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Paenibacillus polymyxa Cycloinulooligosaccharide Fructanotransferase2]
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Domain Function and Relevant Enzyme Activity of Cycloinulooligosaccharide Fructanotransferase
from Paenibacillus polymyxa. You Dong-Ju', Jung-Ha Park?, Kyung-Ok You?, Soo-Wan Nam>*, Kwang-
Hyeon Kim?, Byung-Woo Kim?, and Hyun-Ju Kwon>**. "Department of Material and Life science, Gradu-
ate School of Engineering, Osaka University, Osaka 567-0871, Japan, *Department of Life Science and Biotech-
nology, Dongeui University, Busan 614-714, Korea, *Department of Biotechnology and Bioengineering, Dongeui
University, Busan 614-714, Korea, *Department of Biomaterial Control, Dongeui University Graduate School,
Busan 6714-714, Korea — Cycloinulooligosaccharide fructanotransferase (CFTase) converts inulin into
cycloinulooligosaccharides (cyclofructan, CF) of B-(2—1)-linked D-fructofuranose as well as hydrolysis of
cyclofructan. Sequences analysis indicated that CFTase was divided into five distinct regions containing three
repeated sequences (R1, R3, and R4) at the N-terminus and C-terminus. Each domain function was investi-
gated by comparison of wild type CFTase enzyme (CFT148) and deletion mutant proteins (CFT108: R1 and
R3 deletion; CFT130: R4 deletion; and CFT88: R1, R3, and R4 deletion) of CFTase. The CFT108 mutant had
both CFTase and CF hydrolyzing activity as CFT148 did. CFTase activities and CF hydrolysing activities
were disappeared in CFT130 and CFT88 mutants. These results indicated that the C-terminal R4 region of P
polymyxa CFTase is necessary for cyclization and hydrolyzing activity.

Key words: Paenibacillus polynmyxa, deletion mutant, cyclofructan, repeat region, cycloinulooligosaccharide
frctanotransferase
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Cycloinulooligosaccharide(cyclofructan [CF])% cycloinu-
looligosaccharide fructanotransferase(CFTase)2] 28l 2]
& inulin® 256 AAbEE ) gelageltt. CFE AL
3= CFTase: AW @A o] k&l &3] F2 fructose
A 6~8707F B-2 > DATLE AZA= wIAUYAY
cycloinulohexaose(CF6), cycloinuloheptose(CF7), L&]1L
cycloinuluooctaose(CF8)E- A AbshH, AJAF vl 2z}
80%, 20%, 1% AA5=o|eH6, 7].

CFE bowl-shape T2 EoJ 3, 2]%-3= hydroxyl
groupell &8l 2pAdE vehle, Wi ether 222 9l
so] 4a44e = oleh CFe ol9h e FaE B
o A oAl cycledextrin(CD) E2]3, b o
2 AR RS AR F2 o T 934 AE
ot #7)3HIES FAse] Ty BA AN Ext
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6-skeleton T2 311 gl 702 Wizl o =3} metal
iond} B E AT 4 e AAE /R e ZleR
BT 9leh[18, 20, 22]. E3F, CFe BA) §4, %l
A EIE Ve 54 ERMEY 2l 7)sE 7R
A7) wliEell, ofEsk EelA, et EAZ AF, 9%, 5
o, B 5o oA FokllA EH o] 8E g
Pk ohel ko ARIAH LR o] fe] A FrhE 4 9l
= 22 71 =4, 19]. I o= AFE LollMe A =
= A 2 5t B, caffeine, TAF 759 43, 28
31 F2EE T2 e Al Sl AReE 4 gleH,
Slof ol oFE Sk, B, HEAl S| WA
2 AMTPsslvh A AR Selw 3oL 3R AR
o} I WA, Aks, o Fo Bal QoSN HE 5
o BANEI} 91) BT ool A W ALl
5= AR 7hsslet 3, CRe 28] 7)15A7A e 2
ghala 9lo] ZAMIEANA &, X|o} 941 o} S} 7}
e 50 71sS vERYL

o]efgt 7154 el CFE A CFTase: &
AN 7FA] Bacillus circulans OKUMZ31B[6, 7], B. circulans




MCI-2554[12, 13], L2 T B. macerans CFCI[9] & 2
Bacillus 48] Alxtol AAbshe 71o2 Balxe] et B
circulans MCI-25549 A1 cloning® CFTase f-AA 24 o
osbd 1,503719) olm:Ate® FAIE|e] glom 167kDad)
TAERS YehiE AoE FAE wick A 3o
A E CFTase= 110kDa®] HA}ES Vehlivk= ¥ 317} 9]
©}H12]. %3t B. macerans®] CFTasex 150kDa®} 107kDa
o] FAFE el 7 7HA 3Ee] EAv) BejEohs B
% QITH9). B A ALEE FF9l Paenibacillus
polymyxa?t A3A¥sF= CFTases 1,333719 ofm|xAto =z -
AEo) glom] FaleFe 148kDao|H3). 38 & F57}
wijoF Asadol] F¥] H= CFTasel= 7MY ohd A
VP AL Qe A glskdtt

CFTase9] o}u|iAl MQE vlwws] X pB-fructofurano-
sidase familye} AFgAl o] 75 Fow o]& familye| 44
A& & 4 ATH12]. olE familyell= Fxp o] ubg-,
cyclization ¥HS-¥4F o2} B-(2—1) fructosidic 23S &
#5l= & A<l PB-fructofuranosidase (invertase, sucrase)
(EC 3.2.1.26)2} levanase, inilinases-o] <3l ¢jc}.

CFTase®] 7H & 542 v7ls faehes Aol &,
inulin?} 2 fructan 7|2lel] 28313 gHte] CFE 3HAd3)
= cyclization ¥Hg, Aol wkE-9l coupling HWHE-}
disproportionation ¥1-§-, 3 W81 hydrolyzing ¥H-3~& vl
k(5] AR Al el 5l T3] EAE
AHEH g fe] domain 2 FAH | 1o 7479
domain®] 7’55 7M1= A= ez ok "xj7kA] o
7V BAw 7P A7) wel o] FeF CGTaseZl =L ol 2
A CFe} AR £42 71X cyclodextrin(CD)YE- A Ak}t
= oA E f#dl &Ll Bacillus stearothermophilus
CGTase®] X-ray 2% % 48 Z3lod w3zl ule) 9
sl CGTase: A, B, C, D, E®] 57}4] domainl 2 -4
FHo] glom] o}F A, B, C domaind a-amylase2} FA}3F
A& JEP™ D, E domain cyclization?h-gl] o] g+
Aelehe 317} 9JeH[10, 11, 16].

P polymyxa CFTase?] 13} +3& EA&] ¥Hm 2 71x]
E-2] Al He] glvt. ¥ CFTasex B. macerans CFC13}

96%, B. circulans MCI-25549} 73%2] AFEA-& Vel 31

glorn] @ 2 domainlE el H L o 4 gl
inulinase®} CFTasedllA] 3E4 22 el = CRI Y (core
region), endo-inulinase®?} ¥ AH5Al-S- 71X ERHY Y

Table 1. Primers used for amplification of CFTase gene.
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(endo-inulinase region of homology)®} R<3 ¥ (repeat
regiony E3Fk3L S1oH[3]. CFTaseol| A A% E RIH-&
CFTaseE Akl Tl ohebr 7)) = 4o uHEx
Hel2 vehbe EA% 9 9o NET 52 CEl
TAEl o}x] 1 Al A= A A Yt

£ A% 7k domain®] &g FH3] sl N-gt
AL HolA|, C-id A HoAE Al 1 B &
g oHIF T vl A Ested Zb domain®] HES T
A7lell e]ell Barsh= ule]ut.

RO

AE2F ¥ Plasmids

B Ago) A18-3t oFA3 CFTase 59A= P polymyxa
9} o] FF9] CFTase FHAE /3 AHEF plasmid
pDI1& AH8-8191 9 [3], CFTase 412} 3 1 Z&w o]
AZ A=etr) Y3 SFAEE E coli DHSafF-,
©80lacZAM15, A(lacZYA-argF)U169, deoR, recAl, endAl,
hsdR17(tK- mK+), phoA, supkd4, thi-1, gyrd96, relAl]=
AR88191a, o3 CFTase®} A<= Wo] CFTase®d W& %
#Ar717] 98 H£FMEX E coli HMS174(DE3)pLysS(F-,
recAl, hsdR(rK12- mK12+), RifR(DE3)pLysS)E A3}
et

iz} digk 4y 9l AHAE 3 B vector:
plasmid pET28a(+) (Novagen, Madison, USA)E A}-&3}
At

CFTase®| Z&HO|H M=

2 AgelA ORFE 55 ¢ AW olAe] 755 H3)
AREEF primer= Table 1] Yeblisdel. P polymyxa®] oFAY
8 CFTase(CFTI48)% &84 o2 W3 A]7]7] 9lslA
CFTase #2124 ORF #4](4.0kb)2He PCRE. % 5}5]
o} 3% DNAXE P polymyxa2} CFTase +AAHE &3t
pDII& AM4-5}9] T} [3]. CFTase®] ORF ZZ& 913} primer
+ primer f13} primer r1& ARSI, $%% DNA ¢+
-2 pET28a(+) plasmidel] subcloning3} 3 THpET-cf148).
M%) CFTase®] N-T RIZH R3 33L& AAT A0]
CFTase(CFT108YE A =H3}7] $18)4]%= primer 29} primer
1S AM8-3ked 2.8Kb Z7]9] CFT108 FAAE FFA13H.

ZE5 28kbe] wH-2 pET28a(+)°l subcloning(pET-

primer sequence remark
primer f1 5'-CGGAATTCATGAGGAAAGCCAAAGG-3' EcoRl
primer {2 5'-TTCCATATGGGTACTATTTTCCACTTAAACC-3' Ndel
primer rl 5'-AGCTCGAGTCAGTTGTTGGTTTTCTTCTT-3' Stop codon, Xhol
primer r2 5'-GCTGTCGACTCAAGGCAGCTCTGTAATATCC-3' Stop codon, Sa/ 1
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¢fi108)315-27 DNA 97|MY #4-& B3] NLe RI
3 R3 o] ALR AL #l}sivi(Sequencing facility,
Solgent Co., Dagjeon, Korea.). C5te] R4 <34-g A A3
Aol CFT1309] A|2He- $18|4= primer f12} primer
25 A4-3ste] PCRE 35Kb 27|19 F3FHg odl g
pET28a(+)ll subcloning(pET-cft130)81321, DNA 7|4
o BAE B3lo] cEle] R4 o] AEH AL F]ls}
Aot RIS 25 A8 CFT889] A& $sM:
primer 29} primer 128 AR-Ste] PCRE}IGICH 7 AFA=R
dojAl 2.4Kbe] DNAEX pET28(+)ael subcloning(pET-
88yt F4AAF £&2 PCR machine(GeneAmp PCR
System 2400, Perkin-Elmer, Norwalk, U.S.A.)& AR2-8}eq
HA2- 94°Cell A 13, annealing 53°CellA 13, extension
£ 74°C 2min, 30 cycle &F1)A 3}t

Mxzgh g0 wWH Y N

Az B A A7) A2 DNAZ 84 A
E. coli HMS174(DE3)pLysS/pET-cfi148, E. coli HMS174/
pET-cfil08, E. coli HMS174/pET-cft130} E. coli HMS174/
pET-¢ft882 NZCYM #iAlell wieksl ¥ #F 5571 1 mM
ol H=5 IPTGE A7Isld Z2te] Alxg <Al CFT148,
CFT108, CFT1303 CFT882] & FE38tit}. PTG
oo f= 2RE DBHAEE NDeo] His-Tagr} $39
Fol2 Fao] HAsl folsjc). BN Az WL
25 2840 BUAE YAelolon B HLE 59
¢} 5led sonication buffer(50 mM NaCl, | mM EDTA, 1
mM DTT)E AR8-8led A5 =] A7 § Lal5e] 3l
A FHAZE2RE BYUAE sl Bt A
wash buffer(M Urea, 1 mM EDTA, 1mM DTT, 2%
Triton X-1008 ARg-sed SFAE f2) AL A7
1, 8M Urea7} A 7% 20 mM phosphate buffer(pH 7.8)
22} slelA Nit column(Histrap kit, Novagen Co.,
Madison, U.S.A.Y& ANty AAlsisich. A€ A= <
W22 50 mM phosphate buffer(pH 7.0)5 AF8-3}e] F4
& 4 refolding A7) F o] F AR T ooz 7zt
M3

CFTasee| &4 &3 ¥ CFe T &4

CFTase®] AA34 &4 Z&A -2 thin-layer chromatography
(TLO)E Attt E4AHg-2 50 mM phosphate buffer
(pH 7.0) 1 mLell 3£ = 1%} H=F 5¢ inulind} &
25 EFBI 40°CollM AZPHE HREAIZ . EA B
< HlEellA SEZF dAE shed B whEE AR
k-S4 518 TLC platea(MERCK, Darmstadt, Germany)
o] 423+ ¥ butanol : isopropanol : water (3 : 12 : 4, v/v}&
AN-GN 2 sle] 33] Z/HsIEE. BAEL urea spray® =
Z3F F 120°C A 1087 7Hdste] AlA Eelsiodt.

CFTase9] A2 RI detector(RID 410, Waters, Massa-
chusetts, U.S.A. Y} A5 HPLCE #A431det. Columne-
TSK gel Amide-80(Tosoh Co., TOKYO, Japan)S A}-4-3}
Q3 £54v= =73t acetonitrile : HyO (65 : 35, v/v)
Z #< 1.0 mi/mine] HEF AMS1 2™ column oven &
T 65°CE st

N-2ch oio| =&t 24

SDS-polyacrylamide gel2- 10% acrylamide gel2 AHE-3}
gjom chld JA-E& Coomassie brilliant blue R-250°-2
stach A7ldgoez Fely A8 PVDF membrane
(BIO-RAD, California, US.A)e &FF A]70 ¥ whwa
bandS membrane S ZEE] H}t Ealsle] N-Zuh ojum):Ab
AL Bt ofd N-#h ofu]eAl ¥4 Protein
Sequencer(model 241, Agilent Co., Palo Alto, US.A)S
o]- &3}t :

2 =

P polymyxa?} £4| Mitst= CFTase? £%

2 A77L olu] P polymyxa®] CFTase -+AFE- cloning
dte] B3 gt v} Q. P pobymyxa®] CFTase A=
3,999709] nucleotideZ A =] 912 1,333719] o]
Abe 2 o] o]zl EAl3F 148kDa®] CFTased AJAHEEH[3].
742 CFTase gene(cft) 971 Fe] Barsle] gl A
B. circulans MCI-2554[12, 13]¢} B. macerans CFCI[9]
Folm olE &9l 77t 84%, 98%S] AEAE ehi
i}t Exed] o] & CFTase 74k} B-fructofuranosidase
family®] opu|x=At MU FAE X 2 sfe] EAAq
domain® 2 ¥ A= AL & 4 vkFig. 1). °
domain®d 9 & A HEw N =¥ C-Uxte]] 3= repeat
region(R), endoinulinase +A}3%3¢] ERH$} invertase S
exo-inulinase FrAFd el core region(CR)°]v}. £ P
polymyxa®] CFTase: B. macerans CFC1 T5-2] CFTase
o} Y3 FEZ 370 repeat regions 7FA™ o] R Y
o Nkl 7Y, ekl ) 215} 9037, ERHS} core
region®E FAE S Qlv}. = BV 2 B, circulans MCI-2554

CFT 148
CFT 130 |

CET 108
CET 88 |

”&33
Rt || R3 || ERH | CR

Fig. 1. Schematic drawing of the aligment of Paenibacillus pol-
ymyxa CFTase with its deletion mutants. R1, R3, R4, regions of
repeat sequences; ERH, endo-inulinase region of homology; CR,
core region.
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Fig. 2. SDS-polyacrylamide gel electrophoresis of the partially
purified CFTase from P polymyxa. M : Molecular weight
marker, 1 : Partially purified CFTase.

TF2] CFTases} vlas)] Ead N-dghe] 2814 R 9% (R2)
o] A&H UHS & F U B TF AAEe
CFTase:= 148 kDa Z719] A4S skl s, 4
A= S CFTase® A 553 e whijao] 3
e} wieF ASsAel M CFTase B4dg Wepie A&
A spE 3712 =) 148 kDa, 137 kDa, 10 8kDa2] %Y
A band’} FRIEGH(Fig. 2). o] K] =79 thiiAlL of
L oghia A A FEE G FeEA]
A o] 371X =7)9] YA o] 242}t CFTase B4 7f
7 whAlolA] gelslr] $leliA Zymogram 2 A HNE
Al=3) Hokor) v chiiale] A4S JIAT 9l 0E
gol Fl gl vh(data not shown). WHekA] 371 =7] whifale]
N-zhete} ofn|ical M-S EAMs)] Bopeh. N ofnlieal
2A Az 374A 72719 G A-E E5F P polymyxa®]
CFTase® 48 #v}. 148kDa band:= P polymyxa®
CFTase?] 70917 $1x]¢] Ser, 137 kDa band= 25284 ¢
]2} Thr, 108 kDa band= 394HA] olu]icAlel Glyo=H-
Bl ARt Al S 4 9SITK(Table 2). ©)F 3
7¥A z71e] A2 CFTase®] 544 < domain?t 22
o] glgivt. FPEE B4 2 148 kDa S-S of
A3)2] CFTaseo|X, 137 kDa th§A-> N-gwhe] Rlo| A
A% 3efolT, 108 kDa2 N-Lxke] R17} R37} 7ol A|A
3 eo) whizo| i),

Table 2. N-terminal sequence of partially purified CFTase from
P, polymyxa.

Predicted N-terminal Amino acid

Molecular amino acid position of the

size (kD) sequence matching ORF
148 SVTDSVYQ 70 -77
137 TDIKPDFK 252 -259
108 GKGTIFHLNL 394 -403
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alebr] o|8sl Aste) wel P polymyxa?] CFTase: N-
Teho 2 BE) 60 ol Ab7EA| = signal peptide’} S}
v Ad<s chi 2 Fa] YAk @ o= processing®] el
u}e} 148 kDa, 137 kDa, 108 kDa® A|7}A =7]¢]
CFTase® AJAtshe 702 Atasd.

&A|uk o] M7FA] Z719] CFTaseol| M SA 32 o= =
W Q) ], w3k repat region(R)e] ¥ F<lA, CF ¥
Aol oj® J3Hg Pdsh=x] AES Aol gl gt
A ©]E domain®] ¥TE BQIE7] $sle] N-HT2| Repeat
39 RI, R37 CHwre] R4E 77} = FAlel A7 2
& oA B Aatsle] 2 BA-E v as] R o4
CFTaseE CFTI148%, N-Zwke] R1¥} R3E AlAS AEd
o] CFTaseZ CFT108Z., C-#whe] R4AZ A|AZ Aol
CFTaseZ CFT130, ZE R 99§ A|78 Z<2H0] CFTase
£ CFT88=. 3laict.

=gt chdzlo] MM 2t domaine| AHE

T3 A 2F whyae N His-tagZ) 5385 3=
2 335d PTG #5225 B8l di= dH=E9S o A=
T AEL TF inclusion bodyZx B84 E8of &
Aspedct. B84 238 washing buffer? 2~33] A& s]ed
S5 A e SRS A T4 A 2
2]Z 3]3le] 8M Urea buffer(pH 7.8)% H7}ale] E8-A
35 434171 ¥ Histrap Kits o]-83}ed 2] A3
o A AL FPLCE 53 o AAFLH 20
mM phosphate buffer(pH 7.0)E °]-4-3 FAAA L F3l
refoldingslgdvt. A A% CFT148, CFT108, CFT1303%}
CFT889] H-a}22 77t 148 kDa, 108 kDa, 130 kDa%}
88 kDa2 2 SDS-PAGE #7|°d5 o2 #alslolon ol
bandZ A A =% cH(data not shown).

CFTase= |5 E4Z inulin® 2 8 CFE AA =
cyclization W&, inuline]vt A ¥ CFE F-8llste] vlokat
fructooligosaccharideZ- AJAFs}= hydrolyzing HHS-, ¥ AJA]
g gl ag gt 7S Aold: coupling HHE =&
disproportionation Y32 Zvl|3le},

CFTase?] 7+ domaine] FA2] #Ald] mA= JgS =
2187 98A WA inulinl 228 CFE A Alste=
cyclization -8~ &l v}, HF = 1wl H=F F
ol 71A (inulin)l] Y3 &A1 ng DA S Hr)s}
o HA ukg 2% 40°CelA Zt A|ZPHE HEEA]A thin
layer chromatography(TLC)Z CFe} 2 9] W AHE-9] A
A A& FIskdvh(Fig. 3).

o83 CFT148%} Z<&w o)A CFT108% 8 WhEARE
£ CFZ u}-2Z7|(CFT148 -3 hr, CFT108 - 30 min)l| =
inulin® 25€] F2 CFE A7), d-g-AI1Z o] Adel]
w2} F, F3, Fs 59 fructooligosaccharideS A Ad 3143 =}
why ) AL o)A CFT1309} CFT88Y) 74-$-oll= CF) A
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Fig. 3. Thin-layer chromatographs of the enzymatic products from inulin by CFTase and deletion mutant proteins. (A) CFT148 (B)

CFT108 (C) CFT130 (D) CFTSS.

S AT A dokom w271 % inuling FHREssle]
F», F3, F4 2] fructooligosaccharideS- A5}t oAk
Aol A N-ZHe] repeat °3¥ ¢l R13} R3E AlAT
CFT1089] 7% o83 CFT148% vlabrix2 CFE AAkst
= Ao 2 Hol N-2ke] R13} R3 domaine cyclization
Sl ol Hehe a1X) ek ZleE vehdt) 9
C- 2+ repeat 9l R4E A7 CFT1303 CFT88-
CFE AAFs}A] ¢ko} o] domain®] cyclization ¥h-gol H4=
Hel 7= glHglr}. walk Nzt Cdehe] repeat ©3
9L 25 A% CFT88¢] inulin®} 7lpEsso] 2= 7
22 v}el} CFTase®] CR®IY-2 inulin hydrolization ¥h&-
o Bolshz Aoz Wzwt

CFTase¥ inuling o] &3] U o2 CFE tafoz
Aibsi, dAFe] CFrl AAtEwE CFE 3 3o
fructooligosaccharide - A AF3}l= CF hydrolization HF-&-&
A2 Qi) o] g} 2+ CF hydrolization 84S ZAF17]
Aste 1% CFEAFSE=)9t 442 84 1 ugs A7k
40°Col| A ukgAIZI T ¥hS- 712 AMESE CPe 2 74
oA A AALst] AREBHAEH17)

Hydrolization ¥H-&-& #<l3t A3KFig. 4), CFE 7[A=Z
31995 W CFT148% CFT1082 WhE-Ajzto] 7 =)3tel) uje}
CFZ H3allsled F,, F3, F,3 AWA8RY, CFT1302+ CFT889
5ol CFg A3 Fslehx] due. oo Ax=

CFTase®] CF hydolyzation Hh-3<ll #4531 domains C-Z
ko] R4dg e 2 Fel¥|9l 2, CF hydolyzation HH-3--2
inulin hydrolization ¥-&-7}= 2] cyclization ¥H&-2] H-uk
S22 end productq! CF7} 3k AT o] & e s}e]
fructooligosaccharide® Al sl o2 A=)

CFTase S|l Ate]o)| 3-& Ho|sled Fiter} o}
A 2L Er] S FA3= coupling BRS-S Fulislr| = g
t}. o|2j3t disproportionation Hh3-9] & ZAIE] $138)
+2|0% GFE 97IHE 3l Axg ehiid s g4
HAE3IA S5 05%-4 GF4(Meiji Pharmaceutical co.
Tokyo, Japan)2+ 7—}7—1'-4 T4 1 pgs Arste] 40°CelA b
SAIA galgt Z3Fig. 5), vl 7] S 257 283}
9] GF.2%-E GF7 GFE Akt uk-g- Ajzbe] =)
&5 CFT148% CFT108-Z A GF& 71A = 3}
CFe} GFE AAFstel 2w CFe v F:& ®3l= 9w
CFT1303} CFT889] 7d-9-olli= GF.¢l GF$} F32 3= %l
t}. o]Ake) Atz opy oL} AEo| A 2F dispropor-
tionation §H&-2] A& 71A) 3L gJeJA] CR ¢§<o] of Hbg-
of] #e{sh= domain?! A2 AY2HEt

£ pH ¥ XX 2= b1
Azst szl 2= CFTase B44S vepl3l 9)= CFT148
7 CFT108 inulin® 71A& CFY AT CFE 7|A =
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Fig. 4. Thin-layer chromatographs of the enzymatic products from cyclofructan(CF) by CFTase and deletion mutant proteins. (A)
CFT148 (B) CFT108 (C) CFT130 (D) CFT88.
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Fig. 5. Thin-layer chromatographs of the enzymatic products from GF4 by CFTase and deletion mutant proteins. (A) CFT148 (B)
CFT108 (C) CFT130 (D) CFT8S.
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