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Fig. 1 Model of the dystrophin-glycoprotein complex (DGC) in mammals and in C. elegans

The C. elegans model is built by analogy to the mamalian model. Most of the components of the DGC are found in C. elegans with the exception of

sarcospan (SPN) and nitric oxide synthase (nNOS). «- and B-sarcoglycan are shown in pale because the existence of functional homologues in

C. elegans is unclear. The C. elegans vy / 8-sarcoglycan homologue may form dimers. SG, sarcoglycans; N, N-terminus end of dystrophin.
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CeMM £k it 85 7% i (Szewezyk N J, 2003);
opticellTM 4il g 1% 7% i (1100, Biocrystal, USA);
SYBR premix Ex Taq real time PCR i 7] £ (Takara,
Japan); dys-1, hlh-1, unc-54, myo-3 Fl egl-19 2k i3t
5|%)(Takara, Japan); BA83 nitrocellulose membrane
(Schleicher & Schuell); fX J& & A B (Sigma,
Chicago, USA); 47/ - Y234 ik 44k} (Invitrogen,
California, USA); MH24 i 5% Bt 5. o0 B Bt 44 Fl
5.6 BUULERH A 550 UK (lowa City, USA);
FluoProbes 546 $LiR IgG 1 FluoProbes 488 $i i IgG
(Interchim, Montlucon, France); ABI PRISM 7000
Real-time PCR ¥ (Foster City, USA), Ot LI
%% (Leica, Gemany; ZEISS, Gemany), Jig #% 1% 77 #&
FUBHEE 711 (Synthecon, USA).
1.2 iRIEiE

Bristol N2 % 2 M 75 [ £k bk /£ 20C T
opticell™ 4 1% Fe Al h B8 19 K, AR ¥ Hife
i e 5 I LR ) A L e e R 14 K 19.5 h,
FIHh 20 r/min.  AERLGHCE ) W A)IR FE R FEAE (21«
4C. Wek e, WOEL B TIHEAEE, 187)
AR RS RAT A . Fo) 4 2 T 0P e
-85C UKFATPORAE. fEIBAE b, AR#E DU SCHRR
M TP - I IRGS (MUK B 1/ 0% A
FeGO Yl

Real-time PCR F] T-#ll 5 F 5 22 LAH < 5 A
% 1X . Primer Express #X f (Version 2.0, Applied
Biosystems, USA) ¥ it ¥ 51 )7 41): dys-1 (F, GTGA-
ATCCGCCGCATTTG; R, AGCGCCTTCCGATAT-
TGTTG); hlh-1 (F, ACGGATTCGGACGACGATA-
G; R, CGCGACAATCTGTCCAAAGAG); unc-54
(F, GATGCCGAATCCCAAGTCAA; R, CGGCTTC-
GTGTTGGTAGTTCT); myo-3 (F, AAAGGTCAAG-
CCAATGCTCAA; R, TCTTCAACCAAATCGGC-
AAQ); egl-19 (F, TGCACTGGACGATTCAACATC,;
R, CTTGCCAGGCTTCTCCAGTT); N % HE A gpd-2
(F, CCGTCAACGATCCATTCATCT; R, GGTAGT -
CTCCCTCGTGAGCAA).

Western blotting FH T~ 45 I P4 41 £ s b Lk 8

HASE. AL« + s &ox, FIH SPSS #%
BTG T2 Hr, 4 TR) Ee s P BRI 250 25 00 #
P<0.05 M\ AEF I ERE L.

2 & R

2.1 HEFFEHMINGET K

MG W 25 5, AR o) 4 R6) i 4 2%
R AEFRRA B HER. B2, &din 15 Kig
AP 2 RIS B A B R (P < 0.01 ps HhUTTRT
ML, £ 1), LRI R AT S8AZ, HF
A B &P >0.05, & 2).

Table 1 Summary of survival rate, movement rate and

crawl wave ratio of worms after simulated microgravity

G Survival rate  Movement  Ratio (height/width)
roups

up 1% rate/min of crawl trace wave
Microgravity ~— 77.44 + 1143 21.6+ 8.1 0.39 + 0.08
Ground control 83.53 + 9.99  82.40+ 1821 0.44 + 0.07

x+s. *P <0.01 simulated microgravity vs ground control.

G group

M group

Fig. 2 The crawl wave of C. elegans in simulated
microgravity group and ground control group

G: Ground control group; M: Simulated microgravity group.

22 HEFWE

KREWME LS H, ORI AEILA
S5 AT B W R, fH 3 A 1 C R ) B 2R
BB AU, I, ASSIEG 0] 28 H Ak
VLA M T LEN 8 2 4E, WIkER B A RIS (ARt
AT TGt B FWEE, Hhlishd 44
SERRENIA L 22 1) sy, WIEKER A 2 AR
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Fig. 3 The effects of simulated microgravity on muscular
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Fluorescence microscopy of nematodes body-wall muscles after staining
withphalloidin-rhodamine [(a) and (b)], anti-myosin A antibodies [(c)
and (d)] or anti-dense-body antibodies[(e) and (f)]. Striated body-wall
muscles of (a), (¢) and (e) are the photos in ground control animal and
(b), (d) and (f) are the photos in simulated microgravity animals.
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PEBE M 0.017 6 £ 0.005 0 T+ 5 0.029 8 + 0.004 9,
BT 72.41 % . 1fi hlh-1, unc-54, myo-3 il egl-19
HE DRI 26 1 {20 ) B FE T 64.88%, 32.14%,
46.58%H1 67.47%(1¥ 4).
2.4 Western blotting f2MALIKEB A 82
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Western blotting /5 ¥ 317 & & . MK v W %2,
250 ku ab &y MWIERER A A, &0t Image T KIS 77
Mk 5, B D AR S  A 450 KBS
h 187.688, i I %o P 4 AH Lb (K FE A 189.906)7K
PRSP EE ) 4 2 AR RE LA b
WIEREE 1 A HRIMEK.

2.0+
Genes Microgravity Ground Microgravity/Ground T
dys-1 0.029 8 £ 0.0049 0.0176+0.0050 1.7241 +0.1803 g L5r
hlh-1 0.0139+0.0010 0.0395+0.0018 0.3512+0.0167 lg Lol
unc-54 04754+ 0.0306 0.701 0+ 0.0093  0.678 6 + 0.051 1 § .
myo-3 0.0111+0.0016 0.0210+0.0039 0.5342 + 0.0759 = 0.5r
egl-19 0.0236+0.0005 0.0823+0.0390 0.3253+0.1232

dys-1 hlh-1 unc-54 myo-3 egl-19

Fig. 4 Real-time quantitative PCR analysis of muscle-related genes of worms in microgravity group

Expressions of dys-1, hlh-1, unc-54, myo-3 and egl-19 are showed.

The mRNA expression of each gene was adjusted by that of GAPDH (gpd-2)

mRNA, which was used as internal standard. M: Simulated microgravity group; G: Ground control group.

3 it it

CAAE RO g T 57 3 22 LR A 2y
WETER 5, Wb IR AT S8, AWFFUR ]
T e ] ) 2 A R B e R HEAT T R R g
FU AFEN T EEESRUR AT SRR 45 2R
VEUIAELE JUR B R R e B ), AL T
)5 AR K B 2 UL A AT . (H
TR TR ) R P A NUA =4 L EE A R 2
TARZN. SRR It R GTLL R Al REAT /T 4¢
SUARE 1R 40 SRS 8 X R R S S A A ARLASHAT

FURURGEERY, iy TR AL dUy B B i R
FR ] S 1, A HC AT DA (S P T3 A O
FU, WHZIBIIETIT T A B e, A iEse
B A BIORE 15 R, Z A EE S T2l
AR BB IR TR, £k A A7 R A i
FeJams A NI, 1B RAR, AEBIEAR AT
SRR i EAN B8 L LE AR R, W] 2k Huis Bl g W]
LRSS . XA KB B RE s T IR KK
A7 )5 & B AR A ARABL, iy HLAT £2 AR A (i iE 3 4
RN R, PSR TR R AR,



s 1302 - SMFEEMYIRER

Prog. Biochem. Biophys. 2008; 35 (11)

8 B AR YO T AR50 A T 1.

I F B g 5 SR (0] 55 T 2 HAARRE L) 32 240
BoEA— B IEREE A FEUE R S5
BT T ML WL, ERRUME 4, £
HVIERER (19 G A R, ARRENLAN B [ AR B 5 4
AN, ABKFEIFTEARAL, AR EE ) R 2 RS
PO T EUEYE . 1y S 2 HRACRE LGN L 22 4 e &5
FIBUEAARTE TR A 45k I 0 R348k, (B 5
XTRRAIAHEL, OO R AR B N, $enaiE
R, PRI S I0EB RS ks, H2
FiPE I - AR RS Lt B IR P 4 4 U F-actin
iR RS R E. s, DIERES A M
e AARSERs FARER T 3 P RBELY = A ——Al
WLez, FIWLLZ FEA L2 )L 5l e 5. TR ETE
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Mechanisms of Muscular Atrophy and Gravisensing After
Simulated Microgravity in Caenorhabditis elegans:
Parallel Control to Spaceflight Research in C. elegans™

WANG Chi"?, SANG Chen"", YANG Chun”, SUN Yan", YI Zong-Chun”, ZHUANG Feng-Yuan"
("Bioengineering Department, Beijing University of Aeronautics & Astronautics, Beijing 100083, China;
2CGMC,CNRS-UMR 5534, University Claude Bernard Lyon-1, 69622 Villeurbanne Cedex, France)

Abstract At present, the molecular mechanism underlying microgravity-induced muscular atrophy is still
unknown, and gravisensing is the key point in this process. In order to answer these questions a research project of
Caenorhabditis elegans (C. elegans) in spaceflight was carried out, which had been reported in this journal before.
An environment of simulated microgravity on ground was established, and its major effects on body-wall muscles
of C. elegans in the structures and functions were examined, which further confirmed the results from spaceflight
studies, and comparing between these two different treatments was benefit for valuing the validity of simulated
microgravity. Firstly, the survival rate and movement ability of C. elegans were observed, and five important
muscle-related genes and three proteins were measured after 14 days 19.5 h rotation. The animals displayed
reduced rates of movement with a lower ratio (height/width) in crawl trace wave in simulated microgravity,
indicating a functional defect. In morphological observation deceased muscle fiber size in myosin
immunofluorescence and duller dense-body staining were found in microgravity group, suggesting muscular
atrophy had happened in C. elegans. Meantime the result of Western blotting showed the quantity of myosin A
decreased significantly in simulated microgravity group, further confirming muscular atrophy. In genes
transcription, it was noted that dys-1 increased significantly in body-wall muscles, while hlh-1, unc-54, myo-3 and
egl-19 mRNA levels declined after rotation. This study provided evidence that dys-1 are involved in the
transduction of mechanical information in skeletal muscle, potentially play a vital role in gravisensing. Genes of
hlh-1, unc-54, myo-3 and egl-19 induced the muscular atrophy in simulated microgravity from the structures and
functions ways respectively. Data of this study consolidated the results in our spaceflight researches. On the other

hand, it is implied that simulated microgravity is an effective ways for improving the quality of space studies.
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