
 
 

A Game of Operation: Investigating the Modulatory Effects of Myosuppressin Isoforms on the 
Homarus Cardiac Ganglia 
Thomas Diaz, Class of 2018 

The nervous system is responsible for manipulating our behaviors, like from walking to running. 
These changes are the result of generated rhythmic movements controlled by central pattern generators 
(CPGs). For example, the Homarus americanus cardiac ganglion (CG), a central pattern generator, is 
responsible for the American lobster heartbeat. The Homarus CG is a simple model system for investigating 
the underlying mechanisms in generating rhythmic movements such as the heartbeat, as it contains only 
nine neurons and does not require outside sensory input to function. This is incs77.85 606.34 Tm
0 g
0 G
11.l0 61]g
0 G
[(doe)ss.i TJo11(ea)-2(ta
ET
G
[(Q
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 135.38 581.04 Tm
0 g
0 G
[(ni)-4(ne )42J
ETdoe)st-4(n)11(css(o)11(n)udy)22
Q
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 T 

/F1 11.04 Tf
1 0 0 1 72.024 568.3 Tm
0 g
0 G
[(m)17(a)-12(y)11( )11(el)-5(uci)-5(d)11(at)-5(e)9( )11(t)-4(h)11(e )9(r)-3(o)11(l)-4(e)9(s )9(of)7( )22(C)4(PG)6(s )9(i)-4(n )11(m)17(or)-3(e )9(com)15(pl)-4(ex )9(b)11(i)-4(o)11(l)6(og)11(i)-4(ca)-2(l)-4( )22(sy)9(st)-6(em)15(s. )] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 379.75 568.3 Tm
0 g
0 G
[(Mor)5(eov)9(er)-5(, )22(bec)-2(au)9(se)-3( )22(t)-4(he )9(m)17(ani)-5(pu)11(l)-4(a)9(t)-4(i)-4(on)11( )] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 72.024 555.7 Tm
0 g
0 G
[(of)-3( )-119(b)11(eha)-2(v)11(i)-4(or)7( )-119(i)6(t)-4(se)7(l)-4(f)] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 149.78 555.7 Tm
0 g
0 G
[( )] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 153.86 555.7 Tm
0 g
0 G
[(r)7(equ)9(i)-4(r)-3(e)9( )-119(r)7(eg)9(ul)-4(at)5(i)-4(on, )-108(t)-4(he)9( )-119(s)9(t)-4(udy)11( )-119(of)7( )-119(t)-4(h)11(e)9( )] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F4 11.04 Tf
1 0 0 1 316.37 555.7 Tm
0 g
0 G
[(H)5(om)5(arus)] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 357.31 555.7 Tm
0 g
0 G
[( )] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 361.39 555.7 Tm
0 g
0 G
[(C)] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 368.71 555.7 Tm
0 g
0 G
[(G)] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 376.63 555.7 Tm
0 g
0 G
[( )] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 380.71 555.7 Tm
0 g
0 G
[(a)9(l)-4(so)] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 398.47 555.7 Tm
0 g
0 G
[( )] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 402.43 555.7 Tm
0 g
0 G
[(al)5(l)-4(ow)5(s)9( )-108(t)-4(he )-109(i)-4(nv)11(es)-3(t)6(i)-4(g)11(at)5(i)-4(on)] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 509.5 555.7 Tm
0 g
0 G
[( )] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 513.58 555.7 Tm
0 g
0 G
 -0.12 Tc[(of)] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 522.7 555.7 Tm
0 g
0 G
[( )] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 526.66 555.7 Tm
0 g
0 G
[(t)-4(he)9( )] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 72.024 543.1 Tm
0 g
0 G
[(m)17(odul)-4(at)-5(i)-4(on)11(s)] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 126.5 543.1 Tm
0 g
0 G
[( )] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 128.66 543.1 Tm
0 g
0 G
[(of)-3( )54(ne)9(ur)-3(op)11(ept)5(i)-4(d)11(es)-3( )54(r)-3(e)9(spons)6(i)] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F5 11.04 Tf
1 0 0 1 240.65 543.1 Tm
0 g
0 G
[<0045>11<004F>-4<00480003>53<0049>-3<0052>11<0055>-3<0003>54<0057>-4<004B>11<00480003>53<0026>4<002A>5<00B6>-3<00560003>63<00450048004B0044>-2<0059>11<004C>-4<00520055>-3<00110003>] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 355.75 543.1 Tm
0 g
0 G
[(I)18(n )54(ot)-4(her)-5( )54(w)5(o)11(r)-3(ds, )52(s)9(t)6(udy)11( )54(of)-3( )54(t)-4(hes)-3(e )53(m)17(odul)-4(a)9(t)-4(i)-4(o)11(ns)9( )] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 72.024 530.35 Tm
0 g
0 G
[(m)17(a)-12(y)11( of)-3(f)-3(er)-5( )11(i)-4(ns)9(i)-4(g)11(ht)-4( i)-4(n)11(t)-4(o how)5( )11(t)-4(he m)15(odi)-4(f)7(i)-4(ca)8(t)-4(i)-4(o)11(ns o)9(f)-3( ch)9(em)15(i)-4(ca)-2(l)-4( )11(st)4(r)-3(uc)9(t)-4(ur)7(es)-3( u)11(l)-4(t)6(i)-4(m)17(at)-5(el)-5(y)11( al)5(t)6(er)-5(s b)9(i)-4(o)11(l)-4(og)11(i)-4(ca)8(l)-4( beh)9(av)9(i)-4(or)-3(. )] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 536.14 530.35 Tm
0 g
0 G
[( )] TJ
ET
Q
 EMC  /P <</MCID 5>> BDC q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 108.02 517.75 Tm
0 g
0 G
[(C)4(onsi)-6(d)11(er)5(i)-4(ng)11( )-271(t)-4(hi)-4(s)] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 183.62 517.75 Tm
0 g
0 G
[(, )-271(t)-4(h)11(i)-4(s )-273(s)9(t)-4(u)11(dy)11( )-271(i)-4(nv)11(es)-3(t)-4(i)-4(g)11(at)-5(ed )-272(t)-4(h)11(e )] TJ
ET
Q
q
0.00000912 0 612 792 re 

W* n
BT
/F1 11.04 Tf
1 0 0 1 321.65 517.75 Tm
0 g
0 G
[(m)17(odu)-10(l)-4(at)5(or)-3(y)11( )-271(ef)-5(f)-3(e)9(ct)] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 403.39 517.75 Tm
0 g
0 G
[(s )-273(o)11(f)-3( )-271(t)-4(hr)7(ee)-2( )-271(ch)9(em)] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 479.86 517.75 Tm
0 g
0 G
[(i)-4(ca)-2(l)] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 495.94 517.75 Tm
0 g
0 G
[( )] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 501.7 517.75 Tm
0 g
0 G
[(i)-4(so)9(f)-3(or)-3(m)17(s)9( )] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 72.024 505.03 Tm
0 g
0 G
[(endog)9(enous)7( )-10(t)-4(o)11( )-10(t)-4(h)11(e )] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F4 11.04 Tf
1 0 0 1 155.18 505.03 Tm
0 g
0 G
[(H)5(om)5(a)11(ru)9(s )-12(am)5(er)7(i)-4(ca)9(nus)] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F4 11.04 Tf
1 0 0 1 250.13 505.03 Tm
0 g
0 G
[( )] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 253.01 505.03 Tm
0 g
0 G
[(on t)-4(he)9( )] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F4 11.04 Tf
1 0 0 1 283.13 505.03 Tm
0 g
0 G
[(H)5(om)5(ar)9(us )] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 326.93 505.03 Tm
0 g
0 G
[(C)4(G)5(. )] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 347.71 505.03 Tm
0 g
0 G
[(T)-8(h)11(e )-12(g)11(oal)5( )-10(o)11(f)-3( t)-4(hi)6(s )-12(s)9(t)-4(u)11(dy)] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 443.83 505.03 Tm
0 g
0 G
[( )] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 446.71 505.03 Tm
0 g
0 G
[(w)5(as)] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 463.87 505.03 Tm
0 g
0 G
[( )] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 466.78 505.03 Tm
0 g
0 G
[(f)7(i)-4(r)7(st)4(l)-4(y)11( )-10(t)-4(o)11( )-10(exp)9(l)-4(or)7(e)9( )] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 72.024 492.43 Tm
0 g
0 G
[(how)5( )43(che)-2(m)17(i)-4(ca)-2(l)] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 133.1 492.43 Tm
0 g
0 G
[( )] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 135.38 492.43 Tm
0 g
0 G
[(m)17(odi)-4(f)7(i)-4(c)9(at)5(i)-4(on)11(s )41(al)5(t)-4(e)9(r)-3(ed)] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 228.05 492.43 Tm
0 g
0 G
[( )] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F5 11.04 Tf
1 0 0 1 230.33 492.43 Tm
0 g
0 G
[<005200510003>54<0057>-4<004B0048>9<0003>43<0026>4<002A>5<00B6>-3<00560003>41<00450048>9<004B00440059>9<004C>6<00520055>-3<000F0003>43<00560048>7<0046005200510047>9<004F>-4<005C>11<0003>43<0057>-4<00520003>] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 380.47 492.43 Tm
0 g
0 G
[(how)] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 399.43 492.43 Tm
0 g
0 G
[( )] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 401.71 492.43 Tm
0 g
0 G
[(t)6(hes)7(e)] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 424.27 492.43 Tm
0 g
0 G
[( )] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 426.55 492.43 Tm
0 g
0 G
[(b)11(eha)-2(v)11(i)-4(or)-3(a)9(l)-4( )43(ch)9(ang)9(es)-3( )43(oc)9(cur)-5(.)11( )] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 72.024 479.71 Tm
0 g
0 G
[(T)-8(o )-21(do )-32(t)6(hi)6(s,)] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 120.14 479.71 Tm
0 g
0 G
[( )] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 123.26 479.71 Tm
0 g
0 G
[(m)17(y)11(osuppr)-5(es)-3(s)9(i)-4(n )-21(i)-4(sof)5(or)-3(m)] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 226.49 479.71 Tm
0 g
0 G
[(s )-34(w)5(er)-5(e)] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 255.41 479.71 Tm
0 g
0 G
[( )] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 258.41 479.71 Tm
0 g
0 G
[(per)5(f)-3(us)9(ed )-33(a)9(cr)5(oss)-4( )-21(t)-4(he )]  
TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F4 11.04 Tf
1 0 0 1 346.63 479.71 Tm
0 g
0 G
[(H)5(om)5(a)11(rus)] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 387.55 479.71 Tm
0 g
0 G
[( )] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 390.67 479.71 Tm
0 g
0 G
[(C)4(G)5(, )-21(and )-22(t)6(hei)-5(r)7( )] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 453.91 479.71 Tm
0 g
0 G
[(ef)5(f)-3(e)9(ct)-5(s)9( )-32(on )-21(t)-4(he )-33(C)4(G)] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F5 11.04 Tf
1 0 0 1 532.18 479.71 Tm
0 g
0 G
[<00B6>] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 535.9 479.71 Tm
0 g
0 G
 -0.0946 Tc[(s )] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 72.024 467.11 Tm
0 g
0 G
[(beh)] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 87.984 467.11 Tm
0 g
0 G
[(av)9(i)-4(or)] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 110.66 467.11 Tm
0 g
0 G
[(, )-195(spe)7(ci)5(f)-3(i)-4(c)9(al)5(l)-4(y)11( )] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 174.02 467.11 Tm
0 g
0 G
[(bur)] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 188.78 467.11 Tm
0 g
0 G
[(s)9(t)-4( )-206(dur)7(at)5(i)-4(on )-195(and )-207(cy)9(cl)5(e )-207(f)7(r)-3(equ)9(enc)-2(y)11(,)] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 338.71 467.11 Tm
0 g
0 G
[( )] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 343.75 467.11 Tm
0 g
0 G
[(w)5(er)-5(e )-207(a)9(nal)-5(y)11(z)9(ed)] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 409.27 467.11 Tm
0 g
0 G
[(. )] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 417.07 467.11 Tm
0 g
0 G
[(N)5(ot)6(e, )-207(a)] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 451.15 467.11 Tm
0 g
0 G
[( )] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 456.19 467.11 Tm
0 g
0 G
[(bu)11(r)-3(s)9(t)] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 478.18 467.11 Tm
0 g
0 G
[( )] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 483.22 467.11 Tm
0 g
0 G
[(r)7(ef)-5(e)9(r)-3(s )-197(t)-4(o )-195(t)-4(h)11(e)9( )] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 72.024 454.51 Tm
0 g
0 G
[(phenom)15(enon )-55(o)11(f)-3( )-53(a)9(ct)5(i)-4(on)11( )-53(pot)6(e)9(n)] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 199.25 454.51 Tm
0 g
0 G
[(t)-4(i)6(al)-5(s)9( )-53(f)7(i)-4(r)7(i)-4(ng)11( )-53(r)-3(a)9(pi)-4(d)11(l)-4(y)] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 279.77 454.51 Tm
0 g
0 G
[(, )-53(w)5(her)5(e)9(as)-3( )-53(bu)11(r)-3(s)9(t)-4( )-53(d)11(u)] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 361.51 454.51 Tm
0 g
0 G
[(r)-3(a)9(t)-4(i)6(on )-42(i)-4(s)9( )-53(t)-4(h)11(e )-44(t)-4(i)-4(m)17(i)-4(ng)11( )-53(i)-4(n )-53(w)5(h)11(i)-4(ch)9( )-53(i)6(t)-4( )-42(t)-4(ak)9(es)7( )-53(f)-3(o)11(r)-3( )] TJ
ET
Q
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 72.024 441.79 Tm
0 g
0 G
[(one )-55(bur)7(st)-6( )-53(t)6(o )-53(f)-3(i)6(r)-3(e, )-55(a)9(nd )-53(cy)9(cl)-5(e)9( )-53(f)-3(r)-3(equ)9(enc)-2(y)11( Tf
1 9-
nb67.11 Tm11 q
045)-256s9n* n
BTo q5ran197equ)9(enc)-2(-53(b7999999713(i)6(r)-3(e, )-55(a)9(nd eJ5i)6045)cu)9(na( )-53(t)-41(i)-4((st)-6( )(h)1e
1 9-on
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 409.27 467.11 T57
0 g
0 G
[(one )-55(bur)7
q
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 417.07 467.11 T63
0 g
0 G
[(one )-55(bur)7
Q53(t))-2(y)n )-426 TJ
ET
Q,(pi)-4(d)11 q5ranult64(h)11(
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 72.024 441.79 Tm
0 g29
0 g[(s)9(t)-4( )-206ugh)1g
BTo q5ran4(ak)9(
0.00000912 0 612 792 re
W* n
BT
/F1 11.04 Tf
1 0 0 1 199.25 454.51 T07.42g29
0 g[(s)9(t)-4( )-20bo44(t)- )43CG


