"
uwnanta

4 4 o ‘od
T0LT04 LATIMTITY ,mrﬁr.,nnn"l-n PEG-NAD 'lm&mmmu’lmumnmum
'lumruanmmuﬂavqnuanummmrmwmﬁuww-

Fovanhulng

L 4

J -’ 7 ~ o o 1 - <]
ﬁagmmﬂumumtm T9%I9nTINTY m‘.‘dﬂl ﬂnr:ga

ards -gm"lmau‘lmmmmr NAD(H) uJuTmm'lm‘luanﬁwmm
[} 1 i

J
sl -ﬁmmmnmaqm nm‘lﬂn { mﬂmrﬂmum"l n'lwmm MNBLUDIL ﬂu

mmnmﬂu'l'm LX) mé\mm-n NAD ‘hnTntam'lnmmuamnaawﬂmhmmau

'ina?ﬂa.n'rm'autm ( PEG=NAD) nﬂ'qmﬂ-n'lmwimmrmummmTﬁtmﬂm

heniy NAD wiitls SvdaTERd PEG-KAD "m&mmmum‘lmanmmn’l 8-
Tnrs tuuvﬁnm‘lmumﬁanamﬂﬂmmﬁmmmu 79 uaz 90 % 17m3

4 4
nwmﬂu (XEuS PBG-NAD uiﬁﬂﬁq‘lﬁ m&m;mhmmm (o ¥3 s vrui

R

mnm.au'lsmn"l aTnﬁmﬂm'dmmmﬂmuﬁ* PEG-HAD 'Lumrm'w pH. 7.5 h
' .

4
Tulfi:}mmnmw 30 ummuﬁmmﬁﬁﬂmmmm'lﬂammmum watdnile

ugsiudtarwm mzaav*muumwmamm‘lﬁ h .1wnaﬂﬂﬂmmmua #\pTI%0

4
Mﬂfa-wm'an'lﬂm\nnm‘hn&umm‘awauma " nwmamumvm’lamu'l'ﬁn
wasliuaz tmﬂmammummammwmﬂmu uﬂnv'mum':'m'lﬁa‘wrm]ﬁmm

‘lullﬁnrmmwﬂmmﬂn §71 PEG-NAD tmﬂnvr'lmh:]n:maﬂm'lnu'\unﬂ |
(V

200 ﬁ:ﬂua unmmmmu;ﬂnﬂ PEG—HA.D m«mm:umaﬁmfw-m’lﬂ'hnﬂu

4
1at mﬂm‘lm]ﬁnm' il munmeind muﬁmm'm mnmmn un mmr’lmﬁjmm
mnm'manmr'lmnuﬂr~'dmrmuuu vmmnmﬁﬂmmummnmnnﬂma*mmm.au

Gl mﬁﬁﬁmuuwuL'mu'lm@'nr-m-t ol
]

< .‘u d‘ - - - - 4: - Y
fm HnmaL o Lo dannasan | A1AF FIUEIANUUAY LT HRUGNDANBADANIAN

]
Lmﬁmmmtmun Bacillus licheniformis 'ﬁuﬂnmn?au"l'nummrnuan

1 3

mmuaﬁ'lhua-'lnﬂmam crude enzyme wn'nun'nu?'\mﬁ'nammuaamu

ua.'l&s PEG=NAD muTm'au"lm'lmmmﬁuw‘nmLau'lmmmn'lnwam*mmuun‘lu

nram Ntﬁnuhfﬁnmunﬁmrumﬂwun Clostridium sp. isolate 7H9




1 7 t J
W 11’)"!’(1'111‘17 ﬂU’ﬁﬂlJ'J'VI‘W’ﬂﬁ1 ngqmﬂmn'lum i atI\WI L ﬂun'mmma-mmq ll.ﬁ.-ll

1 4

activity 784 ADH gqvﬂnmmrtamuunmruu'lumnu'm'm -1 n;mugu

.-lv

30 7 1lu1aa 20 ‘me L"fmﬁnmau"lm crude rau'l‘mﬂnmmﬂnmaunﬂ
Famum u‘;qu Mws L enaii v Shedanoaes uaaamn ﬂnummﬁmﬁ_‘] nTHA
2B LniuTDY NADE uavmmm'am NAD* tmflmuv.mnmmpuugu bo 1
dlam’luraumu 10 H'WI ua.m?nm;pmr QU 50 - 60 b act;vlty ?aﬁnﬁd
50 % s 70 w‘v 'hmuanmnmaatau mw'raua‘wmnﬂ‘gmmmn‘nwm

NAD* B2 pH 10 ﬁ‘:u‘am:agnmLmﬂ-amﬁmummﬁhuﬂauau'lm oy sunn

35°% crude \eulmi ADH uq~ﬁuun‘lumamﬂnuTmannm’r”uwuanuJ‘%uu

?'Bﬂﬁﬂt?"a?liﬁlm"fumr Affinity in] Blne Sepnasnse 6B BT vanlp m«m
nraminn’m polyacrylam:.de gel electrophores:.s mmmmwgm

deau 112 Lm (B yleld ﬂn 1%

 Purified ADE faunroly pes-ma> ulaiaidoln Lfmm

PEG=-NAD mau—aﬁ-mu igr purified ADE Lﬂm-gnﬂ'lﬁ'lmﬁ_]mmm“lm
kiuma L"fm i Lwrufilums fuﬁﬂm’nﬂuﬁﬁmﬂnmmk g m&’m Iy
%84 LDE nuﬁﬂmmmn‘mﬂum;nm 3 pE 9.0 UGTuWE 30 % nn'm'mﬂ*nu
AeEDITAUAS m—m T dtueniern . sctivityanasiliy 90 % naon
? w%mnmnam wnmauwna 1maaua-1rq1mu;ﬂu;ﬁ«:ﬂ'{'mﬁqmm1m
Flaarllsasm ﬂm‘mﬂngam M eﬁnmmlmﬂm%ammﬁnﬁmmﬂnﬁ v
masnsudnra 3 lumrenedin insn nn'i Ve iRy .:mmsn malﬁ]m
Lol '111 s tan m'xu@ﬂu‘lﬂ Sl S mn e TR R N n'm T

fUdn7 ~'n L zau@uT U thnj nrm“lmfgjnrm Lauhm



mo

Abstract

Title : Application of PEG-NAD in a Continuous Enzyme Reactor
for Butanol Production Using Fermentation Products of

Bacteria from Thai Soil as Subétrate

Report by: Dr.Suree Phutrakul

The efficient industrial application of NAD(H) depen~

dent enzyme systems is the repeated use of the expensive coenzyme

by reggnernfion, The molecular-weight enlarged NAD(H) was sjnthesized

bound NAD (PEG-NAD) was studied compared to NAD. The coenzymic
actitiiins,of PEG-NAD were 79 and 90 ¥ of NAD for pig heart lac-
‘tate dehydrogenase (LDH).and'yeast alcohol dehydrogenase (AbH)
respectivelye. The potbntial.npplication.bf PEG-NAD was tested in
a continuous enzyme membrane fe&btgr retainiﬁg\an-&quao&s solution
pH 7.5 of ADH, LDH and PEG-NAD within ultrafiltvation wembrame
reactor at 50 C, while the reaction products and unreacted sub-
strates pass through. The pro&uctlon of pyruvate from L-lactate
and ethanol from acetaldehyde was low compared to the amount of
the snbatrates and gradually decrease acccrdzng to time due to
~enzyme insufficiency, the decrease in enzymic activities and the
" unsuitable reaction conditions. ﬂotnvaf,-PEG-NKD could 5e stable
in the reactor longer than 200 hours under the experimental con-
dition. The results implicated that the synthesized PEG-NAD
functioned as an efficieﬁt coenzyme analogue and qpite stable.
To gét maximal productivity, more basic research into the reaction

conditions in the reactor is needed.



Alcohol dehydrogenases from alcohol producing bacteria

were studies for their appligation in butanol productioh. A bacte—

ri#, Bacillus licheniformis isolated from Thai soil could produced
Buténol and the extracted cru&e enzyme showed aﬁecificity_to buta=

nol and'céuld use PEG-NAﬁ as coenzyme but the amount of the enzyme

was not enough for purification. Therefore the bacteria Clostri-

dium licheniformis isoclate 7M9 was stucied and found that it could

produce high concentration of butanol in the,medla containing

molasses-rice bran and show high ﬁDH'activity. This bacteria was

extraction. The preliminary study of the crude ADH féund.that_it
had wide range of substrate specificity when assayed from both
oxidation of NADH and reduction of NAD'. ﬂhe.enZEme would 5tab1e
upto #0°C,hy heating for 10 min and its activity decraaééd‘tn-ED %
at 50°C and #ompletely loss at ?OOC The optimum-pﬂ for the reduction
iaa found to be 10 and the optimal temperature was found to,bn'iﬁobﬁ
The crude ADH was then purified by ionexchange gel, filtration aﬁd
1a£finity.chnnmaiugrnphf &nd_ﬁhe'purity was checked by polyascrylamide
gel electrophoresis. The enzyme was purified to about 122 folds with
1 % yield. |

The puriffcﬂ enzyme could use PEG-NAD as its cosnzyme.
The synthesized PEG-NAD and the purified ADH was used in a contimuous
enzyme membrane reactor to produce butanol from butyric acid using
‘the coupled reaction of the productioh of pyruvate from L-lactate
by LDH at pHE 9.0 30°C. Both enzymes and PEG-NAD could be stable
after their activities decrease to about 90 % thfoughout the experi--
meﬁtal periods (7 days). However, the production of ethancl and

pyruvate was low due to enzyme insufficient and imbalance between



amount of the enzymes and substrates and the rate of paasing the
substrate solution into the reactor. More research into the reac-

tion conditions in the enzyme reactor should be carried out to get

maximum productivity.




