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Studies on the Neurosecretion of the Prawn, Penaeus japonicus B.—XI

Correlations between the Activities of Some Enzymes in the
Internal Organs and a Quantity of the PAS-positive
Granules in the PAS-Cells

Kaworu NAkAMURA¥*

Abstract

Experiments were carried out to examine the physiological relationship of the PAS-cells,
located on the ventro-posterior of the supraoesophageal ganglion of the prawn, Penaeus japonicus
B., to the internal respiration and the nerve metabolism. For the midgut gland, the dorsal
muscle, the gill, the heart, the scaphognathite muscle and the ventral nerve, the succinate
dehydrogenase (SDHase) activity was measured by the method of methylene blue’s reduction.
In addition, the alkaline and the acid phosphatases (Alk. Pase and Acid Pase) were measured
by the Kinp-KING’s colorimetry. Before measurement, the tissues were homogenized with buffer

and dialyzed.

For the ventral nerve, the cholinesterase (ChEase) and the glutamate-oxaloacetate transamin-
ase (GOTase) activities were measured, too, by the m-nitrophenol and the REITMAN’s methods
respectively. For the hemolymph, both the phosphatases were examined. After sampling,
the ganglions were fixed histologically and the PAS-positive granules in the cells were calculated
quantitatively by the transcription method as previously. The SDHase and the Alk. Pase activ-
ities were high in the heart. The Acid Pase activity was high in the gill. In the hemolymph,
each of the Pases was 3-21 and 8-20 KiNG-ARMSTRONG’s unit respectively. The ChEase activ-
ity was 8-19 M acetic acid/mg/hr in the ventral nerve. There were weak correlations of the
SDHase and the Alk. Pase in the heart and the ventral nerve with the quantity of the PAS-
substance in the cells. Therefore it seems that the cells have some role related with the metabo-

lism of the heart or the ventral nerve.

ansBFe ey r—¥id TCA QR ETRFHBETFZEEBROMICHAEL, WbW53
ANy BEBERELUTHRAER EEEZMBE LD S, FRBEIKBHTS BaLL and
MEYERHOF!, NAYAR and PARAMESWARAN? ik D ZOBEBERINT NS, 7rh

* PEIRBASKEES MR SPeE (Lab. of Propagation Physiology, Fac. of Fisheries,

Kagoshima Univ., Kagoshima, Japan)



24 BERBRFKEZDLE #26% (1977)

YRR 7 » 2 — L I3EH, SO E% 1B 00T pE Nicora®, Husson®, KUGLER
and BiRkNER®, NEEDHAM®, YAMAOKA and ScHEER” %ick U &%, M/LER, BEEZLIZ
BEEEHRICZDFELGHERIN, SOREBEFRR 7 7 4 — € R3EHY, GrécoRe” itk D
B, MRICHT2HRUMARDE. ULLFEHR7 7 2 —COEBYZRICILBREL A
BENEITHSE, MERDIY) Y2275 —+|d Warop and Boor'” |2k 9 Carcinus
TREEORH SIS IN, UHELIASY KL3 LEHOBBEICBNTIIASNTE & O B
BRRFINTNS., X, SV IvBA+¥ ol 7 VR T I F —CRPESHEICBNT
b, A ¥V oEERENLT TCA BIBE I Vv ¢ Y BRBOEKCEDD, 51T PR
NAD-NADH #2274 2 E% 5% 5 C &4t ScHOFFENIELS and GILLES'® D#x3%icin
INTNE, LTATRITHE LB y vz e AE LMESO PAS SifsicE LTk
EEBROERLOLHENBEEDHEERITH2DIT, CTICHBBEELTHER,
BEH, 8, O, FREAED, EHMERBI0CMm) v 2 RRE UTRYE, £41CH
UTERO LEMEEZRD, YEMRTICHE T3 BNELOMBEEEE~SCE &Lk,

R B A E

ERBITEZOBFCHEORBHCHE L 1) ¢ (Hem) 13284 + CHEEIF O LM%
BEO®MmE, o008 (3000rpm. 154M) UTREES LD 50ul 2~y vty 37
ey P TERFLUL. BBR M) BXUl (H) QRns, BE5cEPZ 48 LT

Fig. 1. Diagram of the abdominal musculature indicating
the position of the dorsal muscle. This muscle situates
on the midline and connects the overlying tergums
each other. Its function is the extensor of the abdo-
men as the antagonist to the ventral muscle, that is the
flexor. Abbrev., dm: dorsal muscle, gc: ganglion
cord, i:intestine, p:pleopod, s:sternum, t: ter-
gum, vm: ventral muscle.
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1) SDHase: Ifil ) > *ZB OB/ ERLRLELUAERY KL B2 5L vy ERTEOHES
Tlao7., BHEIZ2 78 Na &L U, 37°C 1t T Thunberg HEHORIGEBRIB LA FL v
HOREBKRTETCOMERBEER by 7« v 4 v FTRDI., BHERZHIIEEOFEHICI0%
FUBABELCY OMMMEE UTRR L (BAL:107Y/g/min). E < v v BIEMIC
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2) Alk Pase: 2 TOH{ENRE UBE® 1tk 3 Kino-Kine % #A L. RESE
BiZ7 2= B8 2Na- 71 ) 7vF ) v REESHKR (pH 10.0) &L, 37°C T
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Table 1. Relationship between the succinate dehydrogenase activity of some internal
organs and a quantity of the PAS-positive granules in the PAS-cells.

PAS SDHase activities of the homogenized organs**
k positives* Midgut  Dorsal Gill Heart Scaphog.  Ventral
o. gland muscle muscle nerve
1 0.5 5 4 8 23 10 8
2 0.4 18 4 9 20 14 8
3 3.2 13 6 15 21 25 12
4 3.8 4 5 20 40 23 18
5 2.4 6 5 14 18 15 16
6 1.8 5 4 25 20 13 17
7 1.9 8 7 8 27 10 14
8 5.3 10 8 10 40 12 20
9 3.9 4 6 13 38 25 15
10 1.6 20 8 13 32 20 25
11 0.0 7 5 8 18 11 10
12 0.5 9 5 8 29 12 19
13 0.0 10 5 11 20 15 9
14 0.2 8 4 18 33 19 11
15 0.6 12 4 8 18 20 10
16 4.0 7 5 20 36 11 15
17 0.0 8 4 25 30 13 8
18 0.3 6 6 8 35 13 13
19 0.8 18 4 10 20 11 18
20 0.5 4 4 9 24 15 12

*: Values of the weights converted from the magnified volumes of the histological speci-
mens by transcription (unit: g).

*%: Measured by the methylene blue’s reduction.

Fig. 2. Succinate dehydrogenase activity of the midgut gland, the dorsal
muscle, the gill, the heart, the scaphognathite muscle and the ventral
nerve measured by the methylene blue’s reduction (unit: 10~*/g/min).
Concentric circles indicate the degree of the frequency.
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Table 2. Relationship between the alkaline phosphatase activity of some internal organs
and a quantity of the PAS-positive granules in the PAS-cells.
PAS Alk. Pase activities of the homogenized organs**
" Midgut  Dorsal . Scaphog. Ventral = Hemo-
No. positives* glaf: muscle Gill Heart mul:cle nerve lymph***

1 0.5 30 2 12 52 15 22 4

2 0.4 16 1 16 51 20 19 13

3 3.2 30 3 25 44 58 17 8

4 3.8 30 3 23 120 57 40 15

5 24 15 2 18 37 12 31 13

6 1.8 30 2 14 30 16 25 20

7 1.9 15 3 12 67 15 20 6

8 5.3 16 2 18 110 24 40 5

9 3.9 30 2 10 100 25 29 —
10 1.6 25 1 20 93 53 41 4
11 0.0 30 2 14 50 15 16 —
12 0.3 17 2 12 41 28 16 4
13 0.8 35 1 10 85 19 40 3
14 0.5 20 2 13 35 15 20 —
15 0.0 15 1 30 48 — 25 5
16 4.1 14 3 25 40 18 — 21
17 0.4 24 1 21 55 30 — 5
18 0.0 15 1 26 74 52 — 4
19 0.7 25 2 10 30 20 20 5
20 0.4 30 1 10 30 15 15 10

*: The same as in Table 1.
**¥: Measured by the Kinp-KinNG’s colorimetry. Unit=mg phenol/g tissue/15 min.

¥%%: KING-ARMSTRONG unit.
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Fig. 3. Alkaline phosphatase activity of some
internal organs measured by the Kinp-
Kmeg’s colorimetry (unit: mg phenol/
g/15min). Abbreviation is the same
as in Fig. 2.
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Table 3. Relationship between the acid phosphatase activity of some internal organs and
a quantity of the PAS-positive granules in the PAS-cells.

Acid Pase activities of the homogenized organs**

P.I:.S- « | Midgut Dorsal Gill Heart Scaphog. Ventral Hemo-
No. positives gland  muscle ' car muscle nerve  lymph***
1 0.5 12 1 22 6 3 5 13
2 0.4 12 3 18 5 4 4 15
3 3.2 9 2 20 5 4 4 15
4 3.8 10 2 20 5 4 5 17
5 2.4 10 3 37 4 4 6 15
6 1.8 9 1 20 6 4 4 10
7 1.9 13 1 27 4 3 4 8
8 5.3 8 2 20 7 3 5 8
9 3.9 20 1 28 2 4 4 —
10 1.6 9 3 18 4 5 5 —
11 0.5 8 1 19 0 0 4 11
12 0.0 16 2 45 6 4 4 15
13 0.2 8 2 50 5 5 4 20
14 0.6 10 1 40 6 5 6 10
15 4.0 11 1 50 — 3 4 20
16 0.0 9 2 37 6 5 6 10
17 0.3 10 2 35 7 4 4 20
18 0.8 15 1 38 — 4 4 15
19 0.5 13 2 26 7 4 5 18
20 4.0 14 2 24 4 3 — 15

*: The same as in Table 1.
*%: Measured by the KiND-KING’s colorimetry. Unit=mg phenol/g tissue/hr.
*%%; KING-ARMSTRONG unit.
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Fig. 4. Acid phosphatase activity of some internal
organs measured by the Kinp-King’s colori-
metry (unit: mg phenol/g/hr). Abbrevia-
tions is the same as in Fig. 2.
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VEHEOEE: A ohiz, PAS Bk LiEEE LOMBE% IO EBEHEMRRITEL
TEHOHEMABRD SN 5 UM DR TREE TR, BR.OBICE T 5 HE R
r=055, BEHEHMERTIIr=052 LEHIh:,

Alk. Pase ZBRD #5 % Table 2 IR L, ZMBMOEHRO B% Fig. 3 iItRi Lz, %
BRI BICIE T 30~120 AL & &<, BHEH T 1~ 3 BAL & EWEER LZ D o
R TRTEEOFREOMEER LI, X, MY /913 3~21 KING-ARMSTRONG BLAITH -7z,
LZATHREHOMIZ, WFhOBBRICHBAKMICELWEROEBBAD Shiz. KT
DMEICBOTREFELL. PAS BHELEHELOMEBERER DEEBEHMBRRICBNTESS
OERMFRDONB LN, MOMBETRBEBETRA YL, TBO0MICBT 5 HERER
r=052, BHEHEHERZTIIr=056 2EHIhI,

Acid Pase ZBRDHER%E Table 3 IKR L, FHBRMOEMRD L% Fig. 4 IKRL:, %4
FEERBITBOTHE C18~50 &R L, BEHEH, OF, BAEARLG, HinmEsrs

Table 4. Relationship between the cho- Table 5. Relationship between the gluta-
linesterase activity of the homo- mate-oxaloacetate  transaminase
genized nerve and a quantity of activity of the homogenized nerve
the PAS-positive granules in the and a quantity of the PAS-positive
PAS-cells. granules in the PAS-cells.

PAS- ChEase PAS- GQOTase
M positives* activity** m positives* activity**

1 2.5 8 1 0.0 20

2 2.7 11 2 0.0 18

3 1.0 13 3 0.0 23

4 0.0 12 4 0.1 19

5 0.4 9 5 0.0 25

6 0.7 15 6 0.0 16

7 1.5 11 7 0.0 17

8 3.2 12 8 0.2 19

9 0.0 14 9 0.0 19
10 2.0 19 10 0.0 22
11 0.5 10 11 0.0 15
12 3.4 11 12 0.0 20
13 3.8 12 13 0.0 20
14 0.3 18 14 0.0 17
15 0.0 16 15 0.0 24
16 1.0 17 16 0.0 18
17 1.3 17 17 0.6 16
18 1.4 13 18 0.1 20
19 0.5 16 19 0.0 30
20 0.1 18 20 0.0 17
21 0.6 15 *: The same as in Table 1.
22 1.3 18 **: Measured by the REITMAN’s colorimetry.
23 0.7 16 Unit=absorbancy/100 mg nerve/hr.

*: The same as in Table 1.
*%: Measured by the m-nitrophenol color-
imetry. Unit=pgM acetic acid/mg
nerve/hr.
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TROShS0~T7HA LKL, PRIRCREEOHHOMEER L. LBMY ¥ 38~
20 KING-ARMSTRONG B TH -7z, LT ATHEHBBRTIE, FRiHB TR, AKX
RiciE®koE LWEBREDohiz, PAS BHREFE®RELO HEKRWIhOEBIKE
WTHHBETIRITL,

Ch Ease ERRD #£ R % Table 4 It/R U7z, BHEMERICE )2 Y4FKIEHI 8 ~19B4L% R
U7z, PAS BihE &IEHEE L OHBEERZD Shis,

GOT ase RERD ¥R % Table 5 IR LA, BEMRERICE )2 4#EM L PAS B
EOMEBERAD ShIZ,

% 7®

SDH ase {3Mifar ik E, BEEUMBEELEDSCEP 0, KERICBOTLMBTICH
WERBRINICC LR ZOLHORTRIEDPOBLITHREINS LA THB A, HiE
CRBEEHEORICEHEBD ON, THIIYUFZLBEORE level OMEZRET S B0 L
mMIh3, —F, ERSHIEHICEY ventilation 2T S EMEOHBHITH T 2 UFLE
ROBHRITFHUIN2BOMHEERI T, TOHMRELTR—IT, ABBHABALITMAT
JENAEBZLED3FHMERREZSLY, BAEEY- D ICERIWERECRRH#T L
DIETAELI2C AL SN B, Ak Pase OB EICBINVT, X, Acid Pase 34255
BRBOWTEHABOEEBSRINI A, MHERWIh &PREELE, EBELREALEH D HE
Th35. LrhLEREKBII03 LS THABRCENTHHEBHROLBMZTHRICBALTR
THBEBBORETHY, AEROBRIFTHSBE L, LA TOEB X UEMEMERD
Wil33 13 SDH ase, Alk. Pase OFiiE#: & & PAS Bk & VO MEBMEER Ul ts, f&icl
FithE %D SDH ase i LTI, YUEBIEVLHBOTRAMROFLHABICHE LS
o, A—EREOAE LHEGRNICED I3 PAS B L0 ABWEEOWEMEIIER
BERERETAEEZIONS.

Ch Ease {3 L'HELIAs" [tk 3 L RROBBEIKBNTHF R EOBEEREERH SHT
WA, DF D RIBALO M ROEE KRR BRICEEBA L HITHE L, RIRETRIC
AHERIREBEINS LZ58E1HD, KIBCELZ2HBENAFBFRLEOBESEREING T,
BICYFEFERRIARBICL 2 HREIZITFZOERERH IMBEASUR LBERIENETIR
EDRINTHS, ZERTESWIEEEMERD Ch Ease H#: (3 PAS B R L&EDOMH
BHERRET, K- THZFCIABRMEEIEN DO LHIINS., X, GOT ase T L
THZOFERRYUZFRO HER L IBEREN D LEELZ OGNS,

B #

1. 7=z RE LHRGOBEBTICHET S PAS KB LT, $ER, EEY
o, BB, O, EMEAES, BEMREBIUMY) vy FBY2 a2~ 7BTeFay
F—¥, TrHVHEBLUBR R 772 —¥, 2 ) V2 RFF—EHE RIS vE I VB
AFFuEBrI YRT IF—YOREBRELOLEBNEERER. FEROBRI
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4.

TROFHEITEOAEL, —F, YZHMREZZOFENRZEMEEL L SEHEFHBR UM
NEZLUTHRAROBBETIL 7.

AINIBTFTErFaSF—¥RAF L UERTEROHEICK -7, BHEBOBITEWTER
&5 { 18~40Bifi (1071/g/min) %R L7z,

Toh )RR 7 72— (3 KIND-KING BRICHEDRIE Lz, G OEICB O TR
b < 30~120 Bifir (mg phenol /g/15min) %R U7z, B Y ¥ ¢ Tid 3~21 KinG-
ARMSTRONG BLALTH -7z,

Btk 27 7 4 — €12 KiND-King REICHED HIE Uz, BHEIBICEHTROFEH 18~
50Bifi (mg phenol/g/hr) &R U7, SBIfLY ¥ ¢T3 8~20 KING-ARMSTRONG HLALT
Hote,

Y VZRFI-=KRm= w72 - BIE L. BEMREOERIS
~19¥ 4 (¢M acetic acid/mg/hr) %2R U7z,

DEEEEMERCBI 22N/ BF e fF—€¥LT oAV ERRT7 7 2 —¥DWH

- TEHETEEAR & & PAS BHR &L r=052 D EOMBEBBED LN, KITaNIBTEF

vy r - RMBATERLE, BEEIMEEZ DS S OBEEMBERITBNVTRINLSE
B L ORMMBE R UHEHR L PAS Ml S pOMEHBERER T 5 T RR
TEHDOLEING.
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