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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, f-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
[519F 22 kst n A= oA A= HE Aot
Prodigiosin<> 3712] pyrrole ring © & J¥= 553 3%
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£ 7F<IH [6], pyrrolylpyrromethene =25 7H &= &29]
TIioll &3k E4olt}. Prodigiosine WA g3}, &7
FEI} 5 7Rtk GeiA 9lom [7-10], TR ofe] ¢l
SES) AFEAPES Rrestial LA Slok[11,12]. #E A
ol prodigiosin<- Chattonella antiqua$} 22 AZ=
of tigt =34 WAEA =AM AME 5 g5l ¥Rl
T} [13]. 221} prodigiosin®] =oll 2 54 o= 54 wlE
of vithol| A A=A AR A ARER ] of] B ol
= FaL 3UT [14].

Cyclodextrin-> 253 ¢] UF-o} 3749 o= 77d%
A&d iAol [15,16]. olHdt 727, 382 54 ol
oI, cyclodextrin &2 C R FA| A HES FE35HA
U [17], B34l (181014 #llE [19,2013) 22 sd e
=4s FEEl Ul A 22 vhekst JofellA SRR
A A a1 9tk Cyclodextrin W 5-2] X|3H7]52 ofd
40 AT AFAE &S] 918 ATl ATl
vk, Az wistel] ogk FAFALeA A o] gt [21].
Cyclodextrine- =0l 2 83lj¥= 25 2k glo] [15], =
of 2 &= = AT EAS Ui-oll 2T A
2 O 540 Eoll oigh &8l =E Folet o8 7 ok

H]= prodigiosin®l] gk ofe] A-AellEo] Barsar §l
A9k, 3|5 Ulel|A] prodigiosin®] &3l =2} QFIAHS S7HA
7171 I3l cyclodextring ©]&-8F Bili= o}4] it}

2 AFHollA= prodigiosinZ} cyclodextrin®] A= -3k
= P o 2H, prodigiosin®] A L L =E 7
A1Z171 Y3, thekst 27194 prodigiosind} cyclodextrin
o] B2 §450 24 prodigiosin®] HAEHA B 5 E

A& SN o] HAAE o8l C antiqua®l thgk
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2. 45 28y

2.1. FH] g R 2H ] 23 prodigiosing] P4k

Prodigiosin “J4F 331 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; MgCly, 0.7 g/L; H3BO3, 22 mg/L; Na,HPO4, 20 mg/L;
Na,Si0;, 8 mg/L; and agar, 20 g/L)°l|4] 25°C, 3U7T ulj<s}
Stk T3] A4k H. chejuensis M3349°2] T colony & 3
3l 50 mL2] Zobell 4AMIA] (peptone, 5 g/L; yeast extract,
1 g/L; and seawater, 750 mL/L)°l| ThA] AE5)ar, 25°C of|A]
24 AJZF B2tk vleFsISITE. Prodigiosin A4S $19F =R
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; CaCl,, 1.8 g/L; MgCl,, 0.7 g/L; H;BOs, 22 mg/L;
Na,HPO4, 20 mg/L; and Na,SiOs, 8 mg/L)E ©]83}] 5 L
7] (Minifors, Infors HT, Switzerland)o|4] 25CZ7
OF 53T wikslgiet. ENES Y] w5 T
15% ©)d, 500 rpmelA AAIFSICY

2.2. Prodigiosin®] A A

2 Ao ALE-H prodigiosine A& preparative
chromatography system (Yamazen Corporation, Japan)¥}
DAVISIL 633NCI18E #|%l (Grace Davison Discovery
Sciences, USA)S Z34st A7 (50 x 150 mm)S ©]-2-3]
ABALE o152 A 1% formic acid7} 71 Ef
F7}, 01874 BE 1%9] formic acid”} $H+% acetonitrile©]
Z}z} A% 91t} Prodigiosine £ 30 mLe] F-50 %
0~10+% 52+ B 10%, 10~30F &<t B 10~50%, 30~60
&2 B 50~80%, 60~80+F &3t B 80~95%2] Z=zdelx] A
3tk Prodigiosin®] A o= 3 0.5 mLe] 52
F 0~103F 3%t B 10%, 10~30+ 52F B 10~100%2] =71
oflA] A8t

2.3. B3A 39S 9% 3=z 2%

2.3.1. 3F cyclodextrin2] 413

Prodigiosin?} #2]°] H3HA1E PAsk= cyclodextring A'H
3171 $13l, a-, B-, 2-hydroxypropyl (2-HP)-B-cyclodextrin, y-
cyclodextrin 52 AFESIITE. 2} cyclodextrin} prodigiosin
o] gl H3H A4S F5317] 8N, 2 cyclodextrin
2 3li5ell, 22]a1 JAE prodigiosin oFAlEel] 0.5 g/L
o FEE A7t AR S 1 11E AL A EREES
24ARF ERE Aol 7PEAl =] Tk ZF =4S 85
AZ17] 8l AFEE A sligre) oAl ES THAI H,
cyclodextrin@} prodigiosin®] &H3HAel 1 mLo 45
A7l e8] =3t 2 BEES A1E 045 me] HEE
shH A& F, cyclodextrin?} prodigiosin] 3] &2
LC-MS (Agilent 6300 Series Ion Trap LC/MS system, Agilent

Technologies, USA) % #2313t} 4% 312 33] wbE
Faislo] BEHAE T8 BAESITH

2.3.2. 3 B HjE

YA prodigiosin oFAIEll, 12]31 cyclodextrin> 3l
o, 247} 0.5 g/L9] %= 435ttt Prodigiosin®] e
31743k A, prodigiosin®l] Tt cyclodextrin®] BH]&- 22}
1:1,1:2,1:3,1:4,1:51:6,1:7,1:81:9,1:10
o7 H7IISinh. 2t EFES 24A7F Bl AelA 7P
Al E=0] Tk 7 245 &aN717] SlEl AREEIE
el oMllES FHAIRI H, A 919 HAks 23139
FUsHA I

2.3.3. I FEG A7

A% prodigiosin?} cyclodextrins 1 :82] H]&Z2 &35}
I, Aol Zk2F 1,2,3,4,5,6,7,8,9, 10, 11, 12, 18, 244
7F &3 7PEA S50 T 2 EAE S3lAI7)7] S8l
ARGEIE Bt obllES TEAIT H A flst dAt
 23.1% FUsH FEsiglt.

2.34. JFHIg L

Cyclodextrin¥} prodigiosinZ}2] E-3H]] Ao Hkg- &%
7F v A= dES dolr ] 9&l, AAE prodigiosin ¥}t
B-cyclodextrins 1 : 82] H]&=E &3tslal, 6A17F F<F 4,
25, 37C oA 7PaA =0 Tt 7 =45 &alA7)7]
Al AFEESAE B} opllES TEAI F A 91
A= 2313 FLsHA st

2.3.5. 3 BREpH

5 g9] B-cyclodextrine 10 mL 2] 3ol =<1 & 7} g-ol9]
pH+ HCI¥ NaOHE ©|-&3fl 158 14704 2da3itt.
A H prodigiosind} 27+e] pHZE F4 ¥ cyclodextrin
S 1:89 &R 43, BE E3EE2 prodigiosin?}
cyclodextrin#-2] H5A|71 & A4 =25, 25T oA 64
ZF B 7PHA EEQl 7 BEE 8ElN717] SlE A
|HA el opAlEs AR H A AAE At
£2.3.13% FAsHAl 8ISt

24. 428 AF
Prodigiosin¥} B-cyclodextrin &5-3419] o4& EQ1s}17]
18l A AFAER C antiqua©l TS 238 1S5
S AT}, C. antiqua= Guillard7} #|QFSE £/2 4 A4
A [23] 30mL7} -+ 100 mL flaskS ©]-2-3f] 25CfA
16113ke] 8 23039} gAIRHe] oF 2305 WHeahHA] wleket
Ak C antiqua®) F57F F 5.0x 10730 mLoll =8 P2
o], o wikE71= Adhshas HAEE s
e S flEl, 8uikE ¢Hds] SAIRD prodigiosin
7} B-cyclodextrin H3HAIE 4,25,37°Coll 247} HAsISITH
Prodigiosin?} B-cyclodextrin 3= 7ol shs A=
S ST EM, T S ARISICE 7Y 7 R
of R¥skal QlE prodigiosin} B-cyclodextrin *-34=

i

N O



B-Cyclodextrin2 0|28t si4=0|A{2| Prodigiosine| t& M1} 5=
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FAL 111

C. antiqua®)| thst xes S74ep] vlE Aol 1 mLe]
el H7ksle] 8] =ink. vieo] 8 E 96 well plate
oA allel Ft-3] 83l prodigiosin?} B-cyclodextrin
B3k 10 L} C antiqua ¥WH%F 90 LS &38| 14T
Eok Akeof] MR8}t 2% Lugol’s AMAI2ES 100 L=
A7Fsto] 3027t WAIEE Fof] AolQl= AETE HArFL
2 ERIgro 2 Axus ST AxE (%) 27
Azl sk Abdsh Alze] vlEE Alslal o 33
WS Fell et 2 EEAsE el

3.2%4 94 %

3.1. prodigiosin®] AJAtz} A A

Prodigiosin “8%tF 771 H. chejuensis M3349E Etst vl
NS 5 Lkgel] 3% o) srlell, i AAkR] 443 gL
] prodigiosine YAt} (data not shown). BIJFNS 214
ejste] AELHES FHsh § oPlES wikel chal vl
718ty A2olx] ok 2087 wHKel prodigiosine 5=
SISt o] FEES Ads FIAA 2457172 AFAIE
S Zh= 94.7%2] HAE prodigiosine AT} (Fig. 1).

mAU § DAD1 B, Sig=535,4 Ref=450,100 (LOBA10111101119000002.0) =

27.338

T T T T
5 10 15 20 25 min

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 A% A vle3 Az
Cyclodextring ©]-8-3ll, 354 prodigiosin®] &3 =&
SUAIZ171 218N, o-,B-,2HP-B-cyclodextrin,y-cyclodextrin
= ©]&s] prodigiosin?2] H A B4 #H A3} sieltt.
o-Cyclodextrins A 2]$t B cyclodextrinZ} prodigiosin
29 gL 1:18% E8Fe vl 7MY =2 a8 v
WiSlt} (Fig. 2). B-Cyclodextrin 3=l prodigiosin¥}
EEAE @Al oM 7Y w2 58S Hoj F HiA
2 =& a&5 B2l 2HP-B-cyclodextrin XU} ©F 131} 7
T @8o] 34t} g0l prodigiosin?} B-cyclodextrin©]
1:89] HIEE EF3E o, ofAl=ol thsh sfj<rol A <]
= HERE 799 + 7%°] F& EEE HERSITH
1 5}e|, 2HP-B-cyclodextrin<= 60% ©]3}2] &5, v-
cyclodextrin<> 20% ©]3}2] o} W& gl =5 717} e}
Uiitt. thE cyclodextrin = 2], o-cyclodextrin 1 : 6
o HlEE SIS W, 7Y w2 SEleE vEhligle,
Sol= 68 £8.2%E LFERASILE.

B-Cyclodextrin¥} prodigiosine 617t &<t 7FiA &=
HA REEAIZEE o], o] EHEAL] sl thiek gl e oAl
Eoll gt galizel nls) 93.9+£9%= 7P =2 ks e
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Fig. 2. Effects of various cyclodextrins and the cyclodextrin to
prodigiosin ratio on inclusion complex formation (black, a-cyclodextrin
gray, B-cyclodextrin dark gray, 2 HP-B-cyclodextrin and light gray,
y-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.
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Fig. 3. Effect of the incubation time on inclusion complex formation.

A 1:8 mixture of prodigiosin and B-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 A28 A28zl st =84 Wi
FHEZFA prodigiosing 288k, xS S7HAI717]
el = sligrel tist g8l ol TQst Addo] & 4
e Aot 2 AFolM, F-FA|2] LF<] B-cyclodextrin
= ol&gro =M, 3ol Tl prodigiosin®] E3l=E S
Al 7 vkl Als f

33. B34S A1E 34 2= 9 pH

B-Cyclodextrin¥} prodigiosin 31| Aol &E=7} w]X]
= 92 dolrr] $18 prodigiosin?} B-cyclodextrins
1:89] Wl&E &8l 4, 25, 37C oA 6AIF B4t 718
Al =14 242 13- AIZAE 37°C ellA] REGAIZ] 94
7} 7P e 88 B3l R, 25 C oA HEEAI1 H3tA|
7V VS = @85 Belom, T a8 oF 144 o =

Al YERATE (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.

B-Cyclodextrin2} prodigiosin 54 33/l pH7} v]X]&=
Gkl st Adde] AR pH W= 1~147F4 3}, A9
A7}, pH 4 oA pH 89] WHelelx BEAACE {27 =
¥ BES 1o pH 84 WHEAIR E3HA7E 7
=0 F8S VR (Fig 5). E0)eHAE pH 158 87}
A= B-cyclodextrin?} prodigiosin 5514 &4 &&o] Hx};
Ao 7Vl o, pH 9olXHE A 1HAsI3itt.
HE 352 pHE= 8.15~8.25% 42l 2101, prodigiosin
2] #4] pH= 8.0~8.52 L&A QUt} [24]. & AFelA
B-cyclodextrin®} prodigiosin 34 340> pH 8|4 71
F2 8% B3 Prodigiosin §-912] A7 9A] pH7}
8ollA 9= Wh= &<t HM ol Qdlix Ao w7 Wskich,
18]3L HCIS 37K prodigiosin 2-42] pHE 94 8=
3905w, prodigiosin 8942 ML o WA MA F
207 thA] 35 FHIU) (Fig. 5). & A9 536l &
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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 HCIL.

uf, B-cyclodextrin@} prodigiosin®] EAE ©]57] 913
A= 25C 9k pH 82 ZAdollA W AlZle o, 7P =&
stE Yepdiglon, & Ao x = B-cyclodextrin @}
prodigiosin 39 2] pHS} FAFSE pHE 7HAI= @l
of| Al A= HAAE 7NEsh=tl] SloIA B-cyclodextrin
< o] 831, prodigiosin?}e] sl o] Folx|l, )%
ok 7)Ao, prodigiosing THO 2 288w Kt
FHARI AxAlEAoe] H 4 9l& Aolgkal AlEH

3.4. B3A < ¢34
9 A5+ A7, B-cyclodextrin?} prodigiosin®] 3HAlE ©]
T W 3Tt SUkeRe Ae IRlekitt. 12y 27
713 <2t B33k uf B-cyclodextrin?} prodigiosin 5314
7} QEASHAl 1 EAo] fA1E=A7F 2 SRiT vk
S 2EzeA 53] FYAdS gRIsk] flsl, #4]9
Z71 92 B-cyclodextrin} prodigiosin®] E3AlE B/Js}
3, SIS SUAIR B 4, 25, 37C ol 557 BRakahEA
157 13] A=x9 HEES sl

A2l RPYAL- 4T oA Bagts o, 7P A 714
Hlow, 53 Zof C antiqua®l TN AFE2 5228
3.41%% YERHSITH (Fig. 6). 4C ol = &
A iz vugs o, ofF suf ol w2 A=
YERNSLaL, 71 gtell 25°C ¢} 37T ol 577 natgid
Ao Az 35.19+8.18%9} 32.85+ 1.11%E 717}
ERlom, Byt L7} ol s AxYE ThAy
s Bt

S g W
w9 o % gy
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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 (2), 25C (m), and 37°C (o for 5 weeks (prodigiosin
0.5 g/L only, e B-cyclodextrin only, o prodigiosin dissolved in
seawater, V).

A 2 AES S8l B-cyclodextrin} H3HA1E 34
St prodigiosing A=l H¥& 739, prodigiosin 2] /d0]
2 717F gzl vlEl] Bl fA1ElE e SHE
o o] B-cyclodextrin®] prodigiosin®] &3 =E 7}
AlF3} BlEo] prodigiosin®] AFHS Uehlls= 54 -9
£ BSdlTe g sk Zlo® aidnt
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4. 8E

Prodigiosin¥} cyclodextrin®] H3Al1E k=t 1A

cyclodextrin®] &, W3- Hl&, Wh& AZE 98- &5 71
23l pH7}F WA= kel el ZAbsllar ofe 7] &x3a}
of o3t A Z2AEQ] C antiqua®l OF AxE HAES A4
SHtt. sllellA] prodigiosin®] &3l %=+ prodigiosin¥} B-
cyclodextring 1 : 82] H]&= =3} S uf Hulghs Ho]
T A& gRlskitt. 18]al B-cyclodextrin 25C £} pH
8.001]/\1 617 B2t 2391S W prodigiosin¥} 7P =2
A3}S BT} 2 A= slgrellA] B-cyclodextrins ©]

g4 prodigiosin®] A%8S Z7A AxAEdRs 12

prodigiosine ©]-&3st #*xo| Aot} A& 0= U
A Z2AYER] C. antiqua©ll Tt a1 AE3HE] WA A

ZA] B-cyclodextrin¥} prodigiosin®] H3HE o] €sk= 4 13.

<> AKdA 07 ol {85k Wb o] 3 Bk UhE Aol S
£ 4 Zlog Alm "ok

14.

ol

B A7l SRy B FH AT (AYHE PE 1S
%)

12040)9] A& ol gl om ofof A=Yt}
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