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Abstract

Effects of poly(L-lactic acid) (PLLA), as a purportedly environmentally benign antifoulant, on the adhesion behav-
ior of the marine mussel Mytilus galloprovincialis were studied. PLLA-casting sheet samples having different molecular
weights, which were prepared by treatment with super-heated steam, were subjected to a mussel adhesion test. The numbers
of attached mussels and byssus threads produced by them on the sheet decreased with a decrease in the molecular weight
of PLLA, while no vital effect was observed on the mussels. These results indicate that the lower the molecular weight of
PLLA, the more significant the effect on mussel adhesion behavior, without any toxic effect.
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1. LSUYFAHADEREERT

FEEIZH W72 5 T % F 4 A4 Mytilus galloprovincialis
Wy TR B AR AT 0 B 3 TERI L 72 729
G K 21.1x2.0mm, % & 44.1£5.6mm, ik Ik 18.2=
21mm, AE107+25mg) & H W7z, fH & KHY
(60x30x36cm’s FFatS7L) Hi. ALK (KBCERE
KM, <) > 7 — b SF-1. R 30%. pH 7.8~
8.1) ZHWT, 25°C, TH %7 LV—Y a3y FTiT%-o
720 fH1¥. Walne’s Medium (Walne, 1970) % H\WwC. +
BT T L—3 a3 v T CRiFE L 72 Nannochloropsis % M
W 720 FR I Nannochloropsis % 24 Wi 8 & 12 10mL 9
D E A L 720
2. KU (-2LE8) DHFEDREE
EBRICHWA-SF S5 TREATL2HR) (-7LE)
(PLLA) 1. &4 TH#PLLA (b3 % #U2S-09, E&E
P 5 (M) 106,000, FCFE3 52 (M) 66,000) % .
Nishida & (2000) % Mohd-Adman & (2008) @ J5 #: 12
PEVA, EBURZEALIRSEE (AT QF-5200C) H,
130°C DW\BOK IR E TR Z 7\, 5T =% i
U720 KEGUFEZDOPLLA DGFRIE, Y1 Xk~
o~ b5 7 (SEC. YV —#PLC-8320GPC) % W T
WEL. Mo M,BXUL5E0E (PDD) DOHIZEq 1%
FAWTHE L7z 75 41&. TSKgel Super HM-M (H{ > —
BWY)=T7 54T H T A, EHRHH1x10°~8x10°% HEK
BRI 5150 4X10%) % F v, @A 40°C, BB A CHCL,
it 0.6 mL/min THAT o 720 2 F&BPE Y ~ 7V I CHCl
(2mL) \ZPLLAY Y 7V 10mg 2 & L CHWze 45T
i3, PUNBIE MR (Yasuda er al., 2010) 12 X 0 #Eix)
SRR IE L7,

Mn: l=;o 5 Mw: I:Cl ,PDI: " (1)
o Sm "
i=1 i=1
Z 2T, ni&mili\ 1%12';0)&&/73\%%%%‘;—0

3. {TIERER

LTI ATADMNEERIEL. 7274 NRAT ¥
L A SUS430 M (k3K & 4L 5B L, 200X 150mm*, & &
0.5mm) FI2%F ¥ A2 b L72PLLA K ECT1T - 720 0K
A EOPLLAY » 7 V#08g% A7 ¥ L A E
WCEE, kv ML A GRmEEFT R IMC-180C) % M
WTC, &R 3min, 190°C, 1A I min ~ 190°C D 414 T\
Sommg LLEDOF ¥ A MEEZTEK L7z, 20 112, Ful
% 50mmg DI D 72b ) —2DT7 254 bR
25 v L A SUS430 K (150mm X150 mm /& & 0.5mm)
ZHEA, YR TDEEOEE 4 DFTC A T3 F A
HA OBARERALE = — VEHE+ 7 L & VIR R A

. .,” /\ e St S
Fig. 1. A5 %F A4 A4 OMNEEBE LT3 X4 7113,
PLLAASF ¥ A b SN7zMIEIMEHDO A 7 ¥ L AR FIZHAL
Yo — VIR -+ L & VBRI CREE.

(AR — = 2R, Scotch A HAEH] - £ H
&) CHEE LNEEEEIT-7 (Fig. Do T8y~
TNE LT, A Y MO EIZ50mme DHEILE £ -
Te AT v U AR E ERQTHRICAEERE 1T 720
A %EBIZ. NTi#EK30L %2 AN 72 KM (97x62X%
2em’) ZHWT, KiRZE25°CICEREL, 9% TT
L—3 3y FTirolze 22Ty PLLAY ¥ VKT
A ALK ORIE, AL TR 43005 TH D . PLLA
DIMARSFIEAE D N THEK AR D pHZALIZ 4 S AT
Endolze MHEEBRTIE. £ vF—rh x5 (#FX
HF VLB, LanlR7) EHOWTASHFRAA
A DA ERBEEE 1T o 720 FEERBIIED S 6 BRI
BHREREMAL, BEBIMIH LRI B D00
Z8) (action) & ol BAEFERLLZLD
A7 (adhesion) & A7 L7ze i ST ZHZ X 0o
AR, S ERY TV EICE T hwa kL,
—DOPLLAY ¥ 7IVIZH L, 100 R LL Lo fif 525 8)
Lol THFATA DS, NEICHT L ERFHIE
11572
4. REAARER

PLLA % ¥ 7V O 75 FEERIHE 5 R O T IREAL I,
L —¥ =57 VEAMEE (KEYENCE#, 3D Laser Scan-
ning Confocal Microscope Model VK-X110) % fi v T#i%2
L7

5. ALEKDpHZE(L

PLLA ORI AE 5 FLERE A8, A Tk
DOpHZALIZ X VR L 720 SmLA =Y v 7IVAEFIZ,
PLLAY > 7V XL v b (EA2mm. & 4mm) (16mg)
WY, 2D 55 L U1000 655 (viw) DNLIEAKEZ IR
FE B, 25°COMERARMPICRREL, 1REMB XICAT
HAROpHZ G L7z, T8 Y 7L E LT, BH
JERY) T F L (HDPE, HAR) ZFL ¥ (BRI N
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F v 7 HD HY540) ®O~XL v b2 HWT, FEEICHEML
720

BREER
1. EED59FEDPLLA DR

PLLA O JNIKGFEAE D 5 F ' OBpIE, 5 F Kk D
HVRFE D VFEOIERIC X % H ORIk 5 ©
#4719 % (Nishida er al., 2000; Mohd-Adman et al., 2008) o
FIT BAEL0TREOPLLAY ¥ ZV#HELE, B5T
# O PLLA-1 (M, 106,000) (Table 1) % 12 L T, 130°C
D WEIKZE SN X B KRG BOS D HIHNIC & - THT -
720 MBEUKALAILIGR 2 & < 5 5120k, AR5 -l
WZRBAT (Table1) L. X512, ZO5F50A0 1L Hg:
oL~ ZL L7z (Fig.2)o PLLA-1 & F# L 72
6D PLLA-2~PLLA-7 D ¥ 7LD 4T REFAIZ. M,
106,000~3,400 8 X U° M, 66,000~2,500 TdH - 72
2. HABEBHICH DS BKDpHDZEIL
PLLA O K5 12 5 A T K @ pH 2L % Fig. 3
IZ7R§ o PLLAY ¥ 7 IVERIIH L TATKZ S &
(viw) w7284, M,=13,000 (PLLA-3) X ) K41
WO VTV TR pHIK T ABIZE S Nz ALK
H31000 57 (viw) D&M TIX. pHO T I358 & EI
ENF, HWPLLAY ¥ Z VO Tl b 551 = DA%
W M,=4300 (PLLA-6) % AMN7=354 7213 H3pH 6.6 fif it
FCTF L7 DEORELS, WO 2GS T RO
PLLAZ &\ NIAKRGIRICIEN & D % < OBRLST 2 AL
RS 5 2 DR S Tz,
3. LSYFA 1 DHESEE

B0 FREOPLLAY Y IV EF Yy A ML AT ¥
LAWMESBY I LE L TOe A Y MLETDL T
FANAONELEHEBIE L7 INOEBETATHF
AHA AEREMFH L. S PLLAY » 7 VIR LT, 27
WL EDFEBREMED R L TIT o720 #iR% Table2 35 &
U°Fig. 4189 o BRI % - 72 (acted) fEADKEEL
g %t A 2 MRS % L7z (adhered) & 74 %
A B AEAROBEOE S, ThDHAHER (adhesion ra-
tio) A529% Td - 7-DIZ%F L. PLLA-1 (M,: 106,000) "~
OREFRIZI18% TH o720 S 5IZ. PLLA DG TmHMK
T2 EVAEFR LT L. PLLA-7 (M, 3,400) Tl
7% F TR L C. Mann—Whitney @ U-test (KJII, 2002)
S MR RIS b Nz RABHEEZ iKY 5
LR Y MRISH LTI S N7z SR O BT A5
K720 63ARKTHDDIZH L. PLLA-1 (M,: 106,000)
Tl MRS 720 87 AR EHK L7z (Fig. 5A). L2 L,
PLLA D5 TP T IO TRABEE L WA L.
PLLA-3~7 (M,:7,900~3,400) Ti¥3.7~34K F T
L7 (Fig. 5B)o JEARTEHEUIEI LT3 Mann—Whitney
D U-test > B & X ¥ MUIZH$ % PLLA-1 @D JE R T
BIAT BEAKHES5% T, PLLA-112H$ % PLLA-3 1347 Bk
#£5%. PLLA-4~7134 BKHEE 1% T % 2= RO
bIze TNHOMEREDIS. PLLADGTRHOMKT, §

Table 1. KRZELKWUIIZ K B8R % 55 FRDOPLLAY — M ¥
TV DL

Sample M, M,

PLLA-1 66,000 106,000
PLLA-2 9,900 19,000
PLLA-3 7,000 13,000
PLLA-4 4,900 7,900
PLLA-5 3,400 5,000
PLLA-6 3,100 4,300
PLLA-7 2,500 3,400

“SECZ AT = LA BT B s

Relative Intensity

2.5 3.5 4.5 5.5
log Mw
Fig. 2. PLLAY ¥ 7V 1~TDSECZ7 u~x b7 7 AI2 X %
rFRorAi. SECWE Sl - M 7 ma kv A i
0.6mL/min : % 7 A TSKgel Super HM-M.

10 Seawater/PLLA = 5 (v/w)
8 —=— HDPE
6 L ——PLLA-1
5 .l —a—PLLA-3
i —0—PLLA4
27 —e—PLLA6
0 e
Seawater/PLLA = 1000 (v/w)
- —a—HDPE
8 ——PLLAA1
s —a—PLLA-3
7t —0—PLLA4
—e—PLLA-6
6 1 1 1 1 1 1 1 1

4 6

Time (h)

Fig. 3. PLLA ®25°C A\ Tk T ORGSR AE D N Tk
DO pHZEAL. A) ANTifEAK,PLLA=5 (viw): B) AN TLifEK,~
PLLA=1000 (v/w); #% >~ 7L : HDPE (&R); PLLA-1 (M,:
106,000) ; PLLA-3 (M,: 13,000) ; PLLA-4 (M,: 7,900) ; PLLA-
6 (M,: 4,300).

b, Kb COOHIEDMREE FA, B X ARG =
DWRD, ATV F AT A ONERE L OCRATEEHE

IR L. A28 2 93 2 2 & AR S iz,
ATV XL T4 OBERKEL. EROTT— 27 KED
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Table 2. A T Y% F A I A Mytilus galloprovincialis D} 725 R ER#E 4.
Number of Number of . b Number of Mean no. of byssus
Substrate acted mussels” adhered mussels” Adhesion ratio” byssus threads® threads per adhered mussel
Cement 116 34 29% 214 6.3
PLLA-1 100 18 18%"™ 156 8.7
PLLA-2 101 16 16%"™ 113" 7.1
PLLA-3 102 12 12%* 57* 4.8
PLLA-4 101 9 9% 31%* 3.4
PLLA-5 101 7 7% 26™* 3.7
PLLA-7 108 8 7%* 28** 35

* This means mussels that moved and searched the substrate surfaces during the test period. Mann—Whitney’s U-test results: “*” and

“*™ significant differences at

the 0.05 and 0.01 levels, respectively; and “ns”, no significant difference: " between the cement and the other substrates, and © between PLLA-1 and the other PLLA

substrates.

14 35

3 -

©

@12 430

£ =
° £
210 {25 o
2 | T
e

s 120 g
5 ]
26 115 <
§ 2
§4' 41 10

D

=2t -5I
O, 0

Cement 1 2 3 4 5 6
PLLA substrate
Fig. 4. PLLAG TR L ATHF A4 A4 O EEB LI OREALE
TEE OBR RARTERBEO T T — N — IR R 2 & R
(FEBRM % 27MLLE).

WAy v L BHELEZOLNTVD, &) bIT,
DOPA L= v MIXBKEHMEGL L OBLEAIC L 20
LS AR LZ BT 5 LMEEIN TS (Lee
et al., 2006; Dreyer et al., 2012) o F 7=, Rodriguez & (2015)
WEoTo AT FAHADBRLREZRLT 50 BE#
T 5 JRPTH CERBRBEAMEY 728, BRAOHEHE Y ~
N ED KT a— VI K DA EREEDR R X
ZOH, pHOER L B2, Bk V87 PRI
THLIEPMEESNTWD, - T, PLLAIC X B 15
PR . T TV ERTID SRS N D IS, Bk
LA RN ORI EBO K pH BB 2 MR L. Zhic
Lo T #AEY VN7 ORUEMAL OSSPl S 7z 2
ENR—HEEZOLNL, TNIZDVWTIE, AMICL S
DOPA DAL A 3PHIBN RS P BRI A S T

0. 5. SEICOWTHET A TETH b,

AR HFEBEORM, HW7228 53 F A4 74 129811258
TIBEE I N h o 7o Table2 & Fig. 412/R L7245
FATA ONEFET O RIE, PLLA ¢ AN LilEK=1":
4,300 (wiv) THWTWA 720, HHILEIZ X % pHIK
Ti& PLLA ¥ v A MEOEKMAHETOREZ 5 THY,
AT FATA BEANOERHEIZI LA LD o7
bDEEZOSND, B, PLLAB L UHLEO LYl
FIEFIAL S (FAR, 2010), -FLEEOKEITIZ X % LD50
13, 3543mg/kg (5 v b) B X UM4875mgkg (%7 A)
s X2 TB D (WHO Food Additives Series No. 5) .

Fig. 5. PLLAY Y 7 WVICRAE L7 A 79X 4 H 4 O RARIBK
R REMIEK L7z R %R T
A) PLLA-1 (M, 106,000) “F-¥ /&M% 8.74, B) PLLA-S
(M, 5,000) “FH R RTERE 3.7 A,

K LR 5T 5 NaCl R £ lED 3R 5T H 5 B
I HENHETH B,

4. FEERBRYVTIVOREFIKREL

B FEEBRICH L 2 PLLA Y~ 7V O FEEIBIRDOZEAL %
Fig. 6 127" F o £ 0 F4 T8O PLLA-1 (M,: 106,000) ~
PLLA-4 (M,:7,900) OHiFHTIx. &M ME %
LixBig s 2o 72 (Fig. 6A~B) % K45 TFED
PLLA-5 (M,:5,000) TIZEMMO—EIZT T v 7 DK
Mg S N7z & 5IRG T & DPLLA-T (M,: 3,400)



LT XA KA O &K ) AR OFE

Fig. 6. I3 (25°C, 6h) Fift TOPLLAY » 7 VKM OILEZIL. A) PLLA-4 (M,:7,900) 14735 EEkRT, B) & KWk
BEAGIIBIZ XN ;5 C) PLLA-S (M.:5,000) f$75%5kRT, D) & RKEO—FHICT T v 7 OIREAHER © E) PLLA-7 (M,: 3,400)
WAEEERE, F) # REEHRICZ Ty 7 3IRDT0 BEEZREA X b B T

TR Y ZIVERRERIC Y T 7 DBIRHN) . BERE)H
JOBHFICHETL T DL Z EPBEO LN, T, H
CLAUBE R IR 53+ OIS 545 & A 1] D JF: i BRI TR I 12
D, FEMEEE R LD ITHBET L2720 e %
ZbNb, 72720, ATV XA HA OREKRTBHERM TD
Bt 22 VR S FERR SN TB 53 PLLA OKMIZ AR
EBIGAERIERIC, HE, WHNIER LzbiF ik
Lol

fEm

LTHFAITA OREZFEINT HPLLA DB,
ZO5TRMMEL & HIZONEESB X ORI D
WA E V) RERE L THEOLN, INLDRENDL,
PLLA 5T 2 FLHEIC X 5 PLLA Y~ 7V K DO
I BT B pH DR TS X B A5 3R 5L & il S h
b0 72720, WA LABBELMETH L2 00
HHT, AEGHAEIRRIFEHLERE LT,
MDY 37 T IR M, B3 T
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= VEOBLESOWHIRT I /KL OB LD
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H a2V LEMITERT, X ) BREANID R VBTG
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Z19

ST ENFELBLPLLAF ¥ A MEZHWT, FORME
NDLTHF AT, ONEFHZBGE LT, 2T FA
A DR FERIEPLLA O FRALTICHE LT 5
CENRWZEENT, EBIZ, ATV F A HAPET
% RHDOE D PLLA O 5 F 2R T I PR B 2 A A
RSN, PLLADHERT 2AmB L TV F AL A4 D
&2 T2 L E2 5Nz —FH T, PLLAIC X
BbETHFA N DEFEAOREIBEINT, e
% BiiH#l L L COWEEMEITRIZ S Nz,
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