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ABSTRACT

Diethylstilbestrol (DES) and 17-B- estradiol (E,) have shown an
increase in the growth rate, food conversion efficiency, total
protein content, Protein/DNA and RNA/DNA ratios in the Indian Viajor
Carp, Labeo rohita, cultured under natural photo period and
temperature. However, no significant change was observed in the
total lipid and carbohydrate concentrations. From the results it may
be concluded that DES and E, reduce the metabolic rate and
enhance the accumulation of proteins in tissues. The optimum
dosage for Labeo rohita is 3-5 ppm for DES and 1-3 ppm for E_.
However DES has a toxic effect with the increase in concentration of
the hormone. Diethylstilbestrol and 17-f3-estradiol may be included in

. the anabolic growth promoter and appetite depressant estrogens
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Introduction

In developing nations majority of the
population suffer from either malnutrition or ill
nutrition. To redress this problem these should be
supplied with nutritious food that is economical and
fishes, which are rich in nutrients, are an example
of such type. In fish hatcheries, increased
operational cost has led to the search for
technology to maximize the yield within the shortest
possible time. This may be achieved using hormonal
growth promoters, since hormones are concerned
with the control and regulation of energy
metabolism and growth (Matty and Lone, 1979).
According to Donaldson et al. (1979) by using one
or more hormones fish can be grown to a larger
size with in a shorter span and food conversion
efficiency can be improved.

The basic strategy in intensive aquaculture
is to maximize growth at minimum feed cost with
an end product having high nutritive value and
acceptability to the consumer (Donaldson et al.,
1979). To promote growth of fish, Pituitary growth
hormones, anabolic steroid hormones and thyroid
hormones or their synthetic analogues either

individually or in different combinztions have been
applied. Pickford (1954), Swift {1954), Mc Bride
and Fagerlund (1973), Higgs et al. (1976},
Higgs et al.(1977), Higgs and Eales (1979) and Matty
and Lone (1979) have evaluated the effect of the
administered hormone on the growth of fish, while
Cowey et al. (1973), Mc Bride and Fageriud (1976),
Mc Bride et al. (1978), Yu et al. (1979), Pandian
(1982), Nirmala and Pandian (1983), Sindhu and
Pandian, (1984) and Arul (1986) have studied the
effect of the hormone on the feeding and growth of
fish. The external administration of steroids and
xenobiotics influences the sex differentiation in
fishes and hence enhances their live weight (Baroiller
etal., 1999 ; Jalabert et al., 2000).

Ashby (1957) found that the growth of brown
trout was much retarded by estradiol and casualities
were heavy. However Silurus asotus treated with the
same estrogen, 17-B- estradiol, has shown
increased growth over normal males (Kim et al.,
2001). Ghittino (1970) reported that synthetic
estrogen, diethylstibestrol (5 — 500 g.100 kg feed)
fed to rainbow trout slightly depressed the arowth.
The same estrogen was also shown to lowar the
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growth rate of catfish (Bulkley, 1972). However,
Cowey et al. (1973) reported that Diethylstilbestrol

* (600 mg-ka T moist feed)fed to Plaice:resulted-in-

the increased weight gain, food consumption and
food conversion. Similar results were obtained by
Yu et al. (1979) when estradiol was administered to
Coho Salmon. Nirmala and Pandian (1983) also
reported that DES increased growth rate and food
conversion efficiency by decreasing the food
consumption and metabolic rate.
The results of Powers and Florini (1975) and
Scott (1978) have confirmed that both estrogens
and androgens exert marked effect on growth
processes. The body growth is accomplished by
protein accretion and cell proliferation. As the
protein accretion is function of protein synthesis and
protein degradation, for studies like this estimation
of nuci®ic acids (RNA and DNA) and their ratios
(RNA/DNA) are required and also these are an 7
integral part of the study (Enesco and Leblond, 1962).
As there is no sufficient information available
on the roles of the Diethylstilbestrol and
17-B3- estradiol on the growth of Labeo rohita, the
present investigation was undertaken
1 To identify the optimum dosage of
Diethylstilbestrol and 17-f3- estradiol on the
Indian major carp - Labeo rohita.
2 To know whether the hormones exhibit any
anabolic property and
3. To know their effect on tissue chemistry.

Materials and Methods
For this study 9 groups (in each 10 fish) of
Labeo rohita (3.5 £1.0 g) were selected. To one group

Table 1

“- feed was given. To the remalning 4 groupszis

_Conversion Efficiency % =

!

1

(control) no hormone was administered. To 4 groups ‘ i
1, 3, 5 and 10 ppm of 17-B-estradiol (E,) sprayed

and 10 ppm of DES sprayed feed was given. T

above feed was given twice a day for 45 days. The |

live weights of the fishes were determined on the |

46" day and were frozen till further analysis for

various parameters viz., protein, carbohydrates, fipid and

nucleic acid contents using the tissue homogenate. ‘
Gross food conversion efficiency was

calcuiated using the formula

il
o8
&

v

Growth x 100
Food Consumed

Proteins were estimated using modified
Lowrys method. Lipid content was. estimated by
Raymonds method. Anthrone method of Plummer
was followed for estimating Carbohydrates. DNA
and RNA were estimated using Diphenylamine and
Orcinol methods, respectively. The results obtained
were subjected to Standard deviation, Student's 't'
test and analysis of variance (ANOVA).

Results

The values of effects of DES and E;
administrations on food conversion efficacy, protein
and lipid concentrations, RNA/DNA ratio,
carbohydrate concentration and protein/RNA as well
as protein/DNA ratios were depicted in Tables 52
3, 4 and 5, respectively. Fig. 1 shows the weight
gain and food conversion efficiency of DES and E;
graphically.

The effect of DES and E, on live weight, food conversion efficiency in Labeo rohita. Each value

represents the average of ten fish (Mean).

Group Name of the Dosage Gain in live  Food conversion Survival
Hormone (mg.kg* feed) weight (%) Efficiency (%)
3 control 0.0 0 14.86 90
2. DES 1.0 68 28.58 90
3% DES 3.0 7T 29.42 80
4. DES 5.0 70 28.76 80
5. DES 10.0 67 23.16 70
6. E, 1.0 233 38.38 100
7 = 3.0 216 36.52 90
8. £ 5.0 191 32.94 100
9 E 10.0 180 31.22 100

"(DES- Diethylstilbestrol, E;- 17-B- estradiol)
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Table 2

Hormonal Influence on growth and fissue chemistry of Labeo rohita

T ffect of DES and E, .on protein gnd Lipid concentrations in estr n treated Labea roh/ta
he effe Pr pr °9°! S e -

Each value represents the average of ten fish (Mean :tSD) S =

Group Hormone/ Dosage Protein (mg/100mg) Lipid (mg/100mg)
mg.kg"' feed

gontel - LA e Final Initial Final
3 Control 0.0 17.371+£0.55 20.32+ 067 210+0.08 223+009
2. DES 1.0 17.371+£0.55 25.18+0.39" 210+008 223+009
3 DES 3.0 17.371+£0.55 27.82+040" 210+008 250+ 0.08
4. DES 5.0 17.371£0.55 29.73+0.36"* 2.10+008 267+0.07
B DES 10.0 17.371£055 27632042 2.10+008 242+ 009
6. = 1.0 17.371£0.55 26.18 £ 0.45* 210008 233005
y4 E, 3.0 17.371+£0.55 27.85%0.49 2.10+0.08 260+0.08
8. £ 5.0 17.371£0.55 31.70+ 0.62* 2.10+£0.08 2.63+0.09
9 E2 10.0 17.371£0.55 27.09 £ 0.45* 2 19 +0.08 2.53+0.12

P <0.01 (DES- Diethylstilbestrol, E:- 17-3- estradiol, SD- Standard deviation)

ble 3

The effect of DES and E, on RNA/DNA ratios in
Labeo rohita. Each value represents the
average of ten fish (Mean + SD).

Table 4
s e

The effect of DES and E, on carbohydrate
concentration in Labeo rohita. Each value
represents the average of ten fish (MeantSD).

8 Houcal Dos:ged RNA/DNA £ Hormone! Dc»sag(?1 Carbohydrate (mg/100mg)

g control (nf‘ege‘d)g Initial Final 8 control ‘nf]ege.:)g Initial Final
Control 0.0  270+0009 32410035 1. Control 00 0.98£0.008 0.98+ 0008
DES 1.0 270+0009 3.90+0.017" 2. DES 1.0 0.98+0.008 0.98+0008
DES 3.0 27040009 4.24 £0.022* 3.  DES 3.0 0.98+0.008 098+ 0008
DES 50 2700009 4.54+0.022* 4. DES 5.0 0.98+0.008 0.98+0.008
DES 10.0  2.70 £0.009 4.13 + 0.005* 5.  DES 10.0  0.98+0.008 0.98+0.008
ES 1.0 270 £0.009 3.36 + 0.006* A 1.0 0.98+0.008 0.98+0.008
E, 30 27040009 3.75 + 0.055* 7 EZ 30 0.98+0.008 0.98+0.008
E, 50 2700009 4.11+0.005* 8. E 50  0.98+0.008 0.98+0.008
E, 100 270£0009 363 +0.006* gy 100  0.98+0.008 0.98+0.008

SB=0105, 4t P<0/01; 4 P< 009
(DES- Diethylstilbestrol, E;- 17-P- eslradiol, SD- Standard deviation)

Table §

(DES- Diethylstilbestrol, E,- 17-- estradiol,
SD- Standard deviation)

The effect of DES and E, on Protein/RNA and Protein/DNA ratios in Labeo rohita. Each vaiue

represents the average of ten fish (MeantSD).

Group  Hormone/ Dosage Protein/RNA Protein/DNA
control  (Mg.kg'feed)  |nitial Final Initial Final

4 [ Control 0.0 69.34 +1.91 67.83+1.74 187.42+506 219.26+6.04

2 DES 1.0 69.34 +1.91 71.59+0.76 187.42+5.06 279.594+3.78**
3. DES 3.0 69.34 + 1.91 69.62+0.71 187.42+506 295.22+4.16**
4, DES 50 69.34 + 1.91 74.47 +0.90 187.42+506 338.41+507**
5. DES 10.0 69.34+1.91 68.57+0.78 187.42+506 283.12+3.38**
6. Ez 1.0 69.34 +1.91 78.59+0.43* 187.42+5.06 26594+3.02**
T E2 3.0 69.34 £ 1.91 77.58+0.42" 187.42+506 290.82+2.83*"
8. E2 5.0 69.34 +1.91 75.90+0.63* 187.42+506 311.81+271*
g E2 10.0 69.34 +1.91 79.44 £ 0.52* 187.42+£5.06 293.94+3.12**

*P<0.05, **P<0.01(DES- Diethyistilbestrol, Ez- 17-p- estradiol, SD- Standard deviation)
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Gain in live weight and food conversion efﬂclency in Labeo roh/ta fed with hormone
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Discussion

From the results it can be concluded that
both the hormones (DES and E,) promote growth
and increase in food conversion efficiency in Labeo
rohita when compared with the control (Table1).
Comparing the effects of DES and E, on the food
conversion efficiency, it is apparent that E, is better
than DES (Table 1 and Fig.1). The increase in food

conversion efficiency after feeding estrogemcv

steroids has been reported in other fishes as well
(Cowey et al., 1973; Yu et al,, 1971 and Nirmala and
Pandian, 1983). The exact mechanism behind this
enhanced efficiency is yet to be unrevealed.
However, studies of Yamazaki (1976) and Nirmala
and Pandian (1983) suggest that this effect may be
due to induction of digestive enzyme synthesis and
/ or due to better assimilation.

The feeding of DES and E, brought different
changes in the tissue chemistry of the fish. These
changes are characterized by an increase in tissue
total proteins (Table 2), RNA/DNA ratio (Table 3) and
Proteins/DNA ratios (Table 5). However no
significant change was observed in total
carbohydrate content (Table 4) and lipid content
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(Table 2) in hormone treated fish when compared
with the control group. All these parameters are used
as growth indicators in different organs
(Allen et al., 1979). In fish as growth is reflection of
simple accretion of proteins, the changes in the
nucleic acids, which are ‘organizers of protein
synthesis, are bound to occur. However, itis not clear
whether the increase in protein is due to active
protein biosynthesis or reduced degradation of
proteins in the tissues. Various studies in mammals
clearly show that anabolic steroids reduce the
degradation of proteins in different tissues of the
body (Mayer and Rosen, 1977: Young and Plusleal,
1977; Vemon and Buttery, 1978 and Buttery et al,, 1979).

In mammals, the anabolic androgenic
steroids increase the nucleic acids, RNA/DNA and
Proteins /DNA ratio (Petrovic et al., 1977:
Mainwaringh, 1977). It has been reported that
normal growth of fish is accomplished by certain
biochemical changes and particularly in nucleic
acids (Mustafa and Jafri, 1977). According to Kays
(1978), Kays (1979) and Medda and Ray (1979)
anabolic hormones increase the protein and RNA in
liver and muscle of the fish.

MM



Pandian (1982) summarized the available
endocrine hormones that influence somatic growth

1. Those which promotes growth by acting as
appetite stimulants.

2 Those which act as anabolic growth
promoter and appetite depressant.

3. Those which act as anabolic growth
p}omoter in ore species but appetite
stimulant in another species.

Considering the present study observation,
Diethylstilbestrol and 17-f3-estradiol may be included
in the second category. This was confirmed by the
studies of Nirmala and Pandian (1983) and Cowey
efal (1973).
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~during which they split and migrate to different
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SMC (STRUCTURAL MAINTENANCE OF CHROMOSOME)
PROTEINS: REVIEW ARTICLE

' Sasikanth Kommu, “Mahesh Chandra Sharma, ’Anjali Padhiar, ‘Falguni Patel, *Jyotsna Tyagi
Abstract: ;

Structural maintenance of chromosome (SMC) proteins, along with other non SMC elements (Nse) form

~ specific complexes that organize, stabilize, segregote. ond. repnir chromesomes. The_proper segregation of -

genetic material during cell division is very vital since defects in the chromosomal DNA segregation may
lead to several chromosomal aberrations some of which are lethal. In eukaryotes Cohesin is a ring shaped
protein complex, formed by SMC1/3 hetero dimmer. It is required for sister chromatid cohesion and proper
positioning of mitotic spindle. Condensin, a complex comprising of SMC2/4 hetero dimer organizes the
chromosomes in eukaryotes and helps in their segregation in to daughter cells. Eukaryotic SMC5/6 complex
is relatively less studied and is found to have a role in DNA repair though the precise mechanism is not yet
understood completely. Prokaryotic SMC proteins have a related though not identical function with their
eukaryotic counterparts.

-Keywords: SMC proteins, condensisn, cohesion, Non SMC proteins, Kleisins

1. INTRODUCTION anaphase was an unanswered question for a long
> time. However, the discovery of Structural
The genetic material of all living organisms is Maintenance of Chromosome proteins has
DNA. In eukaryotes within the nucleus DNA forms provided some clues to these unanswered questions
a reticulate network, known as chromatin. This (Losada & Hirano, 2005; Jessberger, 2002;
network condenses to form short structures known Uhlmann, 2004). <

as chromosomes that are involved in processes
such as replication, segregation and repair (Losada 2. SMC PROTEINS
& Hirano, 2005). How the reticulate network of
chromatin condensed into short chromosomes was
an unanswered question for a long time. The DNA

SMC proteins were first observed in a mutant
Escherichia coli with impaired chromosome

replicates during synthesis (S) phase of cell cycle segregation. These SMC proteins are seen in all
and is equally distribufed to the aaughter cells ~ “liviug organisms (Cobbe & Heck, 2004). In
during anaphase. However, the replicated DNA in majority of the prokaryotes and archea a single
the form of chromosomes remains together until SMC protein that forms a homo dimer is seen
the cell transits from metaphase to anaphase, (Hiraga, 2000). However in eukaryotes at least six

SMC proteins SMC1-6 are seen. These proteins

poles. What tethers them and what releases them in form specific hetero dimers namely SMC1/3,

"% Department of Biotechnology, Kadi Sarva Vishwavidyalaya, Sector -23, Gandhinagar, Gujarat, India.
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smMc3 |

Figure3 showing the strueture of cohesin complex in which SMC1 &3
heterodimer is linked by alpha kleisin, Sccl. Scc3 is a Nse linked to
Sccl (N amino terminus, C carboxyl terminus).

6. SMC2/4 PROTEIN COMPLEX- CONDENSIN

Cohiesin

B C

0

Figure4 showing the ring model proposed to explain the action of cohesin. The cohesin encircles DNA by
forming a tripartite ring. Linkage is established between replicated DNA by an unknown mechanism.
During the transition from metaphase to anaphase the Sccl subunit of cohesin is cleaved by separase and
the sister chromatids are released ( A- loading of cohesin onto DNA, B- cohesin seen around un
replica’ked DNA, C- cohesin seen around replicated DNA & D- separation of cohesin and release of
DNA).
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SMC 2 and SMC4 hetero dimer forms a complex
with non SMC proteins CAPD2, CAPG and CAPH
(Jesserbergh, 2002). All the components of this
complex are required for the chromosome
condensation during mitosis and cell survival. CAP
D2 and CAPG contain a degenerate repetition
motifs involved in protein- protein interactions
called HEAT repeats (Losada & Hirano, 2005).
CAPH is a kleisin subunit that links the V shaped
-SMC2-4 hetero dimer (Losada & Hirano, 2005).
Condensin is one of the several factors required for
in vivo chromosome condensation in Drosophila
melanogoster (Losada & Hirano, 2005). The

condensin complex introduces positive super
coiling in the presence of hydrolysable ATP. Cdk-1
dependant phosphorylation of non SMC units may
also play a role in the condensation of
chromosomes (Losada & Hirano, 2005).
Condensin also provides proper shape and elastic
nature to the chromosomes. Condensin is found
along the axis of chromatids is also required for
intra chromatid cohesion (Nasmythy & Haering,
2005). However still there are several questions to
be answered regarding the action of condensin.

Tablel. SMC protein complexes and their components

Protein complex SMC 1 Non-SMC Function of protein complex
! |
| components ’ components
| | i
{ ;
Cohesin , SMC1 f Sccl/Rad21 ' Sister chromatid cohesion
| z |
sMc3 |
f z
Lo AR TR (O LR T SR, "SR 2T e R RS IS AW [y =
Condensin SMC2 % CAP D2, CAP-G | Chromosome condensation
SMC4 |
I
i e - [ PSS SN RS SOl .
SMC5/6 complex SMC5 Nsel,Nse2, Nse3 DNA repair
SMC6 and Nse4
* ProkaryoticSMC |  SMC ~ Scp-A,Scp-B | DNA condensation and
proteins segregation

Tablel showing various SMC protein complexes, their components and their function.
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7. SMC5/6 PROTEIN COMPLEX

The SMC5/6 hetero dimer shown in figure 4, forms a functionalprotein complex along with at least four non
SMC proteins; Nsel, Nse2, Nse3 and Nse4 (Pebernard et al., 2004;

CAP-H

CAP-D2

v- klgigin

Figure5 showing the condensin complex formed by SMC2/4 hetero dimer to which CAP-H, the y- kleisin is bound.
CAP-D2 and CAP-G are Nse components of the complex (N amino terminus, C carboxyl terminus, Nse- Non SMC
: RPN element).

Bin Hu et al.., 2005). In addition to these two other
non SMC subunits -YMLO023C and Kre29 are
found in Saccharomyces cerevisiae (Zhao &
Blobel, 2005). The exact manner in which these
subunits are associated with SMC dimer and the
functional role of this complex is not clearly
known. Mutant analyses indicate that all
components -of this complex are essential for cell
cycle progression (Losada & Hirano, 2005; Bin Hu
et al.., 2005). The SMC5/6 complex only binds to
the replicated chromosomes, i.e. to chromosomes
during 'S and G2 phases (Betts Lindroos et al.,

2006). The complex: is also recruited to DNA
breaks, indicating direct function of the SMC5/6
complex in DNA repair. Even though the exact role
of the SMC5/6 complex is not known, it may be
inferred from the available information that this
complex has a functjon in repair and segregation of
duplicated chromosomes.
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ScpA is a prokaryotic kleisin that links SMC homo
dimers and Scp B binds to Scp A. This SMC-
SepA-ScpB complex pulls the replicated DNA to
the opposite poles probably by DNA super coiling
(Losado & Hirano, 2005). The bacterial SMC
proteins have great similarities with SMC1-4 than

- SMC5&6 and functions similar to cohesin and

condensin (Cobbe & Heck, 2004). Probably
bacterial SMC proteins may be the common
ancestors of cohesins and condensins, To confirm

this and to know more about baqten’al SMC

proteins further investigations are necessary.9.
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