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ABSTRACT

The amphibians provide excellent model systems to study the remodelling of the body
plan. As well known, urodele amphibians have prominent ability to regenerate their
limbs throughout their life, whereas anurans lose this ability during metamorphosis. This
apparent difference has attracted biologists because these two species of animals are
phylogenetically close to each other and grouped into the same class in taxonomy. This
review summarizes the current status of understanding of the molecular mechanism of
amphibian limb regeneration placing an emphasis on the difference in the regenerative
ability between urodeles and anurans. Urodeles can reorganize the morphogenetic field
in the blastemas of regenerating limbs as in limb buds, but anurans lose the expression
of signalling molecules for pattern formation during metamorphosis. Synthesis and
degradation of extracelluar matrices during limb regeneration probably proceed in
different ways in the two species. Origin and properties of blastemal mesenchyme, and
the potential for the transdifferentiation of stump tissues are also different. When we
thoroughly reveal the difference in the mechanism of limb regeneration at the molecular
level between the two, it might be possible to produce genetically-engineered frogs
which regenerate their limbs throughout their life. :
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INTRODUCTION

The amphibians, urodeles and anurans, have several advanta_ge_s 10 study the
remodelling the body. Regeneration as well as metamorphosis Is a biologicg
phenomenon unique to amphibians (Yoshizato, 1989). Allthough regeneration can e
observed commonly among the animal kingdom, amphibians are o_utstandmg in theijr
regenerative ability. The regeneration of large parts of the adult body is not a rare eveny
among invertebrates. However, the urodeles such as newts and axolotls are the only
vertebrates that can regenerate large parts of the body in adulthood. Urodeles can
regenerate lens, limbs, tails and jaws (Brockes, 1997) as well as internal organs such
as heart and intestine (Stocum, 1995). Interestingly, anurans which are phylogenetically
close to urodeles, cannot retain the regenerative ability throughout their lives. Xenopus
laevis larvae are able to regenerate lens from the outer cornea and this capacity
decreases gradually between stages 50 and 58 (Filoni et al., 1997) contrasting adult
urodeles which can regenerate lens from pigmented iris epithelial cells. Regeneration
of limbs is also observed in anuran larvae. However, this ability is lost during
metamorphosis. Dent et al., (1962) reported detailed descriptions about the decline in
the regenerative capacity of Xenopus hind limbs. At stage 51, Xenopus larvae
regenerate complete limbs as in normal development. However, as the animals grow,
the extent of heteromorphosis increases. Amputation at stages 53 and 55 induces
incomplete limbs with 4 and 3 digits, respectively.

In this review, comparing the differences in limb regeneration between urodeles and
anuran, we address the following questions on the basis of current understandings on
amphibian limb regeneration at the molecular level. How can we explain the
regenerative ability in urodele limbs? What are the reasons which might explain the lack
of the ability of complete regeneration in adult anuran limbs? We also discuss a
possible method to endow adult anurans with the ability of limb regeneration.

Pattern formation

Pattern formation is a common event in both development and regeneration of limbs,
and is thought to utilize a similar molecular program in both processes. Grafting of a
regenerating blastema into a developing limb produced a chimeric limb which had 2
well-organized morphology (Muneoka and Bryant, 1982), suggesting that the signalling
molecules are shared in both processes. In the developing limb buds, the zone of
polarizing activity (ZPA) was identified as the mesenchymal region of a posterior margin
that can induce mirror-image digit duplications when grafted to the anterior margin of
a host limb bud (Saunders and Gasseling, 1968; Tickle et al., 1975). Thus, ZPA i
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gavard et al.,t (: 9:8) reportf-:'d that newt HoxCeé (formerly NvHbox 1) was expressed in
the unamputa ed normal |IFijS. whereas the Xenopus homolog of HoxC6 (formerly
HIHbox 1) is not expressed in the adult limbs. This study suggests the pre-existence

of morphogenetic field in unamputated normal limbs in adult urodele but not in adult
anuran.

Remodelling of Extracelluar Matrix

Synthesis apd degradat.ion of extracelluar matrix (ECM) are thought to be essential
processes In regeneratlon (Stocum, 1995). The collagenolytic activity of amputated
newt limbs was first described by Grillo et al., (1968). The highest collagenolytic activity
was observed in the stump tissue near the amputation site rather than a blastema. The
activity was highest at 15 d after amputation when dedifferentiation continues, and
decreased as redifferentiation proceeded, suggesting some correlations of ECM
degradation and dedifferentiation taking place in the stump tissues. The collagenolytic
activity found in limb regeneration of urodeles was biochemically characterized and
identified as matrix metalloproteinases (MMPs) (Yang and Bryant, 1994). The enzymes
require Ca** and Zrt* for their activity and are secreted as latent forms. Yang and
Bryant (1994) performed a zymographic analysis on the newt MMPs and found a 90-
kDa gelatinase/collagenase in regenerating limbs. The time course of the activity of this
enzyme showed a good agreement with the collagenolytic activity reported by Grillo et
al., (1968). Interestingly, the suppression of this enzymatic activity at the palette stage
was inhibited by the denervation or the prevention of AEC formation. The down-
regulation of MMP activity at the palette stage seems to be quite important for the
complete pattern formation of regenerating limbs because at this stage blastemas start
redifferentiation and pattern formation and concommitantly, the stump tissue ceases to

redifferentiate (Iten and Bryant, 1973)

Miyazaki et al., (1996) cloned four cDNAs of newt MMPs (nMMP9, nMMP3/10-a,
nMMP3/10-b and nMMP13) and concluded that nMMP9 was a 90-kDa gelatinase as
reported by Yang and Bryant (1994) after comparing the molecular weights, substrate
specificity, and time course of their expression during limb regeneration. Three newt
MMPs-MMP9, MMP3/10-a, and MMP3/10-b were not expressed in normal unamputated
limbs but were up-regulated in regenerating limbs (Miyazaki et al., 1996; Fig. 2). In situ
hybridization analysis of MMP9 and MMP3/10-b suggested interesling.functipns of MM'P
family during limb regeneration. Expression of MMPQ showed a bi-phasic pattern in
regenerating limbs of axolotl (Yang et al, 1999). In the first phase, MMPS was detected
only in the wound epidermis at 2 h after amputation but not in the normal skin. Thg
expression of MMP9 in wound epidermis continued for 2 d. Then MMP9 was again
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detected in the mesenchyme at early bud stage z_:md‘in the agpl::aa!::dslf ta;t?;z bone
at medium bud stage. This second phase expression IS probably Mova|

of damaged cartilage matrix. The e;;idernlgl eg?zﬁzstlj?s ;flgﬂrx:;(lgs)h:ngrsprr g;aa;ri
ight be a cause for the retarded reformation
?;Z:Ei]lit;les the interaction of epidermis and mesenchyme of the .blaste'm‘(amwe Osserve d
"a similar expression pattern of MMP3/10-b in the 'frvounc.i eplddermrs n;i,;aza I.EI al.
manuscript in preparation). The interaction of gpldermls and mese t. ym? in the
blastema during limb regeneration is thought to be important _for regenera lon. It is well
known that denervation inhibits the early stages of regeneration (Slnger, 1952). Bryant
et al., (1971) observed the prematuré formation of BL, which was termeq the
adepidermal membrane in the cited paper, in denervated regenerates. Interegtlngly.
denervation delays the onset of MMP9 expression in the regenerates, Sulggfes.hng the
role of MMP9 in preventing the formation of BL prematurely and signifying the
importance of epidermal-mesenchymal interactions in the early phase of regeneration.

Also in anurans, there is a correlation between the formation of BL and regenerative
ability. Dent (1962) reported that heteromorphic limb regeneration was first noticed at
stage 53 in Xenopus. By stage 52, BL was not evident subadjacently to the apical tip
of wounding epidermis in the regenerates, but present in the regenerates of stage 53
to 55 tadpoles (Khan and Liversage, 1990). Furthermore, Neufeld and Day (1996)
suggested that delayed closure of BL is a feature of regenerating appendages
distinguishable from non-regenerating ones. The continued direct epithelial-
mesenchymal interaction is essential for the accumulation of a critical mass of
blastemal cells. From this context, it will be interesting to see the expression pattern of
MMP9 and MMP3/10 in the adult anuran limb regeneration.

Formation and Maintenance of Blastema

Production of blastemal mesenchyme or blastema-like undifferentiated mesenchymal
cell population is necessary for regeneration. The relationship between the regenerative
ability and the formation of blastema has been reported in many regeneration models.
For example, fetal and newborn mice can regenerate the digit tips when amputated a
the distal region but not at proximal region (Reginelli et al, 1995). They observed the
accumulation of undifferentiated cells expressing Msx7 in the regenerates produced by

distal amputation of the digits. However, proxim o :
Y : , al ampu h cell
accumulation. putation did not induce suc

g::tlé anj{ans that only régenerate heteromorphic spike-like limbs also producé
ma-like structures, which consist of undifferentiated mesenchymal cells and AEC
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(Dent, 1962; T Eﬂdo—personal communication). We attempted to characterize the state
of differentiation in the blastemal mesenchyme of both urodeles and anurans at the
molecular level, by determining the expression of /d (“inhibitor of DNA binding" or "
inhibitor of differentiation”) genes (Shimizu-Nishikawa et al., 1999). The id proteins
belong to the members of helix-loop-helix (HLH) type transcriptional regulators (Benezra
et al, 1990). /d proteins can form heterodimers with other HLH proteins, such as MyoD
or E protein through the HLH region but the heterodimer thus formed cannot bind DNA
elements, such as E box because /d proteins lack the basic region responsible for DNA
binding (Benezra et al.,, 1990). Therefore, the transcription of tissue-specific genes such
as muscle creatin kinase gene which is transcribed with the heterodimers of MyoD and
E protein, is inhibited by /d protein. In addition, over-expression of /d protein inhibits the
differentiation of the C2C12 muscle cell line (Jen et al., 1992). Thus, we hypothesized
that the blastema, a mass of undifferentiated cells, expresses /d genes at a high level.
Furthermore, we speculated that their expression might be different between urodeles
and anurans. As we expected, the expression of two /d genes, /d2 and /d3, was not
detected in the normal unamputated limbs and increased in the blastema of both
urodeles and anurans and was not detected in the normal unamputated limbs. The
expression pattern of the two /d genes were very similar at early medium-bud stage
blastema of both species. /d2 was expressed predominantly in the AEC and /d3 was
expressed at a high level in the precartilage condensation (Fig. 3). However, the
expression of /d3 was differently regulated in the late stage of regeneration in these two
animal species. As shown in Fig. 4A, the expression of /d2 and /d3 remained high at the
digits stage when redifferentiation and pattern formation proceeded in urodeles. On the
other hand, anuran spike-like regenerates, which correspond to urodele regenerates at
the palette-digits stage, also expressed /d2 at a high level, but interestingly the
expression level of /d3 decreased to the level of normal limbs (Fig. 4B). The earlier
decrease of /d3 expression is probably related to the precocious redifferentiation of
cartilage and results in incomplete limb regeneration in adult anurans. In contrast, the
continued high level expression of this gene in urodeles is related to the fact that
urodele regenerates contain undifferentiated cells even at a late stage of regeneration,
which may be necessary for the pattern formation.

The origin of blastemal mesenchyme is different between urodeles and anurans. Dent
(1962) suggested the origin of blastema of stage 60 Xenopus tadpoles which only
regenerate spike-like structure. These are the chondrocytes and the fibroblasts. In
amputated limbs of larvae, muscles contract (Dent, 1962) and show no signs of
dedifferentiation (Khan and Liversage, 1990). Spike-like regenerates of adult Xenopus
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e are hardly seen in the regenerates (Deny
This observation shows that blastemg
n muscle progenitor cells. There are
blastema is formed by cells deriveq

mostly consist of cartilage. Muscle tissu
1962: Kurabuchi and Inoue, 1983). _
mesenchymes of adult anurans do not contai

experimental data which suggest that the urodele _ |
frorr’n cartilage, dermis and muscle (Namenwirth, 1974; Dunis and Namenwirth, 1977

Muneoka et al., 1986). Especially, the muscle is believed 10 produce all. typfzs of
mesodermally-derived tissues in the regenerates, such as musc;li:l conneqtn;e tissue
and cartilage but the cartilage scarcely gives rise t0 thaf muscle ( ame;nv;un , 1.974').
This suggestion was obtained from experiments of graﬁlr?g of the muscie from triploid
axolotls to X-irradiated diploid host. There is @ possibility that the grafted muscle
included several types of cells. Thus, the multipotency of muscle cannot be concludeq
from this experiment. To examine the multipotency of muscle, Lo et al., (1993) used the
combination of cell culture system and grafting. They cultured myoblasts from newts
and induced muscle differentiation in vitro by lowering the concentration of serum,
Differentiated multinucleate myotubes were selectively iabelled by the injection of
rhodamine-conjugated dextran and were implanted into the regenerating blastema, After
implantation, the labelled mononucleate cells were found in the blastema and in the
cartilage of regenerate, suggesting that the myotubes dedifferentiate and
transdifferentiate into chondrocytes. Taking this into consideration, it can be concluded
that the urodele muscle can dedifferentiate into the multipotent blastemal mesenchyme.
In contrast, the anuran muscle cannot dedifferentiate and therefore, do not give rise to
blastemal cells that differentiate into muscle. Thus, the dedifferentiation of muscle is an
important event for the complete regeneration.

Possible methods to improve regeneration in adult anuran
In this review, we have discussed about the difference of limb regeneration in urodeles
and anurans. Based on these discussions, we propose possible methods to induce “an
improx{ed regeneration” in adult anurans. As described in the section on pattem
formation, regenerating limbs of adult anurans lose the ability to organize a proper
morphogenetlc field. Therefore, if we can produce such a field in a blastema by the
ectopic expression of appropriate genes, adult anurans can regenerate limbs with the
normal pattem. One candidate is shh gene, because its expression is gradually lostin
the regenerating limbs during Xenopus metamorphosis (Endo et al., 1997). However,
there I.S a possibility that the ectopic expression of shhis insuﬁicient'for the pattern rée-
fqrrnat:pn of adult anuran regenerates if the anuran tissues cannot respond to the shh
signalling. Our observations (Shimizu-Nishikawa et a/ 1999) havez ested thal
?nejencglymal cells in the blastema are different betwe;n urodeles andu&?r?urans. The
ran blastema cannot retain undifferentiated states at a late stage of regeneration
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Fig.3 : High /a3 expressed in the precartilage condensation. /n situ hybridization was performed with sections of late bud
stage of newt blastema (A) and early-medium bud stage of Xenopus laevis blastema (B). Arrowheads indicate /d3
expressing cells in the precartilage condensation. From Shimizu-Nishikawa et al. (1999) ; Fig.4 : Expression of /d genes.
The expression was examined during limb regeneration in urodeles (A) and anurans (B). Stages of samples and probes
are indicated on the top of the panels and left side of the panels, respectively. From Shimizu-Nishikawa et af., (1 999).
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PROTEASOMES IN MELANOMA CELLS-REGULATION IN
MELANIN BIOSYNTHESIS, CELL DIFFERENTIATION AND CELL
TRANSFORMATION-FEW FACTS AND SPECULATIONS

J.K. Pal
I_)eparlrncm of Biotechnology.,
University of Pune, Pune 411 007

ABSTRACT

Proteasomes, the multicatalytic proteases, are involved in the non-lysosomal, ubiquitin-
mediated protein degradation pathway. They are multisubunit ubiquitous proteins and
distributed both in the cytoplasm and in the nucleus. They are also implicated in multiple
other functions like antigen presentation, cell cycle regulation and embryogenesis and
possibly in cell differentiation. Recent reports on their possible role in melanin
biosynthesis in melanoma cells, attest further their involvement in the regulation of
tissue-specific gene expression and possibly in cell differentiation. In this article, | have
tried to review previous research work of others and our current work on this area with
an emphasis on the future research and their potential use in human applications.
anoma cells, tyrosinase activity,

Key words:  Multicatalytic proteases, mouse mel
differentiation, transformation

INTRODUCTION

Proteasomes: Proteasomes aré multi-subunit protein complexes which are involved
in ubiquitin-mediated, non-lysosomal intracellular protein degradation pathway. They
have been reported from a variety of organisms and have been described in the
literature by various names, namely, prosomes, multicatalytic proteases (MCPs) or
proteinases, high molecular weight proteases, depending on their co-purification with
other particles and prospective functions (reviewed in Scherrer and Bey, 1994).
However, recent reports on their identity with the MCPs (Arrigo et al., 1988; Falkenburg
etal., 1988; Pal and Murakami, 1988, 1995) have established their proteolytic activity

1-20-5651820; E-mail: ikpal@unipune.ernet.in)
Prof.P. Mohanty-Hejmadi on her 60th birthday for her pioneering work on
d for her consistent and valuable contribution in teaching and
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homeotic transformation in frogs an
research in Developmental Biology.
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d as proteasomes. Since thep,

there has been a boost in the research activity on these high ﬂ;?::eb?:ar weighy
proteases that aré involved in intracellular protein tu-rnoiuer paihwat}::(n;”; ég—_- 1_9_93).
In this major pathway of selective protein degradation ol e‘ukafryo ! \'fd ' :‘ 'Quitin ig
used as a marker that targets cytosolic and nuclear proteins or rapid proteolysis by

stablished that the proteasomes (MCPg)

proteasomes (Cooper, 1997). It is now well e
exist in two molecular forms, 26S and 20S proteasomes.

' e
as the principal function; they were therefore renam

me, a barrel-shaped structure as seen
d of four rings each containing seven
imilarity, all 20S proteasomal subunit

26S and 20S proteasomes : The 20S proteaso
in the electron microscope (Fig.1A) is composé

subunits (a7, B7, B7, a7). Based on sequence S _
sequences may be classified into two groups, alpha and beta, each group having

distinct structural and functional roles. The seven alpha-subuni!s comprise the outer
rings and the seven beta-subunits the inner rings of the 20S proteasome. Each subunit

is located in a unique position within the alpha or beta-rings. The molecular weight of
kDa. A subfraction of 20S proteasomes

the subunits ranges between 21kDa and 36
f 50 to 150 nucleotides long which in

(prosomes) contains in addition, a small RNA o
case of mammalian prosomes, turns out to be a reverse primer of the retroviral tRNA
type (Nothwang et al., 1992a). The estimated size of 20S proteasome is 720 kDa (Coux

et al., 1992; Tanaka et al., 1992). These complexes have been characterized from a
variety of organisms from archeobacteria to man and are found to be evolutionarily
conserved (Scherrer and Bey, 1994). Fig. 1B shows the typical protein pattern of 205

proteasomes analysed by SDS PAGE.

The 26S proteasome consists of the 20S proteasome as the catalytic core and over
twenty additional proteins, ranging in molecular weight from 25 to 10 kDa, located ina
distinct complex called the "PA700 proteasome activator’ or the 19S factors (inhibitors,
activators) including ubiquitin. The 26S proteasome may be involved in ATP-dependent,
ubiquitin-mediated protein degradation (Li and Etlinger, 1992; Goldberg and Rock,
1992), except in case of ornithine decarboxylase degradation which is ubiquitin-

independent (Murakami et al., 1992).

Uhnlque characteristics of proteasomes : The unique, highly compact and cylinder
lsheap:gs;st;*tuac;rre makles thg proteasomes, the 20S proteasomes in particular, oné of
concentralionse;osn[;ge;es in the cell. They are resistant to non-ionic detergents, I0¥
191, sk 1SERRTIA & esoxycholate, salt solutions of high ionic strengths and up 1€

b osyl (Schmid et al.,1984; Pal et al., 1994). Based on their sarkosyl resistanceé,
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Proteasomes also appear to play a major role in metastasis. An extracellyy,
proteasome-like structure has been identified in the media of cultured astrocytoma cgjig
(Vaithilingam et al.,1995). Thus, it is quite possible that melanoma metastasis whig
involves the free movement of melanoblast-like cells may be mediated by e
extracellularly secreted proteasomes. The implications of such an hypothesis are varigq
and will have great bearing on pigmentary disorders like vitiligo (common in India) ang
melanomas (prevalent in westem countries). Therefore, determining a possible role of
proteasomes in the manifestation of the different phenotypes in B-16 melanoma cells
becomes very important.

OUR CURRENT RESEARCH

Expression of proteasomes in B-16 mouse melanoma cells : Expression of
proteasomes and their various subunits in B-16 melanoma cells was determined by
Dot/Western blot analysis of the protein extracts both under native and denaturing
conditions (Kampasi, 1998; Shukla, 1999). Five different monoclonal antibodies
corresponding to mammalian proteasome subunit antigens, namely, p23K, p27K, p31K,
p30-33K and p33K were used for detecting the proteasome antigens in mouse
melanoma cells of various phenotypes (e.g., melanotic, partially melanotic, induced
melanotic and amelanotic cells.).

In Dot blot analysis, under non-denaturing condition, it was observed that melanotic
melanoma cells were positive for all the four antigens tested,namely, p23K, p31K, p30-
33K, and p33K (Fig. 5A); results of p31K are not shown. However, their quantity varied
from highest to lowest in the following order : p31K >p33K>p30-33K>p23K.
Interestingly, however, when the melanoma protein extract (antigens) was denatured
prior to dot blot, the reactivity of all the antigens except that of p23K were reduced

substantially (Fig. 5B). These results indicated that the proteasome subunits are more

reactive to the corresponding antibodies under native condition than under denaturing

condition.

In Westemn blot analysis, among the four antigens tested by their respective antibodies,
two (p27K and p30-33K) were found to be present in considerable amount in melanotic
melanoma cells (Fig. 5C); results with other two antibodies, anti-p23K and anti-p33K
are not shown. Therefore, in the subsequent experiments, extracts from melanoma cells
of various phenotypes, namely, melanotic, partially melanotic induced melanotic and
amelanotic were probed with antibodies to p27K and p30-33K antigens. As seen in Fig.

6, both the antigens were most intense in the melanotic melanoma cells, and they weré
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GLYCOSYLATION INHIBITION BY TUNICAMYCIN LEADS TO
ABNORMAL MORPHOGENESIS IN FROG (MICROHYLA ORNATA)
AND CHICK (GALLUS DOMESTICUS) EMBRYOS

S. Ghaskadbi', Y. Shewade and V. Patwardhan
Division of Animal Sciences, Agharkar Research Institute
G.G. Agarkar Road, Pune 411 004, India

ABSTRACT

Early morphogenesis in the vertebrate embryo is driven by continuous interactions
between cells and the extracelluar matrix. Cell surface glycoconjugates are thought to
play an important role in various cell-cell and cell-matrix interactions necessary for cell
adhesion and cell migration. In the present study, we have assessed the effects of
tunicamycin (Tn), an inhibitor of N-glycosylation, on early morphogenesis of vertebrate
embryos. Embryos of the frog Microhyla ornata and chicken Gallus domesticus were
used as models for these studies. Tn adversely affected morphogenesis in both
gastrulating frog embryos and chick embryo axplants cultured in vitro in a concentration-
dependent manner. Tn, in a concentration range of 0.90 to 7.14 pM, inhibited
morphogenetic movements in Microhyla embryos leading to shortening and/or bending
of the embryonic axis. At concentrations of 3.57 and 7.14uM, Tn arrested neurulation
and overall embryonic development. Scanning electron microscopic studies of control
and treated frog embryos revealed abnormal cellular architecture in Tn-treated embryos
which appeared to have adversely affected normal progression of development. Chick
embryo explants cultured in vitro responded in a more or less similar manner to Tn
treatment. While treatment with 11.9 pM Tn led to detachment of embryos from the
vitelline membranes resulting in mortality, Tn at 1.19 pM produced se\:feral qbnormalities
in the neural tube, head fold, heart, somites and body axis in developlng c_hlck embrygs,
The results show that Tn, due to its glycosylation inhibitory activity, interferes with
embryonic cell-cell interactions leading to abnormal morphogenesis. Since
glycoconjugates participate in a largé number of embryonic cellular interactions, effects
of Tn are not restricted to any particular organ of system but occur globally.

Key words: Tunicamycin, frog embryo, chick embryo, cell interactions,

morphogenesis
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Tunicamycin solution

Tunicamycin (Sigma Chemical Co., USA) was dissolved in dimethy! sulphoxide (DMSO)
at the concentration of 1 mg/mi.

gcanning electron microscopy of Microhyla embryos

in order to assess the effects of Tn at ultrastructural level, scanning electron
microscopic (SEM) studies were undertaken on treated and control embryos. The
embryos were processed as described before (Ghaskadbi, 1994). They were fixed in
0 5% glutaraldehyde (Sigma, USA) in 0.2 M phosphate buffer, pH 7.4 for 24 h at 4-6C.
Embryos were repeatedly washed to remove all the fixative, dehydrated in a graded
series of ethanol and critical point dried from CO, in E3000 critical point drier (Bio-Rad).
The embryos were roughly cut into halves with a sharp blade before mounting on the
stubs, coated with gold in a E5200 automatic sputter coater (Bio-Rad), studied with a
Steroscan S120 scanning electron microscope (Cambridge) and photographed on a 35
mm black and white negative film.

Culture and treatment of chick embryos

Gastrulating blastoderms were explanted at Hamburger Hamilton (HH) stage 4 and
cultured according to the single ring technique of New (1955). The cultures were
ireated with Tn as described before (Ghaskadbi et al., 1994; Patwardhan et al., 1996).
Briefly, 100 pl Pannet Compton (PC) saline (New, 196€) containing desired
concentration of Tn (final concentration 11.9 or 1.19 pM) was carefully placed inside the
ring on top of the blastoderm. Control embryos received comparable quantity of DMSO.
The embryos were left at room temperature for 30 min to allow proper diffusion of Tn
and then incubated at 37.5C for 18 h. After this the live embryos were studied carefully
and deviation from normal development, if any, was recorded. The blastoderms were
fixed in ethanol:acetic acid (3:1), dehydrated and stained with haematoxylin and eosin
for permanent preparation and detailed examination. The experiments were replicated
thrice with a total of 75 (34 for controls, 16 for 11.9 uM Tn and 25 for 1.19 puM Tn)

Cultures.
RESULTS

Effect of tunicamycin treatment on Microhyla develcpment

Tn was found to adversely affect the development of frog embryos. With increasing
concentration of Tn, there was a significant decrease in the proportion of normal
embryos (Table 1). The most common abnormality induced was bent body axis. This
was often associated with shortening of the length of the body axis (Table 1). At
concentrations of 3.57 and 7.14 uM, Tn arrested the neurulation in about 16% of the
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treated embryos (Table 1; Figs. 1A,B). At the highest concentration of 7.14 M useq i,
the present study, Tn arrested the development in 80% of the embryos within a fgy
minutes as evidenced by complete inhibition of morphogenetic movements. The effegts
of Tn were concentration dependent; the proportion of abnormal embryos went op,
increasing considerably with increasing concentration of Tn. At lower concentrations of
Tn, the embryos continued to develop, albeit abnormally. Major abnormalities were
noticed in the body axis which was either curved or short, of both (Fig. 1C),
Underutilization of yolk was also of common occurrence.

Effects of Tn treatment on cell surface ultrastructure:

SEM studies of cut open control (Fig. 2A) and treated (Fig. 2B) Microhyla embryos
revealed inhibition of formation of the blastocoel. The cells of the Tn-treated embryos
appeared very loosely organized as compared to those of the control embryo. There
was also an apparent decrease in the amount of the ECM in treated embryos (Fig. 2B).
No obvious differences in the size of cells from control and treated embryos were
noticeable. At higher magnifications, cell surfaces in Tn-treated embryos appeared
considerably smoother as compared to those from the controls.

Effects of tunicamycin treatment on chick development

All the 34 chick embryo explants cultured with New's single ring technique in the
presence of 100 PC saline developed normally upto 18 h post-culturing (Fig. 3A).
Embryos developing in medium containing a comparatively low concentration of Tn
(1.19 pM) continued to develop upto 18 h post-treatment. However, all of the treated
embryos exhibited developmental abnormalities (Figs. 3B,C). These included shortened
anteroposterior body axis, inhibition of neural tube closure, fewer and improperly located
somites, microcephaly, inhibition of fusion of heart primordia and, in some cases,
inhibition of looping of the heart. Most of the embryos treated with the high
concentration of 11.9 UM Tn got detached from the vitelline membrane and hence could
not develop further. The embryonic tissue persisted on the vitelline membrane as a

button-shaped structure (Fig. 3D).

DISCUSSION
Cell surface, and ECM glycoconjugates are thought to play crucial roles in
embryogenesis (Hay, 1991). Over the years, several approaches have been adopted
to identify the role of these molecules in early development. Studies on the structuré
and function of cell adhesion molecules (CAMs) (Cunningham et al., 1983,1987,

Edelman. 1984) and endogenous animal lectins (Roberson and Armstrong, 1980; Zalik
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Fig.2 : Scanning electron micrographs of frog embryos trealed eithes with DIMSO
and cut roughly in the centre, (A) Normal cellular architecture of the

cellular architecture of Tn-treated embryo. Note apparent loss of
migration. Scale bar=50 pm ;

(A) or tunicamycin (B-D) for

(A) or 3.57 UM tunicamycin (B) for 8 h
control embryo, (B) Loosely attached cells and 10ss of

leading to defective cell adhesion and
Fig.3 : Chick embryo explants cultured in vitro and
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pELAYS IN EMBRYONIC DEVELOPMENT IN CHIROPTERA -
A REVIEW

K.B. Karim” and N.A. Khan
Department of Zoology, Institute of Science,
Nagpur 440 001, India

ABSTRACT

One of the reproductive strategies employed by bats is the phenomenon of embryonic
delays during development. Twenty species of bats belonging to 6 families:
Pteropodidae, Emballonuridae, Rhinolophidae, Phyllostomidae, Natalidae and
Vespertilionidae exhibit delays which are of 2 types (i) Delayed implantation in which the
fertilized ovum develops in a normal manner upto the bilaminar blastocyst stage, enters
into a period of developmental quiescence and remains in an unimplanted condition for
a variable length of time in the uterine lumen. Delayed implantation has been reported
in Eidolon helvum, Rhinolophus rouxi. Miniopterus australis, Miniopterus schreibersii
from France and Africa, Miniopterus minor from Kenya, Miniopterus schreibersii
natalensis, Miniopterus frateculus, Corynorhinus rafinesquei, Rhinolophus landeri and
Scotophilus borbonicus from South Africa (i) Retarded embryonic development in
which the blastocyst implants on schedule but after implantation, the embryonic
development slows for a period of time. Haplonycteris fischeri, Cynopterus sphinx,
Taphozous longimanus, Hiposideros caffer caffer, Hipposideros ruber, Hipposideros
lankadiva lankadiva, Macrotus californicus, Artibeus jamaicensis, Carollia perspicillata
and Natalus stramineus exhibit retarded embryonic development after implantation.

development after implantation occur

Both delayed implantation and retarded embryonic

in Miniopterus schreibersii (Japanesée and Australian population). In bats which exhibit
rolongation of the period of gestation. The

either or both phenomena there isap . |
physiological mechanisms which control the fascinating phenomena are exceedingly
different in the different species of bats which employ this reproductive strategy.

Key Words : Development, chiroptera, review
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&K SAVE N Ernbevanic develoomeant in Chiroplera

’ be 5t of roimél
u ";'43';‘;‘2 ::::cimu:r:u:;\?alog;s.ﬁ. Of rairiall, presumably creating favourable
conditions or s Ine young bats when weaned. The observations
of F2 enuwo gnd ads ee;f ( 974)‘0n Eidolon helvum studied somewhat further north
7024'N (ngeﬂa) and at higher altitude differ from those of Mutere (1967) in that the
ctive sequence was restarted by a month and implantation occurred at the

reprod ; — :
oeginning of the winter dry period and births at the beginning of the spring wet season.

February

gtudies ON two reproductlvg synchronized Indian populations of the rhinolophid bat,
Hm'nolophus rouxi (Ramakrishna and Rao, 1977) indicates that early development
normally proceeds slowly at Bangalore while there is a period of embryonic diapause
at Khandala. At Bangalore tubal ova were observed on 27" November, early uterine
morulae on 6-8 December while unimplanted blastocyst on 21%' December, while at
Khandala, ovulation and fertilization occur during the first week of January, late uterine
morulae being found between 7" and 23" January, unimplanted blastocysts between
#.0" February and early implanting blastocysts on February 23. This led Ramakrishna
and Rao (1977) to conclude that embryos remain free in the uterii of bats at Khandala
for 40-45 d. The gestation period in both the places is 15018 d. The delivery of the
young at both places occurs just before the onset of monsoon which is apparently an
ironment to ensure that mothers in lactation and the weaned young

adaptation to the envi
have plentiful supply of insects which are abundant during the rainy months.

In Macrotus californicus (Bradshaw, 1962) implantation occurs in October-November
in South Western United States (Arizona) but the primitive streak stage is not attained
by the embryos until 4-5 months later. The rate of development accelerates in March
and parturition takes places in June. Bradshaw (1962) suggested that the delay might
be caused by low winter food supplies. However, Burns et al., (1972) observed that the
delay is independent of temperature and food conditions and showed that the rate of
embryonic development in females maintained under constant temperature (24°C) does
not exceed that of specimens in the field. Field observations also suggest that Macrotus
feeds daily during the winter, deposit fat, but does not hibernate or migrate (Bleier,

1975a).
nitiation of implantation has been reported

hronized wild population of the short-tailed
d Badwaik, 1997). Gestation periods for

Retarded embryonic development after the i
;“ ’_he captive as well as a reproductively sync
"“" bat, Carollia perspicillata (Rasweiler an
emales which successfully reared their young varied as follows : females breeding first
year. in captivity (105-178 d), mated at post partum estrus during their first year in
Caplivity (110-158 d), mated during their cecond year in captivity (113-169 d); females
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born and mated in captivity (113-159 d). Most females in the group had a gestation
period of 113-119 d which may represent the normal (non delayed) period for the
species. According to the authors, stress rather than age was responsible for thq
prolongation of pregnancy. Many wild caught females successfully gave birth at 1g.
229 d after being isolated from breeding males in captivity. In the wild caught femajeg
the prolongation of gestation has also been attributed to stressful situations (e.g. lack
of sufficient food or roosting sites) and it has been postulated that the ability to delay
pregnancies would be of considerable adaptive value in Carollia.

b. Related to post partum pregnancy e.g. Artibeus jamaicensis (Fleming, 1971),

Cynopterus sphinx (Krishna and Dominic, 1983) and Haplonycteris fischeri (Heideman,
1989).

The first pregnancy of each year in the neotropical fruit bat, Artibeus jamaicensis
(Fleming, 1971) lasts about 4 months and proceeds without embryonic delay. The
second pregnancy (post partum) of each year is of 7 months duration and the post
implantation embryonic development is extended by 2.5 months. The retarded
embryonic development after implantation of the blastocyst occurs during the height of
the rainy season and is not caused by lactation. Development does not cease
completely but proceeds at a slow rate. Although no variation in size of corpus luteum
(CL) was observed in the two pregnancies the luteal cells were significantly smaller in
size in the CL of post partum pregnancy with retarded embryonic development.
According to Fleming (1971), CL is functional but low amounts of luteotrophic hormone
may be operating indirectly to slow embryonic development after implantation. A
possible post implantation delay has been reported in one of the two annual
pregnancies in Cynopterus sphix (Krishna and Dominic, 1983). However, the nature of
the delay is not clear as it was demonstrated using weight changes of whole uterii, and
the results are also compatible with delayed implantation accompanied by a uterine
weight increase due to a progestational reaction at the beginning of the delay.

In Haplonycteris fischeri (Heidemen, 1989) the parous female are impregnated in Juné
within a few weeks of parturition. Shortly after implantation the rate of embryonic
development slows tremendously for up to 8 months. During the period of delay, the
mean length of the embryoblast increased only from 280 pm to 580 pm. In the following
year during March, the development rate increased and the embryos completed
development in the next 3 months. The 8 month delay gives this bat a gestation period
of 11.5 months, the longest known in bats. Most nulliparous females became pregnant
at an age of 3-5 months, and the embryos entered a similar delay that terminated in
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