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The discovery of a novel zinc-binding protein
in common carp,
and its physiological meaning

Sen-Shyong Jeng

National Taiwan Ocean University

Victims of Minamata Disease
(caused by Mercury polluted fish)
in Japan in 1960 s




Bull, Inst. Zool., Acodemia Simica 12(2); 79-85 (1973)

HEAVY METAL CONTENTS IN TAIWAN'S CULTURED FISH
SEN SHYONG JENG* AND YAO-WEN HUANG**

Received for publication, October 30, 1973

ABSTRACT

S.S. Jeng and Y.W. Huang (1973). Heavy metal contents in Talwan's cultured fish
Bull. Inst. Zool., Academia Sinica, 1202): 79-35. Ia order to find out whether fish around
the waters of Taiwan are safe in heivy metzl contents, 119 fish of tilapia, common curp,
grass carp, silver carp and milkfish, and 240 oysters from the fish pond were analyzed for
concentrations of cadmium, copper, lead, mercury, nickel and zinc. Most of the fish surveyed
have a concentration of mercury less than 008 ppm, and none of them over 0.2 ppm.  The
lead level of fish muscle is Ol ppm, and 0.5 ppm for oyster. The cadmium in fish muscle
and oyster is 0.02 ppm and 0.2 ppm, respestively. The contents of copper, zinc and nickel
studied are all at ordinary levels. The general conclusion is that the heavy metal con-
centrations of Taiwan's cultured fish do not appear to constitute a hazard for consumers.

muscle 0.02

(0.00-0.10)

viscera
(16-64)

Oyster edible BL . .03 . . 49

protion (0.10-0.27) | (6.6-37.9) | (0.00-0.04) [ (0.1-0.6) | (0.1-0.8) | (23-78)

*Not including those values of common carps which had a level of 170-585 ppm.




Specificity of the high zinc concentration
in common carp and crucian carp

® Different water habitats
reservoirs in high mountain, rivers, fish ponds

® Different variants

Common carp — “mirror carp”, “leather carp”,

“golden carp”
Crucian carp,

Gold fish — “ryukin”, “telescope black moor”

All the Cyprinus carpio and Carassius auratus
have high zinc concentration in their tissues

Bulletin of the Japanese Society of Scientific Fisheries 40(5) 509 (1974)

Short Paper

Received Feb. 18, 1974
High Zinc Concentration in Common * msRICR Y SWREOCENG (MRl - R

Carp Viscera* Wi BT - WERRET, fdt, 8W)

Table 1. Zinc concentration (pg/g wet tissue) in different tissues of common carp, Cyprinus

capio LINNAEUS

Sample Tissue Cone. in entire
total total diges-* hepto- viscera
MNo. length  weight | sex heart tive pan-  spleen kidney gonad | without with
(em) ® | tract creas . | gonad gonad
1. 248 35| B 54 387 118 1200 75 54 212 81
2 23.0 194 | 46 400 62 164 450 62 234 103
3. 23.5 217 | & 84 75 99 257 161 9 112 46
4. 22.5 224 =] 40 281 128 50 315 54 210 67
5 26.9 302 & 35 442 147 71 610 11 250 73
6. 25.5 233 g 37 361 48 43 2 93 74 | 140- 102
mean value | 46 330 95 135 312 43 | 214 76

¥ Digestive tract without contents.

Table 2. Mean zinc concentration (pg/g wét tissue) in different tissues of grass carp,

Crenopharyngodon idellus Cuvier and VaLENciEnNEs, silver carp, Hypophthalmi-
chthys molitrix COVIER and VALENCIENNES, and tilapia, Tilapia mossambica PETERS

| Tissue Conc. in entire
Sample® | diges-*2 _ - - viscera
mampie heart tive liver spleen kidney gonad without with
_tract gy gonad  gonad
‘Grass carp 14 18 23 24 19 20 | 149 19
Silver carp 15 12 19 15 8 - | 13 —
Tilapia 28 s 12 46 19 20 31 30
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Zinc concentrations in some animal tissues ( i g/g fresh tissue, ppm)

Mammalian tissues
(human, monkey, rat, cow, sheep) 10-100

Birds 10-100
Edible portion of finfish 3-24
Aquatic organisms

(freshwater, brackish-water fish,

marine fish, invertebrates)
Common carp, crucian carp

digestive tract tissue

kidney

spleen

skeletal tissues

muscle

Eyes, spermatozoa

11



12



Crucian carp
Carassius auratus

Common carp
cyprinus carpio

Ecology of common carp and crucian carp

* Worldwide distribution, wide range of fresh water
habitats

 Optimum water temperature 25~30°C,
but could live between 4~37C

* Tolerate to hypoxia (dissolved oxygen 1~2 ppm)
for several weeks

* Tolerate to anoxia (dissolved oxygen 0 ppm)
for several days

* Feeds on detritus and live food on the bottom
* longevity —always>50 years old, 150 years olds?

13



High zinc in common carp
and its physiological properties

Effects of Dietary Zinc Levels on Zinc Concentrations
in Tissues of Common Carp'

i of zine From diet and its rebesse in commaon carp

C of Zine
Other Fresh Water Fishes

Zinc concentration in common carp from
fry to adult fish (d 0 to d 930, F1-F3)
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Cu, Na, K, Ca, Mg of the common carp
are in the same levels as in other fishes

Zn, Cu, Na, K, Ca, and Mg concentrations (ug/[g fresh tissue]) in
digestive tract tissues of common carp, grass carp, silver carp, and tilapia

Fish Zn Cu

Na K Ca Mg

Common carp 4541214 341
Grass carp 18 1 441
Silver carp 18 6 21
Tilapia 20t 3 4+l

1416+ 96 3203+126 42+10 134+12
1596+158 2976+ 91 47+11 140+18
1292+131 3070+209 25+ 6 175+46
2086+ 62 2946+196 T4+ 3 133+ 4

meantSD, n=6

High zinc in common carp was not caused by the diet

2
a 600 >
T []
[ =
o . . =
= 500} in digestive tracl
= L L]
G .= e
©
g ,oof ® common carp o 0,® Lo
S o silver carp !. o 0°
(=
¥ $
3001 . s
b ®ge @ ...c.
200 s es e
L] ° L ]
: .
o®
1001 o o =
o o og
. . .gg a,°8388
0 50 100 150 200 250
day

Zinc concentrations in common carp and silver carp
fed the same diet (~25 mg/kg diet) for 250 d
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Common carp absorbs zinc from diet,
but not from “ culturing water”

Relative absorption rates of Zn between diet and water in
common carp and other fresh water fishes

Amount of Zn Amount of Zn Relative absorption rate

Fish absorbed absorbed of Zn
from diet from water between diet and water
(ng/g fish) (ng/g fish) diet : water
Common carp 0. 230 0.014 95: 5
Tilapia 0. 068 0.012 85:15
Grass carp 0. 065 0.018 78:22
Silver carp 0. 040 0.011 78:22

Common carp accumulate zinc from diet,
but other fishes did not

50 2
1800 2,000

-
1600
1400
1200

1000}

800

600

g Zn/g fresh tissue

400

200 %
0 i g o o

048 048 048 048 048 048
Week

[] Common carp B2 Grass carp [ Tilapia
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Zinc accumulated in common carp could be released
(Digestive tract tissue of common carp is a zinc reservoir)

50 2,000 l 50 2,000 l 4
1800
1600F

1400

12001

H

g

ug Zn/g fresh tissue

I I

Week

High zinc in common carp
and its biochemical properties
cBP

ELSEVIER e eT—— Y

Zine and zinc binding substances in the tissues of common carp

Sen-Shycng Jeng *, Jih-Terng Wang, Lian-Tien Sun
Depervme of Fend Scwner, Catge of Fikain, Noaionst Toieen Gnen Deberssy, Koy, Taiwen B2 RO

thnm; Subediatar dhitboton <f doc; Zinc Hadog subsencs; Zioc Hadeg

i ~
@/ sarancn @hormners BBRC Binding characteristics of the Zn-binding membrane
e B b Baophet R £ o K08 0835 T 47 — protein from common carp

S ———

Isalation of a Zn-binding protein mediating coll adhesion
from common carp
Sen-Shyomg Jeng” and Ming Shyong Wang
e o Fod Sy, Al of L Setmr and Besrirs. Wttt s Gvoan Vnvens. Haveng J0L P ABETRACT.

bt pretrin kestnd oo patims mmbrs that s tachel &
e Irom e vt

KEYWORDS:  common carp, laminin, Zi-tinding peotsin, Zn-binding speciticity and atlnity,
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High zinc in common carp is not
water soluble zinc-enzyme, zinc-protein, or metallothionein

Extraction of Zn in digestive tract tissue of common carp with
different aqueous solutions

Solvent pH Conc. No.of % ofZn
(M) samples extracted
H,0 4 36+ 6
NaCl 0.1 11 38+ 6
Sodium acetate-acetic acid buffer 4.0 0.2 1 67
Phosphate buffer 7.1 0.02 1 40
KH,PO,-NaOH buffer 7.4 0.05 6 62121
Tris-HC1 buffer 8.4 0.05 10 45+ 4
Glycine-NaOH buffer 9.0 0.05 3 59+17

Subcellular fractionation indicated that the high zinc in
common carp existed in nuclei/cell debris fraction

Table 4 Zn concentrations (ug/[g fresh tissue]) in subcellular fractions of
some tissues of common carp, grass carp, silver carp and tilapia.

Zn conc. Zn conc. in subcellular fraction
in whole Cytosol fraction Microsome Mitochondri Nuclei/cell
a

Tissue tissue HMF LMF fraction /lysosome debris
fraction fraction
1. Common carp (n=16)"
Digestive tract 449+248° 20+ 8 42432 10+5 7+4 3701218
tissue

Kidney 249+112 19+ 8 2+ 1 5+3 3+1 218+106
Hepatopancreas 81t 27 23x10 2t 1 413 615 46t 19
Spleen 7424 10+ 7 0 3+2 745 53+ 20
2. Grass carp (n=6)
Digestive tract 28+ 9 13+ 8 1+ 1 3+1 241 7+ 4

tissue

3. Silver carp (n=6)

Digestive tract 26+ 9 15+ 8 0 2+2 3+1 9+ 7
tissue

4. Tilapia (n=6)

Digestive tract 42+ 2 14 2 5 2 61 311 14 1

tissue

18



An overview of the macromolecular organization of
the extracellular matrix

Digestive tract

Remove content
Digestive tract tissua

+2 wol. 0.75 % NaCl sohution

HOMOGENATE

|mnnom

Supamatant Pallat
(Nucled/call debris fraction)

iwmmm_wm

|mU||ﬂm‘n|

Supernatant Pat
lmmhmum

0.25M sucrose

gradient 1.6M sucrose
cantrifugation 2.3M sucrose
l’momnlsunw
FrLA =
Fr.B -+
Fr.BIC
Fr.C —~
~FrD
Contred *+ Colagonase
typa IV

Isolation of the zinc-binding protein-I
a.Cellular subfractionation
b.Treated with collagenase type IV
c.Sucrose gradient centrifugation
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Isolation of the zinc-binding protein-11
a.Detergent extraction
b.Cu-imobilizized affinity chromatography
c.Zn-imobilizized affinity chromatography
d.Laminin affinity chromatography
e.Lectin affinity chromatography

An overview of the macromolecular organization of
the extracellular matrix

(The zinc-binding protein of common carp has a molecular weight
of 43 kDa which appears to be a glycoprotein on cell surface
mediated cell adhesion to laminin of collagen type 1V)
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Binding characteristics of the 43 kDa Zinc-binding protein

® Binding of zinc: 3 mole of Zn?*/mole protein
® Kd=0.19 pm

® No binding competition with Zn** from other metals, except Co**

L 3. + By
o +
= Bg
¥ + ?
0 ¥ =
=
] ¥ rE
M - - . By
o 1,000 2,000 3,000 4,000 5,000 -

What kind of cell in common carp
which holds the 43 kDa zinc-binding membrane protein?

F RIE! NE 2002; 68: 484-493

Localization of Zn-binding protein in the
digestive tract tissue of common carp
MING-5HT0NG WANG, PEI-CHI CHUANG,' Lian-Tier SUN' AND SEN-SHYoNG JENG'

"Diepias tmiens of Food Science and Instite of Mar ine Biology, College af Life Science and
Resources, Nafional Tanoen Ocean University, Keetung 202, Tawoan

ABSTRACT:  Tha concenrations cf Zn and sulfyco (SK) s in th digesive wac enue f
commen carp ard ssme

uld b+ uzed as indizaters

. The d n
e hucieiceh debvis rac 4 (55%), TPase [52%), crganic phos-
phate (B0%) and the Zn»bmdng e (T5%), but ol part of 1o 5 rcleidoss ard ahaine phos.
phatase (<23 The nuckicel Iebis fraciion o he digestive trad tiszue of
ireated wih sith e | ar type IV,
tion, I was Found that trastmens wih collagenase:
e Nk aTpaze e e

comman carp we

niiifugar
eeuid rabace mare than S0 o he B
ard orgark phospfns o oolgen. Sectons of
dior .t Inca

iy o0
ihe =pm|=<..| Toyer, ard everon mernb vericn f the abmgcasl and
cular layers, mpmd‘hnkmohheZnhrdrgp n the digestive bact lizoue of commen

apia fraiida et lszma membeanes f the spithefial =l ared e the sunsunding
muscle cels that are attached ta the collgen type IV of basal bm
KEY WORDS: basal lamina, basolateral plasma membranss, coliagenase, commen carp,
localization of zine, sulfhydryl groups, zinc-binding protein, zine.

Assiiti e A - High Zn in the erythrocyte plasma membranes of
Association of zinc with connective tissue in the digestive commen carp Cyprinus carpio
tract of common carp

Sen-Shyong Jeng®, Jeng Yeng Yau, Yen-Hua Clen
o LIAD, Yex-His CHEN AND Six-Simos [ENGY Yune Lin and Yaeh-Ying Chung

"Food Science, Coilege o Life Sciences, Ne
gy, Eoeiung 262, Taiwan
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carp was found io o loceied oo i o

egeinst & 43 kDa Zz-bi

Chmiion cerp et Ui HE=Are geandties of the prorsin wre hews

carp 5 wost probably comes Srom e +3 kDa Zu-bisding protein.
KEY WORDS: tommen tarp, conneclive tass, digestive iract, exiracelislar matrix, fitro- EET WORDS: Zime. T
bias, Zn-binding protein, 2n common carp

procein, bleed, ery
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The zinc-binding protein exists
in the connective tissue (lamina propria, submucosal layer)
of the digestive tract of common carp

Elastic stain Immunohistochemical stain

of the 43 kDa Fibroblast marker

digestive tract Zn-binding (Thy 1.1 protein)

of common carp protein

The zinc-binding protein exists
in fibroblast of the connective tissue
of the digestive tract of common carp

22



FISHERIES SCIENCE 2008; 74: 1322-1329

Separation and characterization of connective tissue
cells expressing 43-kDa zinc-binding protein from
common carp

Yen Hua CHEN, Hsuaw Junc LIAO AND Sen Suyone JENG*

Department of Food Science, College of Life Sciences, National Taiwan Ocean University, Keelung
202, Taiwan
“ ]

ABSTRACT: To separate the connective tissue cells expressing the 43-kDa zinc-binding protein
from the common carp, mucosa of the digestive tract of the fish was removed by scraping with a glass
slide, and the de-mucosa tissue was digested with a collagenase type IV solution. The cells collected
from the collagenase-treated suspension were rather homogeneous, and more than 90% of the cells
were round with a diameter of approximately 6 um. Significant quantities of the 43 kDa zinc-binding
protein were shown to be present on the cell surface of the approximately 8-um cells. The mean zinc
concentration in the cells was found to be 2.21 g zinc/108 cells, which is approximately 20-30 times
higher than that found in the other three fish species (grass carp, silver carp, tilapia) studied. The
present work may provide a basis for the culture of these cells.

KEY WORDS: common carp, connective tissue cells, fish cells, zinc-binding protein, zinc.

a. Giemsa stain b. Hematoxylin stain
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€. Giemsa stain d. Hematoxylin stain
(magnification of a.) (magnification of b.)
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e. Immunofluorescent staining of the f. Inmunofluorescent staining of the
43 kDa zinc-binding protein protein “negative control”
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Cell culture of the connective tissue cells
from common carp

(A)0h

©)2h

20 pm

20 pm

(B)1h

D)4h

20 pm

20 ym

Primary explant culture of the connective tissue cells from
common carp in 4 h (phase-contrast micrographs)

Sequential phase-
contrast micrographs
of the mitotic figure
of a connective tissue
cell

A. ‘ 1 ‘ 46’°05”

(2) 46°26”

3) 46’36

4) 477417
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Growth curve of the connective tissue cells from common carp
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Serial subculture of the connective tissue cells
from common carp in suspension.
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Growth of the connective tissue
cells from common carp at
d5,d10,d 20 and d 40
(Periodic acid Schiff and
Hematoxylin stain).

Periodic acid Schiff and Hematoxylin stain of the
connective tissue cells adhered to the culture wells
of d 40 of the primary explant culture.
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Anoxia survival in common carp and crucian carp is
related to high zinc concentration in tissues

SEN SHyonG JENG,* Tzu Yune LIN, MinG Suyonc WANG, Yu Yin CHANG, Crao Yi CHEN AND
CHia CHieH CHANG

Department of Food Science, College of Life Sciences, National Taiwan Ocean University,
Keelung 202, Taiwan

ABSTRACT: Ten lots of common carp and six lots of crucian carp (each lot of 100 fish) were treated
under anoxia for five days at water temperatures of 25-31°C. The average per group mortality of
common carp was 17%, but none of the 600 crucian carp died. The digestive tract tissues of the
common carp that died had significantly lower zinc concentrations than those that survived (59 + 41
vs 142 = 60 pg/[g fresh tissue], P < 0.001). The digestive tract tissues of the crucian carp had mean
zinc concentrations of 652 * 458 ug/(g fresh tissue). One lot of common carp that had low tolerance
for anoxia was fed a high zinc diet (2000 mg zinc/kg diet) for 1, 2 or 6 months and then subjected to
5 days anoxia. The survival rates of those fed the high zinc diet 1 and 2 months increased from 0 to
50%, respectively; all of fish that had fed a high zinc diet for 6 months survived. Thus, anoxia survival
in common carp and crucian carp is closely related to the high concentrations of zinc in their tissues.

KEY WORDS: anoxia, Carassius carassius, common carp, crucian carp, Cyprinus carpio,
zine.

Common carp could tolerate
anoxia (D0, 0 ppm) for several days
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Mortality and zinc concentration in common carp under 5 day anoxia.

Fish Zn concentration
o dead in digestive tract tissue
Fish size /total . (ng/g fresh tissue)
Experi-  ¢4¢q] total fish Mm;tahty
ment  jeopoth weight  number (%) dead survived
(cm) [€4) fish fish
1 131 36112 0/100 0 117+ 51 (n=12)
2 16+1 57411 0/100 0 142+ 71 (n=12)
3 1612 72439 0/100 0 119+ 66 (n=12)
4 1241 23+ 2 1/100 1 38 (n=1) 128+ 35 (n= T)***
5 16+1 50+ 8 5/100 5 40+29 (n=b) 139+ 32 (n= T)***
6 1412 22+ 5 9/100 9 2713 (n=9) 244+138 (n= 9)***
7 18+1 T1£15 10/100 10 122433 (n=5) 233+ 77 (n= H)***
8 151 42411 20/ 84 24 97427 (n=20) 146+ 30 (n=20)***
9 151 43+14 27/ 90 30 34+18 (n=27) 99+ 27 (n=21)***
10 14+2 31411 94/ 94 100 127+40 (n=94)
350 survived (O)
300 dead (@)
8
§7 0
83 2
Ed g o
©¢% 150 o %
S & o g O o °
o2 100 ° e 8
£2 o °
N 50 g °
[ J
0
0 2 6 8 10 12

anoxia time (h)

Zinc concentration in the survived (O) and dead (@)
common carp digestive tract tissue under anoxia.
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Zinc concentration in the digestive tract tissue of common
carp after feeding high zinc diet for different month.

Fish size

total total

Zn concentration (ug/g fresh tissue)

After subcellular

length  weight fractionation
Group G © whole water water
e soluble insoluble
(cytosol  (nuclei/cell
and debris)
others) fraction
fraction
1. basal diet 14+2 31411 127+ 40 44+ 21 83+ 28
2. high Zn diet 1341 22+ 5 247+ 14 99+ 22 148+ 55
for 1 month
3. high Zn diet 12+1 24+ 8 251+ 38 71+ 19 180+ 30
for 2 months
4. high Zn diet 18+2 87128  2645+1022 7824314 20221842

for 6 months

100

80

40 r

Survival rate (%)

20 |

—e— ,group 1 (normal Zn diet)

—4A— | group 2 (fed high Zn diet for 1 month)
—0— , group 3 (fed high Zn diet for 2 months)
—O— , group 4 (fed high Zn diet for 6 months)

group 1

1 1

group 4

group 3

group 2

1 1 1

2 4 6 8 10 12 14 16
anoxia time (h)
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01 02

20pm

Proliferation of Red Blood Cell in common carp
after being treated with cortisol or under anoxia

20pm

Giemsa stain Immunofluorescent stain of
the zinc-binding protein
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Relationship between Ecology of Fish
with their Physiological and Biochemical properties

* Fish as Model Systems (Powers, 1989)

Fish represent the largest and most diverse group of
vertebrates. Elucidating the array of mechanisms that
animals use to adapt to diverse environments is one of
the exciting challenges for modern biology; fish
provide excellent models to meet that challenge.

 Common carp could adapt to many enviromental
stress (low dissolved oxygen, wide range of water
temperature, ...) and has a long life
—an excellent experimental animal.

Ecology and Physiology of Common carp
and the Zinc-binding protein

— Further Research —

1. Anoxia-survival is associated with the zinc-binding
protein — Mechanism?

2. Rapid growth of the fibroblast (population doubling
time only 1 h) — Relationship with wound-healing?

3. Relationship between the high zinc in common carp
and those in animal eyes, spermatozoa?

4. Survival in low water temperature (4°C), sudden
temperature drop — Related to the zinc-binding

protein?

32



