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Studies on the Granular Inclusion in the Nerve Cells
of the Prawn, Penaeus japonicus BATE-II

In Vitro Experiments of the Respiratory Activity
on the Supraoesophageal Ganglion

Kaworu NAKAMURA¥*

Abstract

Experiments were carried out to investigate the physiological influences of the
respiratory metabolisms and the cell-membrane activities of the supraoesophageal
ganglions on the PAS-positive granules of the peculiar cells (PAS-cells) in the prawn,
Penaeus japonicus B.. For the respiratory measurements the cultivations of the gan-
glions were performed during 4 hours under the different compositions of the phys-
iological salines and then the medium-effects upon the granules were investigat-
ed, too, after the above tissues were prepared histologically.

Effects of the different concentrations of the p-glucose (8 mg/dl and 0.03 mg/dl)
and the difference between the bD-glucose and the bp-galactose (3mg/dl) were no
observed on the O, consumptions of the tissues and the quantities of the granules.
For the physiological salines of the 107mM K and the 3mM K the former showed
only the suppressed effects on the granules. Similarly for the 20mM Ca and the
8mM Ca the latter showed only, too, the suppressed effects on the granules and in
addition the accelerative effects on the O, consumptions. Both of the recuperative
cultivations during 3.5 hours after the treatments during 30 minutes with the phys-
iological salines of the 107mM K and the 8 mM Ca showed the accelerative effects
on the granules respectively. Between the O, consumptions and the quantities of
the granules there were no correlations.

In conclusion it seems that the granules may have a physiological role on the
maintenance of the membrane activities of the PAS-cells.

* B IR B AN KBRS A TR %2 (Lab. of Propagation Physiology, Fac. of Fisheries,
Kagoshima Univ., Kagoshima, Japan)
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Fig. 1 Revised curve of the weight value of the supraoesopha-
geal ganglion relating to the body growth, Actual values
and the substantial curve that is introduced by connecting
the minimal values of each stage are plotted,
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BB ERR I TR D 1 & VRO AABNES), #ic KY, Ca™ 23 Eo BiBic5EL 5 %
BESNVA—-ZRRVEH T2 +—2%, REHOHEEBIUOMBLCOVTREEZIMZ 22
BaEEL MG METOFERBROED S FAN, 4T PAS BHNEOER» o> ZLABR~NOXEL
metdsc L&l

® Kusano #% ( f)*: NaCl (23.2g = 400mM) +KCl (0.6 g = 8 mM) +CaCl.-2H.0
(1.9 g=13 mM) +MgCl,+6 H,O=13mM) (18 ml)

® 0.05M KH,PO, (7drops)

© 0.5M NaHCO; (6drops)

* @ OpH 13#46.5TH 3 B@OOEMIC L D pH=7.2~7. 4iciHEI N 3.

1) Swva—2EE: @OOIic -7/ va—EZERMLTERE 3mg/dl & 0.03mg/dl @ 2
RaEgE L.

2) H57b—RER: QOO I D-FF7 7 +—R ZHRMLTEE 3mg/dl OREREL
e

3) KE: @0 KCl R0 &% 107mM & 3mM icj&i, &4xcBELTOEOBX
D7y —2%23mg/dl LRARRICHEMLI2ZREREL .

4) _Ca FE: @0 CaCl, D&% 20mM & 8mM &%, K4 KBELTOLOB
U p-swva—x% 3mg/dl ERBBICHRMLIZ2ZREREL 2.

5) WMEER: WbW3 A ) vLsPBROFMEERELTER 3) © K=107mM &£ 4
® Ca=8mM OERICEL T 30 AHOEHMERE TR - 7cth, MXEBERD O
3mg/dl 7o —zBEEWET 3.5 BRI MGEER AT - /2.

Fig. 2 Culturing apparatus for the measurement of oxy-
gen consumption of the supraoesophageal ganglion,
After the cultivation the dissolved oxygen in the
medium was measured by the WINKLER’S method, Ab-
brev., b.n,: basket net for supporting the tissue, c.w,:
cooled water, f.,b,: finger bowl, m,s,: magnetic stirrer,
r.c.: respiratory chamber, s.,b,: stirring bar,
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ULroEERICENT @OO %} Fig. 2 R LFREAEHOFRE (18.07ml FH&,
#3528 IWEREAL, BEFEANTEIBWBEETE - 12%, HROZECRE (BR
TiRBW) REBALTRBEORERK % over flow X, ER5) 2K&, 4KRfjoER
FEREBBL:. LBERREZ18~20°C OoWHICHRET - CFREOCOFHEIR KEEA
PHHKCEERG L. BBRTO®R KHERHEZENHLCEERICEBL, BERRREIZOZ
FWE WINKLER HRIC LK BERERONEICHE L. LATHREOREHNERR
BERELOEEISERL, MEBRESAEE LA RCRD-HRHBEEOREEEZ b LK
BHBFE 24 mlO/g/dhr OB THRRLI. LEBRERIIIIBESAXD 7TH O
lic S2HE L 7z
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B2 1) ORtE% Table 1 KRl 7 ra—zxm3mg/dl XK&0.03mg/dl Ric 13
PAS FhiB i #®ZFicEST No. 11 TEHEICEWEZRTMIZT LA51F IS HET S Hi
2P 2h, EPHEOKBETRELVEZRITDONT, 54087079 TH-7. —75, W

Table 1. Quantities of the PAS-positive granules in the
PAS-cells and the oxygen consumptions of the
supraoesophageal ganglions under iz wvitro con-
ditions of the two different concentrations of glu-
cose. No. 1-10=3 mg/dl, No. 11-17=0. 03 mg/dl.

No. PAS-positives* Ox{ﬁ‘;‘i‘t Slgls}‘g“;fﬁ‘r‘;“

1 0.0 1.9

2 0.0 0.9

3 1.0 1.0

4 0.0 trace

5 2.8 0.2

6 0.0 1.2

7 0.8 0.3

8 2.4 0.1

9 1.7 0.3
10 0.0 o trace
11 5.1 0.8
12 0.0 0.5
13 0.1 0.6
14 0.1 trace
15 0.2 0.8
16 0.0 1.0
17 0.0 1.0

*: Relative values of the weights converted from the
magnified volumes of the histological specimens by
transcription method (unit=g).
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BRICHBOTHHFICRECHESREN, &4 DFHHE (ml/g/4hr) 30.50 & 0.67 T
Hot. EE2) o#R#%E Table 2 iT/RL 1.

0.54 T, B 0/ va—2RABEXOFEMEO.87 & LET 2 LEBEVETDHY,

#3524 b —2XD PAS HiE i3 EHE

Table 2. Quantities of the PAS-positive granules in the PAS-
cells and the oxygen consumptions of the supraoe-
sophageal ganglions under in vitro condition in which
the glucose was replaced with galactose (3 mg/dl).

No. PAS-positives* 0’%’&??;&?7;}2}?30[1
1 2.6 0.1
2 0.0 0.4
3 0.0 trace
4 1.2 0.7
5 0.0 0.6
6 0.0 0.8
7 1.6 1.0
8 0.0 \ 0.5
9 0.0 : 0.4
10 0.0 } trace
*: The same as in Table 1.

Table 3.

No. 8-14=3 mM.

Quantities of the PAS-positive granules in the PAS-
cells and the oxygen consumptions of the supraoe-
sophageal ganglions under iz vitro conditions of the two
different concentrations of potassium,No.1-7=107 mM,

No. PAS-positives* Ry
1 0.1 0.5
2 0.0 0.5
3 0.0 0.2
4 0.0 0.5
5 0.0 0.5
6 0.0 0.8
7 0.0 0.8
8 0.0 0.4
9 1.8 0.6

10 0.0 0.7

1 0.0 0.8

12 0.6 0.6

13 0.0 11

14 0.0 0.2

*;

The same as in Table 1.

HBR T
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POATHRPEVEETHZ LMEbNE. —F, FRERFEEMET 0.45 %2R %&£ 7
WA —RREHBELTEZRER W ESbhotk. LCATHERRXES PAS FHHE &SR
BEoOMicEDOHBERIRD ShsL.

£ 3) o#tR%E Table 3 it/RL7:. KO 107mM Kic#it 3 PAS HEEII3ImM X &
BT 3 LB DBVERNREN, FHETEERL0.00E£0.34 L5, BichHERED
Jwva—z3mg/dl R FHEH0.87 LH~RZEELLBWMETH B LN HAKTHSE. —
F, HREDOFEETIZ 0.54 £0.63 LR VHEOMICEBTLWERIBHESED S va —
ZXODOME 0.50 LB L TH TOERRBIDUNC EMRENS. iE PAS HhELRRES
ORI X EDHEBIMEIRRD Shis .

SEEX 4) Ot E A Table 4 jz7RL7-. Ca ®20mM |zt 3 PAS HEh&Eiz 8mM K&
B2 LEMNCED @adKEbh, K40 FiGfEI0.4720.00 L2 3H, ROSva—=
3mg/dl XofE 0.87 LK T3 & WIhd RN KD EHREN, KB kEO
8mM RiIFELLBWMETHZC LA HlRTH5. BREICELTIEmM XTiddic 20
mM K& OENERSEDLN, FEHEOHKETIIZL0.99&0.44 L5, S5 @ELRE
OFva—2XOME 0.50 &3 LEICHEDHEIIN2EIOFNFREZ RTC &3 EFH
Tdh 5. 153 PAS FhE & FRE & ORic 3% E OB ZDHE .

EER 5) O#ER% Table 5 wRL7z. K, Ca fiX® PAS B IR~ FiEMEE LT 68
L128CHY MEDEIZVWINhGER D © 7/ va—x3mg/dl K, £E3) ® K=107mM

Table 4. Quantities of the PAS-positive granules in the PAS-
cells and the oxygen consumptions of the supraoe-
sophageal ganglions under invitro conditions of the two
different concentrations of calcium. No. 1-7=20 mM,
No. 8-14=8 mM.

No. PAS-positives* Ox(slfxgnei::l=c§llll/sgu/r2glt-l)on
1 0.0 0.4
2 1.8 0.1
3 0.8 0.4
4 0.7 0.5
5 0.0 0.9
6 0.0 0.4
7 0.0 0.4
8 0.0 0.8
9 0.0 1.3

10 0.0 1.9
11 0.0 0.7
12 0.0 1.3
13 0.0 0.2
14 0.0 0.7

*: The same as in Table 1.
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Table 5. Quantities of the PAS-positive granules
in the PAS-cells after the “potassium-effect”
under in vitro condition. No. 1-4 and No.
5-10 were treated respectively with 107 mM
potassium and 8 mM calcium during 30 mi-
nutes, then, were cultured in the physiologi-
cal medium during 3.5 hours.

!
l PAS-positives*

4
°

1.7
3.6
1.0
0.4

2.2
0.3
0.5
1.0
0.2
3.5

W 00 3O ! W N =

—
o

*: The same as in Table 1.

KBXUEBR4) 0 Ca=8mM ROZLILBEWTEEETH S 0.87, 0.00 35k£0°0.00 & i
BLTELLEWETH S EVRESN B

z %

sz EDMBMEIZEBTELELTS5~20mg/dl ORIEFRY »HshH, RKERTHZI/RK
# @Bmg/d) 3 20VED EENHEEEZ ZLLRThiETREVWE Hlshs. &3
T/ —ZRBBMERICEOTREER I A VY —ETHECLIAMDOCLETHYD, 7
Ve EEQEBEICE VTS BREBEENHE T RHEROBEEMERIC RAIREKESEL
THVWLRTNBEYY., STERD BT/ va—x0 100 FoEEZ X VEX D PAS
ERNEEFRELICEWLZEZEYT, HOoWBEKHEEOHBHEIREINT LT ERIYEM
BAOSKRET O EIR RS & EENIC IABENBEELEE SB VT LERKEL, S5 IcFRAHIEZ—
EHEARBTZ 7V —2OFBICIEEEZTHOLDTH A LHlrshs.

ER2D) KBV THF 7 F—EXD PAS BHERER D /va—zRX0FDEHEVE
THBECLEDLOTMEDENICLBMENTRREINEH, BRELLTCREENABETRINC
LEEETEE, F37 -2 703 -2 LERICYUZHEBMICFIAS OB VBEBETHAS L
EZZoha. '

EE I, 4) BLUDE) BEEDOA F VHBROPTHHERORY - BEIEEZREZRL
TKE Ca 20R8ELT, ZOEBHNFRAMICEZ Z2HELHANG LAKKE, HEROE
FBEOHRED L TR S » D EEIIEI#S PAS BRHICEVW DL LRI FEEEERF LD
TH3. ST, Kt id Nat & L TEGATR—EDBETHRROBEEE i LT
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3%, zORESHZIEZI0OMM BEFTELL B35 LFREE /va - HER © BNt
Pz ote, WhW3 ‘A v AR BRETE. zhid CaYf oRDicL-TH HERsh,
WIONDOBAK b ZDREAR ZEEOMMBEOEESKREDRHET, Bk 3HEARMOT
MBS LT3 EEN39". LZATHER I KBOTEEME BmM) o134 o
BEEEZ - K=107TmM Rickit 3 EREid 0.54 OFEHE (ml/g/4hr) TERBRLD 0
wa—2z3mg/dl ROFHEMETHZ 0.50 & HEET 3 & FRAH ~OFAEXHE IEWPTIIE
<o AY Y LBBIFERTEAV. i, PAS FHEIGTFHMEMN 0.00 T s/rva—x AEX
DfE 0.87 T2 E2DHBRRBZKOEMCEIVMION TR L2 HREEE. EB4I
KBF3 Ca=8mM ROEREIIEHETO0.99 2R, chizERD 04 va—x 3mg/
d RoFHEETH S 0.50 & ikt 3 LERENMETH D, Ca=20mM XoFELEfEIZ 0.4
ThHBTELEZERTSE, LUFZHRBRHOFRAHMIT Ca oBDick DEETELEh- b0
L& hz. —F, PAS EHBIko\Tid Ca=8mM KD EHEH0.00 Th b, Ca=20
mM KBIUOER D 0/ va—2FALROKEH0.47 L 0.87 THB Ehd, ZOHER
Ca ORADICIOMAONTNB T EAHR S8 5. LT ATEERD) itk PAS I E
iBK, Ca X &EdERD 0 S'va—z3mg/dl ROFHETHS 0.87 ik LT FEHE ic
B, £41.68&L1L28DFHHEERL, WIhbEDERDI), 4) icksiy3 K=107mM &
Ca=8mM ERXRDEALLFDORKERENLBHM, hiR—DICbWEH Y v aghREr WL
CEREMELTRELLERBEOHEBILOED bOLBRENE. HBEER3I) &4 i
BOTERMX & SRR, RO GRS L CTHREZ Y RBIcd 24, RS «
BOTRIOHHoRSRREDCR, FErRBickirs (A#) HEAEEZRShTED, o0
PR YR R BAMIMETRE I C EMNEZIONE. S5IKEDERI) O K=107mM X
CBOTHHSNTREINE ) Y2 ENFRED LK@ ohiih-kmid, fiFicsn
TEE4H 0 Ca=8mM XS AENEERALZE L RERLTHIEY (EFEI BFEEHE
ELT10~20mM DEZBTN3Y) OkKRLT, K=107TmM RTREZOXEHENRE
CHOWRIMAT, EREMNOESHARIERALIDEbEEIhS.

DIEDEREE»OERT S & YFBEHIAE FHENO FRAS & IEENICIIBEE T,
LA PAS filAOKRICB T 2 NBRRBORBNRBE T OLOBFETHETIMETHAHC
LBHERINSG.

1. 7=z iB 288 LHEGHORBEEIE R LoMBERICHRET 2 PAS @i
BLT, 4YFMBOoSHEENOABNEELLLYMENOTFRAS L L OREHE, B4
EHREEO—MITE X D RS L 1.

2. AELFHREIKIERBZNTLRRM, 18—200C KA b LICHRBIERLZITEL, BER
KT O%, BRBEAE L TEUYRMICHE L2 BRBEZEEHRECLVEELL. fih, 5
B IHE WINKLER B X O BREBRRORVEERD CTHRELZHEH L.

3. Byt KusaNo AEARE L, REHOSHRERE LTI va—20 3mg/dl &
0.03mg/dl ®2R&BIAF 57 b—AD3mg/dl REHRELK. 7rva—xicBALTRAKX
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DT PAS BhiR - FRELDRLICELVERIBYONT, H57 F—RC20TH7
VA —2RBIFBWMEEOEBIIZAHBETREL 7.

4. 4 FVHEBROTEEER E LT3 parameter cK& Ca #3®y KusaNo O
RAWBELT, B 107mM & 3mM, #Fi220mM & 8mM DR 2REZHEL, &4
wa—2ERMLUT3me/dl O&GTERL:. K=107mM & Ca=8mM O0lKIicH T
PAS B IZHBEAWZ ShickRERL, il BFREIBZFICOSIELOEENRSIhZ
DEHEIX0.99ml/g/4 hr. TE%EME (0.50ml/g/4hr) D} 2ETH - 1.

BEMEERELT K=107mM & Ca=8mM OfXicE L T 30 30 Gk ®%,
A4 2 VKARRADS g OBERSMICR L T 3. 5 B ok & AT, PAS BB ZEZRE . W
#FHEOUFTENICIIELVEBYEMSHRS .

5. FEEROEWRR ICBWT PAS BEHEE FRELO Mic3EED HEKRED N
T, Ko TUFKIFR RGO FFRAH & IEENICE EBNEEEZFIBT VLD LEEZION
A.

6. PAS Fh IZALMMOEICE T 3 NRAMOBH BB BHET 29 HETHAI ¢ L *%
HEL .

X 7y

1) Kusano, K. (1966) : Electrical activity and structural correlates of giant nerve fibers in
Kuruma-shrimp (Penaeus japonicus). J. Cell. Physiol., 68, 361-384.

2) it | (1974): 7 v=xzCOMBIWICET 3%-T PAS BHEMHE OB LENRF S & O
VP #EMifaERo #2557 4 —. BEAKKCE, 23, 185-193.

3) it X (1974): s v~z COMBNMIcBT MR- BERAE L PAS BHEWHEE & oMM
oOEr. [FLE, 23, 195-200.

4) tiR E (1975): 7 v=x EOMESMICBTAHE-I MY vooiiRkE PAS BHER oM
B o #st. [ L, 24, 33-42.

5) OTsuka, K., E. A. KraviTz and D. D. PorTER (1967) : Physiological and chemical archi-
tecture of a lobster ganglion with particular reference to gamma-aminobutyrate and glu-
tamate. J. Newrol., 30, 725-752.

6) AsHFORD, C. A., and K. C. Dixon. (1935): The effect of potassium on the glucolysis of
brain tissue with reference to the Pasteur effect. Biochem. J., 29, 157-168.

7 RBIEA (1973): “INOMEEEWE", SWEE, HF, 84-90.



