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Abstracts

Fructosyltransferase is an important enzyme for producing the Fructo-
oligosaccharide (FOS) or prebiotic foods which is popular today. However it is very
expensive and strictly international import in large quantities. This experiment aimed to
develop the extraction process of fructosyltransferase enzyme from the Fungi living in
the country. Research conducted at the Post-harvesting and Processing Research and
Development Division between the years 2014 — 2016. Using selected six strains of
fungus family, we could not found any difference in FOS production. Aspergillus niger
and Aureobasidium pollulans are still the best choice for fructosyltransferase producing
host. However, when increasing the amount A. pollulans stains, it showed slightly
differents of total FOSs production. On the contrary, Garnoderma lucidum and
Shizophyllum commune has produced FOSs in slow rate because of the strength of their
cell wall.

The extracted enzyme kinetic was educated with using the differentiation of
temperatures. Enzyme could make the rate of reaction in the first period until the critical
point of 55 degree Celsius, which is the optimum temperature for the enzyme. It also
found that the enzyme activity is highest at 55 degrees Celsius is equal to 0.018 minutes,
which is acceptable. The repetition determined that the temperature around 48 degrees
Celsius showed that the half-life of the enzyme is equal to 0.130 minutes, which is
higher than the temperature at 55 degrees Celsius and the activity in the reaction of only
0.34 times of the temperature at 48 degrees Celsius. It applied then an alternative that
can be used for this enzyme. The purification of enzyme could be used by Fujishima
method. Crude enzyme must prepare at 0-2 ° C and using ammonium phosphate
extraction. Application of enzyme in sugarcane juice found that their pH-dependence
stability was observed in the range pH 5.0 - 5.16 with enzyme activity reduced by more
than 70% and the Thermal stability test by using warm juice for 15 minutes at room
temperature. Enzymes are found to have a stable temperature between 20-40 degree
Celsius and stops when the temperature reach above 50 degrees Celsius and the
production of the FOS has produced 1-6 di-B-D-fructofuranosylsucrose (1.239 mg. , the
enzyme activity of 1.86 Jdmol / ml) nystose (0.530 mg, the enzyme activity 0.796 dmol /
ml) and a tiny amount of neokestose.

Keywords: enzymes Fructosyltransferase, Fructooligosaccharide, creatures of fungi,

molasses.
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ketose(GF,), nystose(GFs), fructofuranosyl nystose (GF,) lagn1s3iasizilaaly
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1. Wan1sAnwLYeauVSEniinadanisnaneulesl Fructosyltransferase

a v a

& & a Nea W vo A & a6 = X
NANTIINATDUNITILAYILYDYIAAUNIYNETNA iﬂﬂﬂLa@ﬂL%af\]ﬁumiﬁlﬂﬂu Aspergillus
U
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niger wUatdu Isolate 910 ATCC UsemnadUu (AN 1) uay Isolate Amdonluussina (AN

), Aureobasidium pollulans wuadu Isolate 91n ATCC USEinan1va (AP) uay
Isolate AaLaonluUseine CCY 27-1-2014/ CCY 17-12-2013 (AP Il hay AP 1),
Garnoderma lucidum wialu Isolate AndanlulseimaAsiuiuumIne desrsunny
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I . Ao & 0 Y Aaw aa 1
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M1597 1 kaAIAUAURUSIENINANUTLTUYINasAdR UnaIanUAse e ulesidng

Wininysludnanulsdunugumngiaaus 45-70 °C

1IN mududuthnaiang (nsu/ans)
(W9) 45 °C 50 °C 55 °C 60 °C 65 °C 70 °C
0 0.0239 0.0378 0.1128 0.0229 0.0063 0.0108
0.5 0.1425 0.0378 0.1628 0.0763 0.1346 0.0637
1 0.1408 0.0582 0.2286 0.1308 0.1904 0.1224
2 0.1800 0.1686 0.4069 0.2046 0.2608 0.2158
4 0.295 0.1161 0.6911 0.4817 0.4808 0.3983
6 0.3338 0.3015 0.8019 0.6413 0.6796 0.5587
8 0.4092 0.3549 1.1419 0.8079 0.8467 0.7087
10 0.5142 0.3590 1.5280 0.9913 1.0113 0.8503
15 0.6446 0.7199 1.9911 1.6246 1.3775 1.1795
20 0.7542 0.8650 2.1361 1.908 1.6742 1.3683

NELIAR)

1. anududuihmaimdfifennuifseveseulsddnmsninsluiinaaniios
Aspersgillus niger TISTR 3570 ﬁﬁégimmﬁuﬁuamammmLsi’fmﬁuﬁm’fu 300 NSu/an%
nazteulagidmmgnlnysTudinannududuisusiu 150 mie/niuglasa luasazans
Unllas Mcllvain 0.02 Tuan$ Loy 5.0
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——Linear (45C)
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AYIINNTNARRY (UH)

A9 3 AnuduTusTEndeeuLdueaIgiunaINgmgil 45 - 70 °C

Y

dl o & a v aaa = a o a
HITNN 2 @9]5'][5'3Lﬁﬂ@]u%a\?ﬂ{]ﬂﬁﬂqL?Jul‘(fllUm']W?ﬂIVW‘\JIT‘IIUGULﬂﬁLLU?NHWWNQMWQNWWQ 9

gamgdl (0 | dmssasusuvesufizen Ln vo gaungiduysal 1/
(Vo, UN./H@. W9, (T, K) (x102 K1)

a5 0.0387 -3.2519 318 3.14
50 0.0427 -3.1536 323 3.1
55 0.1285 -2.0518 328 3.05
60 0.1037 -2.2663 333 3
65 0.0901 -2.4068 338 2.96
70 0.0785 -2.5447 343 292
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A9197 3 s savesufiseeuleddangninisluGinawdsiunnugamgang 1

time

\ (GRY
0.12 -2.15
0.03 -3.69
0.05 -2.97
0.04 -3.26
0.03 -3.56
0.05 -3.10
0.03 -3.39
0.02 -3.73

\% lnVv \ lnVv \ lnVv
0.02 -3.89 0.12 -2.16 0.11 -2.23
0.09 -2.44 0.16 -1.82 0.09 -2.46
0.02 -3.95 0.15 -1.87 0.12 -2.15
0.03 -3.40 0.10 -2.32 0.11 -2.21
0.06 -2.82 0.11 -2.18 0.08 -2.51
0.01 -4.24 0.18 -1.71 0.09 -2.44
0.05 -2.95 0.12 -2.11 0.12 -2.15
0.05 -2.98 0.06 -2.80 0.09 -2.39

\ lnVv
0.18 -1.69
0.08 -2.48
0.10 -2.34
0.10 -2.26
0.09 -2.39
0.08 -2.49
0.08 -2.58
0.07 -2.71

\ Vv
0.11 -2.19
0.10 -2.29
0.09 -2.39
0.09 -2.46
0.08 -2.56
0.07 -2.62
0.07 -2.70
0.05 -2.96
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-0.05 -

warlunsiialfasen (i)

Al 6 Anuduiusvesdenndfiuanusisienaninujise e uaaiaifinsgaydeanimn

(Ky) vosoulesidmmignlymsiludinaiionmgil 45,50,55,60,65,70 ssrnieaidoa

a ! q' = aaa ¢ a d' a
M5 4 Aresiinisagdsanimvesuiseneuludnmisninyslugnanoumaiisnie

(1/T)

Temp (x107° K*) Kd n Kd
45 3.14 0.054 -2.9188
50 3.10 0.2905 -1.2362
55 3.05 0.0839 -2.4781
60 3.00 0.0254 -3.6730
65 2.96 0.0361 -3.3215
70 2.92 0.0487 -3.0221
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ANEINUMSFEYFaNIN (Ey) Eq= 83.5916 kcal/mol
DA ~ _ 55 i1
ANAININITELAIENIN (Kyo) Ko = 7.678 x 10°> min

a

13799 5 aguAnsimesiulauniindveseulesidannlnysludinaaindvinavesgamal

Y

Al AMNNTILEURT
E, (kcal mol™?) 8.2316
E4 (kcal mol™?) 83.5916
Vo (g Ut min™) 1.7405 x 10*
Ko (min) 7.678 x 10%°

HAYDIAAITIN A ASAN IMUA NATUNSERUNTaFsan muaseulyd a5
AAnsidsan nveteuled (Ky) wazAmdsunmsideanimveteuled (E) 31nn1svaaes
Wudn dAwinfu 7.678 x 10°° min uag 83.5916 kcal mol? anuaau wansitoulesidnvizn
Inysluinaiiadesnings Wesnsesldndenugeds 83.5916 kcal mol? lunsvinlvieuled
deoanw wenantifalAasnlumsideaningedniguavaasatinvaseuledinmgningsily
a a 6 a ] - a =
Faannisnaaesianssuveteulednmvsninyslugwanuin feamall 55 ssewadud
[ aa = d‘l | Aa L a =
Jugaumainmanzauign dlanaaesUszanarinsinvetauleddnmusnlnysludinai
gamdl 55 ewmwadva fawviidu 0018 Wil Fulumfiweusuld Weveaesiiansani
gaumniuszana 48 asrwaled  wuinliaesstinveeuleddnmsninysludnauiiy
0.130 w¥ FediAngeninvigamall 55 asrnwalea wavlinanssulunisifinufisensafiuies
0.34 wh dwluileamgll 48 esmwaldeadadudnmadennilsnannsatieulsidamsning
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M50 6 MIUszanarasatinveseulsdinimznlnysludinaaindvsnavesgamniane

WUUIAD9
gaungil (°0) Relative activity AA3aTIn (i) Relative Half-life
(Vo/Vomax ) ( Half-life / Half-life . )
45 0.3012 14.3665 1.0000
50 0.3323 1.8718 0.1303
55 1.0000 0.2595 0.0181
60 0.8070 0.0382 0.0027
65 0.7012 0.0059 0.0004
70 0.6109 0.0010 0.0001
1.2000
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P [ v 6 1 . .. . . =2
NN 8 ANUAUNWUEIZTIAING Relative activity, Relative haft-live waggunnil




a

3. nsAnwmsieulwiuiansuasnadeuanaua
Tunis@nsnisvineulesiuiguilaenszuiuns ultracentrifugation (Hidaka,1999)
annsaaialdlaeldnszuaunismunindt 15 egdlsinuiadendniiduneufidudeuazld
a131A3151A189 3111N1INAABY enzyme purification §1m133av09 Fujishima,2005 TagLades
Fregraeuladaianeuit 0 - 2 ssrwadealaslduonludoueamalunisaia aaniy

a

yin1sAnufanssueulsiuignsdiuau 3 Aanssu muABues Henry& Darbyshire,1980 léun
faNT3U Sucrose : Sucrose 1-Fructosyltransferase (SST, EC 2.4.1.99) Lﬁaizqﬂ'%mmauléﬁﬂﬁ
wWasuglasaidu 1 pmol 1-kestose lutaa1 1 u1#, A9n55y Fructan : Fructan 1-
fructosyltransferase (1-FFT, EC2.4.1.100) Lﬁa%qﬂ%mmwul%ﬁﬁmgau 1-kestose U 1
pmol nystose Tutaan 1 wniluazAanssy Fructan : Fractan 6G-fructosyltransferase (6G-FFT)
Lﬁaizqﬂ%mmmﬂ%ﬁﬁm%u 1-kestose Ju 1 umol 1-6 di-R-D-fructofuranosylsucrose Tu

a7 1 WIRNUAINA 17

Crude Enzyme
centrifugation

|¢

Supernatant
add PEG 4000 to 18%(w/v) + centrifuge

|¢

Supernatant
add MgCl (20mmol/dm?3) + centrifuge

|¢

Precipitate
redissolve: load on DEAE-cellulose+elute with 0-0.4 mol/dm3 NaHCO, gradient

|¢

Pooled fractions containning activity
add (NH,),SO, to precipitate enzyme

B.u el ENZaY{IVI E

AT 9 TURBUNTTUIUNITYIN enzyme purification TnenseuIunIs ultracentrifugation



R399 7 HANISNAABINITYIN purification 10 A.niger

Step Total Total Total Specific Yield (%) | Purification
Volume Protein Activity activity factor per
(Cm3) (mg) (katal) (katal/kg) step

Extraction 16,600 435,000 0.0413 0.095 (100) (1.0)

1t Centrifuge 15,700 112,000 0.0365 0.325 88.3 3.42

2" Centrifuge 1,380 1,716 0.0223 13.02 54.0 40.0

Gel filtration 211 462 0.0200 43.17 48.4 3.32

Precipitation - 344 0.0160 46.5 38.7 1.08

Crude Enzyme
Using (NH,),SO, ( 2 C) + centrifugation 10 000g 30 min

|4l

Supernatant
add column DEAE-Sepharose CL-6B (4x40 cm) with 10 mM phosphate buffer

Supernatant

|4l

Dialyse for 10 hours + add column Toyopearl HW65, HW55, CL-6B, Sephadex G-100 then Concanavalin A

|4l

redissolve: load in column Toyopearl HW65 then dialyse

Precipitate

Pooled fractions containning activity

|4l

add (NH,),SO, to precipitate enzyme

A4

Pure ENZYIIE

AT 10 TURBUATEUIUNTITYIN enzyme purification TnenTzUIUN1T Henry& Darbyshire




AT 8 NANITNAADINITN purification 210 A.niger

Step 6G-FFT 1-FFT ratio
Protein Activity Spec. Recovery | Purification | Activity Spec. Recovery | Purification | 6G-FFT/
tivit tivit
(mg) (L) e (%) (fold) () I IO (fold) 1-FFT
(U/mg) (U/me)
Crude extract 64350 1215 0.02 100 1 547 0.0009 100 1 2.2
(NH,),SQ, sat. 2589 590 0.23 48.6 12 286 0.11 52.3 12 2.1
DEAE-Sepharose CL-6B 161 583 3.62 48.0 181 254 1.58 46.4 176 2.3
Toyopearl HW65F 40.6 269 6.63 22.1 332 147 3.62 26.9 402 1.8
Toyopearl HW55S 258 253 9.81 20.8 491 141 5.47 258 608 1.8
DEAE-Sepharose CL-6B 18.6 234 12.58 19.3 629 115 6.18 21.0 687 2.0
Sephadex G100 9.8 169 17.24 13.9 862 88.1 8.99 16.1 999 1.9
Con A Sepgarose 6.3 151 2397 24 1199 73.2 11.62 13.4 1291 2.1
Toyopearl HW65F 5.2 138 26.54 114 1327 60.5 11.63 11.1 1292 2.3
+
30 0.80
25 <
~ . - 45
I h 3 4060
‘é‘ ‘\‘ i 9 *E.
Z 15t “- 10 % {o40 =
& N = 2
o b3 & =
g 10 A
) . 115 {020
= s f |
0 l h. Il ! | 0.00
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AMA 11 Han1MegeU Gel electrophoresis ¥84 ulgdannusansiuiouiieunanssueules
6

2 A9ngsu (-0-) Avnssueulasl 6G-FFT (U/ml) (-@-) Aanssuteulss] 1-FFT (U/ml) 315

W991n15 saturation A8 (NH,),SO,

4. nmsuszenaldieuludnaialdluindon
nan1svaaeuleulelluundeslagvinnisnaasu pH-dependence stability Tnald

aa

qmmuwﬁwﬂéﬂu%umuﬁ 2 Aogamall 30 e wadeaainduan 30 Wi pH 5.0, 5.16,
5.28, 5.38, 5.52, 5.82, 6.18, 6.31 uag 6.70hav@nwinanssuteulesl 6G-FFT wag 1-FFT wuin
luga9 pH 5.0 - 5.16 IAanssueulesianaindt 70% nan1svaaayu Thermal stability lnggu
ihdesdunan 15 wififiguvndl 30, 40, 50, 60 asriaiTea (20 esmueadsaloyaniuau)

i A v oa & A = s aa A i a
WU'J']N&EJ‘U?J‘L!ﬂ"’UﬂiiiJGLUWUIUSUUG]QUV] 2 ﬂ@L@u1‘(13JQ33JﬂQﬂ3§NV]Laﬂﬂiigqu\‘@mﬂﬂﬂ 20 - 40




Relative activity (%)

puAwaLiauaTNeAloavnlaindt 50 asrwalBed Lilevinn1sANYINISHARA1SAGY FOS
119 INUINANITHER 1-6 di-R-D-fructofuranosylsucrose (4c, 1.239 mg, lasdiAans s

wulesid 1.86 umol/ml) nystose (4a, 0.530 me, TnadAvnssuoulesi 0.796 umol/ml) uaz
NNSKAM neokestose LaNTipY
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U
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ayUnanIsNaaauadalauaLUY

NAN1INAAD VIR AUNIILUAWTINNG NN a81atien 6 arius wildnuau
Lansinelun1suan Total FOS s¥1i19n15M8unsd Aspergillus niger wag Aureobasidium
pollulans aeslsimuiievinn1siiiy stains lnensdndongaun3daienusifedtuainsssuii

WU A pollulans Suudlunlun1swdn total FOSs 918N d1usunisAnenlu Garnoderma

v
I v oA

lucidum waz Shizophyllum commune WUININSNER FOS N nIstitiosunanuiawadi
L5 esdlTianquiiavinliaradadedddiiaiuinningdunidassiusnegnslsiaiy

USunau total FOSs Mnanlagalinsuiilasanindusasvinnsnaasaiuiiy

%
a a =

= 1Y s ¢ A ¢ I gy &
Naﬂ'15ﬁﬂiﬂqﬂquﬁ]ﬁuwaﬂqﬁﬁisﬂ@QL@UI?]@J bUDBIUNHUNNTU L@ubL‘ljiJ"i]g@JE]@i’]LTﬂUﬂqﬁ

Y

a aaa 1 U = Aa o I3 N a = A <
Lﬂ@]UQﬂiEﬂ%QIU%'NLLiﬂ R]Uﬂigmﬂﬁﬂﬁ]@ﬂmamﬁ’]ﬁ?%ﬁﬂq@ NYUNHU 55 99 ALY YR DBLUY

q

gaungiingausienisvhauvedeulediangninisludwaunian uasdmudnit ouley
Inmisnlnisludnadfanssugenged 55 esmigadis wasfanssuvedeuleddnnsnlnye
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