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Nucleic Acid Contents in Various Tissues of Some Fishes

Koji Imura and Tsuneyuki Sarro

Abstract

The nucleic acid contents in various tissues of some fishes have been estimated
by Schmidt & Thannhauser method. A large amount of RNA was found in the
liver and pyloric caeca, while DNA was predominantly found in the spleen, kidney,
milt and blood as compared with other tissues. Especially, in blood most of the
nucleic acid was estimated as DNA. The liver of the female dog salmon that has a
mature ovary has about three times as much RNA content as the male one. This
may be compared with the fact that the RNA content in liver of mammals in-
creased during the period of pregnancy. In the spleen, kidney and milt more
inorganic phosphorus was found in the DNA fraction than in the RNA fraction. A
large amount of phosphoprotein was found in the mature ovary of the rainbow
trout, while it could not be detected as such in the immature ovary of the carp.

# B

BRCET AR SHEERTEL 23INTW 5, SR OBRERC OV TOF~4~ik
ZLWVe T EIKESMCEVT, ZORBTOBBRERCHE T RERD T v, BRIV
BHEBTCISLTEELTHIHETD 34, Z20EBICERE b icilBoBECAEBRBE BEL
BRMHBLEAONG, EHLRCHLOBBREERT 3 HNHT, TTEBEOAFOEBEEEGT O
BREeRe EELIIOTRET 5,

BB LIUCFE

1. & ©

FERUEREHZ RO L3 TH B, %% 230 (Sebastes vulpes) {5HE 3202, #HFE 25cm; 7Y
(Seriola quinqueradiata) {$E 500g, E 30cm; = <2 (Salmo gairdneri {. irideus) (F)**
{RE 625, &5 34em, JRHSEHY ¥ v ¥ (Oncorhyncus keta) (M)** {5 3.5kg, FEHEEH; (F)
RE 4.1kg, PP¥sERE; o 4 (Cyprinus carpio) A 815g, & 30cm; (M) {KH 650g, {&E 28cm,
EEszH. (F) K& 610g, AE 3lcm, JPEARE; =% 4 (Oncorhyncus nerka f. nerka) (M) {&
# 3.2kg, {&E 53cm, ¥ X (Oncorhyncus masou f. ishikawae) (F) AE 46g, {&F 16cm,

BRRERIED, SBREEERISTREE320DRTVN 30T, ZOREC ROV TRATES
HETERLI, B 3DD THBZIOBITERTOIZ b DRABRUTHER LY, =9
DAHFRERERA LI,

* REEERSKE A Y bR
(Laboratory of Biochemistry, Faculty of Fishevies, Hokkaido University)

* (F) ¥ A%, (M) #1205 L LA,
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2. F %

ERAEOTMIZI: Schmidt & Thannhauser #® 2z, AEHFORY v %2 BRNHMEOODL
Fiske & Subbarow T, V222 iclgT 3L bR T 28K Y > % Delory® ¥ XV EHE
OFES® TEEREL, B U E»SESRY CEPELIWTEREBOY V& Ui,

& 3

I FmE R

BRAEORMMSZETH 5 hEPERNZ LY, RT3~ P CEROMBES (¢~ VB
§# s-RNA; C.F. Bochringer & Soehne GmbH: ¥ »$F DNA; SIGMA chemical company) %
MLT, BRLE 2B LZ0OERBL2HAS, I5R) U EBEOMICY R~ vy 7 ~VEIET,
FAXL IR~ AV F - VRIGETERLIZ, ZORR%Z Table 1 IRL Y, ZiFEe2ER
RE BT,

Table 1. Recovery test for RNA and DNA added to muscle homogenate

RNA fraction 'DNA fraction

. A _ i _ B _n|Deoxy-
T-P I-P |[RNA-P|Ribose| T-P I-P {DNA-P| ribose

A, Homogenate with
added nucleic acid 391.7 0 391.7 | 1050 318.9 7.2 811.7 | 1334

B, Control 148.3 0 148.3 455 5.7 0 5.7 25
A-B 243.4 — 243.4 595 313.2 — 306.0 | 1309
Substance added 245.1 — 245.1 600 311.6 — 311.6 | 1321
Recovery 9994 9994 9895 | 999

The results are expressed as ug of phosphorus and ug of sugar.
T-P; Total phosphorus  I-P; Inorganic phosphorus

2. gHPoEEaR

HRREE U EROP TREBOMERTH 512, MEMEE Table2 DEBHTH B, Ak
L LTREDT SBDER% A ize RNA-P 2##k 1g H7ch 50~200ug DEEZFRL, TY, <X
= FrDOEBRNTEL 24 TR PP -2 DNA-P 13488k 1g 1ch 20~50ug DIETDH, RNA-
P/DNA-P i3 kth3TH 325, Vi A0, TY, RaFrTHNMERERUI

3. mepoBaR
MEHIRREOR E SBEROBOREOH 2 FH L 2. LBHKHRI HIPPBNEETDY,
RNA-P 1% 150~350ug/g C, THETARARKENE D TdH 5, #R% Table 3 KFRLI,

4. FRHICABROZESR

R ORI AR LT, & R RBNEBIOER/ SR TH 305, RNA GRIEOVT»2H
BEoER 5L 5, BEEES Table 4 RU. RNA-P 2Kk 400~2000ug/g T, ¥R, JREE
bm Uiy n g Tid, X A0 RNA SHidA 20T 3HCET 2 LV S RRRECMASEL N
1ce

5. WMHEoEEal
MR FER I A ER OBV BEE T H 30, TRIS VYRV EREAF LTV 2, ERRRIR
Table 5 ILFRFTEBHTH S,

— 133 —



d &k K B % # [XIX, 2

6. LROZKAR

DRI DEOES 2 M Uiz, oS Y& OBBiz FEL8Y, RNA-P T 200~300ug/g,
DNA-P T 150~200ug/g Td o7, ERIER%Z Table 6 iR LIzhS, RNA-P/DNA-P 1 1~2 T
»ot,

7. PERiRROBHMSE

BRI DWW T ORRIZ Table 7, BRIZOVWTORERIE Table 8 T EBHTDHB, LhbH
ORI, RNA &b DNA HBNEND C & TS E B2 5 HAZRL TW3, £fi
EBOEMEFELTEL, T—MIcY o 22T 3ERY v iz RNA DBEHRIZTTL 53¢
Wbhh T3y, Lhb “HEORETI DNA SETOERY >~ DFH» RNA SEPDO ZnL h%
CFHFELT S,

8. zofoffoEaR

EBWER% Table 9 iRUIz, WMRBEOMA2FERAL 12, BVMEOHENDZEEALLNDY,
D722 b DEMBEEL T %, MERFEET 3HMIZZOEEALY DNA Thoti, a4 (M) &
==z (F) OMEEEESE ORI TR Fig. 1 iR, Table 9 iTRULIZY > DEERE
B -5 T, RNA £EODORINL & 2 BOMERRL Tk h, DNA LHEODTINBE DRI
PHBICRL TV 3, BRIZIITFRELSHSEED DNA HHEEL, FHIHE~NT RNA BHTFHT
»%, Table 9 LALNBLSiC, TARMIPE: = v ARMIPRCREBERIIRYBE ST
Wi, ZHIZHM ILEORYIVHYBRZ AL THEY, =OvRERIBRTIZ I Z0 20 E
BUHEEL T A0, a4RBINCIZ Y 208232 0N eh o1z, Fig. 2 103 4 5REIM8
& = U= RSZRIVEO IS E ORISR IR 2 R L 12, BRIERODOGIZ 22 2 BORRTH Y,
REIED F i3 s BROBRINE R LT3, TDZ Eid Table 9 IR Y v OERERE b —
Y B,

Table 2. The nucleic acid content in muscle of fishes

RNA fraction DNA fraction RNA-P
T-P | 1-p |[RNA-P| T-P | I-P DNA-pDNA-F
Sebastes vulpes 100.0 0 100.0 | 11.5 0 11.5 8.7
Seriola quingueradiata 211.7 | 12.7 199.0 | 23.3 0 23.3 8.5
Oncorhyncus keta (M) * 132.5 | 42.6 89.9 | 45.9 0 45.9 1.9
Oncorkyncus keta (F) ** 185.2 | 14.7 140.5 | 37.3 0 37.3 3.8
Salmo gaivdneri
£, ivideus (F) 103.2 3.9 99.3 1 29.0 0 29.0 3.4
Cyprinus carpio 75.5 | 23.5 52.0 | 17.7 0 17.7 3.0
Cyprinus cavpio (M) 68.5 | 10.3 58.2 | 19.7 0 19.7 2.9
Cyprinus carpio (F) 78.6 | 15.5 63.1| 20.6 0 20.6 3.1
Oncorhyncus nerka
{. nevka o) 206.8 | 10.0 196.8 | 23.3 0 23.3 8.5
Oncovhyncus masou
f. ishibawas (F) 94.2 8.6 85.6 | 29.7 0 29.7 2.9
* M: Male ** T: Female
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Table 3. The nucleic acid content in dark muscle of fishes

RNA fraction DNA fraction !RN A-P
T-P | IP }RNA—P‘ TP | 1P [DNA-PiDNA'P
Seriola quingquerdiata . 3746 83.2 | 291.4| 108.7| 13.9| 89.8| 3.2
Oncorhyncus keta (M) ' 279.5 | 80.5 | 199.0| 98.8 0 98.6 | 2.1
Oncorhyncus keta (6] 1 270.3° 6.6 263.7 | 112.2 0 112.2 2.4
. . ' |
Salmo gasrdners ) | 166.5 " 49.0 | 117.5| e3.9] 570 s8.2| 2.0
Cyprinus carpio " 188.9 | 23.1 | 165.8| 83.8 0 83.8| 2.0
Cyprinus carpio (M) | 1846 } 46.1 | 138.0| 70.7 0 70.7 | 2.0
Cyprinus carpio ¥ | 156.3 ' 12.0 144.3 75.8 0 75.8 1.9
|
Oncorhyncus merka o | 336.4 1 12.0 | 824.4| 105.4| 6.9| 98.5| 3.3
)
Table 4. The nucleic acid content in liver of fishes
RNA fraction DNA fraction RNA-P
T-P | IP RNA-P| T-P | IP iDNA—PDNA'P
Sevastes vulpes 4437 9.1 | 4348 | 77.5] 0 77.5| 5.8
Seviola quinqueradiata 1097.0 17.8 1079.2 176.3 12.4 163.9 6.6
Oncovhyncus Reta (M) 783.9 | 71.6 712.3 | 307.0  17.5 289.5 2.5
Oncorhyncus heta (F) 2141.4 | 70.3 |2071.1| 320.9| 20.5 | 309.4| 6.6
Salmo gairdneri ) 1805.4 | 52.6 |1752.8 | 287.8 | 12.6 | 275.2 | 6.4
Cyprinus carpio 483.8 | 46.2 | 437.6 | 208.9 | 12.3 | 196.6 | 2.2
Cyprinus cavpio (M) ! 4210 16.5 | 404.5 | 189.3 | 8.0 | 181.3| 2.2
Cyprinus carpio () | 471.9| 25.8 | 446.6 | 298.7 | 13.8 | 284.9| 1.6
Onccrhyncus nerka o 856.3 | 18.9 | 837.4 | 432.0 | 18.9 | 413.1| 2.0
Oncovhyncus masou -
e v ol (F) | 794.9 | 12.9 | 782.0| 253.7 | 11.5 | 242.2| 3.2
Table 5. The nucleic acid content in pyloric caeca of fishes
B *,,ENMA fraction DNA fraetion ’RN A-P
TP | TP [RNA-P T-P | I.P [DNA-pPNA-P
Seriola quinqueradiata 723.8 52.6 671.2 | 494.9 ) 63.0 431.9 1.6
Oncovhyncus keta ( 454.7 | 51.6 403.1 | 538.5 | 36.1 502.4 0.8
Salmo gaivdneri 626.9 | 32.9 | 594.0 | 177.7 | 2.8 | 174.9 | 3.4
f. wrideus (¥
Oncovhyncus masou -
e ) 738.9 | 11.5 | 727.4| 253.7 | 17.2 | 236.5| 3.1
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Table 6. The nucleic acid content in heart of fishes

[XIX, 2

RNA fraction DNA fraction RNA-P
TP | IP [RNA-B T-P | I-P [DNA-PDNAP
Sebastes vulpes 296.5 | 19.0 277.5 | 175.0{ 17.8 157.2 1.8
Seriola quinqueradiata 249.7 | 16.1 233.6 | 157.7 | 18.3 139.4 1.7
Oncorhyncus keta (M) 256.7 42.6 214.1 136.9 0 136.9 1.6
Oncovhyncus keta (F) 270.3 | 42.6 227.7 | 168.7 2.8 165.9 1.4
Salmo gaivdneri
f. svideus () 312.0 39.0 273.0 166.0 | 20.3 146.3 1.9
Cyprinus carpio 243.6 | 113.5 130.1 197.7 5.7 192.0 0.7
Cyprinus cavpio (M) 281.0 | 34.8 246.2 | 161.5 4.3 157.2 1.6
Cyprinus carpio (F) 235.5 | 10.1 | 225.4 | 255.0| 8.6 | 246.4| 0.9
Oncovhyncus nerka
£, nevka ™) 308.9 | 15.5 293.4 | 248.0 8.6 239.5 1.2
Table 7. The nucleic acid content in spleen of fishes
RNA fraction DNA fraction  |gya_p
T-P | I-P |[RNA-P| T-P | I-P |DNA-pPNA-P
Sebaétes vulpes 422.5 0 422.5 539.4 90.8 448.6 0.9
Seriola quinqueradiata 529.0 | 12.5 516.5 | 1079.8 | 115.5 964.3 0.5
Oncorhyncus keta (M) 279.8 57.7 221.9 | 1258.8 85.3 1173.3 0.2
Oncorhyncus keta (€] 476.7 | 30.4 446.4 | 1185.9 | 128.1 | 1057.8 0.4
Salmo gaivdneri
f. svideus (F) 294.6 | 38.0 256.8 | ©97.3 58.0 939.3 0.3
Cyprinus carpio 504.8 32.9 471.9 | 850.1 75.0 775.1 0.6
Cyprinus cavpio (M) 365.2 | 22.8 342.4 | 698.2 | 21.1 677.1 0.5
Cyprinus carpio (F) 263.8 | 17.2 | 146.6 | 1495.3 | 86.1 |[1409.2| 0.10
Oncovhyncus nerka
. nevka (M) 292.7 13.8 278.9 | 1748.4 77.5 1670.9 0.17
Table 8. The nucleic acid content in kidney of fishes
RNA fraction DNA fraction RNA-P
T-P | I-P [RNA-P| T-P | I-P [pDNA-pPNA-F
Sevastes vulpes 436.6 0 436.6 | 417.6 | 68.1 349.5 1.3
Seriola quingquevadiata 382.3 | 16.1 366.2 | 335.9| 29.6 306.3 1.2
Oncorhyncus keta (M) 516.8 35.8 481.8 656.0 | 42.3 613.7 0.7
Oncovhyncus keta (¥ 493.2 | 16.0 477.2 | 986.7 | 63.1 923.6 0.5
Salmo gaivdneri
f. ivideus (¥) 347.3 12.3 335.0 . 866.4 71.6 794.8 0.4
Cyprinus carpio 671.4 23.5 647.9 | 690.3 19.9 670.4 1.0
Cyprinus carpio (M) 399.9 5.2 394.7 | 706.1| 26.1 680.0 0.6
Cyprinus carpio (F) 857.4 | 6.9 | 350.5|1051.6| 62.0 | 989.0] 0.35
Oncorhyncus nerka
. nerka ™) 376.6 12.1 364.5 | 1159.4 53.4 1106.0 0.33
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Table 9. The nucleic acid content in some tissues of fishes
RNA fraction DNA fraction RNA-P
TP | 1P 'RNA—P T-P | 1-p DNA-PPNA-P
Gilt
Cyprinus carpio (M) 347.7 | 34.3 340.4 | 380.3 7.9 372.4 0.9
Blood
Salmo gaivdneri
§. irideus (F) 100.0 96.5 3.5 | 711.7 37.2 674.5 0.005
Cyprinus capio ) 33.9 | 27.4 6.5 | 682.0| 20.2 | 661.8 | 0.01
Milt
Oncorhyncus keta (M) 252.3 | 40.4 212.3 | 7792.9 | 530.9 | 7262.0 0.03
Cyprinus carpio M) 122.0 | 14.3 | 107.7 | 4198.4 | 321.1 | 4198.4 | 0.02
Ovary
Salmo gatvdneri 1550.4 [1351.1 | 199.3 | 47.8 | 8.6 | 80.2| 5.1
f. wideus ¥ ‘
Cyprinus carpio (™ 1287.9 0 1287.9 | 304.4 6.9 297.5 4.3

Absorbancy

o
)

—— RNA fraction

~----DNA fraction

220

260
my

220

260

my

300

Fig. 1. TUltraviolet absorption spectra of nucleic acid fractions made on blood
a (carp); RNA fraction obtained from 1g of fresh tissue was diluted to 150 ml with
59, HCIO,. DNA fraoction obtained from 1 g of fresh tissue was diluted to 300 ml with
5 9% HCIO,.
b (rainbow trout); RNA fraction obtained from 1 g of fresh tissue was diluted to 187.5
DNA fraction obtained from 1 g of fresh tissue was diluted to 375 ml

ml with 5 %, HCIO,.
with 5 9, HCIO,.
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Absorbancy
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—— RNA fraction -
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* W [XIX, 2

--- DNA fraction

b

220

260 300
m p

220 260 300
m

Fig. 2. Ultraivolet absorption spectra of nucleic acid fractions made on ovary

a (immature carp); RNA fraction obtained from 1g of fresh tissue was diluted to 600 ml
with 59, HClO,. DNA fraction obtained from 1 g of fresh tissue was diluted to 300 ml

with 59, HCIO,.

b (mature rainbow torut); RNA fraction and DNA fraction obtained from 1g of fresh
tissue were made up in 50 ml with 5 %, HCIO,.

Table 10. Comparison of RNA and DNA contents in fish liver with mammal liver

‘ -P
RNA-P DNA-P %Il\—ﬁ?

Dog salmon (M) 712.8 289.5 2.5

Dog salmon (F) 2071.1 309.4 6.6

(with mature ovary)

Rat* 770—1100 210—250 4.0

(normal)

Rat* 1100—1180 210—230 5.2

(pregnant)

Rabbit* 440— 780 160—290 2.7

(normal)

Rabbit* 870—1380 140—170 6.8

(pregnant)

Rainbow trout+* 1133—1175 356—403 3.0

(normal)

Rainbow trout

o ot vary) 1752.8 272.2 6.4

* These values have been quoted from the description by Davidson ‘4.
** These values had been estimated by authors for other purpose.
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% "

BREOABEOFEERTOBRAEL CRL Y, FHEREOSER, WY 3L R
U<, RNA i2fFig, 95, DNA i1, BRI EEEdomo-Bgihiess i
SEiCHEEL, URMA X BB 12V OFFIE RNA 2 2 2D FHA ZADIT 3 BIRELIZE VI E»
D h, ABIZHL T30 & BALBIPIERL T30 & Tz, LTFLIMEIN3DTR
20hs, MEILEMT A IHREL T 3 b DIRFTIR RNA 238504 3@, Z 08T % Table 10 IR/ L1,
ZORATCHRRDILLENTAZLITHD, INEDEBEREDIIDIC, X 2O ST
BEERRELTOBEVI CREPRIT S, B, BW, Bt d o DNA 4EHic RNA SES
DPENI OB FETIERY CRYBOI L 20D YL LRANT H 3 5 & BALND,
DNA BHBLILDOTIX 20D B LAL 38, RNRBOZBREL Y, BEMmH (5% HCIO,
90°C 15 43[8) B2 DNA DV > DSl < 5 &1 5 T L i3E A2 { W i T Schmidt & Thannhau-
ser T2 EET ABML, BB, BB BRSO DNA HEPOERY 2 EETALEND S
tELLND,

B #

PR LEDOS BT OBMEE% Schmidt & Thannhauser B TEEL 2o RNA IZFFHE b
FAfEC £ <, DNA 2[5, B, BR, MKcEh o1, & RMEP ORI KBS b DNA T
Holio TIHIB% & 109 2 ZDAFHE RNA 24 XD 3FHTEL 12, CHIZEEL 1-wILEMY
T b FFI RNA ST 3 & W S FECRIET 2 D EA SN B, T8k, B, HED DNA
AEHiCiE RNA DEPFEEL TOAER Y > L0 £ DEHY O BEEL. b= v s
RO, FERCERBO Y 2RO PFELILY, T ARBIPRPIIIESLASREP 51,

X 3
1) Schmidt, C. & Thannhauser, S.T. (1945). J. Biol. Chem. 161, 83,
2) Delory, G.E. (1938). Biochem. J. 23, 1161.
3) ®ETEE (1955). 4:fb. 26, 690.
4) FU 4 ¥V E BEMR (1957). BBO£{b FI3K HEG ErHE
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