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Purification of Myomodulin A and Myomodulin E from the Central
Nervous System of the Sea Hare, Aplysia kurodai
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This paper reports the purification of myomodulin A (MMA) and myomodulin E (MME) from the sea hare. The central nervous
systems of 500 sea hare were extracted in an acidified solvent, after which four HPLC column systems were used to obtain pure
peptides. The phasic contraction bioassay using a Mjytilus edulis anterior byssus retractor muscle (ABRM) was applied to monitor
all collected fractions. The pure peptides were submitted to Edman degradation based automated microsequencing. Mass spectrometry
and chemical synthesis confirmed the sequence. The primary structures of MMA and MME were Pro-Met-Ser-Met-Leu-Arg-Leu-NH,
(847.41Da) and Gly-Leu-Gln-Met-Leu-Arg-Leu-NH. (830.50 Da), respectively. Synthetic peptides showed a modulating activity of

phasic contraction in the ABRM of Mytilus edulis.
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A =)
Te BEAZANA
o A=Hgol YBFEHA o] FAALE 29 FE 4TS ) o
g AAALEAZE ool acetylcholine (Ach), epineph-
rine, norepinephrine, dopamine 2 scrotonine 5°) $E ALZ
<42 A 9 (Elliott and Barchas, 1979). =3t AAW $%& A
BAELEEEH Ach# Z& y3igol=y AAAGEAR G4t
7Y 4744 sgol=7t HEdd odT AR HelolEg
AARNAN HEZ £33 ol A2 2 P dF—dguks Beo
g e gAdd S8 oA ZA FE3ch (Brown, 1994).
Ao} AARA EAste dEHA NFA ez EAZ sub-
stance P, neuropeptide A @ opioid peptide7} L&A 4o 2
oz g2 AAA ooyt EAde Ao FAHHL g
(Krieger, 1983).

AT desd ABAE AW FAFEE, 53 dAFERRH
N34 Setol=9] Eed #F AT ¢ ol 249 WHYxAF
[ EXe 38 977 229 ¥ Ak (O'Shea, 1985). T
Y27 (Macrocallista nimbosa)®} 554173 (Price and Gree-
nberg, 1977), AFEA (Mytilus edulis) 2] anterior byssus retrac-
tor muscle (ABRM) (Kobayash and Muneoka, 1990), 1% %
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(Fusinus ferrugineus) & otZ )7t & @3] (Achatina fulica) 9]
AZH2ZRE FMRFamide’t 28154t (Kobayashi and Mu-
neoka, 1990). =3 T4 (Aplysia califonica) 2 %€ FMRFamide
(Brown et al., 1985: Lo et al,, 1987; Price et al, 1987) ®utolr]z}
small cardioactive peptide (SCPs), buccalins ¥ myomodulin fa-
mily $°] 23280} 94tk (Morris et al, 1982; Lloyd et al., 1985).
Phe-Met-Arg-Phe-NH,E 359 H 22 %< FMRFamide® B9
283 AfM T2 AAAN EAdte AOZ H1 Ho
At (Brown et al, 1985; Lo et al, 1987). £%, SCPst &9
AZAS WA F2E2HEH HAHNLH, 11719 olrAt #7
2 744 Heloj=oltt (Morris et al, 1982; Lloyd et al, 1987).
Buccalin® #4292 77 A% (buccal ganglia)¥ accessory ra-
dula closer (ARC) muscle 223 Y1290} (Lymnaea stagnalis)
9 FFAAAZRE FA=ULH, o 20579 buccalin FE H
grol=7t 2% 28 A Tk (Cropper et al., 1988; Kobaya-
shi and Muneoka, 1990; Vilim et al, 1994). £& myomodulin&
49 ARC muscle® L. stagnalis®] SFAAAZRH AAHU
o, A7A 9% F4 myomodulin-related peptide”t €&A 3l
i, Met-Leu-Arg-Leu-NH,9] F5H9EE 7T Ak (Miller et
al., 1993; Santama et al., 1994; Brezina et al., 1995).

4, AFEx el ABRM, & 41743 (pedal ganglia) 2 A. fu-
lica¥ ANAHZHE o 30%F9 Mytilus inhibitory peptide
(MIP) 3% HEtol=7} A HALH, o]52 F 6~1579 o7
=4 A712 FAE 1Y (Hirata et al, 1988; Fujisawa et al,
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1991). ©1&& C—2g# ¥ -Pro-Xaa-Phe-Val-NH,7} ¥522
EAdte SHE /A2 Yo, ol 949 ABRMY ¥HEF<
714l 93 phasic contraction® Ad|sH= A2 HiIF o
Act. 2z AFFH ] @ AFAGA MIP Broly gl catch-
relaxing peptide (CARP)E A A5 2™, myomodulin® F33
o2 BFEAL AT I (Fujisawa et al, 1991).

AAEE 5 Tac AAZLE o Fo] &JHT Yo} g
& ABAE AL JAR AAHLEAE] Bo] FEIT
deA Q7] 2o AAAGEDY AT g FEZ Bo] o] §
i 1t} (Brezina, et al, 1995). 2&y $aluvlal A28 A
H3le F24 (Aplysia kurodad € 2%o]9de AY o) &o} gl
AAolY, T4 FFANEAE o] &F A4 o= T3
dte AERHA .‘15’-5101 AR gt wetA] 8 AFdAe 24
o FF4A7HNN AFEA ABRMY phasic contractiond 2%
3 28R myomodulm-related peptide® A7 189
843 ¢4 Bustux ¥o.
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1. Al

A9 ong 93 A3 Millex-LCR13 (0.5 pm), Ultrafree-
MC (0.45 um) ¥ syringe filter (044 um) ¢} Sep-Pak Vac Cyg car-
tridge= WatersAt (Waters associates, Miliford, MA, USA) 9l A,
Aol A3 Sephadex G-25% Pharmacia (LKB Biotechno-
logy, Uppsala, Sweden) Aol A F438lch, £ HPLC-grade$
water$} acetonitrile® TEDIA (Ohio, USA)AFI A T8t AL
o

9 &% I8 A= i“\«] FFNAAE
AR F oA A3t ANALZ F& FEAAND F, -80C
o Y& Buste] A2 AHESgh 13]-1- %9 phasic con-
tractiono] W3 ZAEANE A7 A AFEH (Mytilus
edulis)®] ABRME AH&-3ttt.

1

control 1

RM10

control t

L3248 - HUE - e

1000mLE ¥ ©&, 289 (Muli blender Mill, Nihonseiki
Kaisha. Ltd) 2 #@3}sle] 3300 F5F §9& 4CA 208
T 8,000 pmo 2 FAEYNE AFAE HG F w53 T4
Az Yk o] 2L 5mLY 0.1% TFA 549 (pH 22)9 =9
¥, Sep-pak Cis cartridgeE AH8-3t4 42 10% 9 60% CH,CN2
2 §&ste BYsg. Hoi A4 £&2985 RMI0T RM60
o2 Jepfi Atk RM103 RM602] 1/50000 slFats ¥ AHE
3 84& &3¢ F, 1729 ABRMY phasic contraction
of Wt AAEAHE veld RM60 £59 (Fig DolA A8
A EA4E FAA

4. HEelo|z9 22l ¥ HH

AFE2 9 ABRM] 3] 84E Jebhd RM60S AH831 4
gAdl 24 HPLCE ®sAth 27ty EedAdA €& &
HE& ABRMS AH43te A@4S A3

A 9AZ RM602 Capcell Pak Ci; (4.6X300 mm, Shiseido,
Japan) & o} 434 RE HAsgen, EgdzAe g3 2o
A% 0.1% TFA/H,O (pH 2.2), B&9; 0.1% TFAE Z¥3tc
100% CH.CN, B&wl9 sx7ul; 0-60% (60 min), ¥4; 1.0
mL/min, 3%; 220nm, €%; 40C. 23 E 4 dg 4L
248 Az F N BFA phasic contractiono] g A%
<] Yt

Hes Yed 2l B8 Fole u# columndl TSKgel
SP-SPW (7.5X75 mm, Tosoh, Japan)ol ZZ #&3te te

< BExdez AAHHUYG: AS9l; 10mM phosphate buffer
(pH 6.7), B&£1; 1.0M NaCl€¢ X%3l 10 mM phosphate buf-
fer (pH 6.7, B&9 F=7u; 0>40% (40 min), #%; 0.5mL/
min, 37; 220 nm, €5; 40C. A& E4S Ueld 282 4
WA 23 9AZA C18 (ODS-80my, Tosoh) column®l &34
FAGGer Egzde qe#d 29 (Fig 2): AS9W; 0.1%
TFA/H0 (pH 22), B&: 0.1% TFAZ 33+ 100% CH.CN,
B&Hie) FFul; 2040% (40 min), §%; 0.5 mL/min, o%;

J

2 min
RM60

Fig. 1. Effects of RM10 (A) and RM60 (B) on the phasic contraction in response to repetitive elect-
rical stimulation (23 V, 3 msec, 50 Hz) in the Mytilus edulis (M. edulis) ABRM. RM10 and
RM60 were eluted by 10% and 60% methanol on the sep-pak Cis cartridge, respectively.
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Fig. 2. Reversed-phase HPLC profile of the 3rd step of purification (Cis column, ODS-80mm). The
dashed line shows the concentration of acetonitrile in the elution. The arrowed peak shows
an inhibitory effect on phasic contraction in the M. edulis ABRM.

20nm, L%; 40C.

Fig. 2014 ¥4& Ueld peake $YE 94 Cui columnl
FQl3ld oen g2 Razxdez AANYT (Fig 3): &9 32%
CH,CN, % 03 mL/min, 37; 220 nm, &5; 40C.

5. HEelo|=e] M ol HA
o|de]l X1 ¥ Fmoc— W& AHgdte] DYoo 2 Helo|=& §A4
392 (Park et al, 1997), HPLCE ol &3t HZE AAlsith

6. HElo|=o] Exig U ofol=M MY ZHY

eto)mge EAZE 4& MALDI-TOF-MASS Spectrome-
ter (Voyager-DE™ PRO, Perseptive BiosystemsAl, USA)E ©l
&3t 2438t} Protein sequencer (Shimadzu PSQ-1 protein
sequencer, Japan) & AHE3e oprkt NEE BASIUT

7. HZFEghxje] ABRMO| cist Majgtd £

Ao A H4g 43, BAL o] &34 ABRME Zo]
7b o lem7t HEE SR EY ol RARES B oF HEAHT
H2¥ ABRME A3q+2 AR 2mLe chamberd] ZAA]
At A7 (ASW) Y 2A4L 98# Zth NaCl 45mM,
MgCl-6H,0 55 mM, CaCl2H:0 10 mM, KCI 10 mM. ©] &
& Trs-HCl ¢35 94& o] 43to pH 782 BAHA
#Z4)3 ABRMY o} Z B2 & w3z Ao ZHA 7L
B9 transducerd] @23 59 AYP L Aon, wEAHQY
1A (23V, 3msec, S0 Hz) & 8+ 74 B 8o s 4%
24319t} Phasic contractione 108 7+Ho2 J3gon,
A& &9 phasic contraction?] 8% Hel HL3 gt

iy

Nome e

Zn o nE

dutd o g AF=A e ABRMOIE amine®, cholineFs 3
2 2744 sAetol=d] gs) whs-sle J%H receptord AF3}IL
Atk <3 A 9t (Muneoka and Kamura, 1982; Muneoka and
Saito, 1986). 13§ o2 EAE tjs] uhgo] Hojd ABRMS
o] g3t FAY FHAAAZRE & FAT RM10% RM602]
phasic contraction 4% 33 RM602 XFE3 ABRM
9] control phasic contraction®] ¥l ¢ 87.5% 9] % JA &%
g BgAT RM10S 4% JehlA 4td (Fig .

2. ZAEZEE myomodulin®| HX|

F49 AAA4 3289 RM6So2¥H FFFX ABRMY
phasic contraction®] & 24 #4& 7A€ peptide® ] 3}71]
8A 94 columndt %ol Z# columns WEHOZ A5
A

REAZA Capeell Pak Cyg (4.6X300 mm) columns °]-&3+¢]
28 4 1mld 23T 289 1250 (VW)€ o83y
ABRMO| W@ phasic contractiond) ZHEAHE £3F 2 F
¥ 84 ABRMY control phasic contraction®] &t 60% %
=9 ALl debydr} Phasic contraction A#ste F £
8¢ Z7} 10 mM phosphate buffer (pH 6.7) 22 H¥stH e
ofo]& ¥ SP-5PW columng AHE-dte #&latgltt. olg 82
ool e column2Z FAY ¥, A9 2L 1200 (wv) #
st} 28 A retention time 23¥2) peakol*] control phasic
contraction®] 20% A3 &4< velsich (data not shown).

Fig. 2(A)¥ ODS-80v columng AHg-3te] 84 £89 Al ¥
A 23 9AE Jdehdd, 223 288 Ao B4S A
A3 retention time 3824 £&¥ peak’} ABRMS control
phasic contraction®] W3l 444% £%& AP (Fig 2
(B)). ©] peakZ A& 3 A Z& ODS-80mm columng AHE-3he] 32
% CH,CNY) isocratic 2222 £&3dvh (Fig. 3(A)). 2 2%
722t 6583 4429 retention time A'd 2709 peakE ¥ H
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Fig. 3. Reversed-phase HPLC profile of the final step of purification (C:s column, ODS-80m). The
peptides were eluted isocratically with 329 acetonitrile in 0.1% TFA. The active peaks are
indicated by arrows, The peak A and the peak B show potentiating effect and inhibitory effect
on phasic contraction in response to repetitive electrical stimulation.

2tk Fig. 3(B)ofl vrebd whe} o] retention time 62014 §%
¥ peak AT JFEA ABRMOl W3l phasic contractiong <F 25
% 7t%F $£5& ZA3YLH, retention time 4% £2d
peak B phasic contraction®l] tHate] %} 70% AT £5 A
E3E JYERY

3. Myomoduling| YX}7=E

TAY FFAZAZEH BAT 2709 peakel thg ofr At
o] ANEH BAFE golrY] fgte] AFEA I} Edman 3
WS o] &8 ofredt HE E4VIE AU

HF FAY peak A R BY ATFRE Lotr7] 48 ofnx
4 NEE B48 ZAn, ZZ Pro-Met-Ser-Met-Leu-Arg-Leu
Gly-Leu-Gln-Met-Leu-Arg-Leu®] 7719} oluj:ito 2 FAH he-
ptapeptide® W& EF o] EHEY EAFE FFENY
g AH83te 238 A7 peak AT m/z 84741 (M+H)", peak
B 830.50 (M+H)"oIlth. oleld AHER nRo o]E A
o]=¢ C-2¥o| amidation H° Y& ¢ F AU

GenBankTM/EMBL Data Bank& AHS-3te] £ 7oA A3
4% ojdd #HA e dHE NgH FEHE AR 4,
peak A%t Bt B d7oA A3 23 & £9 #2& (Aplysia
californica) )4} ¥2}¥ myomodulin A ¥ E} 5984t (Crop-
per et al, 1987). WelA peak AE myomodulin A (MMA), peak
BE myomodulin E (MME)Z 398ttt £, ojed a¢ 2
I MMASH MME7L Aplysia®l €o A#gl0) QA 248 5
AeS AALg,

4. BEO|=9 Ed Y HA

ZAE MMAS MMET 24843 oz gAsdc §48 9
EfolEst g Heloj=gle] FYAAE #37] HsiA MALDI-
TOF-MassSt &4 2 ol Z¥ HPLCE o]&3te w|malich
43 #elo]=E MALDI-TOF-MassE £3% Zd F §49
o|2X %} £AXE M2 & YAtk myomodulin A, CsHgOsN),

N
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Fig. 4. Comparison between reversed-phase HPLC profile of the
native (N) and synthetic MMA (S). Reversedphase
HPLC profile of the native and the synthetic MMA ex-
pressed (A) and (B). The mixture of two peptides was
coeluted as a single peak (C).

S; 846,04, (M+H) 847.41; myomodulin E, C3HesOsN1.S 829.00,
(M+H)" 830.50.
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g, $HEFH 9B FYAES vy Hetd Spher-
sorb ODS2 columng AHE-38to] HEO]EEY retention timed
2389t Fig 4% Sepherisorb 0ODS2 column$ AHg-8tef &4
T AE 2 FYET )5S EFIT MMAY retention timeS ‘%
Eldit}, Fig. 4A%} Fig. 4BE zd%%ﬂr FAHEe] 22EDY
ez glen 7 B4 25 FY¢ AA Y retention time
(2min)& 714 g&o FUHUT, =& d4E MMAS &
e MMAE &3t FY&9E o TY peakE YERRIL
retention time 7t EA S FY3I}AE W %_17‘]3}93‘4 (Fig. 4
C). MME =& MMAS §9% Wi 228 A3t HdE
I FHEY FEAE I vYE ’\]7}5114 retention
time (13 min)& 7F8 < (data not shown).

ojg] 3 Az HE ¥4 MMASH MMEE EF A4 peptidest
Y B4 Aoz FHHUG wed §A Hegol=g AEE
o] ABRMY phasic contraction®] Wi ZZ2EANE & &3
o2 zAEEY, MMAE AFE (107°~107"M)lM phasic
contractiond) F%& Z7HZ oY TFE (100 M) A= pha-
sic contractions A 3Ht. LHY, MME®
tions B TxAM JAFe Aoz vent

phasic contrac-

R of
The $53A4AZ5H myomodulin A (MMA)Z myomod-
in E (MME)$] AAld djs] Busns @} s000he] £49
FFNEAE F2P02 35T ¥ 479 HPLC column sys-
teme] #&3te} FrkA 4734 Helo| =g AU HPLC ¥
HAARA Qo ZE BEY A& 2AHY] Y3t bioassay
system 2. 2 J-Zr%‘*i] (Mytilis edulis)®] ABRM& o] &35t}
A% AAE A%4 HEo]=E Edman £3WE 0] & ofn)
=4 Mg *’?"917] AFEA7I e S B8 g ?J_ZHL
28 %8 F At IAE MMASH MMEY 4a7xE 474
Pro-Met-Ser-Met-Leu-Arg-Leu-NH, (84741 Da)3 Gly-Leu-Gln-
Met-Leu-Arg-Leu-NH, (83050 Da) ©JSith E£& ol& §4 sl
ol RF=A 9 ABRMO thal phasic contration® ZHEEA
&+ e AT

Aol 2
B dTE 1999 AU fFAgNEdT AHE 5

gEIAAD 4 ;L a8 Auz

& 1 2 3
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