F4EF BROFHEPOLICEHTIMA

&

%5 3 EE TIT Pseudoalteromonas sp. No. 272 BRNEENCEET 2T IVF VB

7—ED#EME, BEREERHSLSNELE, RIZ. FERENONICHEEICELEZE

FI5NERARBDIELEZEME L TERPLICET2HREZR/RLDDOEL DER
21107,

i

B1ETIE, BRY DNV EEBL OLERETEML, BHRICEETSTY I/
BEREOFREZTY. TORZERWICEEHT, E246TE, 7IFUBFVT
Y—ERHEL. ThoF)Iv—2HANT,. REEERVBTICLDEIBEROKE
Mo, BT MEEICOWTRN LTS, &3 6T, BRI L THES
MEDKDIHEAT DN, HETHITNFUBOIATIVEEHTHDTIVF
CEBETOEL Y- NVERAWESSOEERBRICOVWTHARTNS, £z, &
BRERASTFHIC—DDOABFEETZ M) T T 7 DEREOEF O BRIEITE D S BEHE
EEBOHEERIZDNWT Stern-Volmer DBEFR L DFAXRTNS,

- 65 -



FB1E SN OHDLRER
e

T ONRVER, TENTNEFOT I BRI, S TFEPLVT I ERFITHE
INDUBHEEZ DS, BRI CAVETHNL, EFMEE L TORBKEELD
FOEBERREERT., BRI NIEEREOFERETEMNL. TORMBETD
EMOELERRD L TREECEETZ 7 JBEREOHEENTES, LaL,
& NI EDEENTIE, KAlE U TREDERRREICHT 2 RIRM R EN K IGA
RYITHY., BHOEMICED KO ICHEEZ BN, KEEHE2REL TTbhdk
530, CNETITINF VB 7 —EOREMKBEET I ) BREOHTE
H|EILADIRVY, Muramatsu and Egawa 1IZ& o THHF THBIREHFED PM Lyase 12D
WTILEEHET oL E A, VAT VEE, NUT Ty VBRE UYUVES
NENETN 1 ETOEEICEE L TNWSEHREL TS D, Takeshita et al. IZ&
> T Vibrio sp. @ PG Lyase DL ERiZTo/EZl A, UPUERE, EXAFI
RE, TIFZUERE, AFAVERENMEERRICES L TWE I ERGDDT
V15 *), Matsubara et al. 1Z& o T Corynebacterium sp. DAL ZEEREITH/=E T3,
N)T Ty 0ERE, VDOCERE, EXFPURENERICEAE L TVWS Z E00R
BRENTWS ), Hicks and Gacesa 12X o T Klebsiella pneumoniae H3¥E VPG Lyase
. PUT T 7 URE, UDCERENEREICESLTWSEHREL TS 2,
%7z, Shimokawa et al. 13, Dendryphiella salina IFO 32139 HI3k PM Lyase ® hU
ThT 7 DRENMERICEEL TN ELTND 2, ZRETORENS., T
FUBR)TEOBEERRICE., HBEOT IV BREVESELTVWEEEZEND
N, ABEFRIT PG, PM OMEHICEEHEZFTOERTHD., INETOERELT
BN RE I NI EENEET 5. T THEWEIL, BE7 I/ BAHED
LB IERENORELZRAN, EEHERBRICEETHLEDNDT I BRE
ZHEE L7,
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REEM#

N-bromosuccinimide . 5,5'-Dithiobis-(2-nitrobenzoic acid) . Phenylmetylsulfonyl
fluoride, 2,4,6-Trinitrobenzenesulfonic acid 1%, R M EHA M I O BEAL -, p-
Chloromercury benzoate. Diethyl pyrocarbonate, Butane-2,3-dion /&5 7 51 5 X 27 %t
B %Z B Wz, Tetranitromethane & & XL 1k % T % ® % . 1-Cyclohexyl-3-(2-
morpholinoethyl)carbodiimide metho-p-toluenesulfonate, > 7 <8 ZfH L 7=,
KEBRAE
1. BADLREHHEOFRICRIITEE

FEROT 2 ) BAEOCEEMHITA 23K 3EIZ Table 10 DFD TH 2,

Table 10. Reagents Used for Chemical Modification of Alginate Lyase from

Pseudoalteromonas sp. Strain No. 272

Amino acid Chemical reagents Abbreviation

Cys-SH p-Chloromercury benzoate PCMB
5,5'-Dithiobis-(2-nitrobenzoic acid) DTNB

K 2,4,6-Trinitrobenzenesulfonic acid TNBS

w N-bromosuccinimide NBS

S Phenylmethylsulfonyl fluoride PMSF

Y Tetranitromethane ' TNM

H Diethyl pyrocarbonate DEP

D (E) 1-Cyclohexyl-3-(2-morpholinoethyl)carbodiimide CMC
metho-p-toluenesulfonate

R Butane-2,3-dione BD
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LB R L, Table 11 OLRBETITH- 7.

Table 11. Reaction Conditions for the Chemical Modification

Chemical Final conc. Reaction buffer Reaction time Temp.
reagent (mM) (min) (°O)
PCMB 1 100 mM Phosphate buffer, pH 7.0 10 30
DTNB 1 100 mM Phosphate buffer, pH 7.0 10 30
TNBS 1 50 mM Borate buffer, pH 8.0 10 30

NBS 2 100 mM Citric acid buffer, pH 4.0 5 25
PMSF 5 100 mM Phosphate buffer, pH 7.0 10 30
TNM 5 50 mM Tris-HCI buffer, pH 8.0 10 25
DEP 10 100 mM Phosphate buffer, pH 7.0 5 25
CMC 20 50 mM Mes buffer, pH 6.0 10 30

BD 50 50 mM Borate buffer, pH 8.5 5 25

BRI 45 ul) EBEE (1.91 mg/ml. 5 pl) ZEFIL. Table 11 IRT X D72
BRINEE ERETA >FaX— L, KNE®K 20 ul ® 0.1% PG, PM &EH
BRI R EEEEZRIE L,

2. UDURED TNBS Ik D&M

50 mM R EEFBEER (pH 8.0) I TNBS 2Bl . RBEORE (KREE 0.1,
0.2, 0.3, 0.5, 0.8 mM) 45 ul &EAEER (0.11 mg/ml) S pl EEKEIEZ. K
%4 30, 45, 60, 75, 90 S T EIZEDEAEMNS 20l TDED, 0.1%PG. PM i
EEICHT5EEEZRAIE L. SBRETORMEOBEELONKZ 7Oy ML,
BRI EEEREEEH L. T0%. RIEOERBH () Oxt¥E TNBS @
BREOXNEZTST7IZRL, TOLEBLNZEROEENERICEETZY D
BREOBITIRDZLLDRD T (BROESR),

3. FOLUERED TNMI[C L ZERH

50mM b~ U ZABEEEEK (pH 8.0) IZ TNM ZAML. RBEOHE (KBES.
10. 15, 20, 25mM) LFBEREEZREI Y. TOREEMEZ 15, 30. 45. 60. 75,
90 HTELICHELE, RPBRBE,. AR EHCESTIFOI CEBEOKD
ROFIL, AT 2. K> TH- 7=,
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4. NBS, TNBS, CMC. TNM. BD FF{bicHT2REDREYR

FEEREHEE (PG, PM) ZREE L. BR-AEESKEZERIE. £ IIZ NBS,
TNBS. CMC, TNM. BD O&EMHAEZMA, BRELSTFE2EMHLEEOHB ZH
N7z, 0.2% PG, PM B 29.25 pl. BEREK (0.69 mg/ml) 6.5 ul ZMZA. L<IE
AL, BEMEHE 2925 ul ZMATEEZRE L=, EBHMHOEMEE Table 12 ITE &
Dz, A2 OV ELTEEEZMABNEE, BHREEMIALNEZDOERED

HIEL., HRIZOEEREETRL &,

Table 12. Reaction Condition for Protection by Substrate

Reagent Final conc. Reaction buffer Reaction time  Temp.
(mM) (min) (@Y
NBS 2 100 mM Citric acid buffer, pH 4.0 5 25
TNBS 1 50 mM Borate buffer, pH 8.5 5 30
CMC 25 50 mM Mes buffer, pH 6.0 5 25
TNM 60 50 mM Tris-HCI buffer, pH 8.0 5 25
BD 50 50 mM Borate buffer, pH 8.5 5 25
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HRELUER

1. BAD7 I /BASEREREEOETEICRIZTRE

ABEFE % Table 11 IR UIZERETEML ROBREEMEE Fig. 22 ITRT.
FAHHEZMA TORVKEOESESE 100% L. TOHMEETRLE. NS
cT7 7 UREZERNTS NBS TIRABRIIZRICKE L, VP UEREEEMNT
% TNBS, FOUVEREZEMTS TNM. HINRFIIINEEEMHTS CMC. 7
WEZUEREZEMNTS BD THEEDOZERHZ2H00, BHEVETNRDSN
7zo PG, PM MEBEMTERETICIEIREAZRZ RN >, MU T T 7 VERE
DEMIISTERKLIEZE I TH, Sphingomonas sp. A1-1II HREERNTILFR— MY
T—EUADORBERTOESICHEZCEOLE 7 I JBREL L THREI N TV S,
UV F—ADMBERRIZHASND LD, MUT 77 REFA S R—IVREHE
DT ) —ZXBEOHERR (KEBEPTBROZAY vF V) KEKVEBE O
BWCHEES L. EEMEEREZETIOTRARV. EIEBTRNZED . ABEHICT 1
2FHF 1 EBNVOMNIT T 7 DERENEET D, FEER 233 7I O BEREP, 51
BHOMITh 77203 X BEEBERITLO L7 NORMAIZH S B-strand
KALEL., BR-EHEAHMICEEL TWAZ EE2HEIRBRINSDD, |1
S R=IVREBAGEICERMLL TS, BEEEOHBICXDEMDAMNELT S &
ZALNDN, BR-AHESHOKEEBERITNRETONTNS, FEERDIE
HICHET 27 I/ BEREZ, MWEFHROTNF O BU7—FEFERCTH-o
7o LML ANVRFINREIZDNWTOT—ININETRHREINTVRENDT
TANGFUBPTNY I CBOBEIZIONTI, I TOHRTHS, bUTH
Ty RETDODNTIE, EEICEEGTL7 I/ BREODEERETEIENTES
M, ZOMOEEMETFTLZHDITDONTIE, BRLTFPICEREET S0, &
ZHRIICEZHITHEND o2, TNBS, TNM, CMC. BD TRIiEE iR
2TV, BO¥EZfTo72&Z A, CMC, BD 13EHMEZERD S Z E03tskian
57z, TNBS. TNM ODfERDHZEHRT 3,

-70 -



B PG
OPM

[u—y

[\®]

o
T

40

Remaining activity ( % )
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&«é & F

Chemical reagents

Fig. 22. Effect of Chemical Reagents on Alginate Lyase from Pseudoalteromonas sp.

Strain No.272.

This reaction was done under the condition in Table 11. The remaining activity after

treatment with each reagent was assayed with PG and PM as substrates.

-71 -



2. UDURED TNBS LKL B1E8
TNBS BF NV EHDOY I ) EERIBL., 72X /B O TNP (Trinitrophenyl-)
EREET S,

(P—NH, +0 3S©—w02 2 (B>—nu “sz + H* + SO

72 /Euﬁ/Aﬁﬁﬁ?mwaﬁgwoBT%EE%%#TTE@%ﬁ
ZHW, FELTREHIRBHLTWS, EOBROBIZY /N EOKBERFPTD
BEMICHFLELTHBY, FPEICE> THBERDA S LY —2 & OE BB
MELTEERBEZR>TVWAHRIENASNTWS, 2073/ #1T, RIEHD
BNWERETHE2OTE OEMHAEZEZRA VWD Z &N TESA, #IZ TNBS 13 pH
8.0 TWNRDEIEMEMD LRI IUNIVEDTY I ) HEBENIIRIET 5,

ZIZT, EMERICETLSYI )V BEREORZE BT HERIDOVWTHIAT S,
HEROEMEEICI DI RNERERIBIE (1) RTRINS,

ki
E + In —— Eln (1)

ZZT. E 3B, 1 3EMHE, o JBOAENEHREOK. En IRE
L UT-BER-EMAEE SR, k BRIEO ZREEERTH 5. REWIEEIT (2)
ATHRIN 3,

-d(E)/dt = ki(E)()" )
BRI —RIC, BERBEICHL TREBEIIRERICHZ0T. 2 ROK
B REEEH EHEBEEOBRIT ) RDOLIIKRTZ ELAHKS,
ki ()" = k2 (3)
ZIT ke BBE—ARICEEERTH S,
212, ) R 3) RED (@) ROBICEEDBZENTES,
-d(E)/dt = k2(E) (4)
4) RZEMIT 5L,
Log(E) = -(k2/2.303)t+C (5)

-72 -



Log (B) ZRfic LTy oy b UK., BEREENAGEONERSE. ZORE
W —RRKIBICHED . Fig. 23 (A) ITRTXDIT, FBEFRD TNBS 1T L2 RiEHE
D ZDHEBWL TNB I ENOND, k2 IIREEEDERFDFEE (tos)! T
BEM|RADIENTESLDT, B) REIRKDXSICRT I ENTE S,

(tosy! = ki (I)F (6)
mHOxKEEBE (7)) AMESND,
Log (tos)! = Logki +nLog () @)

ZDORITHEVY., Log (I) XML T Log (tos)! 270w hLTHESNSEBOEE
&, BROBUIMICHET 2BMEELITOK 0 2RLTNSD,

INSDTERREDTNT, TNBS &A5EH%Z pH 80 TTREL., EREHRET
Bl U7BREEEZ KISRHEOBEE L TTOy MLz, ZOREN Fig. 23 (A) T
HD. TNBS BEDOXKITH L. Fig. 23 (A) 2 585N tos DMEETT v kL
72HDW Fig.23(B) TH 3., VI 7DEZIZNETN. PG 2% 0.9, PM 2 0.7 T
Holke £o T, MEABRICHLTEERFTD 1 HOU D ERENESLTWVWSZ
EWTRREN, EI3E ESHOBRBBERETNSS Lys 182 237 L7 b O
ZAINTHED, 20 1 HOU D VEREDEMITEZRIEDN Lys 182 IZLB b
H LN,
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Log ( Remaining activity )
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Fig. 23. Rate of Inactivation of Alginate Lyase from Pseudoalteromonas sp. Strain No.
272 with Various Concentrations of TNBS (A) and Determination of the Order of Enzyme
Inactivation with Respect to TNBS (B).

The enzyme (0.6 ng) was incubated with TNBS (45 ul) of 0.1 ( @ ), 0.2 ( O ), 0.3
(W )05(0 ),and0.8( A )mM in final concentrations in 50 mM borate buffer (pH
8.0) at 28°C for time intervals shown in figure before assay. The remaining activity was
assayed as described in Methods, using PG and PM as substrates. tos represents the half-

time of inactivation and is obtained from (A) and plotted according to equation (3) in the
text.
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3. FOLUHERED TNM [Tk S1EH
TNM &, pH 8 EWHSBMARELHETY O NIVEFOF O VREICERAL., F
O KBEOH) MIZZMOENEZD, 3-Z2hO0FOL 2 E2ERT 2,

C(NO2)4 —_— N02+ + C(N02)3-

O- O-
NO,
+ NO,+ —» + H*
|CH2 (I:HZ
-HN-CH-CO- -HN-CH-CO-

2. ) URED TNBS ICLAEMEFRIZ. TNM EAEE#EZ pH 8.0 OLRHETT
RIiGEE, WAWARKIGRKETHIE L 2REREZ2KEHREOBEKE LTI oy
MU, B—RRICEEEREZEZHL., FR () O E TNBS DEED
¥BoBEfE Oy FLUERBREZZNTHN Fig. 24 (A). (B) IZRT, ,

TS57&KD, HEFENTN, PG A 08, PM 2 0.7 Thok. Lo TEED
DO REERR, MEEICHL TABREFD 1 BoFos P RENERICESE
LTWB I EARRENz, BI3IEESHOKBEERTNIS D, BEOY DR
FFFk. Tyr 180 237 L 7 FORMAIZMWT NS Z ENHERIENZ, TOMNBDOTF
O3 EEMEHIESEELTWRZ &N, ULEOEEMS BEZSNS,
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(A)

Log ( Remaining activity )

100

1.5 1.7 19 21 2315 17 19 21 23
-Log (TNM )

Fig. 24. Rate of Inactivation of Alginate Lyase from Pseudoalteromonas sp. Strain No.

272 with Various Concentrations of TNM (A) and Determination of the Order of Enzyme

Inactivation with Respect to TNM (B).

The enzyme was incubated with TNM of 5( @ ),10( O ),15( W ),20( O ), and
25 ( A ) mM in final concentrations in 50 mM Tris-HCI buffer (pH 8.0) at 28°C for time
intervals shown in figure before assay. The remaining activity was assayed as described in
Methods, using PG and PM as substrates. tos represents the half-time of inactivation and is
obtained from (A) and plotted according to equation (3) in the text.
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4. NBS, TNBS, CMC, TNM, BD F;EH{LICH T2 BEDRHFDR

L EMRETEMINLT I ) BEREMEERTICEEL Tl BREE
BHORETT, BREEEAKREZTORRITTE L, BRICEHRENTI VB
BRELIRNTIHERBEREI LN (BEEOREHR). Fig.22 TRLELDIZ,
FEREREEMET LZRBEIT OV TOAREMEEORERLITHT 5 EE ORE
SREPFNI, KEEE PG £ <IE PM BEF £ 3EFE T T NBS (Kl
2 mM), TNBS (##8% 1 mM), CMC (¥BE 25 mM). TNM (B 60 mM), BD (&
BE 50mM) TUELEZ, LML, PG, PM HFE FTREFDRENBD SN=DIT,
TNM OATHO. MOEHAEIIOVWTRERD NN/, TD T &1F. Bl
KRRTNENI T 7 DRE U CVRE. PANSF B (VI8 &
., TIVFoUBRENEEREEMMICITEZBEBRL TVWRNI EERTHOTHS
N, BEODRIE > TEORENRVDESITEONADN I EDBEZLSNS,
TNM 2DV TIE 60 mM THUELAEHE, PG &0 PM I L TOHIULEREE
HiABIC L DEHDETNREN /2. T2, TOBROEBEORENEN PM O
FHINEEMN o 7= (Fig. 25). ZOMICEAL TEMII2N S50V, PG & PM Tl
BEHICRDL2FOS DRENBRESFHRTERZONS LBV FHLLIE PG &
PM 1%, MHEEENEDS., DFED. PC B /¥/Ei, PM JEEEEZ L TH
D, ACHTE EGETOHHTOUEKKNREINED, PM OAFNIERICHRE
EEBRDFINEBEZDEDPTVEEZLTVWAIEXD, ENTEEBHRNKE
WONDLNIEN, £IT, SLIEFFTHHF) I —Z2HANWTEEROEY
DRENREZFHNIz, PUR—EAFYIT—FEHAVE, G M #HIZRYUT—E&
HDERVWEEOKRNE SN (Fig25). &> T, FOIURET, ABEOEM
FOEZREDOISEFBICHEEL T, BREERBFICESFEL TS LRBIN
oo =5, BEHORENROBDSNBM o IHDITDNTIE. FERD I IKHEE
DHERFITES BDIHONH DO H LN, BRDMEITE X Gk REERT
DEEY FO/THLEMNZ LW,
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Remaining activity (%)
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o

none G3

Remaining activity (%)

none M3

Fig. 25. Protection by Substrates against TNM-Inactivation of Alginate Lyase from
Pseudoalteromonas sp. Strain No. 272.

The enzyme in 6.5 pl of 10 mM phosphate buffer,pH 7.0 and 29.25 ul of substrate solution
in 50 mM Tris-HCI buffer,pH 8.0 were separately preincubated at 30°C for 10 min. After
mixing the two solutions, 29.25 ul of 60 mM TNM freshly prepared was added. The

remaining activity was determined after incubation at 30°C for 5 min.
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E2 8 RICBMHZHWR
®E

BRREOK ST, REREONEHEEZRHRL. BEOLEIZLIMER
LAVEWSEBERRETH S, SORAUEEBRRMLEATIRRCBLTHE
HEOHEERANETNTNRES, Z0IEEERIOITRD 2 0N R EE BN
WThs, BRRINT BARSOFBRNBMEELRD L, REQOESE O0) I
KO THEENKELE(T S, BOBESIE n AN 2 15 100 BEICED-STHE
VN 3 EEREOEVLAZVNOICHLTHIE. tIS5—F T 1 AkE0iE
CHENAEL, BEQHIIN 70 HICbET 5, BTIE. AEEEIEROBE
RS (B) OBWEEICEIL T, EHIR—KTHBDT, —EDMBIMETII—KK

COHEEER k K ThERTZ S,

d(A) _
- Sk

ZZTt BREEE, A ZIEETH S,
INICHUTHRROGE, RIGEE v IEHEEBE S C2BREE Eo M
LT
v=Vmax/(Km+S)=kcat EoS/(Km +S)
}Vmax = kcat Eo

DEEED, Thhbt, —EOMBEBE (Eo) KBF2EER. IHATVYREK
[Km] &7FiEM# (kcat = Vmax /Eo) &IEIEND 2 DDO/NTA—F—IZk> T, ¥
72 [S]<Km RO ILDENWEEBETIE (Vmax/Km)S ICXo THENRES,

Nitta et al. DH|ENTELDE, T2 FHBEROBRE, BAxOEAEOFY IV —
EEELELTHWTEEHLAERBEED/NNSG A=Y —L DEESFHOY TH1
"NEZERDDIENTED, 51T, HBEYDONY - 2B ETHTHA b
H DFREEERAL (active site E /213 cleavage site) ZHEET B EHAEETH 5.

TIWFBY T —EDORISE I EHHFTIIMOLHEE S MEERITHN, Dlnd
NERRTHS, INETITWMEINTNSDIE. Elyakova,L.A. and Favorov V. V. O
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REHY Y I F EFERBE®E PM Lyase (1974 ££)°®, Davidson 1. W. et al. @
Pseudomonas sp. PG Lyase (1976 %)°”, Min K. H. etal. @ Pseudomonas sp. PG Lyase
(1977 E)*®, Klebsiella aerogenes PG Lyase &7 7 EF &I H ¥ PM Lyase (1990
), Sawabe et al. D Alteromonas sp. A3 MG Lyase (1997 4)1® TH 2, Zhd
ENWTNOREOER (FINFUBHLIRIIOVE) 2ZHAVWTORITNTH
D, % ZEICLEZEIATY XELK. Vmax 2RO TNBIZTERN, 1993 £,
Muramatsu et al. [E7IVF NS PM 70w 7 2R L. HREBIKIBRTESE
DRZZFVIX—%2H{lz. TIVFUBIMEERE L TIMO T, Y THBIRE
3k PM Lyase ODEF ) IX—IIMTIRIGEEERZ RO~ O, HEHEL T DP 4
~6, 22 IZDWT Km, Vmax NH/Z 5T, kcat. kint. Kint ZR¥D, ¥H73I 5
—Y ARREKDYTYA NERDEBEAL. SPL. SP2 OYTHA N 5 TH5
EHEELz, &5ICAERAIIIIERITRHUNS 2 BEHE 3 BEHIEET S LK
FELTWD, ZHITRWT 1994 5. Takeshita et al. 13 Vibrio sp. PG Lyase OHY 7
YA R 6 THO., MERMITERTRFE/NS 2 BEHE 3 BHOMICEE
TBHEHEEL TWND ), 2D, Heyraud et al. D7 7 EFFIEIRAR PM Lyase (1996
4£)*), Shimokawa et al. O Enterobacter cloacae PG Lyase (1997 £E)°®, Matsubara et al.
® Corynebacterium sp. PG Lyase (1998 £y TH 744 MEEICHET RNV
nTn3,

AP TIL, Pseudoalteromonas sp. No. 272 HRHEIR T NV F B 7 —ED&F Y
IV—RHTORIGEEERERD, THITHTHA MEBOHEZITVWINET
KHEINTVWBETNF OB 7—EFEok&EfTo 7,
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KEHH

TIVFEEF N UL (1000 cps) 13FH T4 F AL DEA L. Bio-Gel P-
6. Bio-Gel P-2 133£iZ Bio-Rad #t8# D7 71 >/ L —F (4590 um) ZH Wiz, 7
W—FFZAMT i Pharmacia #:8, A7 VO BIIFHS1 5707 A8 %A
Weo BEVTTFUVBEY >EDULAIF UL T E4R, HEZ X Q) 3F 251
R W,
REBHE
1. PG. PM DfESLE

TROTIVF BT MU T LA LD Haug et al. DFE O BEFOHRBRZMAT
PG, PM ZHFHHL /=, AROT7O—F ¥ — b % Fig. 26 ITRT,
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20g of Alginate / 2L of 0.3M HCl

Heat at 100°C, 1.5h
s>

sup ppt
Wash with 0.3M HCl
Suspend in water, 250 ml

Adjust pH to 7 with NaOH

Lyophilize
>

Resistant fraction powder

Dissolve 5g of resistant fraction in 1L of 0.1M NaCl
Add 1L of acidic water(300 ml of 0.1M HCI+700 ml
water) to adjust pH to 2.85

D
1 1
sup, PM ppt, PG
Adjust pH to 7 with NaOH Wash with pH 2-3 HCI
Add ethanol (PM / ethanol =1 /2 Suspend in water, 300 ml
byv/v) Adjust pH to 7 with NaOH
— D Add ethanol (PG / ethanol = 1/2
sup ppt byv/v)
Wash with ethanol (2 times) <D
1
sup ppt
sup ppt Wash with ethanol (2 times)
Dissolve to water
Lyophilize sup ppt
PM powder Dissolve to water
Lyophilize
PG powder

Fig. 26. Preparation of Guluronate Homopolymer (PG fraction) and Mannuronate

Homopolymer (PM fraction).
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2. M7 INFUEF)IT—DRBE

g ) I —OBEIL G M WA I —#k, EEENK & TIT - 7. 1% PG,
PM 7A# (0.1 NHCI IZT pH 4.0 IZ#%)200ml 23— b7 L —7I12T 121°C T
ZTNEN., 80, 40 MK E LU=, HHAE%, 0.1 N NaOH THHL ., RIEHLE
T 50 ml ICEMEL7Z, ERUS—KROMEREIIE 2 E5.EHBFREDHIET,
CD A7 MVIZ T2 7,

BRES > TN EFD S0mM U CEBER (pH 7.5) THEE{L L /= Bio-Gel P-6 77
52 (88X 95cm) &Y Tl 50ml (4%) EHEL T, FE 13 mUmin T o7z
BHEREIELOE—VET—) L., BHELE, EREORER., TIN—FFALI
> 2,000 &AL Y0 EEZEBAWT Whitaker DEE "2 TiTo 7=,

COBETHONEETIV—EZED) VBEZESDED, KEBHKEL
12T VIR S LERWTHERIERT 5 2. RB/KTEEL L Bio-Gel P2 5
Zh (25x95cm) ITU VEHEZSUHE 2T, WE 0.26 m/min TKTHEHL
o VBEOERIT. BEUTTF2TI—ik O T ok, U CBHEZSERZW
MRrDHZT—IV L, FREZBICTEBERELTEL Y I —%57.

3. FMMZIFUEA)IT—DREE

AfRA ) I —ORBRICH VBRI, Pseudéalteromonas sp. No. 272 HRf
RTINVFBIT—ETHo7z. BROKERT, H2FEE 1 B> TIToz. 5
g ® PG.PM Z 50mM U VERIEEK (pH 7.0). 50 ml IZIEME L. B 5 0.2 ml (0.05
mg/ml, 737.04 units/mg) & 2 FFfEE. PG IZDOWTIZ 4 [E, PM IZDWTIE 3 [H
MZ. 30°C TRINEEZ. £D%., 0.1NHCl IZ2TpH % 4.0 iZL., 10 HREH%E
LTRIBZZLICIED, £D#%. 0.1 N NaOH THM L=, F04) I —REEE
BeATS U BBL, 2.EFRBEOHETHAYML -,

4. BRFOEE (FIFVEF MDA ~OERAER |

FHEOMATFRECHT 2 EARRERNT 2D, TIFUBF MU TLE
EHELTHAWEBEOBRERBICB T 2HEOERT &R OB OEM
DR Z RNz,
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HiBE1E Muramatsu er al. DFHE WS T, X M)V ROMERFTHIE L.
0.05% D7 INFUEFT M) ITLZED S0mM V) CEEEEKR (pH 7.5) 10 ml 1T AEE
RBEW (0.01 mg/ml) 0.1 ml ZMA, RIGBEAN S DMEDOREDEZRKITHE-> T
30°C THEIEL 7=,

To; 50 mM U D EEREWK (pH 7.5) DX FH#E (sec)

Tc; EEB®E 0.1ml @ 10mM U EERBRER (pH 7.5) DESEDIEF T K

fEl (sec)

ti; EEBEWIZ 0.2 ml OBERBKRZIMA TH S OREERFRE

Ti; RINESHRDOT TEH (sec) &5 &,

ZNSOREIEMMNS (ti+Ti/2) ZHEEIC, TOREICBITSHMBEDL
(r,)=[(Ti/To)-1]1/[(Tc/To)-1] ZHMEMzTOw L7,

¥z, ARBTORBEFORGEMY O CEOARESE 235 nm TORNEIZ
K DkRD,

5. RIGEEICHTIEHRDESHEKEFN

EHELTRESE (DP4~8.22) Of3f1 G KU M F) Iv—Z2 AW/, 01%
DEFY I —%2ET 0.1 M Sgrensen's glycine 11 $ZE W (pH 8.0) 2.0 ml IZ 7L
YUY —E (667.9 units/mg, 2.4 mg/ml) 10pul ZHMA. F2 FWHE 1 8 1.BFEN
DMEEICHE > THEEZHE L, £z, RUBOTIVFCBIZOWTHRRICL
TEEZHEIE L=,

6. BEFVIT—ICHTIBEREE

EEIE, RICHAYML A ) I —2F2RRICAWZ, 01% SESE O
FU I —%EL 0.1 M Sgrensen's glycine 11 FEE K (pH 8.0) 2.0 ml % 30°C T 10
AEA FaXN—FL, THNICEEREK (0.14 mg/ml) 20 pl ZINZ. BEREEZH
L, BREWHOBMZ 1 FHDORAEOELMENS 1 WU DITERTER
ANy CBBRICHET S0, RIGOBRECEAERHYOCBORIR. EEN
RAXEZRAWVE 1 umit OFE. 0271x10° MS?) TELZ P, #HRIZX,
Lineweaver-Burk 700w bk DR 7z,

-84 -



7. BESBEYOHPLC [CLI3BEDERERBH

FRIFIA ) T — (DP 3~7) KEEREZERAIE., TONBEYEFARD I &I
KOEBROIEARRZBIT Lz, 02% &£FUV I —2ET 50 mM U EEREE
#® (pH7.0) 1ml % 30°C T 10 #fEAf >FaxX—bL. ZINFUBYUT7—F (0.14
mg/ml) 10 ul ZHNZ., 30°C T 5 AREIREEE=, 728, DP3, 4 ITDOWTIE5. &
HOBEAEEKAEY KBVWTRIEVNERICEINTH S I ENTFREINEZDT, B
FEZ 20 Flcl. RIEKMZ 24 BRETT k. TNENRIEK THRIZ 30% %
B RUTLBEK 15u 2NA. KINEZELITIEDE,

BERSMEDI. BEHICY O TLANTLEEF LU 625LC system BB HAA Y
O b2 574 — (HPLC, Waters #£8)IC K27 VBB TRIELZ. B F 41
Superdex peptide HR10/30 (10 X 30 mm, 2 Z[E%||, Pharmacia f:&)Z ). 50mM U
CERRREVR (pH 7.0) ZVAMK E L. W 0.5 ml/min, BRHEHFEE 210 nm (B2F14 Y
I3 —) KW 235 nm (REEFIA ) I —) THole 1>V arli=zd>7
JVEIL, 50 Wl TH-7z, HBEOTWHEHEIZ, FEERCIVESNEZEY—Y OEH
SR H LUz,
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HERBLUER
1. J)OVE IXOVEORYI—GELUFY I —-DRE
TROT7IVF BT UL 20 g £ Resistant fraction 10 g. 51T 5 gD
Resistant fraction 785 PG 1.5 g. PM 3 g 2%/, ZOHREZBRVERL. ERICT+
DERONLZEZFAYM L, AL PG. PM DNSERIKDBEUNERBELICEX
DEIRD - REaFNA ) I —ZFB L. Bio-Gel P-6 IZLBFTINEENSERSEDR
BRAHF) IR —% B, 88, REf4) I — DX )WVIBBORER%Z Fig. 27, Fig. 28
KENTINRT, AU T —DINE%E Table 13, Table 14 ITZNFIURT
Table 13. Yield of Acid Hydolysates of Alginate

DP Mannuronate (mg) Guluronate (mg)
3 27 110
4 185 171
5 140 220
6 192 32
7 186 135
8 117 101
9 128 74
10 114 78

Each mannuronate and guluronate oligomer was from 6 g of polymeric-fraction

Table 14. Yield of Enzymatic Digestion Products of Alginate

DP Mannuronate (mg) Guluronate (mg)
3 168 192
4 286 177
5 161 110
6 106 62
7 98 61
8 125 60
9 94 9

Each mannuronate and guluronate oligomer was from 6 g of polymeric-fraction
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Fig. 27. Gel Chromatography of Acid Hydrolysates from PG and PM on Bio-Gel P-6

Column.

The hydrolyzed oligomers were put on Bio-Gel P-6 column (8.8 X 95 c¢m). The elution

buffer was 50 mM phosphate buffer, pH 7.5, flow rate was 1.3 ml/min.
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Fig. 28. Gel Chromatography of Enzymatic Digests of PG and PM on Bio-Gel P-6

Column.

The enzymatically digested oligomers were put on Bio-Gel P-6 column (8.8 X 95 cm). The

elution buffer was 50 mM phosphate buffer, pH 7.5, flow rate was 1.3 ml/min.
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2. BOFOER(TIFUVEFT MU L) ADOERER

FEEROES TFEBICHT2EARKEZRET S0, REHOEETH STV
FUBT M) LABKROMERT EARMETRFOEMOBEBRERAN T, HRE
Fig. 29 1Z7R9

TIVF BT MU LAEROKEL, RIGBEE 2 5% T 45% ETETL. M
BIAEETIIRONT, 20 21T 10% AT ERo . iz, Rfamy I+
BRI RIS BEtA & RROBF ] S 31T, EFRICHEMLZ, sl eEhs, FBER
OIERABKRIT, MEEBHRTIVF B 7Y LRk, T2 RETHD, EHOE
Bizx U TEEMICHEES L. RBRNERMOS BICEHORISENEERT 2 &%
AbNb,

-89 -



1.2
(A)
0.4
: (B)
1 w03
&
=
8 0.2
g
| £
0.8 % 0.1
0
?; I 0 10 20 30 40
é 0.6 Reaction time ( min )
g
04
0.2 1
0
0 5 10 15 20 25 30 35

Reaction time ( min )

Fig. 29. Degradation of Alginate by the Enzyme as Reflected by Changes in Viscosity and
Reducing Power.

(A) The reaction mixture contained 10 ml of 0.2% alginate in 50 mM phosphate buffer, pH
7.5 and 0.1 ml of the enzyme. (B) The reaction mixture (10.1 ml) had the same composition
as in (A). An aliquot of 2 ml was withdrawn at each time interval and tested for reducing

power.
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3. RIGEEICHTHEHDESEKREFE
BRIV F A ) I —OBEEE EEME & OMfEZE Fig. 30 1R, AFEHRIL.
HEE 5 DEOREZHCHITHM L, BAE 4 1I2DWTIE, BT EREN
I TNWBNWEDTH- N, E<EI > TWRNnDIT TIERN -7,
EHRDIEFEFT D 72T, AR FHEEITH T 2 RN E im T 217 - 7=,

20

U
[¥,
T

[u—
o
T

Activity (units )

G4 M4 G5 M5 G6 Mo G7 M7 G8 M8 PG PM  Alginate

Fig. 30. Dependence of Alginate Lyase Activity on Degree of Polymerization of
Substrate.

Substrate solution (2.0 ml of 0.1% each alginate oligomer in Sgrensen's glycine 11 buffer,
pH 8.0) was incubated at 30°C for 10 min before addition of 10 pl of the enzyme solution

(667.9 units/mg, 2.4 mg/ml), and then the activity was assayed.
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4. BRRICEERBR

FERORISICET 2S5 ICHEMRERERS 2D, EHOEEZ AW RIHHE
ERAEIN 2T oz, SEHOEEBEICH L TEOROKINEEZ Oy bL,
Michaelis-Menten BYH#R 24572, ZNICHE T E Lineweaver-Burk 700w b &7z,
ENS5DY T T % Fig. 31 (G-oligomers), Fig. 32 (M-oligomers) 2R, &4 I<
—THRONZERDOAIDI AU AEHK (Km) EBRHEE (Vmax) ZRD7z,
FAERIT. HEOYE G LI M NEERICEESLEZbDEREE LT
5Z &XD Nittaetal., Hiroseetal PNEZHLFHT7I5—E AT > REIK
SREER) QM PR ERAL TY T MEEEHETHZENTES, Bo5h
72 Vmax ZZ2BEFEBE (Eo) THIZ I &ETHTFIEME (kcat) 2Rz, IS KEAEE
RORISFNRZ kcat/Km DN=BTRDE, ZEMWR (ETOYTHA1 MREHE
ﬂ?%ét%bhfméﬁﬁyﬁﬁﬁﬁ(mm)t$Emmﬁ%%£ﬁ&amoé
LFOXIICUTRD =,

ESnp — K" N E4P

% kint=constant

E + Sn , (1)

. 9
CZRHRTFE n ZEBOEREZ. p. q XZNETN productive (F:E ANE M E4r 2

FEWTERYZETL S B) BEY nonproductive AR ZZ%ET, E. Sn. ESnp.
ESng . P IZTNETNEER, SEIEREFEDOREE, productive IEEE-LEHEA
&, nonproductive BREESURKRVERYEET. Kup BELY Kag IEENFNOES
EEERT, knp I& ESnp &W0D productive 72 EEEN S ERYNEL 3 HEE
BEXRT. (1) XS5 Km B keat 1 IRADOBRICKREHTE S,

1/Km= I Knp+ X Kag (2)
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Y71 " E m. BEOESER n £T5&
kcat = Vmax / (Eo)
%Kn,P

= kint
. I?Kn,p"' %Kn,q (3)

n>mpEE %Kn,p » %Kn’q

WZIZ (3) R&D
kint = kcat (4)

E2D, DED kcat R—EDHEERLEBR/NOERENY THA METHD., &
DEED kcat DEIHEMN kint &725, £/, n > m D& X productive IZFEAIE
(nm+1) BOEULBZDT, INSOHEAELKIIRANSKDENS,

1/Kint=(n-m+1)Km (n = m) (5)
INSDHEBEORDSNTZBRICENS1HE/NT A—F —% Table 15 ITRT. &5
WKIDRERZDEI, YTYA MROREZFTIEDOEBERORKISE H12#/NT A
— 5 — O ET Oy kU#ERE Fig. 33 1077,

-93.



04 12
G4
ol Pl
P = st
A
= ©
zZ ;
w02} =
2 5
S 34
0.1
2t
0 : 0 . :
0 01 02 03 0 5 10 15
SX10’3(M) 1/SX10'3(M'1)
12 4
G6 ssh
1 e _
w 3
2 08 T
I = 2sf
2 o6l < Lt
\;r 0.6 ) 2
(=] x o
= 04 513
Z
> - 1
02 ost
0 . 0 . .
0 0.1 02 03 0 50 100 1%
Sx10-3(M) 1/8x10:3(M-1)
12 3
G8
1t N
(22}
-~ o
- 08}
2 2
< o6t g
Py 0.6 S
] x
x 04 z
> —
02 osf
0 0 - .
0 01 02 03 20 40 60 80
$x103(M) 1/8x103(M-1)

—
g

=

Vx106(Ms 1)

vx106(Ms1)

Vx10°6 (Ms1)
o o
0

e

—
T

o

o
2
0
0 01 02 03
$x 103 (M)
14

G7

0
0.1 02 03
$x103(M)
14
G9
1.2F
1+
08
0.6
04
02f
0 . :
0 0.1 02 03
Sx103(M)

1/Vx 106 (M1s)

1/Vx 106 (M1s)

1/Vx 106 (M-1s)

~

(=}

wi
-

F'S

0

25t

151

05

50 100
1/8x103(M-1)

150

20 40
1/8x103(M-1)

60

0

50
1/5x10-3(M-1)

100

Fig. 31. Michaelis-Menten Plots (left) and Lineweaver-Burk Plots (right) of Action of

Alginate Lyase from Pseudoalteromonas sp. Strain No. 272 on G4, G5, G6, G7, G8, and

G9 as Substrate.
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Fig. 32. Michaelis-Menten Plots (left) and Lineweaver-Burk Plots (right) of Action of
Alginate Lyase from Pseudoalteromonas sp. Strain No. 272 on M4, M5, M6, M7, M8, and

M9 as Substrate.
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Table 15,

sp. Strain No. 272*

Kinetic Constants in the Reaction of Alginate Lyase from Pseudoalteromonas

kcat

Km kcat/Km Kint** kint***
DP M, x 10%) (s (Ms?, x10%) (M?, x10%) (s

G M G M G M G M G M
4 3861 4250 25 @ 3.2 06 0.8
5 0039 0232 62 74 1598 31.9
6 0035 0226 79 119 2252 524 284 44 77 118
7 0031 0192 7.6 132 2439 691 161 2.7
8 0.028 018 7.3 11.1 2631 594 121 1.8
9 0025 0172 7.8 108 3091 632 98 15

*, 30°C pH 8.0 ; **, Intrinsic binding constant; ***, Intrinsic reaction rate constant

6
Log ( kcat/ Km
ST pKm
a1 Log Kint
3 =
2 L.
Lk Log kcat
O ] 1

G4 G5 G6 G

7 G8 G9

B Log (kcat/ Km )
pKm
i Log Kint
Log kcat
M4 M5 M6 M7 M8 M9

Fig. 33. Relationship between Kinetic Constants and Degree of Polymerization of Linear

Oligomeric Substrates.
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Table 15 DERZERTZERDED WD, Km NWERE - EEESE OFEE
EREBIRTE, EIVNS VIERERE - BEMOSMMEIHE 2B LIir5, FE
BOSE, FAVIX—OESEOEMIAEN Km 3B L, QAICEBEREY
WEFVBERELF) IR —ORIHIEZLVEBEOEREOEVANKENT &G0
o7z, U EERERD T IV E B T—EERBRDOERTH 7z, £l M &K
DH G D Km HOED 10 FEWEZRLEZDT, £BRIL G AVIT—LD
BHRENENWI ENHENER ST,

keat |3EEFE - HEEHEA RN ORICENEETIBRL THIZ 0 ORBHEEEK
THY, kint I3 productive ZIEE BT 2SR EMbRVAEPLEROK
BEEEBTH S, COEVPKEVIERIGENBNET X %, FBERICBNTIE.
G EDd M OEPEFTEHZHN, KENSZ, LHL, EGEOKEMEINR
5NY. G M RICEEE 6 LETEIEF—EOEERLE. TOZEEIHT I
T ADERTEATSE, FHROTTIA MUIIT IV F VBEE 6 i
HETHEHEEEINE, KN EZERT kcattKkm 2 G & M F U I —THEN
THDE WITNOEREIZBNTHH S £ G VI —DHFNKENI &M
bholz, |

Table 15 IZHBWVWT G & M FUIT—O Kint ZLEBELZEZA. G DHD 6
~7 EEN 5. G M RICEHOEFEINETIZONT Kint DHL T
Ronf, Zhid, Y7YA1 b2BALEHOBACLSBENORETHIDY
LW, —7%, kint I3 M OFN G FVIv—&DD 1.5 FEEVWEERL .

UbtDZ NS, FBERITINVOCE, YOXOCBOMERIEEE2ETSZ
LIIHASHTHLY, BREEHOHMMEEI M K0 G AV II—DAHNH 10
BEREN DTz, keat/Km TROENDKIEHEE L TIX, /ot Iv—0F
KK S BEWIENWRBEINE, £z, YT hO¥E 6 CRETHE, HE
DEEE 6 LEICTBWTYHTHA MREETETEN > TVNEEEDRHEEDHRE
i3 G DHFVREL, EEEMEWVERERMEZRLEZ, LML, ket 1 M OF
MRENSTz, TOZEF G AN 'C, D M M C, DIMEEERZEDZIEE, T
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NS ZRBIT2BROEREFTOLBELOHEERADOENVWILSZBDEELSNS,
ULDRERED, ABREIT O XOCBEA)IT—K0B )N OVELFY) I3 —
DHVRIEEEHRINCEMTHD I ENTN o7, INETIRERIN TNV SHE
MEEHROEEN T IF U B) 7 —EoREF TN O BRICEERREEEZEL T
L0, TDIEEXBERDZ DBFTREROBIIIANBEEND B DND LI,
5. BMESBEYOHPLC ICLZ3BEOERBEMBIT

X 5 BMAES FREICHT 5 Uk E, SBEND HPLC 12 & 55 Vil
BTHNZ, FICEABROYTTY1 NI 6 THBEHEINZDN, T ORRIEEE
MY T A PO EDNBICHEET 2N EHET 2 BICRICHHBRE TN EE
MOEIEZITOLENH . ERE 5~7 KDWTOHR%E Fig. 34 E/E 3 &
4 ITDOWTORER%Z Fig. 35 IR T, EHFEfA) I —2% 210nm THIEL,
REREAREIA ) I —% 235 nm THIELZZSHDZEKT,. Fig. 34, 35 KD
O AU Iv— & XO0VEA ) IY—MT, 7k Iv— 2R\ TIIHRER
DHEBIIESNABN -7/, Fig. 34 K0, PINFUEATIT— (DP 7) &, £IZ
REAFN 4 BEERAFN 3 BTSN, ENITRELRN 3 BEE RO 4 B, FREFD S B
Cffn 2 BICH I Nz, TIVF U EBEAFHTT— (DP 6) I&. EITFEEM 3 8
ERERN 3 BEICHmEI N, EMITRRER 4 B 2 Bib I N, TIVF
SR HZ— (DP 5) 1&. EITREAM 3 BEEMR 2 BICHME N, EMITRE
2 FEefam 3 BICbaMIN, TIVFCBT RS — (DP 4) 1. 3.RIGE
EICHTI5BRRADOEGHEEKRFRLIORBRIDIZK VI ENS N> TWEZDT,
BEXEZ 10 5. KibZE 24 RE{TW, T0O% HPLC I X 5% )VIB@ICHE L /=, Fig.
30 DFERED, T b T <— (DP4) JIZEFREEOHEE TARREM 2 ¥ 2 B,
AEEFN 3 BEEMARN 1 WICaEEI Nk, UL, BREOEBRE TERERIGZT
S2THhUT— (DP3) OHRIZE I SR-MN o7z, THS DFERIZET W T, Fig. 36
RSB T 287 NVFOBA) I—0F ) 2L RESOYUIMEE &S
DRRERERT, REOTRRLLERFIL, SEEOHBRERT. 2 TONY
—VTARER M) AU I —DERBRBD 5Nz, 4. BERDEERDBERTOREE
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MOERBROTTHA ML 6 EHEESNZ, DT LEZEEL. DP 6 Bl LD
BEF) I —DOREINY — DRI ANTHI— (DP 7) KODWTKRIBEMZERT
HDE, fafn 3 ENEEEY TH ok, Lo T FEEROMEIRAILIEE TTAR M
MEYTHAL D 3 FBEH (FRES) KEET D EHEEI N,
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Fig. 34. HPLC of Reaction Products from DP 5~7 of Guluronate and Mannuronate

Digested with Alginate Lyase from Pseudoalteromonas sp. Strain No. 272.

The solid and dotted lines show the absorbance at 210 and 235 nm (unsaturated reaction

products), respectively. The numbers on peaks indicate DP of the oligomers, of which

elution position have been with the standard oligomers.
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Fig. 35.

HPLC of Reaction Products from Trimer and Tetramer of Guluronate and
Mannuronate Digested with Alginate Lyase from Pseudoalteromonas sp. Strain No. 272.
The solid and dotted lines show the absorbance at 210 and 235 nm (unsaturated reaction

products), respectively. The numbers on peaks indicate DP of the oligomers, of which

elution position have been with the standard oligomers.
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G7 M7
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Fig. 36. The Pattern and Fraction of Bond Cleavage of the Substrate Oligomers by
Alginate Lyase from Pseudoalteromonas sp. Strain No. 272.
The position of bond cleavage by the enzyme is shown with arrows; ( € ) in the main

and ( T ) in the minor. The numerals are fraction of bond cleavage. Symbol ( O )

indicates G (a-1,4) or M (B-1,4) unit and subscripts of G and M mean DP.
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6. Pseudoalteromonas sp. HETZ I F B 7 -V L FRARXRREREOY T
o BB |

Pseudoalteromonas elyakovii R 7 )V F D EU 7 —EiX, FEREFERKRICT)IL O
CEBRESRIUOVBOMEEICEERERT DI ENHN > TWVWS, Sawabe et al. 13,
COBRIIDWTERICRUEDOT )VF . PG.PM.MG J ¥ LAZHAWT, Km
& Vmax ZR®OTND B, ZO#EHE, Km. Vmax #iZ PM BBEHAEL, XKW T
RUEBOTINF VB, MG 5% 5, PG THo%. PM OFM PG LD H Km fH
M 20 FEKKEN-7z, ABZED M FVIT—IZHLTOHFHN Km HIZKE
Mol 10 FEETH->. G. M OHBEEICELEZETEZITINF OB 7 —
ik, BEHEOHMEIT G ITHL TOEFVNENI EWRBEINS,

TIVFUB)T7—EOH 79 MEBIETIARIIEZ TR0V, FEE.
Vibrio sp. (Takeshita et al )*, Corynebacterium sp. ALY-1 #& (Matsubara et al.)’®,
Enterobacter cloacae (shimokawa et al.)*® HXZ) 0 B 7 —t¥, YL (Turbo
cornutus) @ B3R (Muramatsu et a‘l.)“o)‘ 7 7 ¥ (Haliotis tuberculata) (Heyraud et al.)*”
AR XOCBRYY—EOY 7Y MEEEE Lz, TO#RE%E Fig. 37 ITR
o UT7HA MRIZARRZRZHDOD, ZIWRXHERLIZEABREZRSETOT I E
U7 —tEid, MESRMIIERTRENS 2 FEE 3 BEOMICEET D EHES
nTwna,
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Alginate Lyase from
Pseudoalteromonas sp. No.272

(This study)

PG Lyase from
Vibrio sp.
(Takeshita et al.)

PG Lyase from
Corynebacterium sp. ALY-1

(Matsubara et al.)

PG Lyase from
Enterobacter cloacae

(Shimokawa et al.)

PM Lyase from
Turbo cornutus (wreath shell)

(Muramatsu et al.)

PM Lyase from
Haliotis tuberculata (abalone)

(Heyraud et al.)
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Fig. 37. Comparison of Subsite Structure of Alginate Lyase with Various Sources.

Symbol ( O ) indicates G or M unit, ( [J ), and arrows show enzyme subsite, and

active site of each enzyme, respectively.
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E3E EROFBEPROEE
HE

INETDOERBRKD Pseudoalteromonas sp. No. 272 WEAET BT INF B 7 —
COWRNE S M ERo e, FBENZNETIHEDWEDR L PG, PM O
RETERZAETOIBRATHLA I ENOEEFRLICETIAREZES Z &I, 20
NAVEEBEBEBTHD, BEROHBHIETHD, IOREBROMBIERCETIHAR
ZRBHIEEZERNE L TEREZITH -,

ETHRDOIC, FEREERAIE2RMETEE (PG. PM) @ CD ARY MIAE
It EIEEL,. REBOBHRORMPE(LE RO, ZOBBRNSEBERS
FTHOEERONTEERICENCENTNICEET S, DD 2 DOEEDLE
HOMN Xid 1 DOFEEPLICEENBEEHNICHES T 20N E2HNE,

RIZ, Gacesa DMEBT A7 INFUBRY 7 —EORIGHEE kI &, £HO
AIWRFVINEICERSFROEEET I VBIA T2 2 & TRIBHHEBT S,
ZIT. BEOHNRFLINEET O T3 7 ETEOREHHBOD Y 2RI
THERET O,

BRIT, FBERSFRICN) TR 77y DREN 1 DUNEELRVWI &, {b%
EHi THEERZ NBS THLT 3 &, FEHEAM 100% EFITHIEICEHEBL., MY
TR 7 DREOEERELESAREANOESZ N Ty 7 O REOEB ¥NE
HWTHNZ,
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RER M
TIWFIBTOELZ)a—=), 7ZUNT I RIE, ML slzmwe,
LinU, ZIVFCBTOCL 7)) a—)N3lT s 0ER D - -0 TUTFICER

T%Za)@ﬁ%tﬁof%@btoN?t?wbbU7F77>73N&S@m

#HEDOHDERA N,

REBHE

1. EMEPLOBOME

a) BE—E (02%) ® PM IZ PG DBEZHIEL TMA. KIEHENS 4 H%E
T® 240 nm TP CD ANRZY MVZEHEIE L=, PG & PM OBEBRIILATOE

DTHoTx,

PG 0% 0.01% 0.02% 0.05% 0.08% 0.1% 0.15% 0.2%
PM 02% 02% 02% 02% 02% 02% 02% 0.2%

INSOEEER 02 ml IZBERAKR 10 pl 2WAYA 7 0F2a—THIZBWT
HRTRIGSEBERRM 1 5%, 240nm @ CD AXRZ M2 3 HEBIE L=,
RIERER KO RISFH (BEFERMN 70 B%) OFXHELZRD, FBEEICNLTTO
Y hUTSTERERLE. ZEL PG DA TOREZRI =D, RFBEICODNT
ZTNTNI>hO—)VELUTHYEED PG OHIZDNTHRBEICHEIE ZTW.
( (PG + PM DZHZER)— (PG OADZHR) ] 2RDTOw b L=,

b) IBE—E(0. 0.1%)D PG IZ PM OREZHHML TMNZ., a) &FEICL TER
ZfTo7z. PG & PM OBREMRIILLTOED THo /-,

PG 0% 0% 0% 0% 0%
PM 0.02% 0.05% 0.1% 0.15% 0.2%

PM 0% 0.02% 0.05% 0.1% 0.15% 0.2%
PG 01% 01% 01% 0.1% 01% 0.1%

ELINSIZDOVTIE a) oflcay ho—)LidEs S, 20FEE&7FHRE
ysowesay Ui,
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2. FIFUVETOELSYI-IEBRELTRAWELEZDTVF VBT -
EiEEICDONT
a) 7IF¥FrBE7OEL Y- ) 0ORE
WRGOYIF BT L > )a—) 5g % 50 mM U > BEBEEK (pH
7.5) 200 ml ITIEM LTz, ZNICAEERBK 0.2ml (0.57 mg/ml) ZMMZ, 30°C T 3
Rl A > FaR—b U7, BERMMLE, BEERCION Sml STEELEZ, T
D, T 0.1 M NaCl 258 50 mM U CEEREEE (pH 7.5) THREE(LL /= Bio-
Gel P-10 A5 L (25 %95 cm) ICBMEL =Bl 26t L7=. BHNY - K 0VESTF
BROBET—IVL, THEREAICH L TER L, BRI TR 28,
UTOERICIZIOBHETINVFOBETOEL > Z) a—)L 2R\,
b) REROTZIFUVEIOEL SV I-LICHT B4
BELETNVFOBR7OBEL ) a—- )V EAXBROEEHEE HPLC I2XL5%5
WIEBEIZ KD RDZ, 02% TIFUOETOEL ) a—)LZ2EE 50 mM U >
ERAREWR (pH7.5) ZHBEE LU THWE., BEHEIT 10 mM U VEERER (pH 7.0) 12
B LT=, JBE 0.1 mg/ml (347.9 units/mg) D HDZE A=, HPLC IZHWEH S
L3, Shodex PROTEIN KW-802.5 (8 x 300 mm) (FAFIE L&) T, BWHBEHEEL
T 50 mM V) CEEFREIR (pH 7.5) 2RV, W 0.5 ml/min TEHL=, KISIE=E
RICSTUTOMHAEDOETITW., FNZH 90ul 2 HPLC I2ftL 7=,

HEHDH FHE 90 ul 10 mM PB (pH 7.0) 10 pl
BER D H 50mMPB (pH7.5) 90 ul  EEE 10wl
HE+BER HE 90 ul BER 10 ul

3. MITrI77 BREOBEOHEKICEDSBELEROHEERR

TOUIIT I RIZARARKL =, 03% OREYE (G4~G7. PG. M4~M7, PM) %
FU 10 mM U CEERERER (pH 7.0) 0.65 ml 1T 0.1 mg/ml (1293 units/ml) DEEFEE
W 01ml ZMAKSEESL., BRE-EEEGHEEZHRL TWIZOBRRKICEEDR
BT UIVT I RAKEKR (IBE 0. 0.05. 0.10. 0.15. 0.20. 0.25M 25 LS
12)0.25ml ZMNA K <IBEA L7H%.30 BEBOFIEY 295 nm 1CBIT 5 8ANHRE
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£ 330nm) Z HILAEHAIEERT 650-60 B THIE L=, TDMIZ, BERDH (F&
BE 1ug/ml), N-THEFIV-L-FU T 7773 R (KREE 0.07 ug/ml). RCM 1t
UEBEHR (RBE 2pg/ml) IXDWTHERRIZL TEEREZRIEL /=,
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HBRBLUER
1. EEPRLOEDEE

F2E2EHSEEABEMNTEEREZ PG, PM ZERSES L, FOMBTE
BD CD AR MIBNRICETHZENPN o/, 22T, ZOMHEEFAL
TEABEROEEF LI LU THEENEDESIIERATIN,. DEOEESWIIER
T ENEMEFNT, Fig. 9 IRTHRELD. PM CABEREZEAIES L. 240 nm
TOBEHABRPRESELLTNVS, TOELBIEIBREZICHFAL TWE (T—FIiF
RLUTWRW), —F, PG DAL, 240nm TOREIRBLLERIZIBD SN,
ZZTPG . PM ORMEZEZEZ, 2D 240nm TOEARZHEL. VI T7ITE
L7=D7 Fig. 38 TH 2, (A) ZBE—ED PM IZ PG ZHIEHITIMATZRF D 240
nm TOEMHEZE{Z.(B) ZBE—FD PG IZPM ZEEANICMA RO 240 nm
TOBMBELERL TN, Fig.38(A) 2H5 L., BE—FED PM IZ PG 2
HENIMA =& ZE 240 nm TO CD AR MUVEEDOEITIHS MIES L TW
B, DI EE PG ZMABZ EITKD, FERITLSD PM OB BfTHRNICL
X2 TNBZEEERZL TS, —k, Fig. 38 (B) TH. PG ZMA-EZ LM
ATWRENWEZLETIE, SN PG ZMAEZDEMN 240 nm TD CD AN
7 RMVBEOELENREALTHD., PM OSENTHOINIZKKE2TW3, BL.
RERSFHIZ PG, PM IZEMAT S 2 DOERPLREET 2251, FhEh
DEBDOHEEZT5ZE12< PG, PM OHERITHONZIITTH S, DFD,
(A) IZBWNWT PG DRE (BEh ICETRERIESNLZIZITTHD, (B) iTBW
T2 DOERMOBEZIEFELLBoERETTHD, UEDEHIZED, ABEFED PG,
PM IZX G BERFOIE 1 DTHLEHELRZ, Lol MEEICENTIER
T3 2 DOFEREFONEEICHAELAAMBICEEL. 1 DOESTSREZH
BLEZEEZ, B 1 DOEEMBLOBENBATLENEEEZHS XT3
EVWDHEEMRDEZ 5N B, Fig. 38 (A) THRMH/BSNZDIZXR LT, (B) TRE
MRBOENT. ZORRIZASHNTRVWA, PG, PM DA DE N SN
DEEEBEZTNWSHOnH LN,
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A 6 Imin (in" ) at240nm

@

0

0 0.05 0.1 . 015 0.2 0.25
[PG] (%)

)

°I ® » ®

A8/ min(m" )at240nm

[A8]
w

0 0.05 01 015 0.2 0.
[PM](%) |

- Fig. 38. Effects of Coexisiting PG and PM as Substrate on Activity of Alginate Lyase
from Pseudoalteromonas sp. No.272.

(A), The reaction mixture contained increasing amounts of PG as shown in the figure with
0.2% PM in 10 mM phosphate buffer, pH 7.5 and 10 pg of the enzyme. Ellipticity
measurement at 240 nm started at 1 min after addition of the enzyme and continued 3 min.
(B), The reaction mixture contained increasing amounts of PM shown in figure with 0.1%
PG ( O ) and without PG ( @ ) in 10 mM phosphate buffer,pH 7.5. Ellipticity was

measured as described in (A).
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2. ZIAF¥UETOECL S A=) EBRELTRHWEZDTIVF VEY T —
EiFHICDONWT
a) ZI¥rEIOELYSYa—-)L0OHEE

0
]
COOH C-0-CH,-CH,-CH,-OH
o) 0
H H
HO OH HO OH
Alginic acid Propylene glycol alginic acid

TIVFE B (X0 EZOIATIEENTHS. 7IVFoBTOEL
>0 =) (PGA) DILFERZE FITRT .

PGA ZFINMBEAIDBALZY, ZOWRKBICIIZLICIATIMEZI N TN
BRWTINFECBATFOEETIOTINEROBRILENS >/, TTT. FER
IZE DDLU, Bio-Gel P-10 IZL D7 INVERZE TV, TAF)MEIhTwianwo o
CBERELURE. BH/NY— % Fig. 39 (A) ITRT ., TOERELI TS E T
U, BEKIZHUTERL, BREEECXDBEMES %S, Fig. 39 (B) IZBH#%
DBEH/INY — 2 ZRT,

b) XBEOTIF U EIOLEL S I-IICHTIESN

—RENIC, TIF BT —EORIGEEIL, EETHI2UO0CBONIRF
VHICERSTFHOBENT I BAIRE L, RIENHBT 2 EEEINTNS 9,
ZITZDANRFIINEELIATIALLE PGA 2EE LU THWT, JEEDHE
BERANz, TORREN Fig. 40 TH5., HEELL T, fROTIVF BT NI D
L. 8l PGA. PG, PM ZH W/, Fig. 40 DS HBHSM 2 XD IRITAFIVET
WFDEBETIHERIZE<BO S NN o. LML, BREEHOHESIIRE Z 5708,
P RISDR Z SR NWETTH I END I EHEZISNZDT, TOEEHEEZER
EHBEEZREGLUZBEO HPLC X3 7 VBB THNRZ, TOFRERMN, Fig. 41 T
HbD, INEDTITTNSHENREIIZ, ZBEREIATIVETIVE VEBITHES
TOODWEISIBENZ ENGN o7z, R0, FERLEB EEET I
WRFIIWVEOFEENBETH B I ENRBI N,
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Fig. 39. Gel Chromatography of Enzymatic Digests of Commercial Propylene Glycol

Alginate (PGA) on Bio-Gel P-10.

(A), PGA-digests with alginate lyase; (B), dialyzed PGA-digests. The enzymatic digested
PGA was put on Bio-Gel P-10 column (2.5 X 95 cm). The elution buffer was 50 mM
phosphate buffer, pH 7.5 containing 0.1 M NaCl, and flow rate was 14.7 ml/hr. Vo shows
void volume (blue dextran) and Vi shows monomer (galacturonate).
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Fig. 40. Dependence of Alginate Lyase Activity on Different Substrates.

The reaction mixture consisted of 2.0 ml of each substrate (0.2%) in 0.1 M Sgrensen's

glycine II buffer, pH 8.0 was incubated at 30°C for 10 min before addition of 10 ul of the

enzyme solution (19830.3 units/ml), and then the activity was assayed.
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Fig. 41. Binding Ability of Propylene Glycol Alginate as a Substrate.
(A), Alginate lyase; (B), Propylene glycol alginate; (C), Alginate lyase and propylene
glycol alginate mixture.
Column; Shodex PROTEIN KW-802.5 (8 x 300 mm)
Mobile phase; 50 mM phosphate buffer, pH 7.5

Flow rate; 0.5 ml/min
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3. PUTrI77 REOBEOENICE DK HREERDOBEER
AERSTHICH—FETE NS NT 7 DBRER. LREMHICKDBERERD
HREHZSLT, NI MT7 7 OBFEOHRAEEZFIHLT, N7 7 U OFE
REBEZHANT, BESTRENHKETZLEZON) TN T 7 D OBFENEHFICE
STEDKDIIELTHINERIL, ERERREEOEERE L OBBER N,
FTOHEEBEELTEREDORRA A ) I —LBREXEIREBEON) TN Ty
SOENDT ZVIVT I FIZKBEAERICEOKRDZ, L., NIT T 7%
ENG ONVERTFOREICEREL, BELEBRICEMTIRRCHNE, 20k
U777 > OBEBEOHRNIT V7 VINT I RIZE> THARET 3. Bo5NZ80E
EMNS Stern-Volmer DEAFBRR (1) ZHW 9, EHOLEITBIT 2D ELRRHE
HEEERDTZ, Fo/F = 1+Ksv[Q] (1)
ZZT, Fo @727 VUNT7 I RBFEELRVWEZORBIOHEARE., FII7T 7))
TIRFRBEN Q] TH3LEORBOHNRE, Kv BEHRMEAER M) &R
T ZD Ksv CEKDHAWENOEEZFTMT 5 Z EMHKS,
X9, EHOGFELRWERETOBRZTODOOHUNBEE 30 PEEIC 2 HHE
BIELINERRES Uz, ERE Fig. 42 (A) IZRT. O S HARE IR
EEDBRRBELTVZONSG N0z, TITETORREIT, 30 BEOHNRET
RIZLI L, RiIT, BELEBAICETSIEOHRS, TROEERITHEHL
EEURIBEO N TR T 7 SEREOEF AN ELTD N-FEF -1 b 1)
Th77 2732 B, RCM {bEEERE. Native-BABERITOWTT Z7UNT I RT3
BHEHEEZEKRD, (1) RICYTIEIDTROZEMHR%E Fig. 42 (B) ITRT. ZN5HD
Eﬁ@@%ﬁ\%ﬂ%h@@%ﬁ%ﬁﬁﬂ@v%ﬁ?o%@ﬁﬁ%ﬁ9&hIW\
1.61 Tho7z, ZOEENKEVWIZIENI TN T77 DREMNBEICEL S WEE
KHBIEERT, Fig.42(B) &, ZOEBICTERLIEBREEZAD. THERAE
W, ABERSTHROMNI TN 7 DEREOABIE N-TEFNL- NS R T 2T
XN, RCM EFBEROIDITBEICKRESBHL TS DO TIIRL, 2FHICHE
bNTIRBIZH D Z ENHN o7,
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Fig. 42. (A) Intrinsic Tryptophan Fluorescence of Alginate Lyase from

Pseudoalteromonas sp. Strain No. 272. (B) Stern-Volmer Plots of N-acetyl-L-

tryptophanamide (@), RCM-enzyme (A), and Intact-enzyme(M) from Pseudoalteromonas
sp. Strain No. 272.
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KEZRSTHRON) T N7 7 URER., BEOEELRWRE TS FoHIzH
HNRETHDENM o7, RiIZ, EETHS G M FYIX—DEET
THABENEDLIDICEILTH20HAXRE, TOHED Ksv % Table 16 IZF
EDT=,

Table 16. Stern-Volmer Constants of Alginate Lyase from Pseudoalteromonas sp. Strain

No. 272 with Acrylamide

Oligomers
DP Guluronate Mannuronate

4 2.62 ’ 1.67

5 1.83 1.67

6 1.81 1.62

7 1.79 1.52

Polymer 1.58 1.45
Intact-enzyme 1.61
N-acetyl-L-tryptophanamide 9.54
RCM-enzyme 7.87

G.M FVIT—HIZIE, EFOENALNZHOD, EAENETITONT Ksv
PENTIED 20, BAOTHEMNB SN, (LREHNS BIERICEST 3 &R
REND M) T T 7 DEREOMBIE, EEA) IV —ICL>TRESIZAI IR
&3 oTz. HARITHAT 7 IUINT I REQOEMZHITIORMNEBIZHS
CEMERIND, X, NUT N T 7 VREREOA RV ROMI JEEFBUT,
BROSEBEKFBBESITLOBEETHBOEEZONS, F 3 E 5 HioINEHE
BREFTOERNS D, NUThT7 VBREZI LT FRIALEL TWLS, fIgHiZ
L7 bOSMNIZEEM L THE D, WOWITEE & ORAZE I EMLICH - 7z,
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