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Extraction of antifungal substances through

the mass culture of Amphidnium carterae

Jong Souk Kim

Department of Interdisciplinary Program of Biomedical Engineering,
The Graduate School,

Pukyong National University

Abstract

Marine dinoflagellates produce diverse bioactive compounds in which
amphidinols, antifungal and hemolytic compounds. are known as natural
products from/the genus Amphidinium. This study was' conducted to separate
and purify ‘the amphidinols (natural anti—fungal substrates) in marine

microalgae Amphidinium carterae.

A. carterae‘ strain “was grown unialgally in f/2 medium and the culture
processes wereseparated by the preservation (stock culture), the middle
culture (15 L) and. the-mass_culture (over 300,L) systems of Fisheries
Science & Technology Center, Pukyong National-University. When the cell
density in mass culture reached to peak at 100 X 10* cells/mL, it was

harvested by the auto—filtration (using Synopex membrane filter)system.

The concentrated cells were extracted and separated into the first
antifungal substance with MeOH, CHCl3, and BuOH treatment methods,
separately. And then it was separated by 60 %, 85 %, 100 % MeOH using
the ODS—Q3 column, and purified it by using a Sephadex LH—20 column.
Finally, the fractions having antifungal activities were chromatographed on a

RPAQUEOQOUS column by the HPLC system.
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During the above purification procedures, antifungal activities were tested
by a paper disk method against Aspergillus niger. In these processes,
antifungal activities appeared at first in the elute of 85% MeOH extract on
the ODS—Q3 column and showed clear responses on the elutes of large

peaks of LH—20 column.

These results mean that amphidinols showing antifungal activities are
produced from A. carterae strain of Korea and the more detailed researches
should be anticipated on the structural analyses and applications to the

biological and medical sciences.
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Amphidinium spp. 2%E #8%¥ Amphidinols 7]& XA 2}
v A3 "g&E ALVde e g e r FEUNL et
(Ishibashi and Kobayashi, 1997; Murata et al., 1999; Paul et al.,
1995, 1996, 1997; Satake et al.,, 1991), o}&7}A Amphidinols2]
A stel Aust Bae glow, abgdste]l ¢ Qo ® fEAale]
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AL Sl
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2 Am 2 Y
2. 1. Amphidinium carterae® vjFz73 &

2. 1. 1. v Az
2 AFelA AFE® Amphidiniums 3t 3 PAIERF 29
(KMMCQ) o] A #oF v 5391 Amphidinium¥ 71& 2324 B
=9l Amphidinium carterae®]th. KMMCCo| A #oF Hke 52 &
2k

Amphidinium %% A. carterae 2%, Amphidinium < 3 %9]

=

, A Ao A B-583 QY Amphidinium carterae$; Table. 1<

Fastel 9% A

Table 1. Amphidinium /strain culture information from KMMCC

oo KMMCC Culture Information
pecies Temp. Light | Salinit
NO. Media g i k Y
C (lux) (%)
Amphidini
MpAIGInILE 551 /2 20 80007 | 30
carterae
Amohidini
fpRiamtm 550 £/2 201 3,000 | 30
carterae
Amphidinium spp. 553 /2 20 3,000 30
Amphidinium spp. 578 /2 20 3,000 30
Amphidinium spp. 1506 /2 20 3,000 30




2. 1. 2 wix A

FEAQ N WFS AL A WA Amphidiniume] 39

2 7P & o]8E 5 e WMiAE A stojof o wiA A= S

s WiF 7|7 7Y, Wik &%+ 20T, 2% 3000 lux, FF7]+=
14@L) - 10D)o=® s3len, 7] HF WEE 3x10" cells/mLE
AT AFEE WX & /2 WA KW21, E3e]5 37FA|olH, 7zt &
FHEE A= 1 L flaske]l 500 mLA ¥o] Autoclave® Hf 2] sf
o] AFE Stk A 542 Hemacytometers ©] 830 338hav]

e B9 A% Assts wpEe gk



Table 2. Composition of the {/2 medium

Component Stock Quantity used (1 L)
NaNOj 75 g/L 1 mL
NaH, POs -H, O 5 g/L 1 mL
NaH, SiO; - 9H. O 30 g/L 1 mL
Trace metal sol. - 1 mL
Vitamin sol. - 0.5 mL

For 1L stock For 1L medium

Table 3. Composition of the KW21

Component Stock
Nitrogen (N) 49 g/L
Phosphoric acid (P) 0.4 g/l
Other

Vitamin mixture ‘ B1, B12, Biotin

Boron, Manganese, Iron, Zinc, Cobalt, EDTA, Amino acid complex

Table 4. Composition of thewcomplex fertilizer

Component Quantity
N 21 %
P 17 %
K 17 %




2. 1. 3. HA wjF 259 A&
Amphidinium strain B%Fe] wjx] A% Aol AyE #H
47 ARl /20 A& o] &ste], HA wlef 28 AES €] 93

=
4Ye Atk xel WE Y AP AS Y 2E T4
A

E
o
gl
do BN
2

15C, 20T, 25T, 30C= sk3lty. A&l w2 478 dde 4+

TS 15 %, 20 %, 25 Y%, 33 %= SATE 1 &) 9 wit x=

& uleF 71z 7Y, 2% 3000 lux, FF71E 14(@0L) : 10D), =7

3x10* cells/mLZ BF T3 stk A2 vix|=

flaskell 500 mL# o} -Autoclave@ Hit A 2]slo] Al

A=A wA A A7 o] Hemacytometers ©| -3}
o,

Eg AR ASsart. L5 A8 Frloae dRe



2. 2. Amphidinium carterae® EAAESHA A
B oAFo AEH wAMZEF Amphidinium carterae®] KMMCCE
BEl 8ok vro Amphidinium 5strain®l] tfdt A &3k BEApAEEA 9

A= detstr] s (F) dAvel 4 9% skt

2. 1. Genomic DNA
O o2 &= AASH] "H“BH 4,000 rpm, 10 i+ &<t 4o
@ 45 NE& AASL Pellet & 1.5 mLFHE] AT & vl
s3] AAsH] &l 8,000 rpm, 5 & F<F A s},

NS A Astal Pellet ®F %1 % Extraction solution (0.8 M
LiCl, 0.6% SDS, 10 mM EDTA, 0.2% PVPP; pH 9.0; Hong et al.
2005) 500, pL, A —Mercaptoethanol 20 uL, Proteinase K
(Bioneer, Korea) (20 mg/mlL) 10 pLS Y=t}
@ Heating block °lA 55T, 10 & FF NS A
A Aol F
® WFI (4TC)elA 1 A3t RESAIZIHA dAsH 1t o2 4o
.
® Ax =S AAsH) Sl 8,000 rpm, 57F A F A5
400 pL& MEL FHE &It
(@ Genomic DNA & HAA717] Y8l 3 M Sodium acetate (pH
5.2) 40 xL8 100% Cold ethanol 800 L& ¥, 12,000 rpm,

0 ¥ ek At

['UO

71MA oF 3 el &

of

—

NEMS A A 70% Ethanol 700 xL& 91 9oldlz FAA
HA 4ol DNA fiber 7} A71E=AE &g %, 12,000 rpm, 5 &
ek A4l

©@ FFHE AASI 2hds] A4sk &, dot 9l Ethanol & I3&



o]-&sto] ks Al Azt

d2ollM 10 23t F4& dolA Ethanol & €4313] AzAZ0H
@ TE buffer (10 mM Tris—HCIl, 1 mM EDTA; pH 8.0) 50 gL
¢} RNase (4 mg/mL) 2.5 pL& ¥ %, 37C, 30% =<k dk-gA121
.

@ 1 kb DNA Molecular marker 1 gL29} FZ3F Genomic DNA 1
1 L5 Loading dye 1-5 pL8 # A2 3 1% Agarose gelel 50
Vor 601 ®7]9-Eettt.

@ GelDoc (Bio—Rad, USA)E ©]83}%] Genomic DNAE &<lsto}
@ NanoDrop 2000 (Thermo Scientific, USA)ZE o] €3} Genomic
DNA?9 =22 =43},

@® NanoDrop °o.% SAH s&5EE FE3l9] Genomic DNA 9 FH=
F57F 50 ng/pLol HEE TE buffer & o]&3to] 348}t -20C
of Al H iy,

2. 2. 2. PCR 3FS

D —-20Ceo) HITZFR20 plL €32 AccuPower PCR PreMix
(Bioneer, Korea)olA “FHE IsoFreeze PCR Tube Rack
(Bioneer) ol Z%+=

@ HHo| 3A¥E Genomic DNA 1 gL, 5 pmol Primer 2} 1 xL,
DEPC-Water 17 p¢LE& #d=Z Witk 2 AFelA AHEH Primer
Z3%2 Table. 59} 2t}

@ sgsto] 7 A ds] A =, vbE A7EA] IsoFreeze PCR
Tube Rack °l ZZo}&t},

@ PCR 714 (T100™ Thermal Cycler, Bio—Rad, USA)e°] Table.
63 #o] PCR xS A3ttt



® “Run” ofo]&& =42 Lid ¢ ®WHS Rack ¢ &%7F 95C=E &&
Z w7 71 &, “Pause”  ofolF&e =Y WHE& YAl AAAK
t}.

® PCR 7|Alel FEE 23 “‘Resume” ©ofo]&S &7 WS 23
A7t

@ PCR ®bgo] FR5W 1% Agarose gel oM H719F5= A8
PCR SFAHES] #F, &3t FFiE9 7], SFA=Y 4 5=
GelDoc & ©o]g3lo] gelste] PCR W&o ¥ o5& dddsicl
AccuPrep PCR Purification Kit (Bioneer) & ©]83}%] PCR =%
2hEs AA s

@ 1% Agarose gel °|A A7FEste] A€ PCR FHFA =S HF
glstal GelDoc = ©]&8l oJu|x| & & J=ih.

Table 5. Gentic analysis information and PCR primer information

Species Target Region Primer Combination
Amphidinium carteraée LSU rDNA igg g 1 i:gg_?ig 3R
Amphidinium KMMCC—-550 LSU rDNA igg B}E:gg—?igiﬂ?
Amphidinium KMMCC—-551 LSU rDNA igg g ii:gg—?igiﬂ?
Amphidinium KMMCC—-553 LSU rDNA igg B}E:gg—?igiﬂ?
Amphidinium KMMCC—-578 LSU rDNA igg B}E:gg—?igiﬂ?
Amphidinium KMMCC—-1506 LSU rDNA igg gii:gg—?igiﬂ?




Table 6. PCR information for gene analysis

Temperature Time Cycle
Initial denaturation 95T 3 min 1
94T 30 s 35
Cycling 55T 2 min
72T 2 min
Final elongation 72C 7 min 1
Storage 4T 0

_‘]0_



2.2.3. 97194 Au A4 9 ABS 44

719 AE Ad 9 AsTE FAst] el BAE 7149 A
HE Macrogen Online Sequencing Order System©]A ugwto}
Biological Sequence Alignment Editor (BioEdit) v7.2 X=Z 713
(http://www.mbio.ncsu.edu/bioedit/bioedit.html) =  ©]&-3}4 dy
Strain® 9719 A H Contigs "=t NCBI BLAST Search
(http://blast.ncbi.nlm.nih.gov/) & ©] &3] 5FH T3 FAIEE H]
W3 T Molecular Evolutionary Genetics Analysis (MEGA) vb5.2 X
233 (http://www.megasoftware.net/)& ©]g3sto AFTF+E At

e,

_11_



2. 3. Amphidinium carterae®] t=F vl ok

2. 3. 1. F73AY X v ES &3 i vl

Amphidinium strain W&z g5 Ao A3E ngow F/24|
A& o] g3t Amphidinium strainge WS Wl FERE EF
strain — Cell culture flask (30 mL) — Culture flask (100 mL)
— Culture flask (500 mL) — F#FEA8E &= (20 L) —» F7F &

=
AE Sz (500 L)E <xAe wok FE =72 S3stdc (g
=

ol
12). FR7F 2 S22 252 wjokw 9

=

Amphdinium
Strains

(30ml) Stock Culture (100,
500ml)

Water flow generation Water flow generation
type water tank(500L) type water tank(20L)

Fig. 1. Culture steps of Amphidnium carterae.
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2. 4. Amphidinium carterael XA 8 EH

201 FX olaro® wiek®l Amphidinium carteraeS 2] o] v}k
%] (Synopex membrane filter) & ©]&3}o] 12} 555 3 & AHE
7] (Hanil MF600, 1800 rpm, 20 min)E o] &3] HELHo0ZE 5=

ssich.

I A7 Amphidinium carteraeS 5= 891, 53 @A) U

T= i 187 X 10* cells/mLelgitt. 13 ==
e F A=

3

o] g3ty Amphidinium carterae®] WU¥AS 1/202 &=
stAEHY. I % AAARHIE - ol&ste]  Elg
Amphidinium carterae®] TAA 825 SRS

_13_



2. 5. Amphidinium carteraeZ5¥ &4 F&

2.5. 1. & 9y

@ MeOH F=

BEAAE 100 ¢ @& HPLCE MeOH HPLC grade, J.T Baker) 2 L
£ o]g3sle] €3] 3+ F Ultra sonification (SONOREX SUPER -
RK106, Bandelin )°% 60% <t FEs3th. F& F Filter
paper (TY2—110, ADVANTEC)E ©]&3}o Residue® Az 4l
A7 W Residuex MeOH 1 L& 0]%3}01 g s *= Ultra
sonification®. % 60& &< F==3}9t}. == F Filter papers ©|&
3to] Residues 13 ¢ A&yl H 5 A 02 MeOH FE=2 W34
°Fs27] (Rotavapor R—114, BUCHD = ©] £3lo] MeOHS A A3k

ol

@ CHCl; =

MeOH extraction IS AX 4 A5+ 40 % MeOH 200 mL
o g3 st = CHClg(HPLC grade, J.T Baker) 200 mL¢e} 1:1% ¥t
S AZIY. 1 % 40 % MeOH¥} CHCls= & A17]7] 1 L ¥ Zuj
15 AR&3sto] 213 o] WA|skgith 14 #3 % 40 % MeOH+ 1
3] ©] CHCIl3 100 mLel ¥bg AIZ1 & #3 Zu7]E o] &sto] 9
stk wpAEte 2 40 % MeOHT2 XA ¢s=5715 o] &35t

MeOH¥ H,0& #1713ttt

N

rlo

_14_



@ BuOH F+=

CHCl; extraction 4 E A 4 A5+ BuOHMHPLC grade,
J.T Baker) 100 mLel| &3 st & Water (HPLC grade, J.T Baker)
100 mLE 1:12 Hbg AFHY. 1 & BuOHY Waters =3 A]7]7]
913 500 mL 4 Zuj7]E ARgsto] 2417 o] WA sf

3 3 Water

oy ¢
flo il

13 © BuOH 80 mLell ¥k& A7l & ¥ Zo
it mAEg o ® BuOHZTS Ae8dsEF71E

g3lo] BuOH® H,0E Al A8t}

]
5
ofo
ol
ol
2
M
‘] (

(e]

A. carterae
CHClI, Water
MeOH ~— Filtration 40% MeOH | - BuOH — BuCH
extraction
Residue CHCIj
MeOH Crude
extraction Antifungal je———
| substances
Filtration. =

Fig. 2. Diagram of extraction steps.
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2. 5. 2. A ¥
@O ODS—Q3 column processes

BuOH extraction #g& AX #4 Alg+ ODS—Q3 column(l X
25 am) & ©]&3to] MeOH(HPLC grade) &7 wxo] weh A 543l
ot MeOH &4 Z}7+e] 5%+= 60 %, 85 %, 100 %°ol™, WA 100
% MeOHE ©]&3l%] ODS—-Q3 columne 1A1ZF F<F Aol gt
1 % 0ODS—-Q3 column®l 60% MeOHE 100 mL &8 9
ODS—-Q3 column& 60 % MeOH=Z ¢ AlZth. ODS—Q3 column
of NEE FYstal 60 %, 85 %, 100 % MeOH 50 mL % Z&]Fo]
Z}7}ol Samples A3 skQlvh. mRA# o= Z}Zko] Sample Paper
disk Method& ©¢]&3to] dAFFoldS EASATE 97|14 Paper
disk Methode®l] AH-8¥ 5380l Aspergillus nigers Ak-831it},

@ LH—-20 column processes

ODS-Q3 | columne " & F&aFolde] =l = &4 ARE
LH-20 column(1 x50 cm== ©of&3ste] Attt WA LH-20
columns 100 % MeQHE ©]&3sto] 1AIZF 5t AUy, 1 &
LH-20 columnel Al&& - F¢etal 270 nme 3oz 100 %
MeOH (HPLC grade) & 0.4 mL/min® Z#5F0°] 72479 Samples 2
mLA A T 24429 Sample ODS—Q3 column processes$}
nhxk 7FAE Paper disk MethodE ©]&3te] da3oldS &Rlste]

FEFolgol EASE TOME Aol AFALEFIE ol g5l

-

_16_



@ RPAQUEOUS column treatment

LH-20 columng & TFolidoe]l 2l #HA FAH ANBE
RPAQUEOUS column(1xX25 cm)S o]&3te] A AT A
RPAQUEOUS columng 100 % MeOHZE o] &3sto] 1A E<F Ao

Atk RPAQUEOUS columnel AlsE T3t 40T, 270 nm9
HJZoz 75% MeOHE 1.0 mL/minZ =859 Z+ peakdE=
Samples A s}t vpAH oz 779 Samplee Paper disk
MethodE ©]&3dto] Fgolds FRlste] HFHoz &3 =45

QA

Crude
Antifungal
substances
oDs-Q3 . 60% MeOH RPAQUEOUS
Column Column
85% MeOH l
Antifungal
—{ 100% MeOH substances

Fig. 3. Diagram of purification steps.
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2. 6. Amphidinium carterae® AWl E-A
AAbs FA7] e AU AFs G AT A 49 F 53
T 20 gl FREEEXF Q) WEE(1) £ 80
I % YA 0~10ToA 12A17F "X
FAFERZ %713 DW 50 mL& 9o ¥4 F & & &
wA 40TCoAA HAdsFeadnt. AW 25 mgs
0.5 N W&g&4d FAsUEES 1.6 mLE 7hstal AAaFxs)

2 100TCoA 587 7testa Yzt ¥ 14% BF3 2 mLE

AR TS A O - u
N % O
2, o _0|L >

$%

i)

.‘ﬂuﬂ

-iol‘l\liﬂﬁ

A
N
)

L
mL= 7]'61'0

=)
o o
o
N
)

& o =
i

o

>

[N

lo

J
-
of

¥ To3ESSE S5slo A 64%0“05' A}%o}oﬂv}
7] 'GC—FID <thermo/USA>°]™ sp—2560(SUPELCO,
100 mx0.25 mmx0.2 m) columns AF&3 ]’oﬂﬁ} TIH 25+ 26
0Colx ¥ 2%+ 140TCelA 5&EF 4 F 3C/ming H&=E
240C7HA] 255 A7t 4087 AAEAT. HEVILEE 26
ocolw, F#e A4 1.00 mL/mingth. FAME. Mix C4-C24 100
mg, Neat (SUPELCO) =-18919—-1AMPE ~STANDARDZ AR&-3}3iT},

A

(i
-
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3. 2%
3. 1. wik=d 2+

3. 1. 1. wiA el wE s

Amphidinium spp.2] WA 3
gt A5 5709 strainellA 4L AEC] B 0418 7P =& ]
2 B, KW21HA &= dd AddEe] Ht 0.38=% /2w ¢} v sk
5 B SeHlE miA = /20 oF KW21ujA| B} ot

f

o]
2

KMMCC— 5534 /2% ¢ KW21H]#12] AaFgo] Blsabi).
2t R ke A %’l‘% <ol mek Zpe]7F 2= SIAIRE F/2u1A] ol A
e o 7Hg ““WOIE} Gk, wj gl R AR A /209
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Fig. 4. Growth profiles of Amphidinium spp. in the various culture

medium.
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Fig. 5. Growth profiles of Amphidinium spp. in the various culture

temperature.
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Fig. 6. Growth profiles of Amphidinium spp. in the various culture
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3. 1. 3. Straind 4% 183

7y Amphidinium  straing< ¢ 39~8YU  Alo]o] 7]
(Exponential phase) & 7FA+= ZAoZ eI, 88U ~ 12U Afo]e
7M=& UEE YehlAA A7) (Stationary phase) & YERSG]
.

7t straing 9] A 5A4E AR 27 AFFo] Aoz H3
AT KMMCC—578 strain®] H]lw 2] w2 WEE
A =& UEE Yetd A, carterae$t Wlastd HF
KMMCC—578 strain®] &t 34>x10* cells/mL% 2
KMMCC—-5783 A.-carteraes A £sh & 4572 straing> H|=
st A% JH=E Uetdler, & strainge]l ¢ 54 AAVIE 7t
A= Zol Hlell A. carteraed A% BA 717 HAE $ 84~1049 3
Az F2 Helrh
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3. 2. #AAESA &4

Amphidinium 6 7§ Strains & LSU DIR ¥ LSU D3B ¢ Primer
23S o]gsted LSU rDNA %99S PCR FTZu. 1 d3}
Amphidinium 6 7§ Strains o1& EF 3O % PCR F3%0] o]F 9
2 Aoz FRAHgn

LSU DIR ¥ LSU D3B ¢ Primer &%l 93 PCR +%H A
caterae °] 971X L4& F 807 bp 7} +4 %S NCBI 94 BLAST
Search & AA3 Ay, A, carterae SM10 (GenBank acc. no.
AY460579), CCMP124 (AY460584)%2 100 % HAIEE HAU
LSU DIR ¥} 28S—1483R ¢ Primer Z&°] 93 PCR 3¢ Yt
A Amphidinium 5 78 Strains ¢ 97|49 & 1268 bp 7} A5
A ol BEF 100% FAFRE HIth

BXE Amphidinium' 6 7 Strains & 55+ Amphidinium carterae
9} &7 100 %°] Bootstrapping value & 714w 7| 27]353 o
b A% BE Amphidinium Strains © A. carterae T B3R

.
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Fig. 8. Genomic DNA electrophoresis of Amphidinium strains.
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Table 7. LSU rRNA primer information and PCR result of

Amphidinium strains

. LSU D1R-LSU LSU
No. Strain No. D38 D1R-8S-1483R

Amphidinium

1 P o x

carterae

Amphidinium

2 KMMCC-550 © ©
Amphidinium

8 KMMCC-551 © ©
Amphidinium

4 P o o
KMMCC-553
Amphidinium

5 KMMCC=578 © O
Amphidinium

6 KMMCC-1506 O O

Fig. 9. LSU rDNA PCR result using LSU DIR
and LSU D3B primer combination.
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Amphidinium KMMCC-576 LSU rONA
Amphidinium KMMCC-1506 LSU rDNA
Amphidinium KMMCC-553 LSU rDNA
__ |Amphidinium KMMCC-551LSU rDNA
— Amphidinium KMMCC-550 LSU rDNA
A carterae MLP-MO59 L3LU rDMNA

o[ A carterae C3-740 AY460578

A carterae CAWDS7 AY460583

o5 | =3| A carteras SM11 265 AY460580

| |A carterae SM10 255 Av450579

| Amphidinium carterae LSUrDNA |
A carterae CCMP124 AY460584

00| (A carterae CAWD22 AY460531
|_|A-carterae CAWD23 AY460582

' A carterae CCMP121 AY460585
ga| g1l A carterae K-0654 AY455669

L A carterae CCMP 1748 AY460586

1o [ A massartii AKLSPO1AY460588

A massanii AKLV01 AYA60589

22| A massafiiCCMP1821 AY455670

A Klebsii JL9 AF260331

|-.A trulla K-0657 AY455671
120’ A trulla CAWDES AY460594
A gibbosum S1-36-50 AY460587
I 100t A gibbosumCCMP120AY455672
-.:-:.[A steinii SM12 AY460593
A lsteinii SMAT7 AY4556T3
[A herdmanii K-0655 AY455675
vao [ A mootonoroumK-0656 AY45567 6
£7-A herdmanii MFJS AY460595
A incoloratum AY455677
roo— A operculatum SMOG AY455674
|_|; operculatum CAWD42 AY460590

120( | A operculatum CAWDSS AY460591
#5' A operculatum CAWDSE AY460592

in

ToD

o
i}

=]
e]
im

Fig. 10. Dendrogram of Amphidinium spp.
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3. 3. Amphidinium carterae® t= v}

T2 A v S 3 dFel 500 L AE 7HA 5579 Al
kol eQskgint. 20 L & weke] A %=7] W& 50 x 10
cells/mL L FHFAOZ 187 X 10* cells/mLe Ho UEE B
th 1493 wiks 710 = sho] 0.709] A3t AEES Bl

500 L 7% ®ieke] A9 %7] dxE= 15 X 10* cells/mL$3 1L,
TAHo7 78 X 10" cells/mLe Ho WEE HAT 1497 wjek
7102 ste] 0.519 U3t AES KAl

20 L9k 500 Lo wiek< vlag sfof B 20 L qrRe] ik (187 X
10* cells/mL) el v}&Fte] 500 L F5 2 (78 % 10" cells/mL) ]
A FHE LT Apo)7F AA YrERRLT.

W)

tlo B
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Density(x 10°Cells/mL)

1 2 3 = 3 & 7 8 9 10 11 12 13 14

Culture-period (days)

Fig. 11. Amphidinium carterae growth curve on 20 L culture volumn

(@ lag or

induction phase @ exponential phase @ stationary phase

@ death phase).

00
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3
& 40
=
[}
=
g 20

=

T
%

1 2 3 4 5 B 7 & 9 1060 11 12 13 14

Culture period (days)

Fig. 12. Amphidinium carterae growth curve on 500 L culture

volumn (@ lag or induction phase @ exponential phase

@ stationary phase @ death phase).
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3. 4. Amphidinium carterae®l +AA S FH W ST Bl

gteloj et A= 01%0}01 Amphidinium carterae & &% st 4
¥ 100 Lo wigd= Hd 5 LA 55 & 5 AN E}:l?— gt
W% 180 % 10° cells/mLol el w €14 Rg2 o] gaho]
2 5= AASA HH 1.08+0.08 g/L B4 AEE g

A} w2k 100 L ¢F 100 g9 Amphidnium carteraed w4
ANRrE R 5 Qi

—

Table 8. Amount of sample by culture volume of Amphidinium carterae

Culture(L) 112 60 96 112 112 192 192
Amphidinium
wet weight(g)

110 29 101 121 105 221 229

Table 9. Compare antifungal activity of Amphidinium spp.

KMMCC KMMCC KMMCC KMMCC KMMCC
A. carterae
-550 -551 -553 -578 -1506
ODS-Q3(g) 0.1325 0224 0.1289 0.1167 0.1287 0.1089
Antifungal
. ++ ++ ++ ++ + +
activity
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Fig. 13. Concentration of Fig. 14. Sample of A. carterae.

A. carterae.

A. carterae KMMCC-551

KMMCC-553 KMMCC-578 KMMCC-1506

Fig. 15. Antifungal activity of Amphidinium spp.
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3. 5. Amphidinium carteraeZ 58 &4 F=

ODS—-Q3 column processes A% 60 % MeOH &3 100%
MeOH oAM= 8ol &4do] yehbA] kil 85% MeOH
oA Gl Aol vkt

LH—20 column processes A3 3~7WHHA sampleol| X 3&H3o]Ad
e 91 & AT 2 9 yHA FEReAE el &3 oglal
o Fergold AL AR FYSel we 2= A7y sample
o] ol W7k lSla, AdelA Fdold e Hole sampled
109 A o] o] kol 253 4 i,

RPAQUEOUS column treatment ¥} A|zkefme} o5 W& FH/
o] peak”} #HE HAY. 7  F /9] peakolA &gl &4 o]
w2 Huoh 2 819 peakolAlE FEFold Z4do] #F HA %
.

LH-20 | columngz|l ZHAGolA=  2.0737 mg/Lel crudest
Amphidinol' £4& ¥ 7+ Ui, RPAQUEOUS column’d Al 7%

o Bal 0.2655 me/L(F 279 FEBoIA BA)| £5e FEB]

|
f

=4s 9= F S

o
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Fig. 17. Antifungal test through LH=20 Column.
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Fig. 18. RPAQUEOUS Column result(+: antifungal activity).

Table 10.  Comparison of antifungal substances volume of
Amphidinium carterae
Amphidnium RPAQUEOUS
Culture (I) ) LH-20(mg)
wet weight (g) (mg)
1: 21.4
112 110 154.7
2:4.7
60 29 35.2
96 101 100.6
112 121 124.3
112 105 937.0
192 221 232.3
1: 44.3
192 229 232.5
2:10.3
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3. 6. Amphidinium carterae® AWl E-A

Amphidinium carterae® A|WAF A A3l 2371A] 9] AAF AJ R0
A ¥4l ow 1 % Butric acid®t Palmitic acid, Behenic acid”’}
7V wol i ¥ itk Butric acide]l A 22.15%, Palmitic
acid®] A$ 22.50%, Behenic acid’} 13.26% <ttt 1 9
cis—5,8,11,14,17—Eicosapentaenoic acid 17.38%, cis—
4,7,10,13,16,19—Docosahexaenoic acid 13.91% = W2 9k&

e b it
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16.96
!

13.67 -

Fig. 19. Fatty acid analysis of Amphidinium carterae(GC).
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Table 11. Fatty acid analysis of Amphidinium carterae

Analysis AVG. S.D
ButryricacidCao 22.15 0.84
UndecanoicacidCiio 0.31 0.05
LauricacidCizo 0.15 0.02
TridecanoicacidCizp 0.46 0.02
MyristicacidCiao 102 0.14
MyristoleicacidCisa 0.46 0.09
PentadecanoicacidCiso 0.29 0.01
cis-10-PentadecenoicacidCis 0.00 0.00
PalmiticacidCieo 22.50 047
PalmitoleicacidCie.1 0.68 0.04
MargaricacidCy7. 0.36 0.01
MargaroleicacidCi71 0.13 0.01
StearicacidCisg 1.96 0.10
OleicacidCig1noc 1.47 0.05
LinoleicacidCigonec 0.63 0.01
ArachidicacidCzg0 1.50 0.01
y-LinolenicacidCig:3ne9,12c 0.29 0.02
LinolenicacidCigi3ng12,15¢ 0.10 0.15
cis-11,14-EicosadienoicAcidCyo2 0.10 0.14
BehenicacidCyyg 13.26 0.38
cis-11,14,17-EicosatrienoicacidCy:3n3 0.83 0.01
cis-13,16-Docosadienoic acid C22:2 0.07 0.09
C|s—5,8,11,146%;A%%§8?5%e3ntaen0|caC|d 1738 0.07
ds-4,7,10,13,16,19-Docosahexaencic  add (DHA) (22:6n3 1391 0.33
TOTAL (%) 100.00
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AAl e Fu| ATl #E Aol FkHEL e, 1 F P T
W Sl woke vAERFE ol &E vlole fAo|ty I HF o R v

75 o] &35 Ay EL A AU vFH oA FE
B Ha Qoew I F  AmphidiniumES.Z5¥  Amphidinol¥}
Amphidnolide”} ol&] s},

Amphidinol®} Amphidinolide® F% Wi = Amphidinium®]
3 ¥ AFolM Amphidinium carteraesb= 3 F& tiow Foavt
Flask =2 #jFel A58 20 L, 500 L7A tigkjkd 5 S3s)
At doF mAFzF 2o RHEY FoF WS Amphidinium 492 3%
o] |ZLE Al carteraeZ A E ol H&St Amphidinium spp.2] Wi<F
o tigk ATE FH & T UATH

Amphidnium spp.2)| B BlSFA] /28X 9] oA Heto 7 KW21
o HEHE B $E8] Jhsstthal A Ev. Amphidinium spp.©]

A% te dudel uazR HHOWJr W58 2719120~ 25C, 33

i

Tl A 7o) TPk S ANk &7t Flaskvl el 5% 20L
o i BAY FrelM D AR 0.709 naste] A HAE
o] 0412 ol wWeith Zela ok 39 ~ 84 Aolo] %]

(Exponential phase) & 7HA&= o2 YEla, 8 ~ 1249 Afolo

7S =2 UEE YERUWA QA7) (Stationary phase) & ol 20 L

TR HjFoly 500 L arE ik wdskAl vt 2R R Al

kAL B4 A7 FRE 3 MZy A7|= ok 7o) At

Rl tj<=7]ef sh= Zlo] Evha wekE

< A. carteraeZ WA ETHOZ wHEHA T V)EC] A4
o

a7 tr27] wW&Eo 2 Amphidinium strain ®FoF A3 Fo) 7}

.
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3 20 L 75 o = WAl A. carterae?t KMMCC—15065 Al
Sty Atz H UEE FA Hopo] wjcke] A9 siqin.

A. carterae® TAARE R Ste=d o] B2 ool A
7l AzE 55 A AH| 7 = A O}O} e ddEgrE
AHESEEH w5 &8 Al ekskut o] 5 Fhejojyte; Al AH]

2 =l o] a&o] Frtslth. 20 L &
oA Ho Ui® v HAde (187 x 10* cells/mL) 1 L& <F
1 g9 &4 AN8E &5 & F Aok ¥ 500 L & v 74
Hol 2 (78 X 10 cells/mL)+= Fol WXk #4 A8 T 6}{—
ol Qlol Wi &5 A1aE Av|7y dod SEs] ke 77 vk
ek o},

FEEAE FE B AAE HE . 0ODS-Q3 column ZH ol A=
85% MeOHe &304 el F2 H3lx, LH-20
sk 27] He =4l FagolA
ODS—-Q3 column ¥7go]u}

Fo]AdS 71X Q)= ZF sample vt}

o

[
juiit)
o

32

i
—

column )M = column
EZo] &g\ H3u}. vk
LH—20 column ¥4l

wao] vl Wkt ol &

ol
e
ofl > off
gt
ofy
-

>
odk
i

= B Alge] ok
of wet Z=g4 DAolmiA Al 27k AZAEH. HEFHoE
RPAQUEOUS columng %3] 0.2655 mg/LE &5 & A4, o
= 120 L9 wiek®l A, carteraeZ%E] Amphidinol 7S +Fg3}o
0.1733 mg/LE =3 43 (Reiko Echigoya et al., 2003) &} B w3}
M 0.0921 mg/L. W& FFo|H, 440L2 vjH A. kiebsiizHE A
Al Amphidinol 0.1011 mg/LE F=3% A3} (Gopal K. Paul et al.,
1995) Bt} 0.1643 mg/L %W X =2 7ol

B Ao A Amphidinium carterae2] 20 L 752 500 L FE2

kel AEshta, dH wMds Sl dwdolde e =d=

el
= =

~
"
e
i)
oX,
0
A9
i
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LIS

= =g A dAZA Amphidinium spp.ZF-H =)
7M1 Y= E4L2 Amphidinol® &2l FHo X1 QJ=d], ¥ Ao
A B3t E2o] Amphidinole]gta Al 8 == QA9 o] MS9}H
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sfkn M ZHF = W R X F (dinooflagellates) 258 #g HidH &
Aol ez wA 2 dokx] gl AIDSSF #HE AW X g 285t
AT7F A Fell Qlvh ol HREXEFIF v A A4 B

2 7V FEEE ddd T4 stz & o Qv

B 5= 3l Amphidinium carteraeS thAk
B AT H7FAAE AT A 23 sF vAlER
23 (KMMCO) ol HF3kar = At Amphidinium 452 A.
carterae 2strain®} Amphidinium < 3 strain® = % 5719 strains
Fok wkelty, kWSt Amphidinium strains-2 Genomic DNA 3%
LSU rDNA <9 per BFe 73 + Q71449 JH EAS 43 2F
Amphidinium carteraez 1% 31t}

Amphidinium 2] #73 WSz SS9 5] ﬁﬁ Hlj Rl A, vl oF
T, Hiek A AR RS AT ALY TES /2 HiAE AT
AT A L 0412 KW21 ¥ix9] 0.38 @3 HFH|E]
0.36tH A Jebeh -l 2% 20~25CelA o] 7H w
Fh ¥ 5 33 psudlMUHE EmS ARES UEdH whebA
Amphidinium 2 2% weks g3l 20~25T, 33 psu 183l /2814
s A gy E wjgkxzste] Zb strain ¥ A I1HZE
238k Ay 71 k" AFS Bl F& Al carterae & 120x 10
cells/mL ¢ Htoj

=
WS 9] £ AR

ko

271 A8l o= A AE FEo] H5AQ
Zolth, 1% giF wds TR Y FE2E AFE sto] Wiy
shith 20 L Rl e Ho "E 187 X 10* cells/mL, 43+ 4%
2 0.70 o1, 500 L FFEo-E 75 x 10 cells/mL, 43+ 4%
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E2 0.51 o]}t
20L JrENA s AF719 Amphidinium carterae 32 o] ¥EhaA
= °o]gste] 100 LE 5 L2 waEdnt(xt &%), 12 #5581 ARE
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25 R g F Stk

MeOH¥} CHCI3, BuOHE ©| g3} Amphidinium®. 258 231
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DNA sequencing data of Amphidinium Sspp.
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