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Mechanisms of tunic softening in Halocynthia roretzi infected with a pathogenic
flagellate, Azumiobodo hoyamushi
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We hypothesized that the mechanism of tunic softening in an ascidian

Halocynthia roretzi is caused by the extracellular proteases of Azumiobodo hoyamushi degrading tunic
proteins. To test this hypothesis, we conducted proteome analysis of the softened and healthy
tunics and detection of extracellular proteases from Azumiobodo hoyamushi. As a result of the
proteome analysis, four decreased proteins were identified in softening tunic. We raised a
polyclonal antibody against one of these proteins, dynein. Immunohistochemical assay showed a
specific reaction in the hemocytes within the tunic, but no difference was observed between diseased
and healthy individuals. Regarding the extracellular protease from the parasite, using 20
substrates, we successfully detected proteases that degraded three substrates mainly those degraded
by cathepsins.
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7T A — AN OFERG HALER TR LTz 4 SOX L RENRESITZ, RYFEOT
J LT —H~X—Z aNISEED (https:/aniseed.fr) 33 LT blast fRFRAIEH L, ZIHD 4 DO T D
FEE S 2 S LT, 2N NDOBIE I LT, B E g T&b 7 I(~—% %5t L. PCR Z{T-o7=,
#5 DNA 1%, =AY 3 RO FEN S, mRNA 2, cDNA Z{ERL . H 2, 554072 PCR EY)
TR L I BLR R — T AR A T, A DT A NI BLR RS L R % K a3
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WAL A S D72012, (1) QEFRBRIC, IR AT -T2, HALIEZ FIE LB R DA 280 H
L. ZE YRV UEER T —BEEE LT, 70%T4 ) — U E#E | ~ RV O sERkE T 7 1 Al
L7, fBfkIII 7 h— AT 15 um JRICATAARL  EARZERLT-, AW NF L, A — ML —7I12k
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AL FED D BEL T 5 FRBLTN96 OBV L2 HWT, fifast 7 aF 7 — B OiEZ2HlE LT,
S/ NGZEERHE(MEM) C© 7 H[#L 20°CTER W ETH#E L, (5 8:2.13x10° #ifz/mL, 96 fX:
4.03x10° fif/mL) , D%, 1m0 CHEE A FREL, L 02 um DB/La—RA7 L2 —THEAL,
1538 B (SUP) 2457, RV AL ZE £y MEM b L . [FIREICALBRL ThE b Sk DMK 43 il
MARE LT, & SUP O7'v7 7 —BIEM T, 17 FFEO MCA JE A HWTi~7=, SUP & MCA %
BOREME AN~ A0S L —k s 20°0CTA L FaX—hL, NKSREY THD T-T3/-4-AF )L
7<=V (AMC) OE %, @~ A7a7 L —R N —&—%ZHWC, B/ 5t E 380/440 nm T, 0,
10, 20, 80, 140 Z3THIE L=, KV T INDT T 7a EREE LI, Y AMC OB
ZHAWT, KU/ O AMCIREZFH Uz, BHRORY L5505, k24 720 O7E M (fmol/cell/h)
RO,
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Bl MS/MS 7 —4{Z-2U T, Proteome Discoverer Ver2.5 {1 L C Aniseed ? Transcript Models
Halocynthia roretzi 2§ L TR L7=, FRNTHE RIZDOUWT 30BF D BRILHEEE) . H (fd %k 38) i <2
DR ENTZH 2 B IZOWT (ttest p-value = 0.05) . 50K D, H @ 2 [EIOHRIE DA 1 ITRL
7
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T-Test (p-value) | Fold Change D-1st D-2nd st H2nd
No. Protein ID Accession Number Mw Hvs D D/H Weighted Spectra | Weighted Spectra | Weighted Spectra | Weighted Spectra
169 [ Harore.CG.MTP2014.5149.912171.01.p___|Harore.CG.MTP2014.5149.912171.01.p 158 kDa | <0.00010 INF 0.66801 0.65608 0 0
52 |Harore.CG.MTP2014.5138.903243.01.p___|Harore.CG.MTP2014.5138.903243.01.p 2589 kDa | 0.00012 INF 4.1987 4.2011 0 0
14 | Harore.CG.MTP2014.5421.908471.01.p | Harore.CG.MTP2014.5421.908471.01.p 22 kDa 0.0037 INF 6.7831 7.6644 0 0
196 | Harore.CG.MTP2014.512.903904.01.p Harore.CG.MTP2014.512.903904.01.p 427 kDa 0.004 0 0 0 1.3896 1217
213 | Harore. CG.MTP2014.519.903085.01.p Harore.CG.MTP2014.519.903085.01.p 299 kba 0.004 0 0 0 1.3896 1.217
226 | Harore.CG.MTP2014.5229.911264.01.p Harore. CG.MTP2014.5229.911264.01.p 661 kDa 0.004 0 0 0 1.3896 1.217
247 | Harore.CG.MTP2014.5244.900088.02.p Harore.CG.MTP2014.5244.900088.02.p 62 kDa 0.004 0 0 0 1.3896 1.217
195 [ Harore.CG.MTP2014.512.908620.01.p Harore.CG.MTP2014.512.908620.01.p 103 kDa 0.0043 0 0 0 1.3896 1.2176
[298 [ Harore.CG.MTP2014.552.905548.02.p Harore.CG.MTP2014.552.905548.02.p 187 kDa 0.0043 0 0 0 1.3896 1.2176
336 | Harore.CG.MTP2014.515.910306.01.p Harore. CG.MTP2014.515.910306.01.p 120 kDa 0.0043 0 0 0 1.3896 1.2176
300 [ Harore.CG.MTP2014.5976.912471.01.p | Harore.CG.MTP2014.5976.912471.01.p 35 kDa 0.0043 0 0 0 1.3896 1.2176
200 | Harore. CG.MTP2014.5631.912579.01.p Harore.CG.MTP2014.5631.12579.01.p 129 kDa 012 0 0 1.3896 1.1152
301 |Harore.CG.MTP2014.5114.908529.01.p Harore.CG.MTP2014.5114.908529.01.p 66 kDa 013 0 0 0 7.873 6.239
9 [ Harore.CG.MTP2014.5174.913436.02.p Harore. CG.MTP2014.5174.913436.02.p 16 kDa 4 5.2 10.767 9.1539 1.3896 2.4353
302 | Harore.CG.MTP2014.518.906382.01.p Harore.CG.MTP2014.518.906382.01.p 181 kDa 4 0.04 0 0.65608 9.2626 7.4566
27 | Harore.CG.MTP2014.5247.914709.01.p___|Harore.CG.MTP2014.5247.914709.01.p 94 kDa 0.017 INF 5.3635 7.0083 0 0
71 | Harore.CG.MTP2014.568.914702.01.p Harore.CG.MTP2014.568.914702.01.p 538 kDa 0.017 INF 2.7992 2.1456 0 0
7_[Harore.CG.MTP2014.5740.903653.01.p | Harore.CG.MTP2014.5740.903653.01.p 101 kDa 0.019 INF 12.167 9.1539 0 0
1| Harore.CG.MTP2014.5295.903756.01.p Harore.CG.MTP2014.5295.903756.01.p 215 kba 021 7.9 9.887 69.512 1.3896 14.913
74| Harore.CG.MTP2014.853.913673.01.p Harore.CG.MTP2014.553.913673.01.p 157 kDa 021 23 7992 3.2804 1.3896 1.2176
60 _|Harore.CG.MTP2014.531.905799.01.p Harore. CG.MTP2014.531.905799.01.p (+1) 29 kDa .029 0.3 9839 4.8627 15.746 12,478
15 |Harore.CG.MTP2014.51.915720.01.p Harore.CG.MTP2014.51.915720.01.p 30 kDa 034 1 7831 9.1539 1.3896 0
28 | Harore.CG.MTP2014.547.907047.01.p Harore.CG.MTP2014.547.907047.01.p 43 kDa 036 8.9 5.3835 7.0083 1.3896 0
51 | Harore.CG.MTP2014.543.905499.01.p Harore.CG.MTP2014.543.905499.01.p 23 kDa 0.038 INF 4.6519 7.0083 0 0
337 | Harore.CG.MTP2014.5588.900400.01.p | Harore.CG.MTP2014.5588.00400.01.p 54 kDa 0.039 0 0 0 10.652 16.131
3_[Harore.CG.MTP2014.5251.905210.01.p | Harore.CG.MTP2014.5251.905210.01.p (+1) 132 kDa 0.04 3.1 21534 18.308 4.1688 8.6743
121 | Harore.CG.MTP2014.5396.904046.01.p___|Harore.CG.MTP2014.5396.904046.01.p 76 kDa 0.042 INF 1.3996 2.1456 0 0
23 |Harore.CG.MTP2014.5503.906753.01.p___|Harore.CG.MTP2014.8503.905753.01.p 51kDa 0.045 1 5.3835 7.6644 0 12176
75 | Harore.CG.MTP2014.514.906847.01.p Harore. CG.MTP2014.514.906847.01.p 150 kDa 0.045 75 21311 2.8017 0 0.66001

*INFIL, SUEHHA 0D & 47T,


https://aniseed.fr/

AGIZEED, B Uiz BAL 4 DO % 378 L LT, ankyrin, formin, dynein 35 X O stress-
induced-phosphoprotein 23 & &7z, ZHHD 5 5| ankyrin [ZEEBED T ¥ X505 F D)
FIZEDLL oMb TV D, formin 127 7 F L OEAIZES L. dynein (ZHIAEN RS
FNbL 2 RIVETHD, 3. RO FED (2) OIthbd Lo, L—W—<A1rad1ts
LA ET, CEAEIT MR BT B IS TV Z L TWAZ LD, fIEENC R D 5 K18
WALIZ L 0BT 2 BRI S TE R o T,

(2) REFEHL

4 SOBE T OEEESN G, 2% CBB stain WB
MR CED I~ —%F%5 L. PCR & Dynein BSA(ug) Dynein
fr?of:o ‘,\771_;:_? 3 1@{4§0)5B\ dynein ﬁ (& F P E 1/10E1.0 05 0.25 0.125 F» C 1/105

5T 134T OB R C e B 7o HEiE 23
b B~ (datanot shown), —75.
Z DD 3 >OEIATITB L TiE, B
TEPEMI S D2 D> T,
HA =L TIE, o b FRFEE
AR & X7 BERRICTRE SE
7T A, TR TEOAMEIZS VX
JEORENHERTE T (X 2 £),
51T, Pl Histag HikzHW\WT, ¥ . '
T RAA T O T 4T B Tl m j
A, FERM NV KBRS \ ‘ \
; 2 @ oﬁ:% - ;:;E %% = ;7; - G Craces ¥ Flow hrongh, b el B Ehoion, 108 Eion, 7
NTETH dL. L
EBREIT-o T,

50 °

37

25

20 E;,

(3) gt

YL ERRZ &> TRLNZII L EEZ AV T, () TIERIL BT TRt 2 vtz 1T o7, £
DR AR HZETH (K 3A) , AL TH (K 3B) . #RFENITHT dynein HUIRRGIEAINDAS 24581
22372, dynein [THIRANOWEERIEICBED L Z LRV ETH D Z Linb | HRENMRS YA
SN EFERUBERTHL B2 NI, T 0T 4 — MR ORERIN O RS 37 BITHK
BIEE T+ 2 2 N7 ETh oo 2 e b HENOMEREOEWTER L, BlgaiTo7
LR - AR EAR R TR s :
(kA (A AR
EJNL (S AP T AQEN ' - -
L — AR B S - — Tt a
BT DRSS, £ JE s ST
IZELDFY L EBDbRD
BosBERShI- (M 4), i Sl e
WILERS BIERS LT3, Y D e G
LUNTIEE L TWDEE 11X 1y o e e
FRDHINIRD DT, AT 7 LN X s
1@@[_/7‘:%{2{:;1;1:—\7‘53/&%& B3, WALLI AR gE P OFis A = FrRBMERD, (A) R, (B) BALFE A

FENHIRLO XA ThHZEPRENT, : L
bk Xolz, v—WV—<Agradfraik
THAL LR BEORDIGF 2B EL, 71
T A= MRFTEAT ST DD RY AU BN 5
Lot —ZAfHEZ G L T D Z o Y
JEORFEIIIE S ootz L—F—~Afrax N, Al e
A a a7 BT A — MRS " g B\
2-D Fluorescence Difference Gel Electrophoresis

(AL o <2 boav il OREEs ., ~ TN

A B

VRVE) TEHAIZ B B2 R E ORBE B T - 3 T’ % 5

723 ARIOV—F—~vArad (T a kD g e —

RRLE LA, ZOZEhE, Avaax | 0 o i
Y % ° ) FoI ﬁ{\ IHAc :/\ 77 A : . v

BRERDZ T RERGERIMCIMLTODIE ), i mtismons (= siition, pisL <1,

PRSI, BN AGHE TN B Do b L B SRS

BlERTED,



@4) 7ar7r—EiEtt

Y LY OEEE BT, A EEE 17 FEEEO MCA B 055 3 FffE (Z-Phe-Arg-MCA., Boc-Val-
Leu-Lys-MCA, Suc-Leu-Leu-Val-Tyr-MCA) {2k} L CH U RV E 3 fRlE a2 R LT (F 2), 3 FEOT
77— OG-0 DIEMIL, BB DR LU TET 2ol ZRHDORE X, N
VUBIOFEN T AL ST REZITHEE THAHIEND, T LAUIEN 7V B L OSFERN
TIET T T =B EHIIMN WL CWDZENRIBRES NI, — T, T/ _XTF L =B OiEMIL
&N 7e > 7=, Z-Phe-Arg-MCA (IH7 73 BIL (ko THifE% T HIE Thd, W77
B/L 13 D% 4 B TIHEMER T L THBILTWAZENS (D) , AV L DIFFEVER T 0 —o0
Lo, 5% AT 7Tk aT 7T — B O EBRLA~DOREDY 3 EH SD,

BLERRN &I, B2 TSR AY —F IHER R T2 )RR R Miamiensis avidus HFRLLT=HH
fash 7 a7 7 —B a7 ANV ERTZEEREL TS (®),, YL M. avidus b EMED R
MTHHLIEDD, RIFNMEE A T MO R AN NEDIEEEF T 200 E 90, 5 % OBFEH
b,

2. Y AL O LIFICBIT 57 e T 7 —BIEMEHIE (fmol cell! h)

Average = SDI

MCA substrates Substrates forf
Low number of passages High number of passages
Arg-MCA Cathepsin H — —
Leu-MCA Aminopeptidase — —
Ala-MCA Aminopeptidase — —
Lys-MCA Aminopeptidase - -
Phe-MCA Aminopeptidase — -
Bz-Arg-MCA Trypsin - -
Z-Phe-Arg-MCA Plasma Kallikrein, Cathepsin B/L 3.58 £0.17 3.02+0.13
Glt-Gly-Arg-MCA Urokinase — —
Boc-Leu-Gly-Arg-MCA Horseshoe Crab Clotting Enzyme — —
Boc-Leu-Thr-Arg-MCA Factor Vlla - Tf — —
Boc-Phe-Ser-Arg-MCA Trypsin, Tryptase, 73K Protease - -
Boc-Val-Pro-Arg-MCA a-Thrombin — —
Boc-Leu-Ser-Thr-Arg-MCA Activated Protein C — —
Boc-Val-Leu-Lys-MCA Plasmin and Calpain 1.61 £ 0.027 1.67 = 0.05
Boc-Glu-Lys-Lys-MCA Plasmin — —
Suc-Ala-Ala-Pro-Phe-MCA Chymotrypsin — —
Suc-Leu-Leu-Val-Tyr-MCA Chymotrypsin, Calpain, Ingensin and Proteasome 0.14 £ 0.01 0.17 £ 0.01

T According to product information from manufacturer (Peptide Institute)

1 —, No activity.
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