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SUMMARY

The aquaculture and its related industries expand rapidly with
growing demand of consumer in Korea. To meet with this demand,
techniques in this area, such as artificial hatching and water filtration
system for high density aquaculture culture, have been developed
rapidly. At the same time, however, the loss of aqua—-farms have been
increased because of year round diseases attack caused by
environmental contamination. Since early 1990’s Scuticocilatida is one of
the major pathogenic parasite which cause serious damage to flounder of
aqua—farm in Korea. Therefore, the development of the new biological
weapon, which is environmentally favorable as well as can control this
parasite effective, are required urgently to reduce the increasing loss of
aqua-farm.

At the same time, the source of sea pollution should be reduced to
improve the aquatic environment, which is essential for disease free
aquaculture. In Korea, about 3 million M/T of fishery products were
processed in 1994. However, most of waste water from processing plants
are dumped out to the nearby sea without proper purification process.
The high organic contents of this dumped wastes water definitely
destroy the ecological system around the aqua-farms, which might be
closely related to the increasing disease problem of aquaculture.
Therefore, the researches for the effective utilization of waste water,
especially from fishery processing plants, are required to reduce the

diseases caused by environmental contamination. In these respects, it



might be the best solution against these problems if we can developed
the microbiological system which can utilize the waste water as culture
media while producing valuable biological compounds at the same time.

In this research, we developed microorganism using genetic technology
to meet with this demand. Extracellular accumulation of 5-aminolevulinic
acid (ALA) by an E. coli overexpressing ALA synthase (ALAS) was
achieved by inserting a hemA gene from Bradyrhizobium japonicum.
With proper fermentation condition, ALA could reached up to about
4.0g/L in a jar fermenter without an addition of levulinic acid to the
cultures. The productivity is about 15 times higher, comparing with the
phothosyntheic bacterium, which i1s usually used for the production of
ALA. Also, we found that ALA could be applied as a effective protective

as well as therapeutic agent against Scuticocilatida in the aqua-farm.
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E 1 €99 2AAWE SAAY AR
Unit : %

ZAY IE U d=

4
Sh

}—A
}—A
o

—
[N}

}—A
Do
o

o <BES BEES BN NN NI BN &) IO JCRY JU RN SC RN CCR S
e me me we e me me me we pe e me we ple wo

o0
o

71.1 113 182 144 063
672 134 193 153 071
65.8 142 188 166  0.68
684 132 168 173 064
635 195 157 210 065
676 132 167 173  0.70
723 108 155 163  0.69
70.3 121 167 141  0.65
7.2 118 167 134 059
673 131 158 143 061
712 143 167 126 058
69.3 145 163 156 071
643 201 165 163  0.73
672 143 159 156  0.73
649 186 154 203 064
698 134 146 213 061
734 123 156 143 056
684 136 144 158 061
654 145 178 182  0.62

o
w = W
NN N

w = W = W = W

= W = W = W

e BT R QO Qe Ty

w

1

68.3 141 165 163 064




%2 99 o% R ANYR

&y
A
BN
N
o

}—A
}—A
o

00 N I O D O U AR W W NN = e
o
w = W
NN N

[o'e)

39.8 232 1563 422 431

2 424 343 163 403 522
24 50.8 320 138 366 581
4 15 38.4 222 168 3713 432
4 3F 43.5 251 157 410 453
4 15 37.6 3.24 1677 443 376
44 3F 40.3 3.82 155 433  3.69
4 15 40.3 219 167 410 445
44 3F 41.2 1.89 167 414 428
4 15 37.3 243 148 421 516
44 3F 41.3 237 129 423 493
4 15 39.1 281 146 419 467
44 3F 44.3 219 153 412 462
4 15 37.7 244 158 426 479
44 3F 441 3.62 163 409 446
4 15 39.4 350 147 413 464
44 3F 37.3 233 156 447 464
4 15 38.6 3.32 163 452 416
44 3F 36.7 263 170 423 413

=

40.5 2.6 156 417 455




E 3. ol¥FAAT 0qo] FANY AP

Unit : (%)

EE AN Qo F A
T 40.5(+3.4) 68.3(+2.8)
A" 2.76(+0.58) 14.1(+2.6)
3] 15.6(+1.1) 1.65(+0.13)
ey 41.7(+2.1) 16.3(+2.5)
= 4.6(+0.50) 0.65(+0.1)
N 6.75 3.36
C 82.4 81.6
H 9.88 9.44
S 0.12 -
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3t 4. The chemical composition in screw drips
obtained from squid waste

( Unit: % )

% Of total squid drip content ( mean + AR4)

Portion OSDq) FSD@)
Total solids 45.29 +0.01 39.81 +0.01
Moisture 54.71 + 0.01 60.22 * 0.01
Crude Protein 21.32 +0.03 17.94 +0.02
Crude Lipid 20.44 +0.03 17.53 +£0.02
NaCl 2.102 +0.03 1.359 £0.01

Squid.: liver, vicera, and muscle tissue etc
0SD¢ : Original squid intestine drip products by press in squid intestine waste
FSD) : Filtration squid intestine drip products by flitrate in original drip

ARs  : An acceptable error range



ZA o] 1753 %, 3 &3 dx=o F$ 25 %, 136 %= 1Atk
2 Aol AMEHE Aol W HHe] A E colivt Bk 28
g PG dad, dad, FU1E 2 HEER 59 dddEel A
& SNetths Bavk glo E coli 7F Agsted daw she A
dol 046 % B thE FIddel vEA & TEE A AN
th Zb7be] SRS AHE Al e e Aidd ey, 2umd e
semimicro Kjeldahl®, Z#%-& Bligh & Dyer :LE]I_’ 3 A

gegor 233
EAI110)Z AL 3

2. ob| =4t A A

AR AAE 7K 240 W AAuA o] e obvAik 245 & 5ol 1
718kt obnr=ikel FrEjobn|egke] gheko]l @ A WlE HW Leucine
(10.501 %mol), Glutamic acid (10.239 %mol), Alanine ( 9.956 %mol), Lysine
(899 %mol)2] <=o]% 1, Valine (7.705 %mol), Aspartic acid (129 %mol),
Proline ( 6.095 %mol) 52| o]2] F&] ofn|=Ato] nlua] 1=2A &E3E 5 0] 9
t} @ Aol fof #3k WA o] wp=M glutamic acid, aspartic acid, lysine =L

23l leucine £0.2 £ ofu)ite] ¥ &F o] Qrl= BTl 9



3t 5. Free amino acid composition analysis of

pretreated squid wate.

( Unit : mol % )

(% mol ) Of total free amino acid content

Composition (mean=SDr)
ASP 7.1297 £ 0.0010
GLU 10.2394 £ 0.0001
SER 4.9711 £ 0.0001
HIS 0.9039 £ 0.0002
GLY 4.7741 £0.0011
ARG 2.8142 £ N.Dw
THR 4.0657 £ 0.0003
ALA 9,9565 £ 0.0006
PRO 6.0955 £ 0.0021
TYR 2.5513 £0.0004
VAL 7.7054 £ 0.0002
MET 3.7054 = N.D
CYS2 0.1354 = 0.0001
ILE 5.4231 £0.0014
LEU 10.5011 £ 0.0006
PHE 5.0874 £ 0.0002
TRP 49135 N.D
LYS 8.9908 £ 0.0003

Totalse 99,999 £ 00001
PSD. . Pretreated squid waste drip
NDw . Not determined

Totals. . Free amino acid totals
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¥ 6. LAANA FSAH o WE E.coli, Rhodobacter

2 Corynebacterium® %2

IESR] E. coli Rhodobacter  Corynebacterium
( x 10% ( x 10° ( x 107

1wl 21 7 41

24 22 7 70

An 21 7 41

84l 9 6 9

164} 5 5) 4




1e+9 - —e— E. coli .
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1
i

M3 E MAK MAS B SHAE
% 23 system *+F
A1 d FAXY cloning 2 4
1. Bradyrhizobium japonicum® Z5¥ hemA +73dA2] cloning 2
sequencing
Bradyrhizobium japonicum®.-2%-E hemA +74#¢] cloningdl”?] 13l
PCRS AA3Fit} Chromosomal DNAZYE hemA FHAAE FZ517] 9
ste] 443k primer ALA 13 ALA 2+ GeneBank databaseZ4%-E <
12 A7IMES EAste] A" ). F%  folgh
W8S 93] 5 primers BamH
7hstiTt 919 AEwu

hemA

2 expression vectoro] A <]
= EcoR1 sites

2

subcloning
[, Ndel 183, 3  primer°l+

o 7149 A} 72o] hemA geneS PCRE % 3 1.0% agarose gel 7]
£8 o] &3slo] sl A} o= ¥ A} o] ¢k 1.2 kb A oA] FaE &
Ao FES ERISHATHIH 9)



ALASI : gggatccatATGGATTACAGCCAGTTCTT

(BamH I )(Nde I )
ALAS? : ggggaattcCTACTCCGCCGCCAGCGA

EcoR 1)

19 8. PCR primers for ALA synthase



5,090 KD ey
4,027 Kb se—t
3.054 Kb se—-

2.036 KD e
1.636 ki e

a8 9. PCR ST 93t A4l ALA synthase 3 X9
Gel Electrophoresis

(#1. 1 kb size marker ladder, # 2, 3, 4 PCR product )



PCRZ %% hemA genes expression vectord] 4<1st7] o PCR
productd] A4 BamHI ¥ EcoR1S o]&3te pUC 189
subcloningS 33} t}. Ligation ¥, E.coli 5| transformations 3}
o ampicillin, X-Gal 3} IPTGE F7}& LB iAol wjFstar FE24&
el A ¢+ S 5 ml LB (amp 50 pg/ml) wiAo] #l) 3},
mini-prepS &3] F=3 DNAE A &4 8] (BamHI1, EcoR1)
5 3lo] 1.0% agarose gel A7 F5o=z 23t A3 pUCI8Y hemA
gene =7]9] band (pUCI8 - 2.69 kb, hemA gene - 1.2 kb)E &<2ls}
Atk #d®" hemA A= sequencings F3te] 1 7L S G+

st tH 2 E 10).

2. ALAD 47 #¥ 2 sequencings &3 4

E. coli(BL21DE3)®] hemB(ALAD) genes PCR® 5%3}7] $]5t] gene
bankol A sequence’} B/ E. coli(K-12)9] hemB gene sequenceE EUj
2 &9 primerE AF35EItE PrimerE9 GC s w37] 9sfe] 37
primer= hemB gene®t ZF Hol U= genes FEZRon, IAH

primer % F3A2] sequences™ 1Y 119} #th

3. rrnB promoter?] cloning ¥ 47|44 ¥4

B Ao A Rhodobacter sphaeroideso ALASE 3 wdS Al7]7] §
3lod, pRK415 vector?] polycloning siteo] “&3%t promoterdl rmB
promoter, RBS (ribsomal RNA binding site), 28] hemA gene®| #7}7}
A=A} o] 93te] rrmB promoter? cloning % sequencing < A A8
t}. o]= ¢33 rmB promoter? cloning< WA rrnBZYE primers ©]-&3}

o] oF 450 bp fragmentE %3t & (19 12) Pstl-BamHI 2.2 digestion<



60 ATGGATTACA GCCAGTTCTT TAATTCCGCC CTCGATCGCC TCCACACTGA ACGGCGTTAC
120  CGCGTGTTCG CCGATCTGGA ACGCATGGCG GGCCGATTTC CGCATGCGAT CTGGCACTCG
180 CCCAAGGGCA AGCGCGACGT CGTGATCTGG TGCTCCAACG ACTATCTCGG CATGGGTCAG
240 CATCCGAAGG TCGTCGGCGC CATGGTCGAG ACCGCAACGC GCGTCGGCAC CGGCGCGGGC
300 GGCACCCGCA ACATCGCCGG CACGCATCAT CCGCTGGTGC AGCTCGAGGC CGAGCTCGCC
360 GATCTCCACG GCAAGGAAGC CGCGCTGCTG TTCACCTCGG GCTATGTCTC GAACCAGACC
420 GGCATCGCGA CCATCGCAAA GCTCATTCCG AACTGCCTGA TCCTGTCGGA CGAGCTCAAC
480 CACAATTCAA TGATCGAGGG CATCCGCCAG TCCGGCTGCG AGCGGCAAGT GTTCCGCCAC
540 AACGATCTCG CCGACCTCGA AGCGCTGTTG AAGGCGGCGG GTGCGAACCG GCCGAAGCTG
600 ATCGCCTGCG AGAGCCTCTA TTCCATGGAC GGCGACGTCG CTCCGCTCGC CAAGATCTGC
660 GATCTCGCCG AGAAATATAA CGCGATGACC TATGTCGACG AAGTCCACGC GGTCGGCATG
720 TACGGCCCGC GCGGCGGCGG CATCGCCGAG CGTGACGGCG TCATGCATCG CATCGACATT
780 CTCGAAGGCA CGCTGGCCAA GGCGTTCGGC TGCCTCGGCG GCTACATCGC CGCCAACGGC
840 CGGATCATCG ACGCCGTGCG CTCCTATGCG CCGGGCTTCA TCTTCACCAC CGCGCTGCCG
900 CCGGCGATCT GCTCGGCCGC GACCGCCGCG ATCAAGCACC TGAAGACCTC GAGCTGGGAG
960 CGCGAGCGCC ACCAGGACCG CGCCGCCCGC GTCAAGGCGA TCCTCAACGC CGCCGGTCTC
1020 CCGGTGATGT CGAGCGACAC CCACATCGTG CCGCTGTTCA TCGGCGATGC CGAGAAGTGC
1080 AAGCAGGCCT CCGACCTGCT GCTCGAAGAG CACGGCATCT ACATCCAGCC GATCAACTAT
1140 CCGACCGTCG CCAAGGGCTC CGAGCGCCTG CGCATCACGC CCTCGCCCTA TCACGATGAC
1200 GGCCTGATCG ATCAGCTCGC CGAAGCCCTG TTGCAAGTGT GGGACCGCCT CGGCCTGCCG

1230 CTCAAGCAAA AGTCGCTGGC GGCGGAGTAG

a9 10. Sequence of Bradyrhizobium japonicum hemA Gene



5' Primer : CCCCATATGCCCCTCGATTCCAC Total Base : 23

3" Primer : CCCGGATCCCCCTTTCTGAGAGG Total Base : 23

60 ATGCCCCT CGATTCCACA AACATCAGGC AGACCATGAC AGACTTAATC CAACGCCCTC
120 GTCGCCTGCG CAAATCTCCT GCGCTGCCGC GTATGTTTGA AGAGACAACA CTTAGCCTTA
180 ACGACCTGGT GTTGCCGATC TTTGTTGAAG AAGAAATTGA CGACTACAAA GCCGTTGAAG
240 CCATGCCAGG CGTGATGCGC ATTCCAGAGA AACATCTGGC ACGCGAAATT GAACGCATCG
300 CCAACGCCGG TATTCGTTCC GTGATGACTT TTGGCATCTC TCACCATACC GATGAAACCG
360 GCGAGCGAGC CTGGCGGGAA GATGGACTGG TGGCGCGTAT GTCGCCGATC TGCAAGCAGA
420 CCGTGCCAGA AATGATCGTT ATGTCAGACA CCTGCTTCTG TGAATACACT TCTCACGGTC
480 ACTGCGGTGT GCTGTGCGAG CATGGCGTCG ACAACGACGC GACTCTGGAA AATTTAGGCA
540 AGCAAGCCGT GGTTGCAGCT GCTGCAGGTG CAGACTTCAT CGCCCCTTCC GCCGCGATGG
600 ACGGCCAGGT ACAGGCGATT CGTCAGGCGC TGGACGCTGC GGGATTTAAA GATACGGCGA
660 TTATGTCGTA TTCGACCAAG TTCGCCTCCT CCTTTTATGG CCCGTTCCGT GAAGCTGCCG
720 GAAGCGCATT AAAAGGCGAC CGCAAAAGCT ATCAGATGAA CCCAATGAAC CGTGCTGAGG
780 GCATTGCTGA ATACCTGCTG GATGAAGCCC AGGGGCCAGA CTGCCTGATG GTTAAACCTG
840 CTGGAGCGTA CCTCAACATC GTGCGTGAGC TGCGTGAACG TACTGAATTG CCGATTGGCG
900 CGTATCAGGT GAGCGGTGAG TATGCGATGA TTAAGTTCGC CGCGCTGGCG GGTGCTATAG
960 ATGAAGAGAA AGTCGTGCTC GAAAGCTTAG GTTCGATTAA GCGTGCGGGT GCGGATCTGA

1020TTTTCAGCTA CTTTGCGCTG GATTTGGCTG AGAAGAAGAT TCTGCGTTAA

a9 11. Sequence of Bradyrhizobium japonium hemA gene



< 450 bp

a9 12. PCRel 939 FZ ¥ rrnB promoter (450bp)



e o] fragmentES pRK4159] Pstl- BamHI sitedl] cloningS 3}
t}. Cloning®] ¥ pRK-rrmBE WA BamHI-EcoR12 % digestionS A3k
% HemA ¢ BamHI-EcoR] fragmentZ cloning g A3ttt o] 3l
rrB genes PCRE S%3HHA, 3' primer ¥4 4] RBS sequences 37}t
o rrnB promoter® RBS7} #Zo] S35 25 3ttt 4% oligo-nucleotide
= a9 133} 2

PCRS 53 &9 Ay} oF 450 bpollA FZo] H3ASS el on o

productE pUCI189 subcloning< &3+ sequencing< AAl 1= SATH

4. Corynebacterium glutamicum metB A Aol 7 2
gkl
E. coli-Corynebacterium shuttle vectord] pMT1& o]&3] A=E C
glutamicum AS019 genomic libraryE E. coli metB mutantl]l E. coli
CGSC489% (E. coli Genetic Stock Center; metBl1, arg)®l transformation

A7l A7 °F 6,000 recombinant (transformation frequency — 1.6 x 10°

cell/ug DNA)S methionines 734 &% M9 A wjA] Aol 22t 2

Lo

Mol colonyE A& 4= AATE  o]E colonyE A Ay T FTH
plasmidg &1 + U |55 27} plamid pSLE8Z pSLE9=Z ™8 ™ 313
t}. Library9 33t insert®] Zo]7} 4-13 kbolal C. glutamicum® %3t 2l
genome 7|7} °F 2000 kbl el Hlma] & wf o]FAo= oF 2500
transformantol] § 7)o Rz Ht Al A7]e] fFHAEe] gelyofof st
2 AGoA gd 1/30002 o]et 22 o]Zgkel TS & & AU F
o]t AP S A2t library 7} a4 o2 ZF FAAES UWsteE dow &
4 Atk Aol F TR/ FES E. coli metB mutantSl E. coli CGSC4896

o A%t complementation 52 A&t H L 1 ARE 1Y 1490 1}



5° primer : GGCTGCAGGCGGCGCTGACGCG Total base : 22
Pst1
3" primer : GGGGATCCGCTCCCTCGTCTCC Total base : 22

Pstl

CTGCAGGCGG CGCTGACGCG GCGGCCCTAC GAGGGCGCGG CCGACGAGCG CCTGACGCTG

GCCGAGAGTC TGCGCGCCTA TACGGCCGGC GGCGCCTGGG CCAACCACCG CGAGCGGCTG

ACCGGCACGC TCCGGGCCGG GCTCGCGGLCC GATCTGGCGA TCCTCGACGG GCGGCTGGAG

GCTCGGGCGG CCGACTCGCT GGGGTCTCTG GGCGTCGCGC GCACCCTCTG CGGCGGCCGG

195start

ACGACTCACC GGAGGCTCTG AGTCGCCGCG CAGGTCGGGC GAAAGGGGCG GGTCGCCGGC
1st UAR 2nd UAR

TCCGCGGCAA CGAAAAACGC CAAGATTTCT TGGCTGCGAC ATGAAATTGT TACGGAGCCC

-35 Smal -10 transcription
AAAAAATCCG CTTGCGCCCG GGGCCGTCTG CTCCTAGAAA CCGCTTCACC GAGACGAAGA
putative RBS

CCGGCAGCGC CGGACGGAGA CGAGGGAGCG GATGACAGAA ACGTCGGCCG CGACAATTGA

AGATGAGGCG GACGGGATCG CTGGTTGTCT GGCGTCTCGG TTTGTTTTGT CTTCTGTGCT

CTTTGACATT GATGATGATG AAGGGATATG CGGGCGGTTT GGTCGTTTCG ACGGCGGACC

Alul
GGATGCATAT CGGCTCACTA GCTTCGGCGA TGATGTGGGT GAAAGCTTCA CTGTCTTGTG
Xhol
GGTCACGTTA CTTCGGTAAC TTGGCACATG GACAGAAAGA CCTCGGGCGA TGCTCGAGGC
16S CD
AGATGTGCGA AGGTTCGACG TCAAGGATAT-—————-—-——""""- CAACTT

1Y 13. R. spaeroides® rrnB promoter % ¢ sequence

2 AFE-¥ primer ¢



k. coli CGSCAB96/pSL68

AT — E. coli CGSCABIG

39 14. Plasmid pSL683 pSL69°l 23 E. coli metB o] 2
complementation

metB¥H ol 2= E. coli CGSC48967t 2 ©]-8-3F% .

Panels: #, methionine2 $F73F= M9 #iX#]; $-, methionines 33}
A ks M9 HiA,

PanelW] A™: &4 E coli CGSC4896/pSL6S, ##, E. coli DH5a, #
%, E. coli CGSC4896/pSL68, #3l, E. coli CGSC4896, -7, E. coli
CGSC4896/pSL69, §-%-, E. coli CGSC4896/pSL69, <-3F, E. coli

CGSC4896, 7%, E. coli DHba.



methionine®] FHF¥1A] &2 wjAM = A8 44T F ¢tk #2]¥ DNA
¢l plasmid pSL68¥} pSL69e] Weolttel =Y¥ %% methionines FHratA|
e WA R F2 S UERIITH

Plasmid pSL68¥ pSL69E EcoRI, Hindlll, Xhol 52| Algtg sz HAtst

&n

X

A7195 AAlete] AFA LS AT Aok I Bl ME HA= =
S Uehgleh plasmid pSL683 pSLE9E 742t 45 kbt 4.6 kbe] DNA

S 7t Aoy FHty AF}EA AEE 7|ZE subcloningS E3

ofy b
o

12
)

metB +7Ae] Wrdo] HQsk x4ske] DNAE subclonings &3 2743+

t}. 1 A} plasmid pSL68<] 3 kb fragmentS A pSL123S A a4 o

u
=3

[e)

)
d
)

coli ¥oliS complementations & 4= A=d Wk o] B} e o

o

d pSL139¢}F pSL140-& complementationS & 4= {1 Zlo] H]59] metB
Axkel A5 A om AAY = A" 15). dA vdd FH
subclones A& A7IAE EA4ES g FHldA A 3l

DNA9 97149 EA Azt 1,161 base paird Zo]E zt:= open
reading frameo] LA Ath. TAH ORF:= 386 ofv|:mitoz 44

WaFaFo] 41,655 Dalton?]l @l A& W3sl= AoR FFHAY (19

jd
o

16). ol @A7A <¢HZX  Mycobacterium tuberculosis, E. coli,
Haemophillus influenzae 2 Bacillus 5 W 759 metB FAAE
of AHEH AV7F A9 dAste AR et ofnesl AR
rE 44 ple 4824 thE FAdA EAE metB FHAAL] A
B3 FAReE S Yelid (2™ 17). Codon preferenceE 41 3}o]
B Ax oln] 4HA C glutamicum +AAE9] codon ©] & 3 =

= A= B FdAe] GCeo] deF2 555% %



Clones and subclones of metB:

1kb

Complementation of
E. coli metB mutant
(E. coli CGSC 4896)

pSL68 (4.5kb): [ X P P 3 +
pSL123 (3.0 kb): K P x $ +
pSL139 (2.0 kb): < P _
pSL140 (1.5 kb): AR -
pMT1: Vector with no insert -

29Y 15. Plasmid pSL683 pSL69¢ A FEAXE 2 subcloned)

93k complementation %

Complementation % E. coli metB Ho|i <l CGSC4896 ol z+z+
5

o F8S =Y F M9 wjA A8 ARFrFE A skl YERAT

¢kof: X, Xhol; Sp, Sphl; S, Sall; K, Kpnl;, P, Pstl.



1 _ATCCTCATGATCAAGGACGCCCGCATACTGGCTTCGGGGACTGTTTCAGAAGTGATGACTCC 62

63 TGAAAATTTGGGCGCGCTGTATGACATGTCGCTGTCGTTGGAAACTGTGCGCAGCCGGTGET 124

125 TCGCGITCGATGCTCTGCATTRAAAGGGGCTAGTTITACACAAAAGTGGACAGCTTIGGICTA 186

187 TCATTGCCAGAAGACCGGTCCTTTTAGGGCCATAGAATTCTGATTACAGGAGTTGATCTACC 248

249 TIG TCT TTT GAC CCA AAC ACC CAG GGT TTC TCC ACT GCA TCG ATT CAC 296
M S F D P N T Q S T A S I H

297 GET GGG TAT GAG CCA GAC GAC TeC TGC GgT TCG A¥T Aﬁc ACC CCA ATC 344

345 TQT GCC TCC ACC ACC TTC GCG CéG AﬁC GET CCA AAC GEA CIG CGC AAA 392

393 GGC TAC GAG TAC ACC CGT GIG GGC AAC CCC ACC ATC GIG GCA TTA GAG 440
G Y E Y T R V 6 N P T I V A L E

441 CAG ACC GIC GCA GCA CTC GAA GGC GCA AAG TAT GGC CGC GCA TIC TCC 488
Q T vV A A L E GG A XK Y G R A F §

489 TgC GGC ATG GCT GCA ACC GAC ATC CTG TEC CGC ATC A%C CIC AAG CgG 536

537 GgC GAT CﬁC ATC GIC CTC GGC AAC GAT GET TAC GGC GgA ACC TAC CEC 584

585 CEG ATC GAC ACC GTA TTC ACC GCA TGG ch GIC GAA TQC ACC GTT GgT 632

633 GAT ACC TCC GIC GIG GAA GAG GTC AAG GCA GCG ATC AAG GAC AAC ACC 680
b T s v vV E E v K A A I K D N T

681 AAG CTG ATC TGG GIG GAA ACC CCA ACC AAC CCA GCA CTT GGC ATC ACC 728
K L I W VvV E T P T N P A L G I T

729 G%C ATC GAA GCA GTA GCA AAG CTC ACC GEA GGC ACC Aﬁc GCC AAG CEG 776

77 G%T GIT GAC AAC ACC TTC GCA TCC CCA TQC CIG CAG CéG CCA CTA A%A 824

825 CTC GGC GCA CAC GCA GIC CTG CAC TCC ACC ACC AAG TAC ATC GGA GGA 872
L 6 A H A Vv L H S T T K Y I G G

873 CAC TCC GAC GIT GIT GGC GGC CTIT GIG GIT ACC AAC GAC CAG GAA ATG 920
H § D v V 6 6 L V vV T N D Q E M

921 G%C GAA GAA CTG CIG TTC ATG CAG GGC ch ATC GGA CgG ATC CCA TCA 968

969 G%T TIC GAT GCA TAC CTG ACC GCC CGT ch CIC AAG A%C CIT GCA G%G 1016

1017 CEC ATG GAT CGC CAC TGC GAC AAC GCA GEA AAG ATC GEG GAA TTC CEG 1064

1065 GAC TCC CGC CCA GAG GTC TCC ACC GIG CIC TAC CCA GGT CTG AAG AAC 1112
D S R P E v 8 T VvV L Y P 6 L K N

1113 CAC CCA GGC CAC GAA GTC GCA GCG AAG CAG ATG AAG CGC TIC GGC GGC 1160
H P 6 H E VvV A A K Q M XK R F G G

1161 AﬁG ATC TCC GIC CGT TTC GCA GGC GGC GEA GAA GCA GET A%G AﬁG TEC 1208

1209 TgT ACC TCC ACC AAA CTG ATC TGT CTG GEC GAG TCC CEC GGT GGC G%G 1256

1257 GAA TCC CTC CTG GAG CAC CCA GCA ACC ATG ACC CAC CAG TCA GCT GCC 1304
E S L L E H P A T M T H Q S A A

1305 GGC TCT CAG CTC GAG GTIT CCC CGC GAC CIC GIG CGC ATC TCC ATT GGT 1352
6 s L E v P R D L V R I 8§ I G

1353 A%T GAA GAC ATT GAA GAC CIG CTC GCA G%T GIC GAG CéG GCC CTC AﬁT 1400

1401 Aﬁc CET I%E,AAACTATTTGGCGGCAAGCAGCTTTTCAATATAAGCAATGCGAGCCTCCAC 1460

1461 CATGTAGCCGAAGAGTTCGTCAGAAGTTGAGACGGACTCTTCGACTGCTTTACGGGTCAGTGG 1523

1524 CGCTTCCACATCTGGGTTC LATCAAGCCATGGCTTAGGAACCGGAGCAAACACATCCGGCTT 1586
1587 TTCGCCCTCTGGACGATTGTCAAAGGTGTAGTCAGAAGTCAGGGTGAAGCTG 1638

a9¥ 16. C. glutamicum AS019E129] metB |71 A4 4.
A7IMEZHE oSFH ofneil AES A7IAE oFel single letter

code® YER S S



Charge
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Y 17. C. glutamicum CGS¥9 isoelectric point.



Corynebacterium spp.2] A& A2l 2E5S H ).

A7IMEEZ2HE F5E ofv =M ES Altschul et al.®] algorism=
©]8&3%t Blast program= ©|-&3lo #4353 {7 A database® &
internet’d¢] Genebankg ©|&3tAtt.  E. coli metB A9 AtE2)
o  HAAAHA  HFAEE kil Mycobacterium  tuberculosis,
Haemophillus influenzae 2 Bacilus subtilis® metB F+AA2] &3}
o Aol Aidoez EA YErwt.  Mycobacterium tuberculosis
ofo] vl g 1% 187 199 YERU AT

E. coli25F¥ C glutamicum®.22] transconjugations E3s}o] ok C
glutamicum ASO19E129] metB A& site-specific disruption?| %t
Disruptione tra +AAE 7} E. coli S17-13 Corynebacteriumol| = £
A7} E7Fs3 mobilizable plasmid pSL18S ARgalgich EA7F Erbsd
pSL18& Corynebacterium chromosome®l integration®ojoFat &1t 4= 9l
g

transconjugationA 71 A %3 plasmid pSL1582] #|Z W} 1 disruption

o

t}h. pSL1& metB  FHAY  internal fragmentE  AFY

48 29 200 HeRATE 53 metB-disrupted mutantE HL345%

"

oR

ofr

}13 Southern hybridizationS E3] disruption o5& E2lstiTh
Southern hybridization®] AF&-¥ DNA probei= pSL158 A% AFEH 05
kb PstI-Xhol fragmentZE ©]-&3t4t}. C glutamicum ASO19E129} HL345
9] chromosomal DNAE A|dt& 4 PstI¥ Xhol©.% double digestiondt H,
7195 $ Southern hybridizationg AA|et T oFA&QA C glutamicum
ASO19E122] 7%-9l= metB +42+¢] internal 3921 0.5 kb fragment”}
Yeld vhH ) metB-disrupted mutant?] HL345+ pSL158<9] integration®ll
o3& 0.5 kb2t 3.1 kb F+ 7FA fragment’} YERSS &21s}3ATh



28 18. C. glutamicum AS09E12¢] metBE 7|4 € 25§

1 10 20 30 40 50 60
glutamicum MSFDPNT——QGFS———T—ASIHAGYEPDDYYGSINTPIYASTTFAQNAPNELRKGYEYTR

tuberculosis MSEDR—TGHQGISGPATRA—IHAGYRPDPATGAVNVPIYASSTFAQDGVGGLRGGFEYAR

61 70 80 90 100 110 120
glutamicum VGNPTIVALEQTVAALE—GAKYGRAFSSGMAATDI—LFRIILKPGDHIVLGNDAYGGTYR

tuberculosis TGNPTRAALEASLAAVEEGAFA—RAFSSGMAATDCAL—RAMLRPGDHVVIPDDAYGGTFR

121 130 140 150 160 170 180
glutamicum LIDTVFTAWGVEYTVV———DTSVVEEVKAAIKDNTKLIWVETPTNPALGITDIEAVAKLT

tuberculosis LIDKVFTRWDVQYTPVRLADLDAVG———AAITPRTRLIWVETPTNPLLSIADITAIAEL—

181 190 200 210 220 230 240
glutamicum EGTN——AK—LVVDNTFASPYLQQPLKLGAHAVLHSTTKYIGGHSDVVGG—LVVTNDQEMD

tuberculosis —GTDRSAKVLV—DNTFASPALQQPLRLGADVVLHSTTKYIGGHSDVVGGALV—TNDEELD

241 250 260 270 280 290 300
glutamicum EELLFMQGGIG——PIPSVFDAYLTARGLKTLAV—RMDRHCDNAEKIAEFL—DSRPEVSTV

tuberculosis EEFAFLQNGAGAVPGP——FDAYLTMRGLKTL—VLRMQRHSENACAVAEFLADH—PSVSSV

301 310 320 330 340 350 360
glutamicum LYPGLKNHPGHEVAAKQMKR—FGGMISVRF—AGGEEAAKKFCTSTKL—ICLAESLGGVES

tuberculosis LYPGLPSHPGHEIAARQM—RGFGGMVSVRMRAGRR—AAQDLCAKTRVFI—LAESLGGVES

361 370 380 390
glutamicum LLEHP—ATMTHQSAAGSQLEVPRDLVRISIGIEDIEDLLADVEQALNNL

tuberculosis LIEHPSA—MTHASTAGSQLEVPDDLVRLSVGIEDIADLLGDLEQALG

o
T

ol =2t 93 Mycobacterium tuberculosis® metB 7AA}t

g3} W
el goz FAW RRE 598 ofulwmite oju]d,

i
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a9 19. C glutamicum CGS$t M. tuberculosis, E. coli, H. influenzae, H.

10 20 30 40 50 60

—————— MSFD-PNTQGFS-—TASTHAGYEPDDYYGSINTPIYASTTFAQGNAPNELRKGY
—————— MSEDRTGHQGISGPATRATHAGYRPDPATGAVNVPIYASSTFAQDGVGGLRGGF
—————————————— MRMQ-——-TKLIHGGISEDATTGAVSVPIYQTSTYRQDAIGR-HKGY
MRSIFSLFLEDVMTQQYA-IDTLLAQAGNRSDERTGAVSAPIFLSTAYGHCGIGE-STGF
———————————— MTRKQA-—-TIAVRSGLNDDEQYGCVVPPIHLSSTYNFTGFNE-PRAH
[ I T S T T

70 80 90 100 110 120
EYTRVGNPTIVALEQTVAALEGAKYGRAFSSGMAATDILFRIILKPGDHIVLGNDAYGGT
EYARTGNPTRAALEASLAAVEEGAFARAFSSGMAATDCALRAMLRPGDHVVIPDDAYGGT
EYSRSGNPTRFALEELIADLEGGVKGFAFASGLAGIHAVF—SLLQSGDHVLLGDDVYGGT
DYTRTKNPTRTVLEETIAKLENGDRGFAFSSGMAAIQVLM-TLFTAPDEWIVSSDVYGGT
DYSRRGNPTRDVVQRALAELEGGAGAVLTNTGMSAIHLVTTVFLKPGDLLVAPHDCYGGS

I 11 A I B Txn, A T = 2 -

130 140 150 160 170 180
YRLIDTVFTAWG-VEYTVVDTSVVEEVKAAIKDNTKLIWVETPTNPALGITDIEAVAKLT
FRLIDKVFTRWD-VQYTPVRLADLDAVGAAITPRTRLIWVETPTNPLLSIADITAIAELG
FRLFNQVLVKNG-LSCTIIDTSDISQIKKAIKPNTKALYLETPSNPLLKITDLAQCASVA
YRLLDFSYKNNNSVKPVYVNTASASATEAAINPNTKAIFIETPSNPLMEECDVVEIAKLA
YRLFDSLAKRGC YRVLFVDQGDEQALRAALAEKPKLVLVESPSNPLLRVVDIAKICHLA

Tx%: X! DooiEikiwmx o %

190 200 210 220 230 240
EGTNAKLVVDNTFASPYLQQPLKLGAHAVLHSTTKY IGGHSDVVGGLVVTINDQEMDEELL
TDRSAKVLVDNTFASPALQQPLRLGADVVLHSTTKY IGGHSDVVGGALVINDEELDEEFA
KDHGLLTIVDNTFATPYYQNPLLLGADIVAHSGTKYLGGHSDVVAGLVTTNNEALAQEIA
KKHNLMLIVDNTFLTPVLSRPLDLGADVVIHSGTKY IAGHNDALVGLIVAKGQELCDRIA
REVGAVSVVDNTFLSPALQNPLALGADLVLHSCTKYLNGHSDVVAGVVIAKDPDVVTELA

TEEXEX X X% BXX X Kk FKE! X% % 1 % ! :

250 260 270 280 290 300
FMQGGIGPIPSVFDAYLTARGLKTLAVRMDRHCDNAEKI AEFLDSRPEVSTVLYPGLKNH
FLONGAGAVPGPFDAYLTMRGLKTLVLRMORHSENACAVAEFLADHPSVSSVLYPGLPSH
FFQNAIGGVLGPQDSWLLQRGIKTLGLRMEAHQKNALCVAEFLEKHPKVERVYYPGLPTH
YIQONGAGAVLSPFDSWLTIRGMKTLSLRMKRHQENAQAI AEFLKAQPQVESVLYP-—-N
WWANNIGVTGGAFDSYLLLRGLRTLVPRMELAQRNAQAIVKYLQTQPLVKKLYHPSLPEN
: % IR OREIIRE RN, XX I, lix % % 1 %

310 320 330 340 350 360
PGHEVAAKQMKRFGGMISVRFAGGEEAAKKFCTSTKLICLAESLGGVESLLEHPATMTHQ
PGHETAARQMRGFGGMVSVRMRAGRRAAQDLCAKTRVFILAESLGGVESLIEHPSAMTHA
PNYELAKKQMRGFSGMLSFTLKNDSEAVA—FVESLKLFILGESLGGVESLVGIPAFMTHA

———————————— GGMLSFRLQDEAWVNT-FLKSIKLITFAESLGGTESFITYPATQTHM
QGHEIAARQQKGFGAMLSFELDGDEQTLRRFLGGLSLFTLAESLGGVESLISHAATMTHA
: R 1 P2 T Toxx

370 380 390 400
SAAGSQLE-—-VPRDLVRISIGIEDIEDLLADVEQALNNL—--
STAGSQLE-—-VPDDLVRLSVGIEDIADLL.GDLEQALG————-
CIPKTQREAAGIRDGLVRLSVGIEHEQDLLEDLEQAFAKIG--
DIPESERVARGITNTLLRFSVGIEDVEDIKADLLQAFANLK—-
GMAPEARAAAGISETLLRISTGIEDGEDLIADLENGFRAANKG

IR K KKK L 3 X

pylori®] CGS<H¢] multiple sequence alignment.

Perfect matches, *
High similarity,
Low similarity,



Integrated pSL158

a9 20. metB A A disruption 33
A, Disruption & %% plasmid A Z 7.

B, C glutamicum ASOI19E12 ol 42| disruption mechanism



el

A 2 A FEH system T L 23

)

1. E. coli & vectore] 75 2 &3

hemA genes E.coli 7oA Z&A7]7] ¢3}e] expression vector?l
pET23a vectord clonings AAEATH pET A€ 9 e vector= T7 RNA
polymerase %A+ (ADE3 lysogen)& &3+ hostol| transformations A

71H target FFAAS LE S A]7)=d T7 RNA polymerase”} lac promoter
o oate] 1 WElo] o] HuE FFA o7 PTG 9ato] target =+

o] whglo] xdd 4 qivk(1d 21, 22).

B 2Aslo A DNA Z2HS o] 8-8}o] pET23a expression vectordl| cloning g
ALA synthaseE E. colidl 32d%S AA 15k ALA S ¢t &g
205 AT ALA A4S 98 AHE E colitF=  T7 RNA
PolymeraseZ XA 3st= 7#+5¢1 BL21DE3E AFR-315ith cloning ¥ DNAZ

Foll AN A3} IPTGE] 37} flol e v o] FA Wahar, B2 2
o] ALA7} 4=+ 3lo] #EH AL o] 3 7] T7 RNA Polymerase®] A
dol B Aow Aztdn mebd 2 AddE IPTGE 37k glo] ALAS A4

O



AMP

Subcloned

DA

29 21. Map of subcloned DNA



a¥ 22. pET %3 system a) © o]o 93to AAEH ALA
synthase b)

a) Subcloned DNA ( pUC 18 + hemA gene ) PCS : polycloning site,

AMP : Ampicillin resistance gene
b) IPTGY induction®] ¥ A& oA % (lane 2) T7 promoter?]
leaky expression®] ¢]dte] ALA synthase’} @&l o] = ith

# 1 : pET23a,
# 2 pET 3a + hemA gene,

# 3 : pET23a + hemA gene ( IPTG dinduction )



2. ALAD Wo]5 A3y ALAS? E. coli. chromosome integration

T R

o
rol

e

E. coliol] ALAD (5-aminolevulinic acid dehydratase) &Alo] A sld
mutantZ screening 3t7] $13t9] gentamicine ©]-&3F mutation method=
AHE-3LA T Gentamicine o2 Pl =94 heme biosynthesis pathway©l
mutations %538+ respiratory deficiencyES %38, £3] mutation?l)
hot-spotel hemB geneol 90%°|% FE=¥tta ®Ru=ch webs, ALAD
mutant screeningg $3F%] gentamicing A 7}3F TSA(tryptic soy agar) Hj
Aol & plating 39 mutationS FEste] AL YT}

Restriction mapping % sequencing2 &3+ #4123 A¥® ALAD Wo|+

< ALAD Qo= 393k deletiono. 2 <15t 9] A £ =7} wild type
transformed ol Blate] 3-4uf o] AojA B2 A¥Ao g 7|E /Ndd wild
type transformed =0l H|3lo] AAakAdo] vrolx]= Ao g2 o] Hr) 1
22 2 Gene disruption®] ¢]3F ALAD mutation 2 ALAS”} chromosome?]|
integration®® 52| /S Al=stlth o] & #sto] ot 22 cloning
S 539 ALAD mutant-chromosomally ALAS integrated strain®] 7§%¢

5

ALAD mutant-chromosomally ALAS integrated strain® 7'%& ¢3¢
PJQ200mpl8 vectorell T7 promoter, hemA, hemB, Kan" gene cloning<
Eo okt T S A=SHY E.coli BL21DE3S] hemB genes
insertional inactivationd}al hemA genes WA A ALA A7 2 ALA
A & hemel 29 AsS 27| $13le] T7 promoter, hemA gene< hemB
gene 7+ cloning 3}l9] integrational vector$! pJQ200mpl8°l cloning3s}
Aot T3k integration marker?] Kan' geneg Abolol| H7}stAtH 1y 23).

Integration®l] 9J&te] 7| strain(pJQ-BAK), wild type transformed



Step 1. hemA genedt kanamycin f gene= pBluescriptSK vector0l cloning

Kpnl Hind1lI Hindl11 EcoRlI
ﬂ'ﬁ pro hemA ﬂ ﬂpro kan" Termini
—-O —O- A
RBS RBS
hemA geneZ pBlueSK Ol cloning PET29c0l N Kan' geneE€ PCRZ S
(PET-A)
Kﬂl Hinﬂﬂll Hiﬁll EﬂRI
) T7 pro hemA Pro kana' Termini
Final product g SEEG— O —A—
RBS RBS

pET-A 0ll Kan" gene £ cloning (pET-AK))

Step 2. pET-AKE hemB 0l insertion

ﬁtl Pﬂl BamHI Pstl Kpnl

IO (A —

hemB
pET-AKZ 5°, 3" 0Ol Pstig hemB o= : :
- 2 gene= pBluescriptSKOl cloning
2 s8N
20 PCR productE &4 (pBlue-B)
BamHI tl Pstl Kpnl
Final product ﬁ ﬂ
hemB T7hemA Kan" hemB
pPET-AKE pBlue-BY Pstl sitel cloning

(pBlue-BAK)

Step 3. pBlue-BAK S integration vector pJQ200mp18 0il cloning
BﬁHI xﬁ
I B (A Integration vector

pBlue-BAK 2 3°0Il Xbal&
20 PCR product& &4

BamHI XE

Final product [ 0| o N

pBlue-BAKE pJQ200mp180l cloning
(PJQ-BAK)

pJQ200mp18

23 23. ALAD mutant chromosomally ALAS integrated strain® method



T (PET-ALAS)9F fAFst ASo] ##=ATy 18t} chromosome
integration®.2 13te] f14+2] copy number”’} pET-ALAS®] H]s}e] vro
o2 U oA F 50% e HES (ALAS A%h #3 3 4 gldith

3. ¢axe] Wzt W& ALA AT &<
Transformed ¥ E. coliol*2] hemA A2 otAAdS Al $1381]
Al s AAIgE & g o= ALAS] wdo] A& =7 ARSI 4
A} transformed® E. coliolX hemA F3A= oHH o7 {471 5= vk
A kgt ALAS] Ao R Qlgh Apha] wol2 ALAS AAbe] ZHaw = A4
Akt o]y gt Ad= ojn| & A AFA] o Fo] HAEH FF AT
Alge] A ALA dehydratase®] ¥o] w52 A 9 o]F o]&3t o=z
Mol & 4= Qi) o= E8lal E. coli srarin BL2194+= th& strain
of Hlste] HlulA QHA 0w ALAC] Aito] FAH= A o® #Zo] HATh
Recombinant E. coliol 28] AAE ALA 42 =437 984 Mauzerall,
D 59 e #3to] vt o) 10 ol 1 M Sodium - acetate buffer
(pH 4.7) 0.5 m¢, D.W 0.5 ml, acetyl acetone 50 W= H7}at & 10 #3F 7}

l

Aetar, oA Wzsle] FAE  2-methyl-3-acetyl-5-propionic acid
pyrrole @& Modified Ehrlich Reagent (p—dimethylamino benzaldehyde 1
g, Glacial acetic acid 30 m{, 70% Perchlonic acid 8 m¢ and Acetic acid 12

ml) 3 mlS 7Fste] 15 &3F Aol x| & ZAlE sletE oFS 555 nmollA
=A%k th& ALA standard curve (19 24)2%-F ALAE 3hHiltsto] A &)
Aok =3 FE7F 25 g / LE 2959S A, WIYAS 1/2 w2 8451

wgstel 4% 39



0.0 T T T T
o 500 1000 1500 2000 2500 3000

ALA Concentration (mg /L)

a3 24. The standard curve of ALA Concentration by using

colormetric method



7}. Glycine®} Succinic acid®] 7} &3}

C4 (Shemin) 7Alol €& §-Aminolevulinic acid A4l 1ol AFEAQ
Glycine®} Succinic acid®] 7} wl¥o] hemA genes Yol E. coli® A5
I ALA Aol mAl= 43S AR E coliv Cs Al ¢Jste] ALAZF
Aol HER glutamate & 1 ATE=AE AHE-S 3HAW non - transformed
E. colig o] &% 71x AL AN A7 ALAS FAddl nA= o] Ao
v 2 glycine¥} succinated] 2|3 hemA F327F ALA Aol vA&= S
THAoR #ES Yk

Glycine2 11 FZoA= wAE] ASAHS EHZ Hiso] lon o]
18 25904 HolE A o] Ecoli oIA%E 30 mM ©]4He] GlycineS #7}sh
Ae AY, Glycine?l =7} T7F B5E 19 Ao aA AAEES ZAth
gk Succinic acidE F7Fst w2t A bbb wlgS vluste] 2 Ay
573 0] Succinic acidg H7FeE vl A S7He = A& #EaSiH o
2 ALA BAS 93te] #7138 Succinic acid7} 9] Aol g3 B
o] ARH7| wlEolth £ Mg F ALA BAFel oM 17 2594 B
A} 2ol 60 mM Succinic acidE 7 4%, Glycined F#7FA =Bt
Glycines 30 mM o]/¢& H7Ists ol k3w (15g /L)Y S7H BAL
™, 30 mM o]’ H7HA o] S AlstAl JAEHA o ALAS A 7ol A
= & Wske Aok =3, ALAY AR 7o tieddr] 27]ed4 ALA
AR FE AdE detl 2z, ALAS A4S w9 A53e dds] 243 a4
o] Jlth= A & & AATE 1Y, 30 mMe)de] Glycinee] H7F Al, 19
A5 s qAEo R ALAS A o] 27 F7kE e AL Hdd ALA
synthase®| =/do] 4d3s] 7] wiol] A om #o AHLE "ol o
vl ¥ ¥ ALA synthaseol 23] 493 B2 4o ALAZF AAFHE A=
Bk w3+ 20 AlFbo] At THE = hemA3} Bacteriochlorophyll 2]

O R o=
=

S
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60 mM Succinic acid and Glycine were added at the beginning of cultivation.
Symbols used for Glycine concentration were :—@— LB medium,—O— Glycine 0 mM,

—¥— Glycine 30 mM,—/— Glycine 60 mM, —— Glycine 90 mM,—— Glycine 120 mM .

a9 25. Glycine 7t %o wWE cell growth @ ALA A4

8}



WR o Q8] wgee] Bl W] Agsiglon], 40 Alzre] B Foli )
o] g3 Be Aow Wakdth 1Y 26)

f =

13 26. Recombinant E. coli® %A Zto] w}E A A<
¥ g}

Succinic acid®] H7tel o3 &35 #&S 23, Glycined= o2 A7}t
FEE SVFAAEE A, 1o Aol S7FE Bolthrk 120 mM ol el M=
of F2lo]  Axlge] #AFJTH LY 27). w9 Hd FF A7 Succinic
acid’7b 30 mM ¢ "= 16 AltlA HAE detlidloy 1 o) AH7teksis
Aol 20 Al A A B53S YRStk o] 212 Succinic acid7h 19
Aol Ads] B FiE AT As oA YERlE Aot ALA
Aol QoAM= 19 2894 Hole A} o] 30 mM Glycines 713k
H7MAl Bk 90 mM H7HAl ¢k 3 H) (1.7 g / L) &

o =
T T
7FEe B ol A2 919 Glycined7h &3 233 Ao 22 AdzA,
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30 mM Glycine and Succinic acid were added at the beginning of cultivation.

Symbols used for Succinic acid concentration were : —@— LB medium,—O— Succinic acid 0 mM,
—¥— Succinic acid 30 mM, —— Succinic acid 60 mM,—— Succinic acid 90 mM,

—— Succinic acid 120 mM,—4— Succinic acid 150 mM

28 27. Succinate A7} @WE cell growth @ ALAY AAHEY
H 5}



Succinic acid4 Glycine & 3t &5 §loj&= ALA A ko] Ads] 7Had
U As Sdesivh g & doldls ALAS ol i A4k A 1to]
] "olx= 28 Succinic acid®} Glycine 59 ALA AAS 93 7149
uZE 13 ALA A o] AnjFret Zobd A, oW 9] 2 2 tiARbE
o] AL 8] A ALAV ea oz ALgF o)A dojudt dxpoz A7ty
th 120 mM ©]/¢9] Succinic acid #H7FAl, o] 5o oA|E i ALA 4
A HE HojA 2wk ALAS o] #HAart axt v Frorts 47 o
ojubi= Zlo] HAEH U o]AL 5L substrated| A= RS elate] o
o] AFS AR E, o] Ko A4 FA ¥ FE9] substrate A& F
7b v el oA tS ALA BAEFS T7HZ 4 e 7S Hol FUth
g IPTGHE bl ofste] ALA @A Tol= W3 flled ol lac
promoter leakol] 2]alo] &
geloll Jate] gelo] w3t

o

b
ol

g ALA synthase’} /o] ¥+= 212 % protein

1}, Levulinic acid 7} &3}

ALAClA  porphyrins®  Adste AFRAH ARAAM ALAE
porpho-bilinogen 2% Zo|A|7]= &4<l ALA dehydratase ¢ 45 A 3|
A7l E42 4#3l Levulinic acid (LA)E H7lste] A4d¥ ALAS &M E
AAetar, FHA717] flste] HA H7F A7ISE AR H7E sRE ZAFEICH
Rhodobacter sphaeroides® 7%, LA A7tol 98] ALA synthase &4 ¢
Z7V7F B E A=, o]i= ALA dehydratase & &4 #3}= 213} tetrapyrrol
o] MA o] Aa|E L, o] AL tetrapyrrolol 23 ALA synthase? feed-back
inhibition& Al €tk E3, LAY H7F 23t2= ALA o Alx foez9
HE A7 AoRE HaH

o] (L9 28)el gtao] wMigx7], S A7] $71, -S4

S

EY
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30 mM Glycine and 90 mM Succinic acid were added at the beginning of cultivation.
Symbols used for addition time were : —@— No addition,—O— At the Initial Phase (0 hr),
—¥— At the middle log Phase (8 hr),—7— At the late log phase (16 hr ) .

a3 28. Levulinic acid 7} A17ko] cell growth ¥ ALA AALHF

o WAL 9%



w7l ZkzE 30 mMeo] LAE H7bskel wEeh A3k, ' 29004 Koo
= A o], MiFx7IV e S27]e LAE H7tetds A fol=
FA7EA o vlaste] ALAS] S2 o] A B HA gk, S 247]
d7yol H7RAlel o 05 W) (24 g / L)e] ALA 3o #&H3UT. &
3], 7)o LAE H7Ietls A-5ole o Aso] dA 3] A=A
o, e S27 Tl H7F Ade #e] ASE x5 "oldou
ALAS] FHoll&= & &37F YehbA &% T 271 T71el B
TEE =9 60 mM, 90 mM ¢ LAE H7Istd oy, vixrtx 2 ALA
o ZA o]l AA FT7FEIAE ¥yl o= Rhodobacter sphaeroides
o v ALA B4+ E B wEA AYKs= E colidld= LAVL
Aoz AMRE da F47] F7] H7MAele AA ZE3E Ko
A Fete Aew AZEojnh webA, o] Kol Ao dojdt i
=27 7)ol H7tstds W LAY EH7F yERd Ao g Azt %]

52171 2710 0 mM, 30 mM, 60 mM, 90 mM LAE H7lete] 44 &
S5 AR A9, 1§ 29004 ®ole A el e AL 30 mME H7t

& A5, TR Hlaste] o] A& A s WA Fokont 1
ol e FEE AMNEAE Aol Fo AFol AU ALA 9] 7 o]
91014 30 mM, 60 mM, 90 mM 9] LAZ 7k F37k4) Bt oF 05 <]
7 B9 o, 30 mMolde] =g M7 30 mMY &4 @] Wl A
o] itk
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30 mM Glycine and 90 mM Succinic acid were added at the beginning of cultivation.
Symbols used for addition time were : —@— No addition, —O— Levulinic acid 30 mM,
—¥— Levulinic acid 60 mM, —#— Levulinic acid 90 mM .

. levulinic acid #E7}#°] cell growth @ ALA AAld
X = 9



t}. Jar Fermentorg ©]83% ALA A4 2719 &, pHel <3
3 ¥
A A Aske] AEES 3l 712491 A8 AES Jar Fermentorg ©]-8-3}o
A& Pttt Substrate H7F e 99 flaskE o]-&3 AFA AAH
30 mM Glycine, 90 mM Succinic acidE 7 7Fsto] w8t o™, Levulinic
acid 7k Al71, 7t sk 2R A 919 AolA 2AE tig 547
71e] 30 mM<2] Levulinic acidE #7}ste] v &t t).
a9 30004 #EE viel Zo]) Jar Fermentoro] A ¥+ B YA], o] ®H o]
A= obF WA X PAINE flask WYERTGE ¥ A2 A5
ALA A4 (09 g / LS B3AY. T4 pHY #AE 33 A} #9
A5 ALA A4 el dA38 F7FHo] pH 45 A &2 =43
Hlaste]l oF 25 ®f (25 g / L )2 ALA AAAHFS BA o

Jar Fermentor W&k A], pHeF EHS A 7]l pH =4S 314

=3

il
of
%

WS S, T A% ALA APl BAF ovle AoR ual

oh ER, 4 pHE fA8 95 471 w16l 30 mMol LA 3
]_

2}, Mineral, 54 °]<& % cofactor &3 & &4
L/B mediaZ AF83}] mineral @ cofactord F=o o3 ALAS Atz
of nx= FEFS ZASIHA O o] 5o ol ALAS] AAitako| A o] Wsl= ¢l
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30 mM Glycine and 90 mM Succinic acid were added at the beginning of cultivation. 30 mM Levulinic acid
was added at the late log phase of the cell growth. Symbols indicated :

—&— No pH control & No LA supplement,—O— pH control ( pH 7.0) & No LA supplement,

—¥— pH control (pH 7.0 ) & 30 mM LA supplement ( 12 hr ).

a9 30. Jar fermentordl A €4 pH (7.0) f-A 2 levulinic¥

A7l B E cell growth € ALA Ao W3}



vk pHO| Wste] W& ALhd &4

A4 pH A ofet 235 B A7 pH 635 FA8te] sYstas 4
S LA H7F §lo]l ALAS] AA ol 4.3 g/I7HA] S7FEATHLd 31, 32). ol
1203%9] pH 7.0 oM 9] ikl (LA H7HA ¢k 35g/liter) Hl&te] Y53
godo] Hdom o] pHel M= LA M7t ofst Aitake] S7ts #3 & -
ST Al el o] g 27oAE LAY/ HashA] g Jo=
Atk LA= ALADS] competitive inhibitor24] wild type 334 594
T ole] F7FE o 4-5uf¢] At F7FE HAlou E. coli Nt o3t
o] AAbs= ALAS Aatgo] Atjz o ALADS 48 84 571897 H
o competitive inhibitor®] EI7} §l= Ao= sjXo] ) o]y pH
controlell ©Jg F7ke] olfr= G AFS FaA FEHA= Gokont
ALAS?] optimal pHE 65 A%=o]aL, E. coli®l ALADS| optimal pH¥ Zn™
A Al 850lBE, vhe pHell oJsiA &afo] Asid A A= RET e,
U g2 pHelA = ALASS] &40 Wojxl=2 pH 6.3914 71 %2 ALA
o] F3 o] 7bsstqih

¢

v}, hemA genes cloningdt pET23a¢l transformant®] plasmid
stability
Plasmid stability 42 5 ml LB ©| hemA transformantE {% %, 37
T, 200 rpmolAl we¥ste] O.Dgyw - 0.8 (1/4 dilution)7hA] vl skl 50 ml
LB % 50 ml substrate 7} LB (succinic acid 90 mM, glycine 30 mM 3
7hel 242t 1 % A getS HEste] vwddS sttt Plasmid stability
£ =A4317] 98k Amp 50 pg/ml 7} LB ¢ LBo serial dilution 3}

plating 33, 18 hr AX 8% ¥ coloniesE countingd}®] plasmid harboring

cell?} non-harboringE H| 1L &}$3t}.
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29 31. Jar fermenterdl X pH ZZd 93 transformantd A&
2 ALA production
® pH 75 FA, O pH 7.1 4, ¥ pH 69 A,
v pH 6.7 %, B pH 65 *], [J pH 6.3 4,
& pH 6.1 FA.
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a9 32. Jar fermenterolA pH 6.3 A % Levulinic acid 3 7}l
9] 3 transformant®] A ¥ ALA production
@® pH 63 FX, O pH 6.3 +A % Levulinic acid %7},

| Levulinic acid A7} A]7]



LB vjA] | A= cell deatht}t plasmid harboring cell 4=} non-harboring
cell 79| Aol7} =LA ¢k HhH  substrate LB #iA| oA v Alo= cell
death <7}¢} plasmid loss cell 57} 93] 2|7} Wit o] 235 EUlZ
FH = A S ALA 2] A4 cell death®t} plasmid loss7F FEH A A 57}
HATH2E 33, 34).

4 pET23a transformantE ©]-&ste] 9o wdgt AP AstAtH(1H
35, 36). pET23a ¢ 79 hemA transformant®}= 22 substrate 7} LB
A FZA3 cell death7} HolA @skow LBHTU} substrate H7F LB Al
succinic acid 7} wizel]l AAso] H& Fokrh 99 A3 vluA] ALAC 9
3 cell®] Aol s WojAl= o= g

4. R. spharoides®] 23

2 Ao A Rhodobacter sphaeroidesol|x] ALASE 1 28-S A7]7] ¢
3to], pRK415 vector? polycloning siteo] 783 promoterd! rrmB
promoter, RBS (ribsomal RNA binding site) 2|3l hemA gene®| H7}7}
A}t o= 95ty ¥ rrmB promoterE primerE ©]-&3ke] 2F 450 bp
fragmentES %3 % Pstl-BamHI © 2 digestiong 2AAEStE o]
fragmentE pRK4159] Pstl- BamHI sitedl] cloning< &1t} Cloning©] ©
pRK-rrmBZ A BamHI-EcoRIC.Z digestions A3 & HemA 9
BamHI-EcoRI fragmentZ cloningg A8t 2d 37, 39).
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a9 33. Cultivation with LB medium
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Cell Growth (10° dilution )
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a9 34. Cultivation with substrate LB medium
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a3 35. Cultivation with substrate supplemented LB using

pET23a transformant



O.D600 ( V/4dilution)
[

0 T T T T T T
(o} 4 8 12 16 20 24 28

Time (hr)

—=— O.D
—®&— No. of colony on LB
—O— No of colony on LA

¥ 36. Cultivation with LB medium using

pET?23a transformant

— 500

— 450

— 400

— 350

— 300

— 250

— 200

— 150

— 100

— 50

Nurrber of colonies (10 dilution )



29 37. pRK 415-rrnB vector®] hemA # A A9 cloning<
BamHI-EcoRI digestion®| 2% &2l



PRK415

I:)Iac

a9 38. rrnB promoterE ©]4 3 hemA gene cloning 2%



Construction°o] ¢t5%¥ W& vector= tri-parental mating®l <J3}e] R.
spharoides®) transformationg A171 & ALA®] AAFeES =AstH 1y
39). FAAS P TTFEHE ALAS Hol AAERS T2l A & Q)
A=l (Bg/L) o= HAollA e FAAS E. colicl BAH el Hlsto ¢F 1/6
Feoltt. 24y wild type 52 Wo| FFPA wFe LEA 54
2] E. coli o|X<}F v}
M & S el e] HETt ThsetRE Ao & BIE 7RHE u o] ¢

f840] 271 B Aow d3o] )

levulinic acid®] 7} 2 33 70l A

lo,
e
fol
o
i)
K
rir
e

d
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23 39. TransformationS Al 7l R. spharoides®] ALA2 AL



A 1 A Plasmid vector @ | HdA ALAY
AN HE

Transformed ¥ E. coliol X9 hemA FAAe] FAAE ZALs7] $l51e]
A s A 5 bgHow ALAS] wdlo] A 7He HESIG T
g 40, 41). 223} transformed® E. colidlA hemA FAA = St H o=
FA7E = vk okgk ALAS] ko2 lgh apibA wol2 ALA9 Ate]
AaEE As BAsth ol g A= ofn 7 AT A|FA] o Fe] HAAE
b, 3% A3A 8 97 ALA dehydratase®] ¥o] #59 Al 2 o]Z o] &

T
r1r

5

3wy o sjMol | 4 gl 2o %= E8lal E. coli srarin BL21 A=

2 strain®l H|gte] A b H oz ALAL Arte] A5 = Aow #=
o] 3tk

Jar fermenterol 4] pH ®3}o] w2 ALA A4F ¥ plasmid stability =42
50 ml LBel hemA transformantE HE $, 37C, 200 rpmelA] 8 st
O.Dgoo — 0.8 (1/4 dilution)7kA] #lFstal 1 L substrate 7} LB (succinic
acid 90 mM, glycine 30 mM #H7hdl 42 5 % AujdtS HEsIA Jar
fermenter?] ®w¥ZE7L 37 C, 400 rpm air flow(l L/min)% 3}o] pH 5.5,
6.0, 6.5, 7022 A8ttt Jar fermenterol X pHel o3 32 A3 2

3 pH7F S7FE 5 0.D9 Aol A9 fIloy A= S/ =
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29 41. Plasmid harboring cell® 4
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AL & 4 9don plasmid stabilitys A< 80 % oAz AE] ¢4y

= o] BEHA} flaske} vl asle] & wf o]t A3} E plasmid stability =

ALA production®] %% pH7} #AE4E 7k = Ao #ZHA=d &
3], pH 55014 &= AwtFe] ok Eetal =2 F% (39 g/L )9 Aiks
Atk o] AFE ALA stability7F pHell @3S Wethe Bavt 9lonz v
2 pHollAl ALAS SHHA wjol =& FE2 EAsts Aol ofd7tsl o
o] of7]F At} o= Flslr] 9lste] solution el A2l ALA stability =

LB x| A pHell w2 ALA stabilityE 5743024 ALA AAkd] H43
pHE g13tth ALA 0.15 g LB 50 mlel %o]a, NaOH=Z pH 5.5, 6.0,
6.5, 7.0, 75= A3t 10 ml tubeZ %4t HF ALA #%5+ 32 g/L A&
1 contamination WA S 93] amp 200 pg/mle 716t o] vz
A3 v]s28 A ¥kS-sl7] Yste] 37C incubatorel Al 200 rpmo.& WES-A] 7]
A AIZPE 2 sampling 3l ALA F%& gRIstdt. A9 43 pH7t S71E4

= ALAS stability7} 7Z4st9 e, 53] pH 75914% 24 hr & <F 40 %9
a7 BEEAY o8 EWE A48 A3, pHYF B x4 ALA9] <b
T ANom o A5

=i
=~
ALA®] 44e neistgle 49, pH 630 7HE F2 209 ¢ 5 it

<
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oo A T HA AFFAS] 24 ¥ succinate, glycine 2 mineral
A7t whE ALA AJste] WiskE 43ttt WA 5d 27 (flaskw] dAl pH
Fz24 27)dA succinate, glycine ¥ mineralS 71t kS 4% wild
type E. coli= 0 mg, Wo] ¥ 300 mg/liter®] ALA AAHS H QI v

H4(10% w/v)E AR 49 9F 600 mge] Aol A== QL) wal Wo it

2

FE o] g3dlo] LB vt succinate, glycineS A7FetRS -4 (flaskrl %
A pH 24 Z7) Fd 1800 mg/litere] ALAZ} A2t © A3} wluste] &
o o Ao oF 30%9] M-S BTk ARk oz 3o glycine

2 succinates H7FetdS W 233 ALA AAbgo] as= A& w3

rlr
=
o
oX,
2
o|\

2ol g]A o] 71 ¥ glycine E succinateZ H 718190

o o]} e FAde] BEHE Ao HobA o] wRE V|ES HUHEY &

RG] AL ANEG A4 el Fo| AY VBN FAske 4G
o 5)4ul5o] M2 el el WA B PESE A9 Wakeich A

of gk FFFo MuleE 1 G E AXeth ks 5%, 10%, 20%,
30%(W / V)X HESFA S w9 S7H-2 16 hroll Al 212t 209, 30% ol A+
5%, 23 cfu/ml o] Z$-Et} oF 1.78 vi(41 cfu/ml), 1.65 (38 cfu/ml) 57}
steiom, 20 hrol A& 5%(48 cfu/ml) ¢ 7Rl oF 1.41 8168 cfu/ml ),
1.35 ¥l( 65 cfu/mb) ¢ S7H-S Rk, LB(Luria-berteni) media®ll 4] %

st recombinant E. coli ¢ *37%=1< initial phase, log phase, stationary



&S TN A5
S B3O, LB Media®l
749 log phase(12-16 hr) Z7}A] ¢kubst AAFardS BT} 9] 457)(
initial phase)9} &3+ 2] F217|(log phase)ollA SA wj=]2] 4<% LB
media®l W&l 4-6 hr A== 9] Fgo] AAgS BATH 1Y 43). o]

g2 o wjzle] A9 w7 AHESE S 9 glucosett el FaFo] LB

media®l Hlsto] A2 FFE HApstal Jvpal 55, SA] AL AE A
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EER QAslA #FIF )8 F e Arg Tl TAE F v FEE
Btk o]9] AufollA 3|48k H o wjx|ol| &) o] FA o] Thsstal o, #H
Woll mAE Ao it JUYEAR Aol 9o FHU= vt 9o,
A0E ME protein, enzyme, RNA % DNA 52| Ao &= <l 4
$%= ATP, RNA % DNA 59 3ol a7} 24zt da e 449 4
°F 0.11 AHEo]al Q12 0.02 AX ot

2. Minimal salt media®l| 4] Bl gt <]
Fol HAS At Fo FTUHE HES 5 A e P st
S wjgEA T} s Ao 7= o] A S =t growth factor® 2H&
sk KoHPO,&= 1.55g/ ¢, NaHoPO, 0.65 g/#, MgCly - 6HO g/ ¢ 2}
Salt solution 10 m¢ /2 & #H7tste] AES AT S/l g AN

o|N
Ju
ol\
>,

e

3
Ao A o] AAFA3 v wsle] initial phaseol A <Rk A S

Bolow 12 hr o= SRSl 348 #d 20 %(21 cfu/me)ol B3|
minimal salt media®] -9+ ¢F 258153 cfu/ml)e] S7He HAGY. &
el gAE 22 =R Ads doklen wd F 16 hrol A
5% (39 cfu/ml) 2} Hludke] 20%<F 30% = 27 1.74w) (68 cfu/mb), <F

1.438) F 7}k o™ 20 hroll & 5%(47 cfu/me)oll Hl&l 20%, 30%+
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a9 43. Effect of concentrations of squid waste on the cell
growth of recombinant E. coli.
Squid intestine waste concentrations ;
@® squid waste 5%, O squid waste 10%,

W squid waste 209, V squid waste 30%
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1.491(66 cfu/me)<} 1.1¥1(52 cfu/ml)e] S7H&S HF oL}
Holx ¢rUtH 1Y 44). Growth factorE Uth# 3 minimal
salt media®] 4%, 2] FHdAME TF59 oF 15w 73] F71E

Holo salt mediacl A ALA A4Fe] A, w9 S7kell Bl a)A
ALA Ak Z71E A ¢kket, wlA] ol ALA dehydrogrnase(ALAD)

32
r

rlo

o] activityd] A Zvjd:= Mg, Zn, Fe 59 AE H7= 23
ALA  AAA 43 #3l5o]  Porphobilinogen(PBG)Z  7F=

mechanismS W27 &Psf= Aoz FHHAG

3. Sluge 5o W& #o 4

Flask vl Al B2 17184 v F7|2dE2 44 759 =& 9A
Hi 548 gAY 739
T WA nE xEest glon 1wk g - wet 2 29 A me/
2 A T mg/ 4 A sttt AR AdledS Ads] 2dste Aol
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sl A 485 4 of Ab
SgoM Asfacle AT 5 lom, & AdoM=2) 94 3) o YHE H

sluge &2 AR AAT & A5tk 12 hr ¥YF sluge B&S Al
Ak vjekele]l 49 sluge7t A= wWiFH (21 cfu/ml)E Tt oF 1.619) (34 cfu/
ml) S7FFAom, 16 hr AlZF wiek $oll= oF 1419 (58 cfu/ml)e] 571 E
ArH1E 45).
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a9 44. Effect of concentrations of squid waste in minimal salt
medium on the cell growth of recombinant E. coli.
@ squid waste 5%, O squid waste 10%,

VW squid waste 20%, V squid waste 30%
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a3  45. Effect of the remove of the sluge from squid
waste on the cell growth of recombinant E. coli.

@ squid intestine wastewater, O remove of the sluge



4. A4S 5o & #o F4
A Weoll= 5 A2 glycerol, ester & Agste] 71242
A} A acetic acid, propionic acid, butyric acid 5 §¥itolgtax A3t}

of n=A L5 k= Hard vzt ok At § ol At ol &

o Ats Egste] wg Adtels 54S vA= Aom 44 o 1
542 s Agato] AlEutel] FatE|o] whe] RIS MPAT|7|E st =
o e el JFe A7 ditel vehvs ddelet AzhE ol
ok Al ARl os SAS W Al HaekAl Zxek 1A Al
@717 Aol 3 et 549 A 3k APAatel W) B3k Aal
ol ¥ Astrh= Hark glow 2o WaH g A5 14 %9 A¥SE B
T HelER &AMz o] T4 A7t H= ajler Ale AR
at7] S3lA AL AT HA A2 wjgFets APS sFrh Sluge s

AAT Ao FHAujA| oA FE 275 23] Abgete] A AFS AAst] A
3ttt Sluge &S AAS wjA oA 12 hr, 16 hr ¥ & #5247}
34 cfu/ml 2F 50 cfu/meel WHA sluge$} lipid F+ A2 AA S v x|+=52 cfu
/ml, 67 ctu/m¢ & °F 1.201] F7Fe Btk 17 46004 = kel Ze] LB

media®?} ]2 & w initial phase ¢ log phase® 3-4 hr =& @35t}

5. Molasses d7}ol W& 9] 4
Aol YA dd o= N source 4.84% = W4 FH3A doy, C
source™ 045 % = AdubAQl Aol Z24 A 05-3 %S Fa = 3F= ok oF
4440 7heko]l FEaGit wiA o] Abd A A4S argste] §-71e] glucoses

7F e e fen® da¢ 3 3 AR 93 molassesE A 7beke] L &3
=
[e)

my

E AE3Y molassest™

= FeiM At Abgstdlor, F e A7 Al e S &
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Y 46. Effect of the remove of the sluge and the lipid
from squid waste on the cell growth of recombinant
E. coli
@® Remove of the sluge,

O Remove of the sluge and the lipids



ALA A2H 9 749 molassesE 4% H7FalS wf oF 1.239(63 cfu/ ml)2]
Z7Fe BATHAT 47). 6%, 8% A7} Aol 9 F40] Zol7t gAY

o] Aol RS B 2= 9ot}

Al 3 A HAALS o] &3 HAH ALA BixH 23

2 AF A= recombinant E. colis #F2 970 U HeAa 15Ee]
ALA A4S 98 2718 A8 th Nutrient media®l £ Ao opd &5
g el FAol 77k AR A wjAIzbe] 20 hr A A3 Holle H&
o7 Watil ALA 7F SAEE AS & 5 AT HA e ALA A4S 9

oo g

g zAe 7129 W¥Y Bradyrhizobium japonicum hemA gene< . 3}3}
recombinant E. coli ¢ Rhodobacter sphaeroides®] WaFxAS 7|50 2
Agstel  ALA A Wes HESITL ALA ATAA Rhodobacter
sphaeroides™ Cs A9 glutamate?} C; A2l glycine, succinic acidE =5
ARESHARE E. coli 9] % Cs A& AH&stol ALAE Aitsks ko] Atk
Bzl glers B Ao recombinant E. coliAlite] Cy(Shemin
pathway)Alell ¢Jgt ALA Aol o] d4=22] glycine?} succinic acid
o] 7} wjeko] ALA Al mAl= F3E AESSAT

1. Glycine® 7} 5% & &y}

AAe AHES AR 4o WA H71=9] 718 A]o] A<l recombinant
E. coli WA glycine 7kl o8 o] S4]3 ALA A4ke] WistE A EsHS]
o Glycined 1L sRolA = A= A5 AfEdZ Bixe] 9lon ¢
4804 B whe} o] glycines #jz719l 27 30 mM, 40 mM H7MlS
u] 9] F2)o] A Y, glycine 50 mM<E H7F & uf 7] F2]o] FA3}
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138 47. Effect of molasses concentrations on the cell
growth of recombinant E. coli..
Molasses was added at the beginning of culture.
@ Control (molasses 0% ), O molasses 2%,
V¥ molasses 4%, vV molasses 6%,

B molasses 8%
’
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I3 48. Effect of glycine concentrations on the cell
growth of recombinant E. coli.
Glycine was added at the beginnig of culture.
@® Control, O glycine 10 mM, WV glycine 20 mM,
VvV glycine 30 mM , B glycine 40 mM,
O glycine 50 mM



Al A= BEFE & F7F Ao gL el F4 B glycined 3
7FebAl @S wiYFNE T H&53 o] ApdS HED 5 Stk 4 glycine
50 mM& wjgx7]0l H7belas A9 1] SAL dARE BRIy #A 9
ALA+ ¢F 291(1.3g/ 2 )o1de] F7Hshs B9 2™, recombinant E. colis
LB mediadlA 2g2dS & Aztel vujnd o] glycine 30 mM¥} succinic
acid 60 mM-E& g7l H7HgS we] ALA Artgas 5399 &
ol Hoe] % F7F] succinic acide] H7F §lolx= FHd 1.32 g/ ¢ 9 AL
AAS Bol Felom) & iAol of = o] f7]4F Aol EAgtta &
Aol (29 49). Sasakiol 2] glycine®] growth inhibitor24] #-&3ttt= H
a9} o] o] FAdlE AE Bo ALA AFAHS 9% Cy A9 ATE

%0,
=

b

B\

2. Succinic acid®] H7} & w& a3

ALA A Cy A9 AFEZ 5 succinic acidWS sE=¥Z 76l
o] F27 ALA S HESAT Succinic acid®] #7tadsE HES 2
I vj%Z7]o) a5 %9 succinic acid 60 mM, 80 mM<S 713
2ol AdE FA AAdES B 4 J%2H succinic acid 100 m
- 9 Aol A A EA 2 log phase® 4 hr A% 73} o] YEly;
o ALA Artell lojr= Hf Al vk - 12 hro] obd 16 hr - 20 hr
o] Hu Arkd d& HFAT} (19 50, 51). ©] A2 succinic acid7} 2] A
| AHgdEtE S 29Ttk Succinic acid 7ol whE
ALA AAa ¥ g3fo] AEHA gokth 28] 1L F%=9 Succinic acid
of 7} Alolli= o] Aol A=, ALA Ho A FE Dozl HollA]
AEE substratecl A= AHFYOl S o] Aol AsjEER A

substrate 72 o] Aol AFS T4 FS AR H7bste] AL wjd
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1Y 49. Effect of glycine concentrations on the
S—-aminolevulinic acid production by recombinant
E. coli.
Glycine was added at the beginnig of culture.
@ Control ( glycine 0 mM ), O glycine 10 mM
VW glycine 20 mM, V glycine 30 mM,
B clycine 40 mM, [ glycine 50 mM
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a9 50. Effect of succinic acid concentrations on

the cell growth of recombinant E. coli.

Succinic acid was added at the beginnig of

culture.
@ Control (succinic acid 0 mM), O succinic acid 20mM,
V¥ succinic acid 40 mM, V succinic acid 60 mM,

B succinic acid 80 mM, [] succinic acid 100 mM
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a9 51. Effect of succinic acid concentration on the

§-aminolevulinic acid (ALA ) production by recombinant
E. coli.

Succinic acid was added at the beginnig of culture.
@® Control, O succinic acid 20 mM,

W succinic acid 40 mM, V succinic acid 60 mM,

B succinic acid 80 mM, [] succinic acid 100 m
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ARE dES= HF3S A i

715 #H42 swine wasteZ HIA 2 A8t Rhodobacter sphaeroides
oA ALAE Atete A ARdAME WA W AT AP sl
Rhodobacter sphaeroides?} ALAE A2Vt &9 carbon sourcet energy
source® 2:0]31 ALA7} Al 92 AMEE Al A AWake] AREE
A7l A9l FdstthE Bzt Atk o] ATtz A= v X Ule] AT AW
AHE2 ALA A2ES 9130 succinyl-coA2] FHol @ 4= Stk F4o] 9l
o, oo ¥7}9] succinic acidE H7FsHAl &tk Bt At o9 e
ARS EdE AAgd oA A uiA dee oA Fr7AEY] FdEe
ALA Aol =& Aog FALL

32

3. Glycine¥} Succinic acid 7} Fxol & &3}

Az gE eAo] A 7|HujA|o] Z}7+9] glycine¥} succinic acidE A7}
slo] HEH AHRE EE recombinant E. coli ¥1%¥ A glycine¥} succinic
acids WFx7]e Aol H7lete] o] F43 ALA A4k &35 HESS
ot 2 A3 o) SA ) oAM= AsE-S B o stational phasedl| A 52
Sk o = ST E 52). Succinic acid 60 mM ©]/3 A= initial
phased| A= 9] AHo] AAEom log phase’} obd late log phaseol A
o] 248 HoFQr) o] @A wlA Ulo] ¥ %] succinic acid®] H7FE
As) 7)ol ol FAel JAE molu} to] FSAA mA el Succinic
ta 53 5 9den, ALA A Hojd=
HlF $16-20 hr o2 AAHAJCE wjdz7] glycine 50 mM<S #7lskal
succinic acid 90 mM= H7}8+ %, succinic acid F3H7H1.3 g/ £ )] HT}

oF 22u(2.84 g/¢)° F7FE HAoHW. LB media°lA glycine 30 mM |,

Al
-

acidE AXEEHA o]
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succinic acid 90 mM< %7]d] H7}sta levulinic acid 30 mM< 7)ol 7}
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¥ 52. Effect of glycine and succinic acid concentrations on
the cell growth of recombinant E. coli.
Glycine 50 mM with various succinic acid concentrations
@ Control, O glycine plus 15mM of succinic acid,
WV glycine plus 30mM of succinic acid
VvV glycine plus 45 mM of succinic acid,
B glycine plus 60 mM of succinic acid,
[] glycine plus 75 mM of succinic acid,
@ glycine plus 90 mM of succinic acid,

<> glycine plus 105 mM of succinic acid



ate] ALA A2H25 g/L)S o 759k vlaA] ofF 1.13u) A=e] o]tk ALA
o AEAS el H7tEE AT EEL glycine 50 mM, succinic acid 90
mM< H7F 3 g 2dolA 2. 84 g/ ¢ 7P =& ALA Ak BATHE
53).

4. Levulinic acid®] %7} &%}

Levulinic acid® ALA pathwayolA ALAZE porphobilinogen & & 7 o] A]
71 2492 ALA dehydratase?] &84S As|A7]= EZAZMN tetrapyrrol9]
Agol AslE L, o]AL tetrapyrrolol °%F ALA synthase®l feed-back
inhibitiong A&7 ®th  Levulinic acidE FgAA T vl 7]7Hmiddle
log phase) <ol #7std Aol ALAS #HE X479 AJ4ke ALAS
HalE At wiA] Woll ALAE 4171+ 5408 LAS H7hste 4
H7HA71eF Hrbs s AESSIH MY T ALA B34S #1814 levulinic
acid #7tax=E AES] 98l viY S57](middle log phase)ol A
LA(levulinic acid)& =¥ & H78t512H LA 45 mM , 60 mM H7} Al o
o] S2o] LAE H7bsHA &2 B8t 35cfu/m7hde] Aastgion ALA

o A2 LAE AEER 37F A Atol Aslde & 4 JANTHIHES).

i

Recombinant E. coliZ LB media®lX WY % late log phaseollA] LA 30
mM< H7F Al ALA Aabo] S7ksiths ot glemw wigkxr], wds
7], WjFz7lel LAS s =5 WIAA Hrtele 23S skl ALA AT
o] A5 wjFz7lel LA 15 mM< #7Fg $ 16 hr wiFsto] ALA A4te] 2.4
g/ ¢ olem 20 hr v Foll= A ALA AAko] 3.28 g/ 2 9] =& A=
Hol FAtHd 55). Mgz7]d LAE EE A7NeE 49, LA 30
mMol} H7FA o SAANE Bon LA 60 mMo 4=
A& A s BATH 1Y 56). # o] LAE H7bskAl i
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a9 53. Effect of glycine and succinic acid concentrations on
ALA production by recombinant E. coli.
Glycine 50 mM with various succinic acid concentrations
@ Control, O glycine plus 15mM of succinic acid,
WV glycine plus 30mM of succinic acid,
Vv glycine plus 45 mM of succinic acid,
W glycine plus 60 mM of succinic acid,
[] glycine plus 75 mM of succinic acid,
@ glycine plus 90 mM of succinic acid,

<> glycine plus 105 mM of succinic acid
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Effect of levulinic acid with precursor supplements on

ALA production by recombinant E. coli.

Glycine 50 mM, succinic acid 90 mM and various
concentrations of LA were added in the middle log phase

of cultivation.

@ Control(without LA),

O precursor plus 15mM of LA,

Vv precursor plus 45mM of LA,

M precursor plus 60mM of LA



ALA Production (g/L)

Incubation time ( hr)

. Effect of levulinic acid with precursor (glycine and

succinic acid) supplements on ALA product by
recombinant E. coli.

Glycine 50 mM, succinic acid 90 mM and

various concentrations of were added at the beginning of
cultivation.

@ Control(without LA ),

O precursor plus 15mM of LA,

WV precursor plus 30 mM of LA,

Vv precursor plus 45m of LA,

M precursor plus 60mM of LA
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a9 56. Effect of levulinic acid with precursor (glycine and

succinic acid) supplements on the growth of
recombinant E. coli.

Glycine 50 mM, succinic acid 90 mM and various

concentrations of were added at the beginning of cultivation.

@ Control(without LA),

O precursor plus 15mM of LA,

W precursor plus 30 mM of LA,
V precursor plus 45m of LA,

B precursor plus 60mM of LA



o o] TAF v Al 22 cfu/ me 9 ASE BATh wdFT]o LAS Tk
A2 H7MA AAHORZ 46 cfu / mt AE o] F2o] AAHAH Y 57).
ALA AL vl AFZ(LA 156 mM)E Z7HIS v 12 H7kA] B
o gAoldlon, AAH R ALA AiHel= 17 5404 o] ¥ o)
AESA okt vk @rlo] LAE vEEZ Hrbe & 3t Aot ALA
Aaks AESIATE LA vk 7] H7be vl A1k 14 hr ol #7hs) F2Ach
a9 584 B whel o] LAE H7bekAl ¢l wjddt12hr A7 = w9
SAol FATS Hola glovh LAS H7 3 Foll= 348 o Fo] i)
AL ol & 5 9ol o= LA w9 A4S AHE sk¥tkE Bt
ShasithE Aztolth. LAY ALAS AHlE AAlgta, 2 A17]7] fls)A=
=A Bashd asEe] H7MAl= wiA e Aot 343 aEs 24
7F oemz AAs ¢k A7l FasittE FA oIt & recombinant E. coli
o] T2 LAZF skl osto] vlEAor Al s Blon, ALA
RS vz 7)o AFE(15mM) e LA H7HA 7bd =2 328 g/ ¢ AAS
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WA %] pHE welskel 5718 2AelA i) F43} ALAYAA
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a9 57. Effect of levulinic acid with precursor supplements on
the cell growth of recombinant E. coli.
Glycine 50 mM, succinic acid 90 mM and various
concentrations of LA were added in the middle log phase of
cultivation.
@ Control(without LA),
O precursor plus 15mM of LA,
W precursor plus 30mM of LA,
VvV precursor plus 45mM of LA,
B precursor plus 60mM of LA
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a9 58. Effect of levulinic acid with precursor (glycine and
succinic acid) supplements on the cell growth of
recombinant E. coli.
Glycine 50 mM, succinic acid 90 mM and various
concentrations of LA were added at the late log phase of

cultivation.

@ Control,
O precursor plus 15mM of LA,
WV precursor plus 30mM of LA,
VvV precursor plus 45mM of LA,

B precursor plus 60mM of LA



S AT ALATE pHZF 2Hd Y 9o FA sk ALA synthatase
o] activity7} =the Bt Jou, pH7F T30 77k Lz el o A
+ ALAD® &40 =om ALAZF A4 Al porphobilinogen® 2 7 3}
= Azto] dEdteE B =3 St olE EWE pHE AHdlA
S (MH 55 - pH 7.0) 7k A&8& A" 59, 60). & pH 559
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ZHE Ao ALA A= =3 AL Folddrh old Ao W T
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10t pHS S7bel webA o] 242
oF 1.28v) F=7F F7betlov ALA AAHdS A4 pHE Al9shi
7 el Hl=skdth pH 6.001 A= o] A FE flask EAEH v
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12 hr $o 278 g/ ¢ 2] °F 1.3wj7} #AstF o}, o] FAA= oF
12919 S7FE EAth pH 7.0 oAe o S22 wo HA F71s

ot ALAS AT 223 g// A= 23T}
ojef & AFS EviE pHel wE ALAS AMHde & 43S won pH
7} Zoldel mek o] ALAE ARSshe dl 220l substrate’} o] F2138h
=H AHEHE Aor FAEY dA9E APE ALAZE viA] W] =& pHel
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Effect of pH on the cell growth of recombinant
E. coli.
Glycine 50 mM, succinic acid 90 mM and LA 15 mM

were added at the beginning of cultivation.

@® pH 6.0, O pH 6.3, ¥ pH 6.6, vV pH 7.0
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a3 60. Effect of pH on ALA production by recombinant

E. coli.
Glycine 50 mM, Succinic acid 90 mM and LA 15 mM
were added at the beginning of cultivation.

® pH 6.0, O pH 6.3, ¥ pH 6.6, Vv pH 7.0
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1. ALAS] ofFFspAlx2 B Zohuf ol FAl e =4
offF frell MEFEA ofF AW Ao AFEHAA L A= T/ FlA Al
¥ CHSE-214 A5, EPC X5, FHM AXFE tdoz MTTHS o
35t ALAS| A2 sko] & AXoll] F3s TAbstdT. T & A4
oA AH Zojulel] Aedd AEZFA P Ax=en FIAE (FFE,
flounder fin epiterial cell), & B]ZAE (SBS, sea bream spleen cell) %
Zy|Eg u|Zd AE (LRS, land rock spleen cel)S tiA o2 ALAS AEE
AL Folskgith Adg AEE 100 U/mle penicillin (Sima), 100 pg/mle]
streptomycin (Sigma) % 5 % FBS7} #7Fe MEM (Gibco) A E8] %8
A2 ALgstdth A kg 96well plated] ZF 1x 10" cells/well (90ul)= Al
AEE EFet] 197 wjFed 5 ARtk vieFAlZd o] ALAS] A2l =
= Al¥ ALA (Sigma)E Bd57T2 1 M 52 A 438 ALA A
FHo s ARESIYh AFE ALA A%eS 1094 81X e s 814sto] 100
mM, 10 mM, 1 mM, 100 uM, 10 uM, 1 uM, 100 nM % 10 nM FE2]
ALA §E& At 22t ALASIA S FRl w3 3579 o 753HA)
¥o| FEHE ZF welld 10 pb A B8 §, wykshal 20CoAlA 1A17F 8184
Zth dkgo]l B M plategs Al#e MTT Kit (Chemicon)& AR&3she] &
A A elgk - ELISA readerE AH§-sto] 570 nmolA §3 =5 574 sto] H]
279 FHAEE VITo R 717 ALAAE FE mE Ax AEES A

rL

=



Aol A 1A3FEet =&

UEhHA] edgken, & dAdeA &4 Azl Sl dlilite fEl AlESd
FFE, SBS ¥ LRS cell %3 100 mM ALA s=x71004 ¢F 30 %<] A7}t
Abdets AR YRl oY T ofste] wRolA = dE JFS WA esh
olel g A=Y ZuujdA ofFe] AlE= AE] Y oA AlE 54
S 719 100% Ak ol SAZA AAWe 54 A7 52 22 ALA

Fe 98 A0 4T & drk A BE PR ARE AR BHoZ A
§317] 9iste] AABEANN ] FAZre] ALAR A mhe of A AelHel
5 540 0d 977k Bash



¥ 7. ALAS 5= A WE AFFIAE L ZhujIFA X9

AEE A 93 AXSA &

100mM 10mM 1mM 100uM 10uM 1uM 100nM 10nM 1nM

CHSE 93x 97 91 100 9% 99 93 92 97

EPC 90 94 39 94 95 91 100 93 93
FHM 95 97 92 36 94 94 91 89 92
FFE 78 89 95 89 93 90 88 79 90
SBS 73 90 96 91 90 94 93 96 91
LRS 69 36 78 83 91 82 79 93 38

* ALA FH2 HAXo FIFE=Z AT AX

AEE%

gl
K3
=
&
e



2. ALA (§-Aminolevulinic acid)®] o] FF3tAE] tisk SA

2 AFE AFFIANEE WFoE ALAAHE T E 2 5455E 9

S ¥g HHoR AN ¥ AFE Foto] AN Alxzd ALAS 1IMo] &
Al (0.167g/10ml HBSS)3le] 108] 34 o= 34311, 96 well plateol] 2.5 x
10° cells/ml2 =43 ofFFsAZAGAS 7} 100u ¥ D& ¥, ALA 34
NG MG 4 welld ZF 100t A H7F wEEAA AL AAET
ALAS MESAAFAN = ofF FIAE RTG-2 (Rainbow trout gonad),
FHM (Fathead minnow epithelioma) % CHSE-214 (Chinook salmon
embryo) ARSIt AEE AEE 100 U/mlY penicillin (Sima), 100 1
g/ml9] streptomycin (Sigma) 2 5 % FBS7} #7}8 MEM (Gibco) A3 H|
&g HAE ARSI

ALAS] o fFshllzel] oigh 54 MTTH oJste] F45 sksich 47t
o Ao 0mM, ImM, 10mM, 50mM, 100mM¢] ALAZ 100404 AZ3}
W & 18T ol A 244 7H5 <k vkt o tix+= ALAUAlO] HBSSE 532
2 Yok MTT &9 (3-(4,5-dimethylthiazol-2-y1)-2,5diphenyl
tetrazolium bromide)< 7 wellell 100402 Y2 % 0.04N HCI isoprophanol
< 100 ¥ 31 ELISA reader® 570nm, 630nmelA 433t

ALAC gt o753 2] S440A A3k 29 613 2ok A3l AL
d 3709 FIAE ZF ImM, 10mM ALAE gl S uf, tix9 vwsl
of 29 o =AY B3 =25 vERd v 50mM A 100mM el ALAE A
o} nlaste] Anbg o] vhe A5 UERSITE ALA

Ao AF wmFol o7t FA4S QIR Ay} Aol well Wel vk
b

FrAastd A e 23 44 sRrlees A4S ¢ Aen, ofee AEAW
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3. ALAS] ofFole] 54 (

of o3k oA

0% ofF B Ae] thae] of
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gl Zg xo] oA g ofFoA ALA A s TAGlo] oS I3
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%8 YA % ZNEY Koo ALA BRFAE wE AEE

o] 50mM 10mM 5mM 1mM Control
A 100% 10096 10096 10096 10096
Z9 5 100% 10096 10096 10096 10096

2328 Hole ALA AAW HE BE

oF 167ppm 16.7ppm 1.67ppm
10min - 180min 10min - 180min 10min  180min
| A 100% 100% 100%
ety 100% 100% 100%
v & 100% 100%

100%




¥ 10. Number of viable E. coli after centrifugation at

different velocity and feed volume

(cfu/ml)

feed supply
60 (L/hr) | 40 (L/hr) | 20 (L/hr) | 10 (L/hr)

pm
6,000 >10° >10° >10" 1,200
8,000 >10° >10" >10" 800
10,000 >10° >10" 1,000 130

12,000 >10° >10" 150 26
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¥ 11. Change of filtrated volume during ultrafiltration

Operating time filtrated volume Viable cell
0 & 2 L/hr -
20 & 15 L/hr -
40 & 1.0 L/hr -
60 &+ 1.0 L/hr -
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7 RERE 1097 FARom Wl 43 Folsidr)
Ay A $ 271E7F 2 18-227C, DO 6.3-6.8 ppmo] FAHEE ARSA

Ul heat-pump % AHARA7|Z Attt A7 2, pH, 94, DO

= W S48k en, 752 NHi-N, NOo-N, NOs-N2 15 18] Ab=ralgt

A9 Sz ASFE AAstel AR/ FAE 49 AFEA G Fatol 24

ool Ad Wow AT H7E AR |A Ao lojAe] 3
Abole] a2 ARy 78 54 SWdA Hlalste] ¥ 12 9 % 13
of vehldch 6049 AME7ITHESE B3 Al A7k 2 7Y oA
AAES AT A 2 B7F 42 833 79%0 = HlEke] Y e g Al
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ol 60U H7F9 A¢ 5529 54.7g o2 F5 HQ o HxT H¢ 528¢
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Jbeo] FolE B Aol FEOR wE FA o £Fo Ard odEA
o] AA Hojgt Axtz datEth A7 AFols 5 Alay Hy
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¥ 12. Rodobacter A7} ¥ T A/AIE Fod & Yx X o]

A3 a3
a5 A7 A A7 B TP =T
AFS717E (D) 60 60 60
INATA | 4= 300 300 300
AN BT AE (g) 1.13 1.20 1.16
3094 HF A (mm) 126 131 127
3094 BHAZF (g) 24.1 245 22.0
FTRA v 249 237 216
AZE (%) 83 79 72
604 A HF A (mm) 213 216 215

604 A H AT (g) 55.2 54.7 52.8




£ 13. ¥ Ao A573LF

BASFzY Y S

e A7h7A A7 B R ES
F=(C) 18.1~22.2 18.0~22.0 18.3~22.0

pH 8.2+ 0.3 8.2+ 04 84+ 0.3

A3 (%) 33.2x0.5 332+ 05 33.1+ 04
DO(me/ ¢) 6.8£0.5 6.7+ 0.4 6.8+ 0.5
NH,~N(pg-at/ ¢) 19.1~24.3 22.71~26.0 20.5~45.3
NO2-N(pg-at/ ¢ ) 1.3~25 11~ 23 1.3~45
NO3-N(pg-at/ ¢ ) 3.8~9.3 43~82 3.1~235
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E 14 B2AT I BE 2T 24

v} &F Al 7H(h) dzA A z=A TEREZ
0 980 1000 1010
1 1000 1100 600
2 1150 1200 620
6 2010 1400 0
12 5200 1700 0
18 9700 2400 0
24 21000 6700 0
48 69500 70200 0
60 150000 210000 0
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S ddos sta 2y SAste]l 1024wi71A B4 S 96 well
microplatesell ZFE|7HE ZF wellell 50p# €L 294 = 349 ALA
&5 7heto] 120 sk vigetdA AFETIES] AE o5 HEs3
o aea 2v AR 34| ALA &9 10% tAo® AFEPLSS HF
tol 2t FEollAe] AFETFT] AFEAINS SAsEI HEAlv 5
w2 stirring3FA 3L 582 WS Wkl S AAHAL A el
1% trypan blueg 7 wellsol 10002 sdstAl H7tste] £33 &

ALA 343} Bk AFEpleS AR O F5 d7AS o

gato] SAskAt

ol

o] F=7F1 MelA 30 mM9] A5 AZAIRE 10702 A~
A7 @A AFEAZE F dlen 15 mMolA 8 mMel FERS eI =
& ol A AN 50%0)/de] AT AFEEAL, 4 mMe] TR
d A 1A A& A 7Fed AE d& & ASATh 1 MelA] 4 mM9)
TS Azl Hag 241k Aol oste] ~FX]gte] AL 7}
T Ao YElEth 1 o] gA o= AEANA Y WIET F43] A
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4. 2FA 7450 oA ALdAel g 4 2 A5 &I (in vivo)
7h 2FAT Y] oA A A e o E

- olfF AHF 3L ALAS] A 1 2078 25gH %9 HAE AP 27 F
T 1728t =33 Ao A AgEtEA AT 12
of A& u) 3] 13] 10ppme] BE==2 ALAES Hgste] 357 AFS3af
i, AR 2¢ v Hole dEulALR(EP, olAlF 3%: 15g)el 10mM
o] ALAENE Iml A BF & (1.67mg/day) AFA A Folatd s 357+
ARSI o] 7|7kt AF2TE AL AT E FAETE AT
o At AT For ARITHIGAIEE ALA A2lgle] Az AL

wESE W oR gtk A9 AAA T, 2A7ke] AT Agels BEE
FRE $7 270 1 49 1 49el mE NS HASGT 284 0E
o $2£ 20T A58 FA5A 4% 43} ALAZ 3T %o A58 28
o 7] 7ol ol@ MEgo] 85-05% % th2Tel 45%0] vlake] A5 P

A7 % Qe Ao dehith o] AuE vtor ALA A7Reld 9§ A
9] Aol AIEE Tbsd Aom wete] Hit



¥ 16. ALAA ] we 939 A543 23

ALATo] AgolAF  AFTHAAL  BEE(%)
) =) H 201 100
AT 201] 100

R E= 207 100

¥ 17. ALAAE ASEA Y 2F275 A9 el A o4

g 7 33

Aol we Ares YES

7 10 12 14 (%)

29
ALAROY A9 <19 %
oAA4 0 1
=1 4] H]j 20H] 0 0
3T 207 0 0

o
o
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85
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¥ 17. Scuticociliatida 728 dx19 ALAAE wE X587
724 019 7 ¥ Ay Ao wE HAv S A&
o] A 4= 3 A2 4) 7 10 12 14 17 (%)
8T 30v] 0 0 0 2 1 0 90
2 307 0 10 8 3 3 0 0
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@ X = 3. &2FAI ZE X AT A&

A EFA1, 20008 59 64, XFFAE HA &

FET 200 - 250 go WA oF 8000mE F&E FAFeIH vid
10-15v1 ¢ g2 7} 2F A7 9] el olal #HA 2T AlSFE 25
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