELANICHIEAN DMSP B, AF A=V BIRBEBEROLEMHLbIZER L2 XY,
DMSP X, C. cohnii \&Z8B\ T E. intestinalis £V bERFM TORBERMICIT A EHSEBICEE L
TWAZENRREINT, BE_EDHKERLY, C cohnii & E. intestinalis TiX DMSP A& ARE M
RpDLEBZADON, TOEARBERREHOEE, BRAMNERELRLRZIWEERDD, LH00%EY
IZBWTH DMSP IXEEEREHE E LTHELTWE LEXLNDR, TOHNEELRAETIHE
BRZZZERREBEIN, INOOEHITE TS DMSP AAKRKOEGIL, ThERFERICRT
DERLDIEEOBETHLZLINZDOHE L,

wm E

DMSP DABMED—DIXBBERE THH LEX LTS, {BHEE C cohnii VT, BFE
EZECOBRE L CHEEDOEEC L 72 5 M DMSP B0O%E), %7 C cohnii ®» DMSP A4
FARIE DEEEER & B X DIV D A F A= U BURBERESR O LLIEE O EENZ W TR L 12,

C cohniit%, 1.5% NaCl >5 3.5 % NaCl OFiFT, HBEAEMEERVHIEER L, “hid C
cohnii BEKBOITAB R EICERTIETHDH L ERBLTWA EEZ bk, £, HBEENS
VIE CHIEAN DMSP &, X FA = BURBEROLFEMEIIE N E W I ERRS bR, BEBEELEET
X DMSP BEZMEBINICHE < #RF L CEINT AHENTTET 5 Z L AR SN,

HMOEBEOEIITE 729 C. cohnii FIEN DMSP &, *F4 = BiRMEEROILEE, B
UHERES DMS BOZE(LERN Lz & 25, (RERED HEEREDEMIZE LT 6 MBI
N DMSP £, *F4=BURBEER OWIENT 2 MRELR L, BEEENSIEEREORIZE
LT 6 Bf%ICI3Miar DMSP &, A FA4=UBRBEREHIINES BRSO L, ToL s
DMS #EIZ 3 EUEER Lz, ZNODEREND, C cohnii 1Y, IS DBEENR EH T2 L DMSP
BB DEMAC & > THEA DMSP &% #MS ¢ THRIBNOBEELED, YICHasoREER
T#%& DMSP AR FROHS, HHEROEMEIC L 0 MEn DMSP &% A S THIENOZEE
R T CHE2BEELECEST 2 OTHRVNEE L DL, £%, C cohnil ILBEELILICL
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ST 6 LN DMSP E4E#H XV 2205, C cohni \ZBWT DMSP i, %% E
Intestinalis |31} % steady state TOEBEFEREL IR LR IBBIEE L TN ZLAREEI N
o
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BALY AF/L (DMS) X, ¥EEDLREHF~RESNDEHEIROHED 80 % % H¥), HIBKHEOD
MERBREZX2 L CEERMETH D, £, K& DMS I3FMBEICE TBIE SN TEREME
2D END, BER~OEE, TN~ FOBDICL ZMIBRICOMIEDR2 EBIRH SN, REH
L OBEDYIBWTHERTREMETH B, WHEICKITS DMS ORMBYEIZVAFAANT +=
F7u A B (DMSP) ThY, DMSP IIEBERMDMIZE Y DMS &7 7 VVEBEE AT 5D, LHL,
EHIZBIT D DMSP OAEBSKIZOWTITE RSP 2L, MERROI vy 77 izoTiVe,
*7- DMSP 04£BE#EIL, BEEAIDE THD L SN TWVER, TOREEELR CEMITHATSH
-7, DMSP i, REOBEFHE, RREEHETHY, LTy PVCBWTHEREDRIAD b1
MO ERHROEBEEEME L LTEDIGABHFEEINTWS, BFTO DMSP OER4EE
HTHHEFILKIT D DMSP £8HBRKEMAT L Z LIMEBRROI vV 7. ) V7 2fHT 5 &
VD Z LT, DMSP OABMEECABEEME L L To DMSP OAEmE2E 25 L CHEE
ThHBHEEBELLND, LARTS, DMSP iIAFA=UbAREND L ENTWER, TORKICE X
NARIGOIEFRE, HFHIIARATH =, T&KTIZ/AR->T, BBIEWEY Wollastonia biflora, %%
Enteromorpha intestinalis 12317 % DMSP £&8HMERICOVWTHREN Z2EINEE, ZhbidEn®
NAOBRBTHDZ b, AFF=r5 DMSP 28K T2 BRBIIEMEMTRRS Z L NRRE
nTna, |

Z ZTABRTH, WARICES L DMSP 2 KEBICAETHIEBRKBIEOMEEE C cohni M
WT DMSP A& BHBRBIZOVTRET Lz, BERIL, EREDTHY RBLE R R 2RERV
CORBFEEFE LT L NOEAICLBREVNEDTH Y, EARBEUMIY Gymnodinium mikimotol
R ERBETER T 28I DMSP EAERH Y, FHITREBIZKITS DMSP OEALIZKE<EAEL
TWAEEZ NS, £, C cohnii \IZBIT% DMSP £ARERE in vivo THRETL, WRICEERL
VTR D Z & Rl BT, 7%, DMSP OAEKIEL LT, BEERE~DBEEIZ OV THRE L7
UTC/ONTZEROBEL T,

(1) ¥EPREIR¥MEEME C cohnii 2875 DMSP £&FREKE, in vivo L —Y—FRIZE > TR
LEHR, ATFA=URIEWEIEHETHY, AFF =0 O—NORIBUNDRERFBLUOHERF
' DMSP ARICFIBEINBZZLEHLMNC L, ZOBREAF A=t DMSP OEEDHEND,
AFAF=h b DMSP 24T AREIE, BURBERIS, BT I 2 BUK, A FVEMINRISDZRKE5
LB EEBELE,

(2) KL FRINZIEDOHFRDRERTT LE 25, MEHD DMSP A& mERK O FIE
FRDRERET, FFRESBRBRROTFENEBS MR N, Thbb, AFF=rORRBKIG
IZEY 3 AFNFFTu T Iy MTPA) 240, $0WTT IV EEBRIGICE > TELS 3-A4F
NFE T EF B MTP) 2B TAFNVEMNBISEEEKIGE LT DMSP BEHESNdEWI R
BTHD (Fig. 5-1),

(3) C. cohnii BEERITIZ (2) ORIGEMET IMREEEOFEERBLLL LA, A FF=V
TLREEEESR, MTPA 7 X/ BB ER, MTP A FNVEGEBEBREENTXTHFEL, C cohni 13T



n

DREBICE - T DMSP #4EAKT 5 Z LRI TR ENT,

CH,;SCH,CH,CH(NH,)COOH

L-Methionine

'

CH3SCH,CH,CH,NH,
MTPA

v

CH;SCH,CH,COOH
MTP

'

(CH;),S*CH,CH,COOH
DMSP

Fig. 5-1. Pathway from L-methionine to DMSP in C. cohnii.
MTPA, 3-methylthiopropanamine; MTP, 3-methylthiopropionate.

(4) C. cohnii \ZBIT5 DMSP £48BRKOFE—EEE M 2 A F4 = VIR EERFE ~ BXKE)
FICHE—CE TREBL, #EMHEEERE L, ABRIILTEN 100,000 0¥ 7a=y FZE1rLRS
SFEX 200,000 DFRE_EETH o, ABERIL, MEERL LT PLP 2ERL, Bo@iEtt pHIZ 7
i, R@EEMHREIL 30C T, Mg¥ IZk o TRoREM bEN, Zn® KXo THECAESNE,
AEERIT REREMEORVEBRTHH L NTREEIN, ABERO N K7 I/ BEFIL Ala- Leu-
Cys- Trp- Ser- Asp- Ile- Ser- Pro- - Tho7e, KEERIZK 2 A FF = ORRBILEDIT MTPA T,
DMSP AABREOE _Befil MTPA % MTP X537 2V EGBRETHD EEBE L,

(5) DMSP OAEFEMED—DIIREEREME TH DL EL DN TS, BRBEERLOERE LT
 NaCl REZ{eZ AT, #IgPN DMSP EOKE), 2F4=rRREBEROLELOLBZAEL,
| - C. cohnii IZ8\T DMSP 2@ ZEMEWE T D RMEIC OV THRE L, C cohnii% 1.5 % NaCl
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5 385 % NaCl O#EFETIHEE L& A, NaCl BESEVIZIEMIIA DMSP &, AFF =R
BAEER DHTEMEII AR & W D ARG b, BERBERLETIX DMSP B2 HEBIICH < 45 L CES
RS B L L NTR SN, £, ([BERESOEEREOEMIIE LT 6 HESITIIMA
W DMSP £, *F#= BREMEEROLEEIL 2 SRELR Ui, —F, BERE HIEHEREDS
HUCH LT 6 BRI ICILMIIAN DMSP &, X F4 = REEER O LIEMIA LS R L, 20k
XAIFS DMS BEIY 3 B E LR LA, ShbOREND, C cobnii 13, MMSOBFEN LA+
%L DMSP 2MADEMALIC & > CHMEA DMSP B2 HIMS & CHRNOREE 2 &b, P
ADBBERTH 5 & DMSP HADME], HMROERILIC & 0 #aA DMSP &% WD &€ TH
A DBBE L T T 2BBEERGICEST 5 DTV L EE Lk,
UEDBENEMRLY, C cohnii ITHAEE TICME SNEK L I11R2 588/ DMSP AARE
BEFOZLENHLNE 2D, TOESRIIBEEICL-THEZZ T2 Ex b, £, BEXE
DEFICE 725 DMSP OEMITRME L Y EFHM TEE SN, DMSP & 3B BEREHEI- NS
DEMMTRRS = L RRB S, AFHETELNERES D LT DMSP 44 REK R O’
BF LIV TORBTEITO ZLIC LY, DMSP £&BREOEYREM TORMRES ROTIEHIE I HE
S5 o & ABE SRS,

#H

ARREFITTBITHI D, RihTBER DEEER L OHEELZIBY £ Lk, RBRFRFREY
RERER NEAEEEECESBHOELRLET,

7 3 BESI BT OB HEEC 20 £ LEKRERKSEYHE fEHAELE, DMSP 0AR
ELTWARWEEEES JIIAERKICLELE L LT ET,

E7, OIS LEBH R VEL & E LABLUKPTHRHE FRESIEE, RBAERE
BRESTAMDER AEFFEMt, AHTE SAMERL, KEXFRREYRHT ERE”L
R BB LET

F LT, AWEROBITEMIMANEE & F L KESIERE, & HXXHEE, LREETE, PEII—k
BB L0 & T 2 REMARFE R RLT RRHEES FHMEDE R E OBROHERES TR BHL,
AL L s,

ABRO—EIL, CMERETNERASS (RIFEEERHNE) NEEREEEOEREERMENL
EMEBSHRRBICETBHE (BABE 6371 KV E Lk, DLTHEEZRLET,
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