anuuslasegsaslataaiandvs ansudinaisalelelasd
7 )

- -~

£
X

] m
¢ ar oL - - -
5705 (Donge wdadad uas unagivaws Asiaild

NOTUUINLUINTD

figuagu 2545

‘@IW']QQ NIUNAINYIRE



naRnNssNsznA

fAde  weveuAunamuitafiunaning phanmiminends dAwiunissiusyu
VUISH 10YBUAN A.AT.N0 Tunyass ATARIAY uA ArdumIn  Rnwaas wissniu-

- L - (] . .J
Asuganind  lumsldddinuuniquszanudaamied umeilauasiAtesdia uas

VRUAMIUAAE AoTyed w AT AuseiRnn ussuaatian Uszaed Ay

ol

mainenluguedasidunilssiv ey

FONUUINLUINNS )
RN ITNINENAY



Folassnsice anroelanafarsslslaawmndviulnalrdansuaess
lalslesTan Bacillus circulans A11

Feride 3p.07. (Hengy waFadan uaz ueas fivane Ranladid

Wweuuarilnvnaduiade 3 fiquanu 2548

s 0

UnARta
mAdeiiiinguszasflunensdnsnslansfisedslasmndviulnalaiansusie-

15 (CGTase) lal1la:T aanBaciivs girculans A11 InedasisviuFioouda meaadeunsmesiiu
uasin/ Infiifhueadulsznetl saamsAnmnaseslna ladadusiauanaiuaslnseairenns
lelela] AevhdayasmlssfaumAwnainaiamatgluuseseulel lufuneuusn
Bnisunnlelelesii 4 188 COTase Fanmmiaadiinnsiwidauuy preparative udariy
uﬁ&:‘iﬂhhﬁﬁwﬁﬂmﬁﬂimm:ﬁﬂmjﬂaﬁmﬁaiﬁuﬂmmﬁ:ﬂh wazldmatanisiiosiu
vinnusidanduammumin-lisalelaasndriudaunisdauils aanmmaseaudn neaaziily
faglunhnnuss uasdanud Ao Aesenninees CGTase lalalasTs 4 1un v Taury
Badm Inlsdu unsnanesilulunguaifuenian wenanni lelelesl 2 uaz 4 daflifu uas
lelele:T 3 dadlladuegluufanassindan TumisnsasnsusaAunsaesiluiilann N s
nsseziTuuazin/Indiiius silsrney wirda drdunseesiufitane N seaynlelslnlindon
s Aelu 5 Auwdsusnih APDTS Famileutulueules] CGTase feuusnlalelel  ludow
ssflsrnaunsaasiiureannlalelniihiuansaiuednsiniey uas dlednmsfimlIndiiie
snmstasdanietlaimivduionedind C -HPLC wul reverse phase lenadn 4mauuse
simyamtilng Fuynineansuansinsyasinads) yesnlelalnilifiaenusnsinaiy e
Anmunteslnalriiaduseleleledlatnmn deglycosylation atiaulesl Endo H uaz
PNGase F uazfanarsiail tifluoromethanesulfonic acid #g1/1#41 deglycosylation laifinasie
swnuaztszqgniveanlelelel willuarowenfidfiveslalelel 3 uaz 4 Wnles aannas
Ansslusfuiifusouszneululelrlnounedind C-HPLC wudh ynlelelefilszneudan
fApmdn 2 im AslEmedausnai qwniaqﬁﬁu a1aag11491 vanuguuues CGTase finan

TWshustiadeafiimalfoulswmdimsoeaniaussulssiaannty



Project Title STRUCTURAL CHARACTERIZATION OF ISOZYMES OF
CYCLODEXTRIN GLYCOSYLTRANSFERASE FROM

BACILLUS CIRCULANS A11
Name cf the Invastigators Dr.PIAMSOOK PONGSAWASDI AND Dr. TIPAPORN LIMPASENI
Year 2002

Abstract

The aim of this work was 10 Characlefize Ihe stucture of Cyclodextrin Glycosyltransferase
(CGTase) isozymes from Bacillys M-M 1.Aclive sile, amino acid and peplide composition,
and effec! of glycosylation‘on aclivity and structure of isozymes were sludied. The information
oblained was used lo analyze e formalion nF_)fglﬁilipla forms of the enzyme. In the first step,
isolation of four CGTase isozymas by prapamiﬁa‘ gel eleclrophoresis was carried out. Each
isozyme was then incubaled wilh group-specific \l‘ﬁgents which chemically modified certain
amino acids, and subslrale proleclion using memﬁ-ﬁ-cycbde:dnn prior lo modification was also
performed. It was found thal amino acids localized "iﬁ ﬁ!ﬂ active site and were essential for activity
of all isozymes were liyplophan,-histidine,lyrosine,and-caiboxylic amino acids. In addition 1o
lhese residues, serine in "isﬂzymes 2 and 4 and lysine in isozyme 3 were also protecled by the
substrale suggesling their presence al the aclive site. For delermination of N-lerminal residues,
amino acid and peplide composition, the resull showed 4hat N-lerminus of all isozymes were
APDTS which were Ihe same as lhosg inunfraclionated enzyme. While amino acid composition of
all isozymes was similar. When peplides from tryplic digeslion were analyzed by reverse phase
C,,-HPLC “the number and lype of peplides (separaled by polanly diftarence), from all isozymes
were nol different. For the effect of glycosylation on CGTase isozymes, enzymalic deglycosylation
by the enzyme Endo H and PNGase F and chemical deglycosylation by lrfluoromethanesulfonic
acid were performed. It was found thal deglycosylation had no effect on the size and nel charge
of all isozymes bul exerled some effect on aclivily of isozymes 3 and 4. Analysis of each isozyme
by reverse phase C_-HPLC column showed lhal they were composed of lwo main prolein peaks
wilh different ratios. The overall data suggests that mulliple forms of CGTase was the result of

post-lranslational modification of the transcribed and translated form of the enzyme.
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51U¥ 1 Structure and molecular dimension of cyclodextrins (2)



SN 1 Properties of cyclodextrins (1)

Properties o-cb B-co ¥-CD
Number of glucose unit 6 7 8
Molecular weight 973 1135 1297
Cavily diameter, A’ | 9-10
Cavity depth, A’ 7-8
Crystal form (water) Prism
Solubility, g/100mi H,0, 25 232
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31]*71 2 Beneficial modification of guest molecules by cyclodextrin (3)



AN51aN 2 Industrial applications of cyclodextrins (1)

Use

Guest compounds and end products

Foods

1) Emulsification
2) Increase of foaming power

3) Stabilization of flavers and

seasonings

4) Taste masking
5) Reduction of hygrescapicity
6) Elimination of unpleasant tastes

7) Elimination of cholesteral
8) Reduction of odour

Cosmetics and ],mflem.'gs
1) Color masking and control
2) Stabilization of fragrances
3) Stabilization

4) Preventing inflammation of skin

5) Deodorant

6) Reduction of irritation

7) Enhancement of attained
concentration

8) Defoaming effect

Eggless mayonnaise, seasoning oil,
Whipping cream, etc.

Egg white (freeze-dry), hotcake-mix,
Cake-mix, etc.

Chewing gum flavor, biscuit flavor,
Powdered seasoning, instant noodles,
Seasoning paste, etc.

Meat paste

Powder flavour products

Juice, milk, casein, ginseng, propylenc

glycol

Egg yolk, milk, butter

- Mutton, fish, soybean

Fluorescein, bath agents

Menthel

Chalcone, dihydrochalcone (toothpaste),
Perfume

Skin lotion, sun block cream

Mouth wash, in refrigerator

Shampoo, cream, skin powder

Skin moisturizing lotion

Laundry liquid




= i
A1979% 2 Industrial applications of cyclodextrins (Aa)

Use Guest compounds and end products
“Pharmaceuticals
1) Increase of solubility Prostaglandin, phenobarbital,
chiloramphenicol
2) Taste masking Prostaglandin
3) Powdering (nonvolatile) Nitroglycerin, clofibrate
4) Stabilization (UV, thermal) Prostaglandin, vitamins
5) Decrease of irritation Cu-alcanolamine complex
6) Enhancement bioavailability Barbiturate, flufenamic acid, digoxin
7) Reduction of systemig toxicity 2-amino, 4-methyl-phosphonobatyric
acid
Agriculture
1) Stabilization of volatility Tobacco aroma
2) Stabilization of nutrient Animal-feed
3) Improvement of palatability Bone-powder, microbial cell-mass
Pesticides

1) Stabilization (UV, thesmal)
2) Powdering (non-volatile)

Chemical technology

Catalyzation for reaction

Plastics

Stabilization of colors and flavors

Others

Pyrethrins, pyrethroids, isoprenoid
DDVP and other phosphorous pesticides

Products of hydrolysis, substitution,

Diels-Alder  reaction,  stereospecific
reaction, etc.

Colors, flavors

Adhesives
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AT 3 Properties of cyclodextrin glycosyltransferase (13-22)

Organism Predominant  Optimum Optimum MW pl Reference
Product pd Temperature
(*C) (dalton)

Alkalophilic Sacilfus 17-1 74000 ND  Yamamoto er
al,, 1972

Bacillus fermus 290-1 75000 4.l et
al, 15990

Bacillus macerans IFO 3490 )—' 5000 46 Kiahataeral,

/ e

Bacillux macerans 1AM 124 145000 ND  Kobayashiet ,
al, 1978

Bacillus macerans AT 139,000 ND Depinto and

B5l4 Campbell, 1936

Bacilius megaterium ND 607 Kiahata and
Okada, 1975

Bacillus stearothermophilus 68,000 45 Kiahataand
Okada, 1982

Klebsiella pnesmanioe M3 al 63000 48 Bender. 1977

Microcoeens sp. B 'A : " , =t 139,000 ND  Yagietal, 1980

Bucillus circalans A1l Kaskangam,
1998

Isozyme | 473

Isozyme 2 -7 4.49

lsozyme 3 p-CD 60 50 12,000 440

Isozyme 4 Gfn ~—~ 70 50-60 72,000 431

O
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oAt DL
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electrophoresis (23) mu:»imuﬂn CGTase WithileTnlm! 4 il l']ﬂﬂJL{l.lU!-.l‘l.lu"lﬂﬂLuﬂm
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(P30t 5) Wil AP 1990 Mattsson WazAE (37) TETUMITUEN 6 subforms 199 CGTase
s alkalophilic Bacillus ATCC 21783 TaugUuuuddtyd pl 4.97 uar i egflu
994 pl 4.75-4.99 Va6 stwufinemesiitu 5 Asanuane N wilawi uusf B, circulans
E 192 CGTase utniag FPLC Mnadini Mono Q 11 2 lelalnd pl 6.7 uar 6.9 asddszney
nesesilu 705 uas 716 Aa mxaeL Tmensmesiiu 30 sasamlae N wilauiumim (38)
wazseaugainelull 1994 Abelyan uatAnis (38) kun CGTase lolnlmiann Bacillus  &ve

¥ug INMIA-TE, -T42, uaz -A 7/1 16 2, 4 usz 2 3iia muddy  Tnowiazlelsluisneiu



1

AEIan 4 Summary of amino acid residues involved in the active sites of CGTases
(11, 25-31)

Source Amino acid residues Reference

at the active site

Bacillus circulans strain 251 Asp 229, Glu 257, Asp Klein er al, 1992 and

328 Strokopytov, 1995
Bacillus circulans strain 251 Tyr 195 Penninga et al., 1995
Bacillus circulans E192 Tyr Villette e al., 1993
Bacillus sp.1011 His 327, His 233, His Nakamura er al., 1993,
140 1994
Bacillus stearothermophilus Trp 97 Ohnishi er al., 1994
Thermoanaerobacterium Asp 255, Glu 283, Asp Wind er al., 1995
Thermosulfurigenes EM | 354
Bacillus circulans Al Asp, Glu, His, Trp, Tongsima, 1998

Tyr
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PN9197 5 Multiple forms of CGTases (14, 37-39)

Source Number Characteristics References
of forms
Alkalophilic Bacillus 3 pH optima 4.6, 7.0, 9.5 Nagamura and
Horikoshi et al, 1976

Alkalophilic Bacillus

4.97 (major form), Mattsson et al, 1990
) 4.75-4.99,
acids at N-T

< :
B. circulans E192 Jfand 6.9, number of  Bovetto et al. 1992
imino acids 705 and 716,
/ \ :",_ \‘. ;I

Abelyan et al, 1994

Bacillus sp. INMIA T:
Bacillus sp. INMIA A7/
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atiels aInTIBaUTes Stratilova uazAe (40) wudrinaladinduiinasenisifianatugiuuy
1838u 1] polygalacturonase 91N Aspergillus sp. Wsz Padmajanti uazAe (41) IHAnsua
1e3lnalaTindusisueniifaes recombinant isopuildfanase (rec-IPU) 41N Aspergillus oryzae
M-2-3 Tnevfjiiden deglycaosylation Aaedendoglocoesidase H wudn rec-IPU Haunaluians
AaaaRi e uaciilEnsaenan tanRiamIdIana e 65 %
TunsdinmarndiAgeslnalafiady ﬁnﬁﬂuﬁﬂ‘iﬂ:ﬁuﬁamu‘lw":ﬂﬂuhmﬁﬂﬂﬁﬁ?m
deglycosylation u.ﬁflmﬂ'ﬁﬂﬂﬁ‘iﬁuﬂ'ﬁﬁaﬁﬁﬁhﬂﬂﬁﬂLﬂﬁﬂﬂﬂﬂ?ﬁ‘lﬂ @3 deglycosylation
Hreunisdieuled gy’ Ende-B-N- acetyiglucnammndase F (Endo F), peptide:N-
giycus:ciase F (PNGase F) vi3® andcgl*,rcusrdase H (Endo H) faaunsodn  Tealnugaenled
fifiauLy N-linked aqnufﬂmu'{n (41-42) TMI jFNGase F tiag glycans ldvnaiin 1047
Endo F Wa¥ Endo H tiatwan high-mannose Wa hybrid oligosaccharides 1ivataaiia uslsi
nnelin uensINiieuinIg reat Tsiunaienlnidon PNGase F Tuunansd] wuda
i ilsindeedeifeanmieussdanlilssninmansiniuaes PNGase F Al
uenannislfienlnideulealnuanrnilsd definelimaned! wi trifluoromethanesulfonic acid
(TFMS) Wwlfjiden deglycosylation 1Aday (43) Tauanstaiiazannsodnledinueppnled
fisauuy O-linked sy Aultsiuduslng  wasiinunsodaledlnusaanlsdisdeuun
N-linked #iot
amAsuiiaerenisinmsoenslaneusinnsilussfuanadawiaiee sy
InoufufinsaesRlud Ay tFung s funsnesuiUie N Puehsaniidefesnns
AinmmianudrAyreslnalafindureweniinuaclanabresedleleled uas wllndfidluasd

Useneavseslelalel
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A8n159ae

1. nswnseniauldsl CGTase

Wik Starter inoculum TauiRE Bacillus circulans A11 lugwnsiaeeda Medium 1
Faduemsgan pH 7.2 Rgaugdl 57 °1 suedlaldrnuguiszinn 0.3-05 witams
AANAULAITIAINENIARY 420 nm wadildlnAlsznn 46 dola wdadhuide 1% el
Horikoshi cultivation medium  gasAaulag (7) Feilutlednadn 1% dudonulszneuuaniiy
answiintinliuunfiGouaAleulnT CoTase 181250 sausewnd 7 37 °1 uian 72 dalug
it s HoSuuneRReanTt 5,000 o HW0a1 80 Wil WelilA crude enzyme
ludaninla
2. nsuan CGTase lalglwal A

U1 crude enzyme ummnﬂunﬁrﬂﬂﬁmﬁnﬁw Tnunsgadudicautle (starch

adsorption) waziRnAd L daEnTsn :;nraﬂltratmn nﬂu:humu‘l-nﬁﬁ‘uﬁm?ﬂa Prep cell
model 491 faunn CGTase aaﬁlﬁudlﬁ'ﬁéﬁ (23) Fldeuunedesaianludiaa 8
Eninstiaauunisedies ﬂmﬁ“‘m‘ﬂ Af T,Et% separahng gel, 5% stacking gel 1l Tris-
glycine pH 8.3 tﬂuﬁmniﬂmuﬂtﬂar Eﬂﬂﬂ'\?‘lﬁﬁ 1 mil/min ua.,muuﬁi'n-nuﬂ.,zﬁml e

nsnaasultsiiu usermdRreseuls CGTase uwazlalalmd

3. MTATIIIANTAULALUBARIA
IdureurEinanumerlaitaemaio (CGTase <telrlufiians Fesdinnsnsadn
TWsiuuazuenman auldasae
3 flMsmvadeltsing MWagatiaasilsyheuil Coomassié Bide G idadmn1spantiy
ugef 585 nm AT Bradiord (44)
3.2 n1sAsARdALaARIATEY CGTase
ﬁi’ﬁ Dextrinizing assay (iodine method) MR8 INT5494 Fuwa (1954) (45)
Wunisdargiuaiuirnraanastetutivsaaeulel Tanmadoudlidnnizsia CGTase
e lunnsasageLiet iU RARNLRARARTININNLTqNE
Fuarazaruevlnd 5, 10, 20 usr 30 lulasdns adluansazaouily (soluble
starch, potato) 0.2 wafifusuaamninives 0.2 Tuanf pHE.0 inias 0.3 faddns AT

- i J s A L= i
i tinfigumgfl 40 ssraaduaidiuasn 10 wiivgaUfiFunlaudiunsalalasaasin 0.2
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Tuanf 1Suans 4 Nadans udadis 0.02 wWefidus iodine reagent ums 0.5 Nadans U,
Uhnasgedineliidy 10 Raddmsdaniangy thliannsganfunasiinamenanau 500
wluns

wasnAuAy : Wldieulninewdsns@nnsalalasaasin

Avuald 1 wimeulsl Ae BuaeulninalauduresdtiaGures
ansszneuute-leladuanas 10 wWefduiiianuunadu 600 wiluwms neluinan 1+
muldianasivanmasa

iﬁi_E Cyclodextrin-trichloroethylene” assay (46) lun1sAamiuFuan
winsiout CD Miavnufiifemsgenss coTase Inlsifanznenty trichioroethylene

Resnansasioedlaliugnsdo 1 2 wu serial (1:2, 1:4.....) #w 0.2 Tuanf
vasimivives pH 6.0 Aufshzauenlnifingin 1 Nadanslu 5 adanrreansazant
uilt 2.0 wefduiurasiriathide? nasldidniu usfignuugd 40 asrgaidun Thuoan 24
dalue udaduansacaclisafelnetin 1/fiaaans wthetitaus udrensliTignaugiivies
Tuiiilafnefussinn 12 dald thifionansdisnenas GD-TCE complex ilu#A dilution fimit
(1:2")

AvualY  dilution limit n‘]uﬂ"}ﬁn}h:ﬁ1mﬂuh:i’ﬁﬂqﬂqmnﬂﬂnﬁﬁqﬁmmﬁu

I 08 B |-
AZNBULTIUTRLADIRIRITRSATE aqueous TULULAE TCE dudia

4. MIRsIRIAUSanninAaRaEas phenolsulfuric acid meathod (47)

wdagraeulnl 0.5 Jadfnr wudn 5% phenol (wiv) tFums 0.3 HadAns ussnse
eI nIENTUUROR, 2.0 Tindang eaailidiy ﬂuﬁqmuqﬁﬁmuw 30 wh uailUdmAn
NzgANRULGSTASILNARY 484 WnTutms Fﬂmmﬂ?mmﬁﬂmﬂfnmﬁﬂuﬁunﬁﬂmmpu

193N 1AA

5. wadarasanlualaadianinginida (PAGE)
5.1 szuvulsiiduanaw (Native PAGE)
14 slab gels Mgy discontinuous AMMdNTUI94 separating uaz stacking gels
7.5 uaz 5% (wiv) muandu Taeld Tris-glycine pHE.3 Whiddininsates Wnszua i

20 mA/slab Y1107 run [andasulutauan (24)
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5.2 srULIABAN (SDS-PAGE) (48)
W3t discontinuous slab gels WwAsaML 5.1 uAlRN 0.1 % sodium dodecy! sulphate
(SDS) udaunanTa separating uat stacking gels uazludidiningminivas dmiuarsda
atiadaama IW@uantwnaulmanisdu 5 wriilu sample buffer (Tris-HCI pH 6.8 7T 2%SDS
uRe 5% mercaptoethanol) YMN7s run iuABAAL 5.1
5.3 nnstianlulsfiu 7
148 flau Coomassie biue Intiugia ﬂlﬁﬁﬁgﬂnnmassie blue R-250 i aza1alu
45%(viv) LUSNTUBRUAL 10%(viv)nenasiRn Lszuam 24T u¥avanas destain lugns
aat 10% wisnuealy mj&.mgiﬁ?mmﬁuﬁﬂﬁ
54 Medianuaniin X
ARULAIRINTE184 K ﬁam (13) Tnnitisaluarsacaty 10 Dnddnsresduainm 7 i
Usznaudae 2.0% solu ;?f r)(pdlam} o &32 Augrivaadmivias pH 6.0 7 40 %5

1987 10 U A1USRUART fﬂ ﬁnau uﬁﬂﬁu 10 ml gasasarnlelony (0.2% 1, W 2% K1)

4
)A ‘4

-
uu.ﬂnmﬁhﬂm?’]ﬂﬁﬁauunu'kﬂuuwumﬁmmu

- i -
\adeuaiiguugiivias dun

/ ;/J/.-.“:‘ > l/ - 42 /J

e

6. nsAnu ISy muuummﬁwaﬁﬁfﬂwj‘ r

6.1 mﬂa'mmﬂ“u‘h.mimruvinuann':uaq’lﬂ?ﬂ!ﬂ fj

m'lﬂ-n'!.-mmtm!ﬂm 4 gwuy mmmﬂlnuﬂmmseﬁtuﬂunumwmﬁmmﬂmr

L:’qﬂgmqumuhu’?ﬁwﬂﬂ Fonsnsiimavnsrensaesiily vy Fauseiulamudon
N-bromosuccinimide & A uwdaslnTsdudae N-acetlimidazole ApulaeBafaudie
diethylpyrocarbonateussanuilatlafiu 113U dawmau uasyrfin waznganiin (dudu (49-51)
Trein'lalele:l 40 pg/mi Fusnsaiiadiaedady 1 mM gruunil 40 @pifuiaan 30 wai
wdamsnaShlapmiaT Ao e el ldd Foudeuitulel lsiligndnutiay
6.2 nsnseesiilulutfanusselelaled

HwmAlia substrate protection Tasvinlalalesl Avnsdndu 40 pg/ml fiu AusiAsy
fn B-co Audindu 6 mM A1MA5194 Delforge, 1997 (52) figrumndl 40°1  1Tuiaa 510
AT feuBuasAlAausensaesiily SauermirnmReresleleleluBuuidiousuweAiaT

Tignilesiulaedumnm
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7. msmmaunsaariluidas N vasleldlasl

wonlelrlmives CGTase Fan PAGE vauvu@nanivuasWi@duaniw uda blot woulusiu
aa3urazlaltleia niaasiuy PVDF membrane A9t Mini Trans-Blot cell Iaeld Tris-glycine
pH 8.3 71Tl 10% wsn1ues Wuddninsatined 1an Ffirped 50 Taa s w90 unf
figampfiviar arndutiiueiy PVDF sndradaetiandu udautlumsniues 23 unft ieuiiay
fasuoulilsiudan Coomassie BrilliantBlue 477 ufa destain #8'50% LENUBAIURL
PVDF membraneihidsns fradastindudnaiatadaei 3o udodelAinmsinsaesiily
filarn N #2633 Edman degradation ﬂﬁﬂqﬂﬁﬁﬁmﬁﬂ%mmﬁﬂﬁﬂm AYRAFI9NIN National
University of Singapore Usetrasmls
8. mi‘nnmnamm'lnﬁ'iﬁtﬁi‘%nﬁ‘imwmg.muﬁanqmmmu'i.-uu

8.1 N9 deglycosﬂaf‘mﬁ‘m ENdo-H-——

¥1 CGTage i1 lﬁa!ﬂ ﬁu "Nﬁ"Ju§FE Partially purified enzyme) #2873 Starch

adsorption (10) uaxlele 'l.wi’-‘a 4 Eﬂﬂ%ﬁum ﬁﬁh Preparative gel electrophoresis (23) 47111
U738 deglycosylation Aag Enr:!e i-i {41) fﬂéﬂlﬂlmvanase W& ¥ ovalbumin ({14 positive
control 1at11in CGTase 78 a::ontml mitmn 40 ﬁfgﬁ:‘n FUNANAL Endo H ﬂﬂ*:"imi'u T 100

mU/mi 1u 50 mM sodium acetate buffer pH 6.5 uﬁqm'lﬂﬂuﬂqmunu 37 asAnaaidos u

181 22 $aTua ﬂﬂwnunnfmmnaﬂamu 11A2895 Dextrir

fiiizing activity (45) WATALATIZN
Tﬁsaam*nnJﬁuu‘lﬂ'inr.|ﬂ@m-a:n?a'\‘luﬁmitﬁntﬂﬁﬂ’ﬁamfgymﬁﬂﬂmw (SDS PAGE) uaz
Liifuanm (native PAGE) '
8.2 N1 deGlycdsylation st PNGase R

%1 CGTase 11 EL n5u 489 (PE, Partially purified enzyme) #9838 Starch
adsorption ({Tm‘uﬂ:‘[ﬂtﬂhﬁﬁd 4 Fudin b Ailh Preparativel el glectrgphoresis (23) 4791
UfjfiFun deglycosylation #aei PNGase F (42) W 2 annazfie anmzi@eaniw use Lidoanw
Te/14 Human trandferrin \{lU positive control

1) ANNILRUANIN UIR1TALAE CGTase 5 mg/ml 11 10% SDS uasinlu
siAen 5 e §iteniu PNGase F Tanluufiisen 100 lulnsing dssneudan
CGTase 50 lulmsniulu 0.5 M sodium phosphate buffer pH7.2 5 50 mM EDTA, 5%3-
mercaptoethanol Waz 2.5% triton-X100 taxy PNGase F 7iaasdsudusingn udatinluyd

grunnfl 37 sananide s uiaan 18 49Tue arasdauanfiafiviereteulnifigis
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Dextrinizing activity assay (45) wagAnnemassieiufel InanefesAian ludian
sEnnsanTerruudesnmualidnanm

2) annrhifoanm 11 CGTase 50 lulnsnfunauiu PNGase F fimonud
4usineq T 0.25 M sodium phosphate buffer pH8.6 fi 10 mMm [B-mercaptoethanol ufavin
Wisfiguugi 37 assades Junat 18 4ol asadouenfiinivRereseulnided
Dextrinizing activity assay (45) s nailassai Aoy lnanefesaianludiag
BdnshBasieruuduanmuaslidaan

8.3 N1 deglycosylation fiat Trifluoremethanesulfanic acid (TFMS)

U1 CGTase ﬁu?qwflﬁ-iﬁw (PE, Partial purified enzyme) #2ti3% Starch adsorption
(10) ua:'lﬂ'f-nh:f%q 4 #L(Hnihﬂmﬂ'ﬁﬁ Preparative gel electrophoresis (23) N"Iﬁ‘lﬂ{']ﬁ?m
deglycosylation A2t TFMS Taﬂipafmwaser}ﬂu positive control Teeninieulssd 10 lulpsnin
avartluhndy 100 Tulafng i 20%TFMS 1f3aams 20 Tulasding vt Wiy udoinl
vnlusnainude Wuoan 0 1,42, 3, 4 U8z gji'i";:r'iuq q'\n&mﬁu 60%pyridine Fuqms 100
Llrsng udaililnesladludandiiny 3 'i"‘fjlua Apsey Tassafreiulaouluiaamaiin
‘H'E!ﬁt‘J:nq?ﬂ":‘luﬁ-ﬁﬂﬁlﬁﬂ'iﬂ?T?rﬁﬁif:‘.ﬂﬁﬁﬂﬂnﬂﬂ%é% PAGE) uazimBrnoumnilulawsniiie

F o o TE i m— )
sraanauLfrusemiinaladanuaeuiiiagis phenol sulfuric acid method (47)

9. mensarauwinaniussiszneauyaslalsle

inlelrlmie 4 Fusnlaumafin Preparative gel electrophoresis (23) UFunny 200
lulasnfalusitu wvinliuwialng iyophilizer sl 8 M urea 3ums 60 lulasans udovinlund
gaumndl 37 °1 dang 1 ik @ 0.2 M BCbuifer o B0RnAs 180 lulasdng un
0.1 mg/ml trypsin Usums 25 lulasans 1aol4dnsdiuaes trypsin : CGTase iy 1 : 80
(wiw) udmin Wl Rgtaindll 37 4 Hdviah 18 Fali wiansavmsaratfpd1iManutiunses
asiusuniie 022 luAseu wianutansasaefaetharainmeilaamalia HPLC oy
reverse phase C,; column (747M 250 x 4.6 N %4 equilibrate AILAITAZRIE A 97 nu:'u'n:ﬁﬂu
AIUNANTDIRIRTANL A UAT B ﬁ'q::qi’ﬂqﬁﬂaﬁ Tauansarann A Aa 0.1%(vAv) trifluoroacetic
acid (TEA) Tt snsacane B A 75% (vv) acetonitrite i 0.1%(vAv) TFA Tuiin #nsadalu
nere 1 fadansani asadanisaanduussrasrlindfinauenady 210 wlunns ul

Wituiey peptide profile vaalalylaiag



Time (min)  Solvent A (%)  Solvent B (%)

FONUUINLUINNS )
ANRINTUNIINENRE
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HANISIRE

(3 ra
nsdnsueulaluanddell devineulniiiandganigauazuanlalsledyes
] -
wulnfsansniuléien fwsdusaslelrlnilUAnmdnsalaseairaunlapadvanald
lwingussasd Tawiadly Mmoo mewmninaresinalafiadusisusaiifiuas

Thranine mamsaaaeumIndiduesdlsznen uas nsasaageuidunsaesiiiufivats N

naud 1 msuenlalgladyas CGTase

N19¥in CGTase IWisgnsunsday

nlalaniandrisulnaladavisuaiviaisaann Basilus cicutans WiFaniundoudaeiing
padusonutls (starch adsorption) Makasges Malgai. 1994 (8) Wugasazaeieulml (crude
enzyme) fiAaniniqriiiaiu’a7 fidl Windinua 05 Wefiust taxilAuanmnanniy 2,182
yiaasaniullsiu (337 16) daﬁﬁmmwﬁgﬁﬁmmﬁﬁnﬁmmmu'l.'iﬁﬁquwﬂﬁﬂ:n?m-
TusaadidntnslidauuyuFagnn ussFnmmnulilsfiuAounistien Coomassie Brilliant
Blue R-250 uanwﬂnﬁmuﬂnqmqp]ﬂ 3 mqq1nﬁﬁﬁmu'liu’hmmu‘iﬁumﬁun ultrafiltration
mﬂLﬁs'uuLau‘l-numumn‘n‘um'lmh‘lﬂhﬂmumﬁﬁ

e

nsuenlaltlaiues CGTase

TeulniBevsusdasisientiruentelstningdiudigiete: Prep cell model
491 aABen Kaskangam, 1998 (23) AsldszuumeRezedanludiandifintnslvidauuy
Tisadies aueulnlaoldivires Tris-glycine pH 8.3 dqudnsnislua 1 fadansui uas
Fuudnduas 2.5-fiednT Aanaeriafiaensdainisganfuuaeiinnenniu 280
unTumAs UL ALBARIRAILAS dextrinizing activity assay Aan mmaasalalasualawnsudag
7 4 wulnl0GTase anwaanmluuﬂ:ni’uﬁ 1-140 5 |5 s AR de AT
wuleflme50 Amylolytic activity staining Wausnussslalrlnlieansainiu sinnsnsam
uanimassanuduenlelelnildidy 5 wou wissuougnazesnunlunatousndu il
ursndu 1-181 (band 5) unsndu 20-43 (band 4) uWsndu 45-70 (band 3) uvsndu 73-85
(band 2) unzusndu 110-140 (band 1) (Uts) souunsnduflidauonis band maaiuly
Boufy LarRAaRLLERRIRENATIKIEAT Amylolytic activity staining WauBoudousiumia

' L " - . - .
vosusiazlalelefuuuiuies (UN6-a) nanismeaeanudn band 1-5 Wnauaniiu Amylolytic



mﬂa'ﬁ 6. Purification

of CGTase from Bacillus circulans A11

21

Purification Volume Total Activity | Total
Step Activity 7tein
(ml) (Unit) J (m
Crude enzyme 2,400 | g2
Starch 500 | 0* A PR
v
Adsorption —
;“\_ 3) a’
Ultrafiltration 40 64.8 0 4 ¥
P O
)t
_ DAL
Preparative gel eed s
electrophoresis —|
kN
Band | 55 J:kexw_% - ,va .
(P 1=
Band 2 14 W
Band 3 35 llﬁl\ﬁi\' .
nd 4 16 9.1x10' 5.1 0.16
o YV a
o ‘NN
ND [ Wl o
ANTRITTTE
q

* dextrinizing activity

Specific | Purification | Yield | CD-TCE
Activity
g) (fold) (%) 2"
™ N ! 0o | 2
N 47 96 2
58 52 21
100 9.6
67 42
650 M 36 0.9
570 12.4 0.07
0.009

5nhT




Lane

AT

D1a A
F .. ré 7;4/'- 4
d 3 5 “_- - "
51# 3. Non - denaturing PAGE of CGTasé from different steps of purification
(e e
ie blue staining - i
Coomassie blue staining g e

) .
Lane 1. : Crudée-enzyme(20pg)

-

2. : Starch adsorbed enzyme (20pg)

3. -After ultrafiltration- (25

4. : Band | from preparatise gel electrophoresis (2ug)

+ 4

22



KD
(i
1]
1]
A i)
S
apl %”

o

Dextrinizing activity (Unit/ml)

0 . .
0w DD D DGO D H DD D @ DI W

-

D

Nﬂ']‘lJ‘LL’]‘VIEIUiﬂ'ﬁ

1"1.]11 4. Flution profile of CGTase isozyrggﬂ rom preparum e gel elecwhnresm

o RO IUALYTINERE,

F 73-85 = band 2 F 87-107 = band 1+2 F110-140 = band |



PE 5 10 15 PE 20 25 30 35 PE  Fraction no.

1] 5. Non- denaturuﬁPAGE ﬁem of eve ‘:VT 5 fractions of CGTase isozymes

luted f 1 electrophoresi E‘IU‘jﬂ’]i
AR IUUAINEIRY

Staining was pétformed by amylolytic activity method (0.2 units of dextrinizing activity).

PE = Partially purified enzyme

i
I

F1-18 band 5 F 20-43 band 4 F45-70 = band 3

F 73-85 band 2 F 87-107 band 142 F 110-140 = band 1



Lane 1 2 3 4 3 b 7
a.

Y
b.

Y

31]17‘1 6. Non-denaturing PAGE of the enzyme bands 1 to S obtained from preparative

gel electrophoresis.
a. Amylolytic activity staining by-3odine solution

(0.2 units ¢f dextrinizing activity)
b. CD-forming activity staining
(200 units of déxtrinizing activity except for band 5,20 units were applicd)

Lane 1,7. : Partially purified enzyme

2. :Band 1
3.:Band 2
4. : Band 3
5.:Band 4
6. : Band 5
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activity staining i:tﬂuﬁ’ﬁ'n'l:i'ﬂﬁﬂﬂumu'l.-uﬁtiﬂﬂuﬂﬂ’;'fn1.ﬂ uitilanagerlneda phenolpthalein
methy! orange staining Fufhdineseudmiuevled coTase Tuawiz wudn sxldiuauan
T band 1-4 (il 6-b)  ferd CGTase Aailien 4 Talylal Faaniuvineuleifdudrty
uselnexladadnafadan 50 mM Acetate buffer Titsvnaudan 10mM CaCl, pHE.0 figwrily

An lutuney Aeld

naun 2 meAnseuiiaunsoanssaaslalala

nmswnsaariilundrannewaniinuaslalaled

vnlelrlmFuenldis 4_gutun mﬁ';mrﬁ'nuﬂmﬂi'mﬂ:ﬂTuf';ﬁnﬁmwﬁﬂﬁryﬁiamﬂﬁ*q
ﬂﬁﬁ?mwamu‘[m’?mu%‘lu %’%ﬂﬂwmﬁﬁ%mﬂtﬁﬂnmuﬁh AAE g 6.1 lugdanunis
15338 uantsnaRes (el 7) wdn nasialilasninesfiluT awmausan NEM, IAM uas DTT
Lifiaseueriinnesioflufiy 4 zﬂu.um dednulasnsmesitudadnuuasvilincudy
DEP uat NBS Han1mmaReymudn Lmn'ﬁﬁ'mﬂﬂhﬂﬁfuwa 4 piluuy gaydeieussiome
( wepAIRAUAS 0-13.6 wWafidud ﬂnﬁunﬁ'@q pEP siglelrlnsl 2 vnlueniifiuda 41.1
wefiud ) rhun1smmuﬂﬁ~ummmﬂnﬁ"ﬂwu§ﬁm EDC wuiueriineeslallnii 4
guuy goudeiieuneday Wstuehnadniladlatudan TNBS  AAuysdLisusan PMSF
A ARLUa I TS TUA N NAE AL AR BB AR i'ﬁﬂﬂmﬂ«manﬂfm-uﬂwmiﬂiﬂnhu
Wit gouae i e Rg

nswnsaesiluluniionusuadlalelesl

n1smeaseid Mwalia, substrate— protection, Tngtlasiuufiunusivnusasislsleisag

fuawnsn Methyl-B-CD funifiunere 25 Radtuanf deudnmsieiidauyasnsnesiily

nsaasilula®

nsadlae E-NH, 1eansaasiiuladuluusazlelylnisg TNBS Avmdndu 1 fiad-
Tuand 7 pH 6.0 g 40 %1 30w AAEde 6.1 TudmuwABn1side  wlumnsed 7
wudn wenminvedleleln? 3 gl 315 wefdud luwnsfuerifvesleleled 1, 2
usz 4 Ligoyde nsmediuladuiisodesiBonidemeslelrlnl s nsdmudsslaiudan
TNBS  luanesiifuasliflduainmiiaetunasifuantmasssuansinsiuatiaiiodrfy
HANIMAREI WU luamasiitiesiuttnnusdiedlelelnifoduninm weafineslels e
3 argoudniiss 10 wefidus (AT 8)  manmasest uaseinnsaesiiylafuias

agluifunidereslelalni 3



An51a9 7. Effect of various group — specific reagents on the activity of CGTase

isozymes

Group — specific reagents Amino acid %s Residual dextrinizing activity of each
involved | isozyme
(1mM)° ;-
i 2 3 4
None y 7 | 100 100 100 100
N-ethylmaleimide (NEM) | Cysteine | 99.8 99.1 99.5 91.8
| lodoacetamide (IAM) [ 7Cysteine. | 976 100 9.1 93.6
¥ /’ |
Dithiothreitol (DTT) | Cysteine | 98. 100 99.3 91.7
s e
34,6 Trinitrobenzencsulfonicacid || Lysiné | /100 922 685 | 928
(TNBS) ¥ il
Phenylmethylsulfonyl fluoride ~Serine T@_ 60.5 100 784
(PMSF) o g
I-Ethyl-3-(3-dimethylaminoptopyl) | Carboxylic | 67.1 750 || 436 69.4
carbodiimide (EDC) amino acids .
Diethylpyrocarbonate (DEP) Histidine 0 41.1 0 13.6
N-bromosuccinimide {NB8) Tryptephan 0 0 - 11.4 6.5
N-acetylimidazole (NAI) Tyrosine 69.9 100 89.5 100

*Incubation with 25 pg/ml CGTase isozyme at 40°C, pH 6.0 for 30 minutes



A19147 8. Effect of substrate on the inactivation of dextrinizing activity of CGTase

isozyme 3 by TNBS
Compound added % Residual activity
I I Average
1) None 100 100 100
2) 25mM Methyl-8-CD 96.0 99.0 97.5
3) 25mM Methyl-B-CD, then I mM TNBS 89.7 89.9 89.8
4) 1 mM TNBS 704 671 68.8

Numbers under I and I are duplicate values
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A19147 9. Effect of substrate on the inactivation of dextrinizing activities of CGTase

isozymes 2 and 4 by PMSF

Compound added % Residual activity

1 Average
1) None
-Isozyme 2 100 100
-Isozyme 4 100 100
2) 25 mM Methyl-p-CD W
-Isozyme 2 A 40 917 92.9
Isozyme 4 = 94.0 93.2
3) 25 mM Methyl-g
-Isozyme 2 83.8
-Isozyme 4 Eﬂ 2 803 80.3
4) 1 mM PMSF a
o ﬂ']‘l_lu’WlEJ‘lﬁﬂﬂﬁ e

.Immwwm ﬂimll‘lﬁ']%‘l/l ﬁdﬂﬂ T

Numbers under I and 1I are duplicate values



A19797 10. Effect of substrate on the inactivation of dextrinizing activities of

CGTase isozymes by EDC

Compound added % Residual activity

I I Average

1) None
-Isozyme 1 100 100 100
-Isozyme 2 100 100 100
-Isozyme 3 100 100 100
-Isozyme 4 100 100 100
2) 25 mM Methyl-B-CD
-Isozyme 1 889 845 86.7
-Isozyme 2 94.0 944 94.2
-[sozyme 3 83.7 - 803 82.0
-Isozyme 4 948 @ 95.7 95.3
3) 25 mM Methyl-B-CD, then 1 mM EDC
-Isozyme 1 783 '?2I,1 75.2
-Isozyme 2 804 ' 81.0 80.7
-Isozyme 3 727 0 [70:4 71.6
-lsozyme 4 713 79.8 75.6
4) 1 mM EDC
-Isozyme 1 599  56.6 58.3
-Isozyme 2 70,0 720 71.0
-Isozyme 3 64.1 528 58.5
-Isozyme 4 636 710 67.3

Numbers under I and II are duplicate values



A19140 11. Effect of substrate on the inactivation of dextrinizing activities of

CGTase isozymes by NAI
Compound added % Residual activity
I I Average
1) None
-Isozyme 1 100 100 100
-Isozyme 2 100 100 100
-Isozyme 3 100 100 100
-Isozyme 4 100 100 100
2) 25 mM Methyl-B-CD
-Isozyme 1 976 100 98.8
-Isozyme 2 957 948 95.3
-Isozyme 3 976 96.6 97.1
-Isozyme 4 9. £ 93,5 95.6
3) 25 mM Methyl-B-CD, then 30 mM NAI
~Isozyme 1 694 645 67.0
-Isozyme 2 90.0 " 892 89.6
-Isozyme 3 542 552 54.7
-Isozyme 4 624 65.2 63.8
4) 30 mM NAI
-Isozyme 1 206 213 21.0
-Isozyme 2 776  76.5 77.1
-Isozyme 3 388 379 384
-Isozyme 4 472 500 48.6

Numbers under I and II are duplicate values
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15199 12. Effect of substrate on the inactivation of dextrinizing activities of

CGTase isozymes by NBS

Compound added % Residual activity
I 11 Average
1) Mone
-Isozyme 1 100 100 100
-Isozyme 2 100 100 100
Jsozyme 3 100 100 100
-lsozyme 4 100 100 100

2) 25 mM Methyl--CD

-Isozyme 1 944  96.1 95.3
-Isozyme 2 956  95.8 95.7
-Isozyme 3 93.7 944 94.1
-Isozyme 4 01.4 93.0 92.2

3) 25 mM Methyl-p-CD, then 0.05 mM NBS

-lsozyme | 734 703 71.9
-lsozyme 2 732 786 75.9
-Isozyme 3 409 423 41.6
-lsozyme 4 42.2 44.6 434

4) 0.05 mMNBS

-Isozyme | 8.6 11.9 10.3
-Isozyme 2 8.9 7.1 8.0
-Isozyme 3 234 268 25.1
-Isozyme 4 11.5 16.6 14.1

Numbers under | and Il are duplicate values



719199 13. Effect of substrate on the inactivation of dextrinizing activities of

CGTase isozymes by DEP

Compound added % Residual activity
I II Average

1) MNone
Isozyme 1 100 100 100
-Isozyme 2 100 100 100
-Isozyme 3 100 100 100
-lsozyme 4 100 100 100
2) 25 mM Methyl-p-CD
-Isozyme 1 99.5 976 98.6
-Isozyme 2 940 904 92.2
-Isozyme 3 100 98.3 99.2
-Isozyme 4 100 100 100
3)
-25 mM Methyl-B-CD, then 0,325 mM'DEP ; [sozyme 1 775 708 74.2
225 mM Methyl-p-CD, then 2 mM DEP ; Isozyme 2 663 68.1 67.2
-25 mM Methyl-B-CD. theh 0.75 mM DEP; Isozyme 3 93.5 | 88.7 91.1
-25 mM Methyl-B-€D, then 2 mM DEP ; Isozyme 4 789 742 76.6
4)
-0.325 mM DEP ; Isozyme | 50.3 489 496
-2 mM DEP ; Isozyme 2 483 534 50.9
-0.75 mM DEP ; Isozyme 3 50.0 489 495
-2 mM DEP ; [sozyme 4 42.1 40.9 41.5

Numbers under [ and II are duplicate values
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A1TIaN14 Dextrinizing activity of CGTase after deglycosylation by Endo H

Sample Endo H Dextrinizing activity (U/ml)
(mU/ml) control treatment  %decrease
PE 100 803.4 808.8 -
Isozyme 1 100 350.4 348.9 -
Isozyme 2 100 116.6 1173 -
Isozyme3 100 ‘ 79.5 66.0 17.0
Isozyme 4 100 443 45.0 -

The activity values are averdged.ffom two separate measurements

PE : partially purified CGTase

R19149115 Dextrinizing activity of CGTase after deglycosylation by PNGase F

Sample  PNGaseF Dextrinizing activity (U/mf)
(mU/mi) control treatment  %decrease
PE 3,000 108.2 705.2 -
Isozyme 1 6,000 180.5 183.6 -
Isozyme 2 6.000 619 60.1 -
Isozyme3 6,000 70.0 49.9 28.7
Isozyme 4 6,000 3.7 23.4 26.2

The activity values are averaged from two separate measurements

PE : partially purified CGTase



§U% 7 Native PAGE of CGTase treated with 100 mU/ml Endo H
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N
g 12 Native PAGE treated with PNGase F

- -
Qdenalured human-transferrin {positive &

lane 1 ntrol)
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{PE = partially purified enzyme)
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lane 4 - treated royal jelly protein (4.hr}

lane 5 treated royal jelly protein {24 hr
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zﬂ'ﬂ 19 HPLC chromatograms from reverse phase C,, column of the peptides of CGTase
isozymes resulting from digestion with trypsin

a-d; digested products of isozymes 1 to 4, respectively. (recording time 30 min)

e; digested products of isozyme 3 (recording time 40 min)
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15799 16 Summarization of notable peptide peaks from digested products of CGTase
isozymes

Isozyme R, of peptide peaks (minutes)
1 64 72 82 90 93 97 10.7 123 136 188 268 276
+3 43 43 44 45 43 + 2 43 42 #1143

2 64 72 82 88 118 123 136 188 168 275
2 42 / +3 42 43 42 43
3 64 7.2 1& 136 188 168 276
e ———
+4 45 L _ +4 o+ +3 45
4 67 13 98 120 124 132 189 270 277
+3  +3 ? B 3 ' + +3 +3
Number under R, values'ind \\ ) lowest at +1

atlo e " = ’:‘1!' t at -
a7 A\
v means very low peak heig .I o |
e ¢ R
ey
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saudt 5 nManssungaesilufiais N vedlaleled

nanamndadunsnesituians N velelslais 4 spfflummned 17 naiil¥aannas
Anseiflelyle blot amnnisuanuuusiuasuuylsifasnm arnuafild wdnlelelad 1 uns
2 finsmesATusumiskue (§1AUT 1 2 8) uannd1 1 2l wrekusmlady ffui 1892 180
Talalesl 1 ﬁnma:ﬁ'iuﬂagﬂu sequence AN 0143 41a sousFilalyled 2 Ailnsmeriity fndy
7 1 B 4 14 sequence n&n 2-3 98 19uriu uad uamedn lolelesl 1 uay 2 MusnlX dszney
Koo WsRuindFunaneslumlens N usndreii 23 siis uazdlenfeudioylelylel 1 du
2 wudn namesiiiuly 4 Aulssantans N wileuiuriaatiaafaiuann

daudnAunsaesiluitlany N salalelel 3 uas 4 nudriinsmesilundnatiaies uas
deuReudoylaleled 3uay 4 M 1 uaz 2 nods fndunsaasiluiinululalylesd 3 uay 4
wilaudeadnetutuiinululelsle1 uas 2 0

denafitdarnnisidlelelef biotarnuduaauunliifusnin s nsnanad
annsoaglAdaaudananadnanii &K R enAE el tan run urinzletalaafuy SDS-PAGE
uda blot wovlsAuanushuasuuResnn raanMRAnTRFuNsaesAuTUAY N 189
ynlelslesl fifAungmesiity 5 fausnmileudu Ae Ala-Pro-Asp-Thr-Ser Familaudy
unfractionated enzyme CGTase fiaunasutniil ulalsledusasalindan preparative gel

electrophoresis (HaNIMARRIAILARIIUNTANLAN F)
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A19197 17 N-terminal amino acid residues of CGTase isozymes

Residue CGTase Isozyme
number 1 2 3 4
1 Asp, Gly, Ala(Leu) Asp,Leu(Gly,Ala) Gly, Leu (Asp,Ala) Leu (GIn, Gly)
2 Thr, Pro, Val (Phe) Ala, Asn, Val Asn (Pro, Val) Ala (Asn, Val)
3 Thr (Lys, Val) ' Gin (Lys, Thr)
4 Leu (Asn, Phe) Asn (Pro)
5 Thr (Lys, Val) Lys (Thr)
6 Val Val,Pro
7 Gin (Lys, Glu)
8 Gln, Glu, Val(Asn
9 Lys, Val
10 Phe
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fanasnuen-TaNgIn A R maush 170\ AR2005] 18.7.94 6 1621467 WeAdudlagtmin
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\afjiFenees CGTase SnuuATFusinlia (25-31)
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WanFeumsuifuondeeslelelniiiueulsy CGTase s nuuafiGuelistn (37-39)
] o=y | r - L e - " W
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e deglycosylation #28 Endo H uﬂ*'q'l:ilﬁunanmﬂﬁﬂugﬂuuumf?iwm CGTase
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gﬂﬂ 21 HPLC chromatograms from reverse phase C, column of protein constituents in
CGTase isozymes.

a-d; protein constituents of isozymes 1 to 4, respectively. (recording time 40 min)
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ms‘uﬁ 18 Ratio of major peaks from analysis of CGTase isozymes by reverse phase C,

column.

Isozyme R, as min/(peak area) Peak area ratio
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A19747 19 Amino acid composition of CGTase isozymes

Amino acid Content (mol % )
Isozymel | Isozyme2 | Isozyme3 | Isozymed
Asp 8.78 10.92 9.02 9.56
Ser 9.22 7.19 8.39 5.96
Glu 13.52 14.00 16.42 12.25
Gly 15.45 11:86 14.07 21.46
His 3.59 2.24 2.18 3.09
Arg 4.55 4.89 429 4.04
Thr 6.25 6.65 6.15 6.35
Ala 10:31 10.43 10.62 8.50
Pro 5.00 5.42 4.68 4.85
Tyr 2.07 2.41 1.90 1.72
Val 3.60 6.63 6.65 6.83
Lys 3.08 3.49 368 33
Ile 3.66 4.01 3.12 3.08
Leu 5.82 6.19 6.09 5.63
Phe 3.10 365 273 295
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MARUIN A : 2IMsIEEATe
Medium I Usznaudian
Beef extract 0.5 %

Polypeptone
Yeast extract

0.

Soluble starch W
Uiy pH Widu 7. /

Horikoshi's medium’
Polypeptone
Yeast extract
KHPO,
MgSO0,.7H,0 002
NaCO, 2L o7 % =&
Rice starch (lo .::?:L rade) f‘ﬂl

ﬁmﬁmn’:‘ﬂumugn s=flu pH 10.0

Final pH 284871"
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manuan B : Ujnseamsanudsnsnaziiluniaansiaisninig

Pl

C—0—CH,CH, N

0
._"'l‘.\ \ 1]
\,+ —* I N—C—OCH;CH;* CH;CH,0H
= C—0—CH,CH; 0

Reaction 1 Modification reaction of DEP with histidine residue in protein (P)
(Means and Feeney, 1971 lundblad, 1991)

|
@

M
H

ID‘\

O,

Reaction 2 Modification reaction of NBS wilﬁ,-’.gptuntmn residue in protein (P)
(Means and Feeney, 1971; Lundblad, 1991)

N“C—CHE. _“? ¥ NN

Reaction 3 Modification reaction of NAI with tyrosine residue in protein (P)

(Means,and Feeney,1971; Lundbtad, 1991)

0
+ [l
@-mo' . G-I;:‘J{;-—N=C-—“NI-{—G-I2¢I{=G{;N{CH,}1—O—C —0—

N— OHOHCHN(CH ),
i
NH—CH;CH,

Reaction 4 Modification reaction of EDC with carboxyl residue in protein (I')

(Means and Feeney, 1971, Lundblad, 1991)
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nanuan B : Unsenisanulsnsaasiiludigansiaiidnnig (de)

N-CH,;CH;

ﬂW’]@ﬁ NIUARINEIRE

Reaction 7 Modification reaction of PMSF with serine residuc in protein (P)
(Means and Feeney, 1971 ; Lundblad, 1991)



NARUAN C : Aatareinsnaziiy

Amino acid 3 Letter-Abbreviation 1 Letter-Abbreviation
Alanine Ala A
Arginine Arg R
Asparagine Asn N
Aspatic acid Asp D
Cystein Cys G
Glutamine Gin Q
Glutamic acid Glu E
Glyeine Gly G
Histidine His H
Isoleucine Ile I
Leucine Leu L
Lysine Lys K
Methionine Met M
Phenylalanine Phe F
Proline Pro P
Serine Ser 5
Threonine Thr T
Tryptophan Trp W
Tyrosine Tyr ¥
Valine Val \'
Unknown - X




mauuan D : newlinasgrumswlfanulilsiuaaeis Bradford

0.5 -
0.4 -

0.3 - /
0.2 -
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| Z '«h N
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mauuan E : nelinasgrumsymbEinumilulansanasis Phenol-sulfuric acid
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