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ABSTRACT

In this study, s-aminolevulinic acid (8-ALA), a plant growth promoter, production with E. coli recombined with
microalgae Isochrysis galbana and Chlorella sp. was added without (control), f/2 medium, &ALA 20 ppm, f/2
medium +&ALA 1, 10, 20 ppm was added and cultured for 12 days to investigate the number of cells and the
specific growth rate (SGR). In /. galbana, a haptophytes, both the cell number and SGR were significantly higher in
the experimental group cultured with f/2 medium at 2, 3, 5 day (P < 0.05). In the &-ALA added group, f/2A10 with
10 ppm of &-ALA added to f/2 medium was significantly higher than in all groups expect f/2A20 at 5 day (P < 0.05).
In Chlorella sp., a chlorophyta, the cell number and SGR of f/2A1 were significantly higher than those of all groups
except f/2A20 (it was excluded from the culture due to a test error) at 1 day (P < 0.05). At 2, 3 and 5 day, all of the
S&-ALA added groups showed significantly higher cell numbers and SGR than the control and f/2 groups (P < 0.05).
At 8 day, f/2A1 was significantly higher than that of all the groups including the §-ALA-added group (P < 0.05), and
continued until the 12th day. Therefore, &-ALA production with recombinant E. coli had little growth promoting
effect in I. galbana, but showed a growth promoting effect in Chlorella sp..
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A 35l AELA Aol Hmz oluFe ol 4
2A w7 vk sRAFTEAAYAN A H5A o]
t} (De Pauw and Pruder, 1986; Coutteau and
Sorgeloos, 1992). "|A|ZF (Microalgae) + 71, ¥]4, t}A]
vl 59 S¢ke g #AEE J¥ExF (Macroalgae) £ 2]
dn|RA oz WA 5 Qv 2/HEA THIU FAN Fo] &
214 glow, kA A= oF 400)F0] 5 FElF o] o] &
2] 9t} (Web, 1983; Benemann, 1992; Hur, 2004).
Ho| A&7 L= vAlxFE £57e Al (Brown et
al., 1997), =8217] (Min et al., 1995) W HjF A x7A
(Min and Hur, 2015) ol w2} @2}Ae}. 53], A5l A
=l e} HolBE2A A% T A= A2 PEET
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o] waleis Feol wel, shie) Alxel wAE
(unicell), 31} o]4Fe] AZZo] Jgsi wledsle] A} =
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(filament) 5 2% TE3 ¢ 1, §eko 2= Fhzto] ofeg]
Hr|RE o]&sljof gt
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ofof| Al AM-=]3 9] (Oh and Na, 2015), 3}slEofofA]

gekgl F-8EAS Akl ‘il"”ﬂ (Kim et al., 2017),
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A4 2% e ] Bask, Bo ARulEa

717t wiekatAgo] A8 =T (3], 2002).

J-aminolevulinic acid (J-ALA) = C-52] AW 313t
=24 4% 7149 tetrapyrrole A4 (porphyrin,
chlorophyll, hem, vitamin B12) A ol|A WA= = F7HE
Ao sz, hemTFE 7 2% &44 prophyring &
A, vlgpnl 5] Alx9} chlorophyll-ad] AT=AzE <A
o), 72 FAATON 2%, Teln Aol el
(Beale and Castelfranco. 1974; Ferreira and Gong,
1995). J-ALA®] A2 343H4 43 AEshd dde &
g e R o] fofA FetA Wl e R JALAS FAshs
785, AL Bateta Aaha)go] vl ik ggo]
& FAA-o] 9t} (Yang et al., 2009).

J-ALAEFEE2 AsEolAs Asdds wzA 4
A)719 (Hotta et al., 1997; An et al., 2006), 15 E A=
AzAZ ZFEF 9} (Rebeiz et al., 1984; An et al.,
2006b; Kim et al., 2006). E3t S-ALAZZELS AE2] A
4 A AR, ndRel Hd e frreel= &8s
(Sasaki et al., 2002).

upeba] 2 A4 ojulish R 5 HelAER F&H= v
AlZF<l Isochrysis galbana®t Chlorella sp.oll J-ALA%
7ol whE AR ETAE ARSI

y 3L

MZ=E s-aminolevulinic acid&JHol 2

OINZ=F /sochrysis galbana, Chlorella sp.2l 8& S4

e o U
Agol AR Al 2T orishFE ol WEE Z8E=
2l ol Chlorella sp.
£ A EFueked] (Korea Marine Microalgae
Culture Center, KMMCC, & KIOST A|Z=A4%) oA &+
okdto} Alg3lgict AdFE g+ (Control), £/2 1 mI/L
% vjA] (#2), 5-ALA 20 ppm G537} (A20-only), /2 ¥l
2]+ S-ALA 1 ppm (f/2A1) &} £/2 wj#] + F-ALA 10 ppm
(f/2A10), f/2 ¥]A] + J-ALA 20 ppm (f/2A20) 2.2 A3}
o 3ike 2 ANk AT W 1 pmolshe ofs}
3lo] peldFE s AL3LS ou:] 7+ A¥EFE= 250 mL
AR f7] EekFel| dlx2T2 A20-onlyE A3k f129)#)
FTEE 1 mU/LE 3te, J-ALAE 7 Add=E A4 &
2 A7kl 4 A E0E A Eeaaee A
ol ALgE w|A| 272l I galbana, Chlorella sp. & 27}
9,320 cell/mL, 17,600 cell/mLE AZ3loch AEd 22
23+ vk £5 20-24C, 2% <F 3,000 lux® 1247 =<k
shHA, 1, 2, 3, 5, 8, 12l AlEF9 AFES SAISI
A E4E  hematocytometer® A3l ow],
Guillard (1973) o] W82 A7FAAE (specific growth
rate, SGR) & th3 22 Aoz S48gich

IH 2 279 Isochrysis galbana, %%5

==
0%,

AAELE

SGR = 3.322 x (Nz/Nl) / (tz-tl)

A7NA, to, t12 AE F UlFL = Ny, Ni2 to, t1 L )
Axd= ot}

SAAE

ZF AFT 7F oA A Aol digk H#zt Sl SPSS
PASW Statistics (ver. 18, IBM co. 1td., 2009, USA) =%
J3-g o]g3ste] AJEAEA (one way analysis of
variance, ANOVA) & AA3le] §-9AS P < 0.05 59
A AAsRg o, foAd o] ehd Azl chsiAs AEA
< Duncan’s multiple range test (Duncan, 1955) & ©]£&

slo] o148 erdsich.
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Fig. 1. Changes in cell number and specific growth rate (SGR) by culture day of /sochrysis galbana for the addition ¢
-aminolevulinic acid (6-ALA) prepared to recombinant £ coi/ in f/2 medium, Different letters on the bar means

significantly difference (# ¢ 0.05),

(Borowitzka, 2005). F]AEF wofol|A= o2 wiAE AR
& 5 QAR Hoff S Sl ofd wjA7} HA<A] o= A
o] "A o)t} (llavarasi et al., 2011). 53| PAE=FE F
o AR shEA £ 4 g A 24 mE kb
e QA olvielF SAA S1719] 15-85%F AAIsh
vjola] 8-S =1 (Coutteau and Sorgeloos, 1992; Min
and Hur, 2015) #ljoF A|7H& ¢l HellA fe3lA A8 +

ek,
J-ALAE Ao whe 474 54 535 vehlis e
2 B33 AN (An et al., 2006a) LEEZE AR A A

2 335 e o2 4¥A 3t (An et al., 2006a,
Kim et al., 2006). & d7lx< o]2d J-ALAE oA
=% &8s FAREFC L galbanadl FEEZE 3718l
1207F wjeFs Az}, 145 AQJE 2, 3, 5U7HA] fi2vfA =
wlokEl AP Al ZES9} SGR B oA oz A4 Yeht
o} (P < 0.05). J-ALA H7FrelAE vk 590l f2u)4]<]
J-ALA 10 ppm= 713 f/2A107} f12A205 A|&)slL
Ao 7 =9kt (P < 0.05). o]2|gr A= AHwxFQ I
salbanass WA A THE ek e
o7 #ddh 5-ALAS 2 Aol Fold A, A
=2 AAS EAA]7] A9t (lehlhara et al., 2003; An et
al., 2006a; Yonezawa et al., 2015) 1552 Fofd 7
AZAZ Agele] AZolA AWAL 4 ek wase] 9

ph)

t} (Guk, 2003; Zhang et al., 2008). ¥ QAFer:
-ALA Z7P)F mlA|z25e] S4]o] 239 ﬂsﬂﬂ—:‘iﬂ 01%
-ALAV} I galbnanadll AZAZA 24595 71545 ok
Ty 2 79} Hadsle] wWRE A 2 ou|dTe] mAlE
A= f2efAl] J-ALA 5 ppme 718t vk Al, 164 ©]
FHE A% Al2g S77} EelE ey (unpublished)
71ZE vk Aol BAE £ 5 AR 183 Azl dell
A= vlagAolu). whae w272l Chlorella sp.olA+= i
F 1458 f2A10] AEe} SGRe] AlELFE aljokellA
Al 9]t {/2A205 A3 B "]Gq:rL—‘f'—‘ﬂr Aoz =
Elyton (P < 0.05), W9 29El= ZE J-ALA 3777}
T, 24875t Al E59F SGRo] 27 oA ® =7
el (P < 0.05). o]% vk 547kA] 22 sl|ls #AJsk
on, 8dell= f12A17} J-ALA H71-5 £33 e A¥
TE oAz A YEy (P < 0.05) 129714 245
oot B Ao A ALg=El S-ALAY} Chlorella sp. 559 A
AEA AZE FA ol 2belE Bolov Al 9 AFES
FAA7IH, 53] f2ujA]ell F-ALA 1 ppm"q7}7} AEEA
o At wxol Ao R Fl= S} (Jaio et al., 2017). A
=322 23 AF FAS AE BAALE (cellular
reactive oxygen species, ROS) 74l 23t 2 4= vk
siglek. & adgme] As} 44, o]2|g ROS FHael oJgt 22
2 F5T 3 3oy, B A+ FHELR eEoor &

O:

tl

c

- 135 -



Pn}
v
i

0

HERO2 MZESZ S-aminolevulinic acid&JH0l 2 OIMZES /sochrysis galbana, Chlorella sp.2l H& E4

120 - Chlorella sp.
i = Control 12 5 A20-only mf2A1 f2A10 b
S
2 50 1 by
b
a a
E 60 b
= I
3
o 40
a a
a a
20 % I
80 -
2
=
s
=
g
1)
=]
=
g bb
&
b
I 22 b
aa ? Ay
da 23 .
4 5 7 8 9 10 11 12

Culture day

Fig. 2. Changes in cell number and specific growth rate (SGR) by culture day of Chlorella sp. for the addition ¢
-aminolevulinic acid (6-ALA) prepared to recombinant £ coi/ in /2 medium, Different letters on the bar means

significantly difference (P ¢ 0.05),

Aoz Holrh AgAor Az FAA o A= o
ALAE AR 28¢] [ galbanadAe AAEA 53 0
v|slgi o}, 5273l Chlorella sp.olXs A& &35

Gehfgien], oleldt o-ALAS) Bt Fas 5 S vl
22 28T MAEROIE A8 b ool BT AFE 5

5ol AoF & Aoz ek,

2 o

2 AT+ wAlE=78l Isochrysis galbanast Chlorella
sp. ° AMxTE Atz AT AEAAESAA o
-aminolevulinic acid (J-ALA) & %7} (control), f/2#)
2], J-ALA 20 ppm, f/29]#] + &-ALA 1, 10, 20 ppm A
7hete] 12997 wioFste] AES W ATAE (specific
growth rate, SGR) & XAl &#HwxFal I
galbanalA+= 195 A|L]g 5A71A] f/2u] A 2 wljok=l A8
TF7F AE9E SGR 5 FoAew A vyt (P <
0.05). J-ALA H7}FolAE wllof 5L f/2u)A]¢] 5-ALA
10 ppm= 718 12A107} £/2A20% AlL3t FolAdoz
=3}t (P < 0.05). %573 Chlorella sp.ol|A+= ¥ljeF 19
FE f2A10] AZES9t SGRo] AFeFE wigelA Aot
f/2A205 Al9)gt 5 ARTFRY FoJHo7 A veyte
W (P < 0.05), #jeF 284E&= 5 J-ALA A7) gz

ol I galbanadX+= 3457 279+ wpagled, 5257
ol Chlorella sp.olMe AFEA a5 Ve diglch

2 A7 IR ATt Al A&
Azt AT (R2021018) Al U3lo g
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