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Abstract: This research was to examine the effects of
various cyclodextrins on the solubility and stability of
prodigiosin in seawater. Among them, B-cyclodextrin was
found to have the best efficiency and formation of the
inclusion complex was saturated when prodigiosin and
B-cyclodextrin were mixed in a ratio of 1 : 8 and shaken at
25°C and pH 8.0 for 6 h. The maximum algicidal activity against
Chattonella antiqua using the inclusion complex stored at
4°C for 5 weeks of culture was obtained, 52.28 + 3.41%,
which was about 5.0 fold higher than that of control. Our
results suggest that inclusion complexes of prodigiosin and
B-cyclodextrin could serve as effective algicidal agents.

Keywords: Algicidal activity, Chattonella antiqua,
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Prodigiosin< Serratia marcescens [1,2], Vibrio psychroerythrus
[3], Pseudomonas magnesiorubra [4] 3 Hahella chejuensis
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£ 72" [6], pyrrolylpyrromethene =25 7FA]= E49]
150l &3h= E#o|t). Prodigiosine A g3}, 31
TEI} s 7RIvkL el Slem [7-10], BEF o kAl
SO AFAPES stk dEA Qv [11,12]. #HE A
oA prodigiosin< Chattonella antiqua$} %2 3=
of tigt AE8HA WA EAEA AME 5 Slso] B Rl
th[13]. 22} prodigiosin®] &oll 2 4] ob= 54 vl
of nictellA] B=8H2] WARZA] ARES ol W ole
= FaL At [14].

Cyclodextrin:> 23] UF-9f 49 o= 7-d%
AEE iAot [15,16]. o]H$h 7274, 318t 54 o
oI, cyclodextrin &2 C 2 HE FHAHES FE5HA
U [17], ol &A1 [18]01u} k= 19,2017 2-& 3429
=g FEd vle A 22 vekst Fokell A FRAR
A ARE-E 3L QlT}. Cyclodextrin WHF-2] %3752 ojH
B0 257 AFAAE 2581 $I8 AFellA] AlE
Ak, Az Wstel] ofgk FAFALeA 2 o] &t [21].
Cyclodextrin- &0l 2+ 83l|¥= 445 2t Qlo] [15], &
of 2 gal|EA] = AFA ] B Uiiol 25 Y
2 11 540 B g3t {8 =E Zoled o]8d 4 qlrh

H|= prodigiosin®l] Tk ofe] A-AklE0] Barsal 9l
Aqt, a7 UloA] prodigiosin®] Sl =2} QHIAdS S7HA
7171 913l cyclodextring: ©]8-3F Hil= o}2] §ltt.

£ Aol A= prodigiosinZ} cyclodextrin®] A2 55
= Ao 2 M, prodigiosin®] HIA H LH=E St
A17171 §J3l, ohekFst 2714 prodigiosin?} cyclodextrin
7re] B3RS 4930 24 prodigiosin®] HEH| B354
= Aa FHeIlaL o] HIAE o183l C antiqua®l et
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2. 4% "2 ¥y

2.1. FHj % 2 EH o 23 prodigiosing] P4k

Prodigiosin "§AF 3% H. chejuensis M3349 [22]+ sucrose-
based marine agar (SMA: sucrose, 10 g/L; peptone, 8 g/L;
yeast extract, 2 g/L; NaCl, 10 g/L; Na;SOs, 12 g/L; CaCl,,
1.8 g/L; MgCl,, 0.7 g/L; H3BOs, 22 mg/L; Na,HPOs, 20 mg/L;
NaySi0s, 8 mg/L; and agar, 20 g/L)ollA] 25°C, 347} wjeks}
It} T3] Ak H. chejuensis M33492] & colony S 3
3l 50 mL2] Zobell HAIA] (peptone, 5 g/L; yeast extract,
1 g/L; and seawater, 750 mL/L)°ll THA] HE3s}aL, 25C of|A
24 AZE -&2F vjeksISict. Prodigiosin Ak 218E AERES
7] 8% sucrose-based marine broth (SMB: sucrose, 10 g/L;
peptone, 8 g/L; yeast extract, 2 g/L; NaCl, 10 g/L; Na>SOs,
12 g/L; CaCly, 1.8 g/L; MgCl,, 0.7 g/L; H3BOs, 22 mg/L;
Na,HPOy, 20 mg/L; and Na,SiOs, 8 mg/L)E ©]43F] 5 L
wl%F7] (Minifors, Infors HT, Switzerland)ell4] 25°C x40
O % 5UZF wFeiglth. AERke 7] wok A T
15% ©%, 500 rppmoilA] AAIEI3ATH

2.2. Prodigiosin®] A A

2 Ao AFE-H prodigiosine X A}-& preparative
chromatography system (Yamazen Corporation, Japan)¥}
DAVISIL 633NC18E #%l (Grace Davison Discovery
Sciences, USA)S Z gt A7 (50 x 150 mm)-S ©]-2-3]
AISAE ©1%F7d A 1%2] formic acid7} 7k Ht
F7}, 0182 BE 1%2] formic acid”} $H+% acetonitrile©]
Z}7; ARE-E| AT}, Prodigiosine- ¥4 30 mL2] 502
0~10+ &2 B 10%, 10~30F &<t B 10~50%, 30~60+
< B 50~80%, 60~80%F &2t B 80~95%2] Zx10llA] A
3T} Prodigiosin®] 4] o= 9 0.5 mL9] F-52
= 0~103% B3 B 10%, 10~30+* 52F B 10~100%°] 271
ollA] #2151t

2.3. 534 A4S 9% F =2 B4

2.3.1. &3& cyclodextring] 413

Prodigiosin} 2] E3HAIE PAJ3h= cyclodextring A1
371 $13N, a-, B-, 2-hydroxypropyl (2-HP)-B-cyclodextrin, y-
cyclodextrin 5= ARSI} 2} cyclodextrin?} prodigiosin
o] gyl B3k S Fsl7] $18l, 2 cyclodextrin
< 3llgrell, 18]z gAE prodigiosin> A&l 0.5 g/L
o TR A7) A 111 A1, 4 e
24A1F FRE Aol 7PEAl 5] Tk ZF =4E S5
A717] Sl AHEEI IR st ol ES FEAIT H
cyclodextrin®} prodigiosin®] #-&A|e| 1 mL2] 5%
A7l e8] =ik 2 AEES AE 045 me] FEE
sk AE F, cyclodextrin} prodigiosin®] +531A¢] =2
LC-MS (Agilent 6300 Series Ion Trap LC/MS system, Agilent

Technologies, USA)E 41813tk S k2 33 ¥
TFeslol RS Tl EASISIH

2.3.2. 3 Zg} Hj&

ZJA1E prodigiosin<> oAl El|, 12]3L cyclodextrine- 3l
ofl, 22} 0.5 g/Le] F5- = 23lI5F3it) Prodigiosin®] %+
37t A, prodigiosin®]l T3t cyclodextrin®] H]&-2 77}
1:1,1:2,1:3,1:4,1:51:6,1:7,1:8,1:9,1:10
o= H7KeIIth ZF EE-S 24 A1 B3E el 7Py
Al &= Ttk 7 235 §alr717] S8l AREE
e} ol ES SN H, S Qs Aal= 2313
FUsHA eIt

2.3.3. B A

A% prodigiosin¥} cyclodextrins 1 :82] H]&Z &35}
a1, Aol 247F 1,2,3,4,5,6,7,8,9,10,11, 12, 18,244
7 Bt 7PA 5] It 2 BES $38A1717] Sl8)
AREEIE et oI ES THAIR F A4S Slst Hak
T 2313 FdsHAl sl

2.3.4 oL &

Cyclodextrin} prodigiosin2}2] &3] Ao Hkg- &%
7} v A= GEks ot ] 38, A AE prodigiosin
B-cyclodextring 1 : 82] H]&= &3talal, 647 52t 4,
25, 37°CollA 7PHAl 5o 3tk 24 245 83ir717]
el AREE A Bllre} ollES FEAX H A 21
k= 2319 sYsHAl 33Tt

2.3.5. 5 vREpH

5 g9] B-cyclodextring 10 mL2] 35l =<1 § 2z} g-ole
pH= HCI¥F NaOHE ©]-&38ll 178 14704 2483l
A E prodigiosin} 217+l pHE 4 ¥ cyclodextrin
S 1:89 &R 41, BE EFEES prodigiosin )
cyclodextrin?}2] E3HA17F & A = =5, 25T oA 64
b EF 7PA EEQltk 7 228 &alr717] el At
SEHUH 3t ollES LA F e Slsh HAp
©£2.3.13% FdsHAl sISith

24. 42 AF
Prodigiosin¥} B-cyclodextrin &3] QA& ERlsly
S0, N3EAQ A2AER] C. antiqua©ll TS AxE 1S
= AXSISIL}. C antigua Guillard”7} A|Q¥SE 72 A
A [23] 30mL7}F SH+¥ 100 mL flaskS ©]-&al 25Co14
16A171e] o 23137} 8AREe) oF Z7d& WhEshHA] wjekst
Ak C antiqua®l F57F F 5.0 x 10730 mLell =g P
uf, ok wFg7 = Ak ATE fAISkSIT
AE S48 99, SullE eHds] SEA1Z1 prodigiosin
3} B-cyclodextrin S35 4, 25,37 Co Zb2; RASIITE
Prodigiosin?} B-cyclodextrin 3= 70l $hHA A=
HE SAo =M, 11 PIAE ARSI TR 7 25
of ®¥skal ¥ prodigiosin¥} B-cyclodextrin 34| =

[
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C. antiqua®) et xes S3p7] vk 2] 1 mL9)
B H7ste] 8] =itk el 88 S 96 well plate
oA &l T3] §-3llE prodigiosin?} B-cyclodextrin
B3 10 L} C antiqua Wi%FY 90 LS &3 5, 147
EQk Ak2of WS} 2% Lugol’s GAAI0ES 100 L=
A7Fste] 30427t WAIEE Fofl Aol METE FAnAEL
2 gRIgrowx AxEs ST AxE (%) 2]
AsEol] tish AFE S MEFe] vlER ARXlsllen 33]
RS S8l Het 9 EiAE kgl

.49 9 1%

3.1. prodigiosin®] AJAL3} A A

Prodigiosin 8%t %1 H. chejuensis M33495 Evst vk
S 5 LEkg ol HE 31| sUutell, ol AR 443 gL
9] prodigiosins AT} (data not shown). HIFH-S 214
ejate] AN ES FHe $ oMlES wiiekdel thsl 14l
A7kslo] A&ofx] ok 2087+ wHkEle] prodigiosine 5
SISt o] FEES A¥ls FIAA 2457172 AFARE
& ZH= 94.7%2] A€ prodigiosing AT (Fig. 1).
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Fig. 1. Detection of prodigiosin by HPLC. The retention time of
purified prodigiosin was 24.571 min, and its purity was 94.7%.

3.2. B4 34S 9% A vl & Az
Cyclodextring ©]-8-3l], ll5=ell4] prodigiosin®] &3l =&
SAIZ171 93l a-,B-,2HP-B-cyclodextrin,y-cyclodextrin
= ©o]8-ste] prodigiosin?e] H3A] B4 #H A3} sl
a-Cyclodextrins A 2]$F B cyclodextrinZ} prodigiosin
A @A 1182 E8FE Wl 7P =2 58S UE
UISlt} (Fig. 2). B-Cyclodextrin 35=ol|A] prodigiosin ¥}
IS AT oM 7HE =2 5ES 1o 7 RIA
2 =2 G485 1<l 2HP-B-cyclodextrin HT} oF 1.31)] 74
T a8o] E3h Bg=0], prodigiosin?} B-cyclodextrin®]
1:89] HEE EFAS l, oAll=ol] tisth sfj<roll A €]
G HIER 79.9 + 7%9] F& B EE YERAIT
1 g}e]l, 2HP-B-cyclodextrine 60% ©]3}2] N TE, y-
cyclodextrin<> 20% ©]3}2] o} w2 88l 2F ZH7} Yt
Uitk th2 cyclodextrin = 22, a-cyclodextrin<> 1 : 6
o HlEE ES W, 7Y w2 Sl E vehliglen,
Bl 68 +8.2%5 LFERSICE

B-Cyclodextrin¥} prodigiosine 617} &<t 7PHA &=
A JESAIZEE W, o] JHEA|C] ol theh B-alliea= ofAl
Eoll thgk gallzell visl 93.9+9%2 7P %2 ghe vhet
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Fig. 2. Effects of various cyclodextrins and the cyclodextrin to
prodigiosin ratio on inclusion complex formation (black, o-cyclodextrin
gray, B-cyclodextrin dark gray, 2 HP-B-cyclodextrin and light gray,
v-cyclodextrin). Asterisks denote significant difference (P < 0.1 by
t-test). Maximum efficiency was confirmed at a prodigiosin and
B-cyclodextrin ratio of 1 : 8.

=
N

£ 054
2

o0

=

S 0.4 4
o

s}

g 0.3
RS

on

<1

w— 0.24
o

=

2

g 0.1
=

3

g 0.0 T T T T T T
O 0 5 10 15 20 25 30

Incubation time (h)

Fig. 3. Effect of the incubation time on inclusion complex formation.
A 1:8 mixture of prodigiosin and -cyclodextrin was incubated for
1,2,3,4,5,6,7,8,9,10, 11, 12, 18, and 24 h. Inclusion complex
formation was saturated at 6 h.

C. antiqua®} 32 A7Tst 25l st =34 wHA|
FHEARA prodigiosine 285k, xS F7H77]
A= el it Salles ol Sash Addo] | 4
U Aolrt. & AYolM, F-ZA2] LFR] B-cyclodextrin
= ol&gro =z, slioll Tl prodigiosin®] S3l=E &
Al vl Abs "l

33. 5HAI9AS 1% 33 2= 9 pH

B-Cyclodextrin¥} prodigiosin 3] /el =7} ulX]
T GS Yol 7] A3l prodigiosind} B-cyclodextrins
1:89] v]&= £kl 4, 25, 37C oA 6417F 9k 7P
Al E5AA Z42F kg AlZATE 37 CollA] HEEAIZ] E3kA
77 e 35S 1Rl Wi, 25 C oA RESAIZ] H5HA|
7F 7P =2 aE8S Hlon, 1 a8 ofF 140 ot =

Al YERIT} (Fig. 4).
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Fig. 4. Effect of temperature on inclusion complex formation
(1,4C; 2, 25C; and 3, 37°C). The inclusion complex at 25C
showed the highest efficiency.

[3 Cyclodextrin} prodigiosin %314 &de] pH7} v]A|:=
Gl st Aol AHgE pH H9lE 1~147A%. A ¥
éﬂr pH 4 °llA4] pH 82] WglelA] FAN = o4 Q=

B0 aHS 1Wglon] pH 8ol kA7l BgkAlzt by
30

F& G885 YERIY (Fig. 5). 5olsH% pH 157E] 87}

A& B-cyclodextrin?} prodigiosin 3] &4 @&o] Ak
Aoz F7FeIGl o, pH 9olAF-H 545 skt
RE 352 pHE 8.15~8.25% &efx] 91.9H, prodigiosin
279°] H4 pHE 8.0~8.5% LA Qlrt [24]. & A elA
B-cyclodextrinZ} prodigiosin 514l 42 pH 84 71
=2 885 HAY Prodigiosin £99] "”7@’ A pH7}
gollA 9i %O]‘t FRE Fof| A ellx| Ao 2 WEkgint,
lﬂ_ﬂ HCIS %7Fs1o] prodigiosin 2-242] pHE 904 8=

F& W, prodigiosin §H 2] AMZ-2 @ WX MofA &
SO oA 3 QT (Fig. 5). & Ades T34 &
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Fig. 5. Effect of pH on inclusion complex formation. The inclusion

complex formed at pH 8 showed the highest efficiency. Asterisks

denotesignificant difference (P<0.1 by t-test).The color changed

from red (pH 8) to orange (pH 9) and was restored from orange to

red (pH 8) by the addition of HCL.

(=]

uj, B-cyclodextrin} prodigiosin®] HEAE ©]5F7] S5l
A= 25C 9k pH 89 Z7dol|A] vbE AIHS o, 7H 2
S Yepiglor, 2 Aol = B-cyclodextrin 2}
prodigiosin =&A2] 2 pHe} FAFSE pHE 7= 8l

o AXEEAAE szt lo1A B-cyclodextrin
S o] g3h4, prodigiosin}e] 3} o] Holx| 1, L=

T3k 7)E 0], prodigiosing WO 2 A8 w] ¥} ¢
aARl AxAlEde] d 4 QS Aolgkal Al Eh

3.4. 53A o] ¢34
] A5 A3, B-cyclodextrin} prodigiosin®| &3S ©]
Fobe W 83Tt S7kehe Ae IRleiint. 12y 27
71ZF 1 He o B-cyclodextrmJJr prodigiosin 34|
7F P 1 EAdo] FAEEAIE =7 skl ek
gF oM HRHAS] PAS EIsk] 2l8l, HA9]
Z710 2 B-cyclodextrin¥} prodigiosin®] H3AE FAJsH
3, s SR F 4, 25, 37C el 553 RakshEA
157 18] A=x9 AES st

E3HA 2 0}7@/‘33 4Co B o, 7VL A A

:1

HeloeH, 55 F C. antiqua®l thsh 2xE2 5228 +
341%E L}EMO*E} (Fig. 6). 4°C o]l A EJ&Q o 53
A 22 v Pe o, oF 5ol o]4e] =2 xS
YERNSAL, :/_ Hlof] 25 C 9} 37Cof| 5577 Baddl Eaet
Ao AxEL 35.19+8.18%%} 32.85+1.11%= 22} o}
ERglom, Byt L7} ol *‘Z‘E’%E AAaE e
AeS Bt
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Fig. 6. Algicidal activity of the inclusion complex against C. antiqua.
The inclusion complex of prodigiosin and B-cyclodextrin was
stored at 4°C (£), 25°C (m), and 37°C (o for 5 weeks (prodigiosin
0.5 g/L only, e B-cyclodextrin only, o prodigiosin dissolved in
seawater, V).

b, 2 AES &3l B-cyclodextrin?} H3HA1E B4
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O o] B-cyclodextrin®] prodigiosin®] %—OH.L =7t

]7‘ 7} B1&9] prodigiosin®] =S e 54 F-9
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Prodigiosin?} cyclodextrin®] &35 k=] 3lojA
cyclodextrin®] &3, W3- W&, ¥h& AI7F, 98- &% 1
21l pH7} PA|= el diell AR AL ofof] 7] &3t
of U3t AZAEQ! C antiqua®l F) AxE AES AA|
SF3tE. 3llgrellA] prodigiosin®] &3l %=+= prodigiosin¥} B-
cyclodextring 1 : 82] HIEE &3t S o HUghS Ho]
T A5 gl 18]3L B-cyclodextrin 25T £} pH
8.0°I14 6417 F3F 3 S W prodigiosin?} 7HE 5>
A3pES Bt} 2 A= 3lgrellAl B-cyclodextrins ©]
34 prodigiosin®] AFE-S F7IAA AzAIE A ZA
prodigiosing ©]§3F Hx9| dFolty, AEH o= i
AZAEQ C. antiqgua®l theH G329 AESHE] kA A
ZA] B-cyclodextrin@} prodigiosin®] HEANE o]&3shk= 5
S AA o= ol -85k HPHo| A BEgk ThE Aol &
£ 49 7o Al Hrh

At

2 AT Sl A X AT A (AHS PE
12040)2] A& Who} F=8x|gl o o]e] TRF=FH Ut
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