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Physical and histological changes of the cuticle through molting cycle of the biack tiger

shrimp (Penaeus monodon).

Warapom Promwikom', Pornpimol Kirirat’. Piyakom Boonyoung1, Pranom Imasaro', Pinij Thaweethamsewee‘, and
Boonsirm Withyachumnarnkul ?

’ Department of Anatomy, Faculty of Science, Prince of Songkla University, Hat-Yai, Sengkhla, Thailand, 90112.

? Department of Anatomy and Center of excellence for shrimp molecular biclogy and biotechnology, Faculty of Science,
Mahidol University, Bangkok, 10400.

Background Molting, a phenomenon of shredding the old cuticle and re-generating the new one, is found

in shrimps and many other species of invertebrates. Through shrimp life, molting cycles are repeated several times
in order to increase body size and mass (growth). Although it has long been studied over seventy years,
the regulatory mechanism of the molting cycle is not yet fully understood. Especially, the molting cycle of
the black tiger shrimp (Penaeus monodon), which is well-known as an important agricultural export product
of Thailand, is far from attention. In order to clearly understand regulatory mechanism of molting cycle in
the black tiger shrimp, we have been investigating changes of structure, biochemical components, and
gene expression in various organs and tissues related to molting stages of the black tiger shrimps. In this
study we present physical and histological changes of the cuticle of the black tiger shrimp through molting
cycle.

Materials & Methods  Healthy black tiger shrimps (Penaeus monodon), 10-20 g body-weight, were
transferred from natural farms to culture in aquariums at Dept. Anatomy, PSU., where they were fed three
times a day with commercial food. Each shrimp were examined for molting stages at least twice a day.
Changes of the culicle through molting cycle were physically, and histologically investigated under a light
microscope.

Results & Discussion Molting stages, which have been investigated in this experiment, are consisted of
premolt, postmeolt, and intermolt stages. Physical changes of the cuticular tissue through molting cycle
were observed under a light microscope followed the degree of retraction of the epidermal tissue from the
cuticle, the characteristics of the epidermis, and the progression of setal cone formation. It was next
revealed by histological study that carbohydrate and coliagen fibers deposition in the mature cuticle is
unique in each sub-layer of the cuticle. Hence the cuticle is histologically divided into four layers from
exterior to interior: a thin epicuticle, a lamellae-like pattern exocuticle, a fine endocuticle, and a
membranous layer. These four layers aredifferent in carbohydrate deposition, and completely observed
only when the shrimps are in the intermolt stage, and they take tum to de- and re-generate through pre-
and postmolt stages. This finding suggests that physical and biological processes of de- and re-
generation of the cuticle have actively occumred at all time. These processes include protein and
carbohydrate syntheses and modification. The result may be useful for management of nutrient feeding at
particular molting stage to shrimp culture to acquire maxirnatl shrimp growth for each round of molting
cycie. The results also serve as standard criteria in follow-up experiments to further investigate the
regulatory mechanism of the molting cycle. We expect that the forthcoming results will be beneficial to

promote and regulate growth of the black tiger shrimp.



3 o » o (3 o - ; © s  as [
mﬁj' LERIATUHRNIY B m‘sauﬂ%msa:auuﬁﬂﬁlmﬂa an f?l;\if;la'lﬂ’l auwus‘nnnasmsa an

A3l

sl wivainy  wsiiwa @5sad’  Ueons yady’  uas yanady Inegmagna

‘mimmeimemaas eusineman’s s ingauasrauaIung o.wmng v.89%a7 90112
‘pndrmeintemans  uas ﬂmu’m"mﬁam'm;fluaa“mnﬂfufaﬁff'aqu"a amineeans
LFVINUIRPUAAS NFIUNW 10400

1M msaanﬂﬁuﬁaﬁmngmsrﬁﬁﬁmé’@LmLﬂﬁammﬁ'ﬁaﬁuﬁaaanua:asﬁmﬂﬁanlwﬂ%um
Lmuﬁ%mu'léiué’ﬂ'ﬂajﬁn‘s:gné’uwé’nmﬁoﬁmﬁalﬁl.ﬁ@m‘m'%rytﬁu'[m wiinstnen iy
nslnmssanamuldiedunoruuni 70 I Sdmingfnsnlugsfiadneg  anuidanand
Slinsseta  lablawzaiwinssmssenanurasinmdiiduda iesgfaindge
Yeminalng 85lldueuswlariniinns é’aﬂf’mﬁaﬁwlﬁmwj’tﬁmﬁuna‘lnmiaanﬂﬁumaqq"q
Qmﬁmszéw%ﬁu NI Rsuutamaslassaiy  asdUsznaumetuadl uszmsuand
£ anwaamﬁﬁuqmiﬂmﬁatﬁauaza‘;’m:@m JARDAIINTNITAANATIVLDININIA

i'ﬁqﬂs:am“ FMIUMIMaaRIn IR st usAIF NI T Bl Be N amTBun I Suszatin-
7*%zﬂw.ﬂ§am}’qqm@'hé’uﬁ'ufﬁ'maasmiaanﬂﬁu

35m3 wazLﬁrmtjaqmﬁ'\'?’iﬁﬁmﬂfﬂ 10-20 n3u lnwasUfnams nadmmeimamand am:
Angienaad  WMTINDIRITIVAMATUNT  MIATIIRDUTTUIMIAINATILVBITINGREAINTZINN
T wasiimsfingansduniduszefiuvidlmdfandinadiluszozieu wd uarwniumsaen
FrusESEmaiadeine

pa uaziorsainisneany  nmMsanpdunttazansmenIgzauvaIn it lsiase ladu
vFulonoanan uaz wam@ouluden wudnldanysnaudantuten 9 4 14 Sp9ndn
wanuigiwlu ldun epicuticle, exocuticle, endocuticle W8z membranous layer W@ arouiiian
dnmnyasauias Foldants 4 auil a}:wu'lﬁaug'stﬁtfian:aay;'lm:u:s:mwmiaanﬂﬁum“fu
uSTNI 4 '&‘;uf{a:ué'ﬂuJ‘é'uuﬁunqﬂaammnﬁﬂ%ﬂmjﬂaamwimmanﬂﬂwaoﬁoqm@h 3y
f‘mmﬁﬁ’ﬂﬁnﬂm'wns:mumsmomumwua:"hmwmaomwQmaamtazlﬁﬂlnﬂmmtﬂﬁamﬁﬂ
Fu0HNIF LT BIRADAIIAT UATH A AN EIMTUUAAZIZUTTBIITINITAANATIL Fatunans
nﬂaae'ﬁmatﬂuﬂsﬂu-nﬁeiamsmmmﬂ%‘nmﬂﬁmsmmsﬁmu’n:aum'aﬂ'nuﬁaomwaarjo
qa“ue‘i’ﬂuusia:‘s:U:maamsaanﬂﬂmﬁatﬁ'ué’emmsm“‘sm_,Lﬁu'[ﬂmaorfaqm@h

ardAy Wasnh danad  93IMIRanAIIY



Histological localisation of organic and in-organic components in the cuticle of the
black tiger shrimp (Penaeus monodon) related to molting cycle.

. . . a 1 . .
Waraporn Promw:kornf, Pornpimol Kirirat, Piyakorn Boon oung’, and Boonsirm
p Y Y

Withyachumnarnkul ?

! Department of Anatomy, Faculty of Science, Prince of Songkla University, Hat-Yai, Songkhla,
Thailand, 90112. z Department of Anatomy and Center of excelfence for shrimp molecular
biology and biotechnology, Faculty of Science, Mahidol University, Bangkok, 1 0400.
Background Molting, a phenomenon of shredding the old cuticle and re-generating the new
one, is found in shrimps and many other species of invertebrates in order to increase body
size and mass {growth). Although it has long been studied over seventy years, the
regulatory mechanism of the molting cycle is not yet fully understood. Especially, the molting
cycle of the black tiger shrimp (Penaeus monodon}, which is well-known as an important
agricultural export product of Thailand, is far from attention. We therefore have been
investigating regulatory mechanism of molting cycle in the black tiger shrimp {Penaeus
monodon).

Objective In this study we present histological localization of collagen fibers, lipid,
carbohydrate, and calcium in the cuticle of the black tiger shrimp related to molting cycle.
Materials & Methods Healthy black tiger shrimps (Penaeus monodon), 10-20 g body-
weight, cultured in aquariums at Dept. Anatomy, PSU. Each shrimp were physically
examined molting stages daily. Changes of organic and in-organic components in the cuticle
of each molting stage were histologically inveétigated.

Results & Discussion The cuticles of black tiger shrimps in premoit, postmolt, and intermoft
stages were histological localized for carbohydrate, lipid, collagen fibers and calcium
deposition. It is found that the mature cuticle is histologically divided into four layers from
exterior to interior: a thin epicuticle, a lamellae-like pattern exocuticle, a fine endocuticle, and
a membranous layer. These four layers are different in organic and in-organic composition,
and completely observed only when the shrimps are in the intermolt stage, and they take
turn to de- and re-generate through pre- and postmolt stages. This finding suggests that
biological processes of de- and re-generation of the cuticle have actively occurred at all time.
The result may be useful for management of nutrient feeding to each stage of the moiting
cycle for shrimp culture to acquire maximal shrimp growth in each molting cycle.

Key words cuticle, black tiger shrimp, moiting cycle
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Changes in epiderma) structure and protein expression during molting cycle of the black tiger shrimp
{Penaeus monodon).

Warapormn Promwikorn”, Suwannee Khunthongpan’, Pornpimol Kirirat', Pranom Inrasaro', Pinij

Thaweethamsewee' and Boonsirm Withyachumnarnkul :

" Department of Anatomy, Faculty of Science, Prince of Songkla University, Hal-Yai, Songkhia, Thailand,
g0112. ¢ Department of Anatomy and Center of excellence for shrimp molecular biology and biotechnology,
Faculty of Science, Mahidol University, Bangkok, Thailand, 10400.

Background In shrimp, the cycle of post-embryonic growth and development is characterized by a unique
molling process. Epidermis plays an important role in the molting process. Although it has long been
studied over seventy years, the regulatory mechanism of the molting cycle is not yet fully understood.
Especially, the molting cycle of the black tiger shrimp (Penaeus monodon), which is well-known as an
important agricultural export product of Thailand, is far from attention. We therefore have been
investigating regulatory mechanism of the moiting cycle in the black tiger shrimp.

The objectives To investigate changes in epidermal structure and protein expression during molting cycle
of the black tiger shrimp by histochemistry and two dimension gel electrophoresis.

Materials and methods Healthy black tiger shrimps (Penaeus monodon), 10-20 g body-weight, were
transferred from natural farms to culture in aquariums at Dept. Anatomy, PSU., where they were fed three
times a day with commercial food. Each shrimp were examined for molting stages at least once a day.
Epidermal and sub-epidermis morphology of each molling stage were histologically investigated by staining
with Masson's trichromes, and periodic acid Schiffs reagents, respectively. Epidermal protein expression

was analysed by two dimension gel electrophoresis and silver stained.

Result and discussion It was found that the height of epidermis increases during the period of mid-
premolt throughout early-postmolt stages.  Glycoprotein deposition in sub-epidermis region is also
increased corresponding to the above period. After protein expression were investigated, it was found that
the protein expression of each molting stage shown in 2D gels were different. Many proteins are up- or
down-regulated through the process of the molting cycle. The results obviously indicate that the epidermal,
sub-epidermal structure and protein expression of the back tiger shrimp dynamically changed related to
the molting cycle. It seemed that the activities of the epidermis and sub-epidermis are active during
premolt and postmolt stages, but dormant during intermott stage. These evidences strongly indicate the

important roles of epidermal tissues on shredding off the old cuticle and rebuilding the new one.
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Application of Proteomics Technology in Anatomical Research.

Waraporn Promwikorn' and Vipavee Anupunpisif

1 Department of Anatomy, Facuily of Science, Prince of Songkla University, Hat-Yai, Songkhla 30112.
2 Department of Anatomy, Faculty of Medicine, Srinakharinwirot University, Sukhumvit 23, Bangkok 10110.

Background Proteomics is a novel-potential research tool used to study changes in protein
expression. It is well-known that a protein is the functicnal unit of a gene. However, not every
proteins are encoded by genomes. Many proteins are regulated at post-translation levels, for
exampie, protein modifications and protein-protein interaction. After genomes of many species
are successfully sequenced, the roles of those genes to the cells are now in questions.
Proteomics is probably the answer of that. Proteomics study is focused on comparison of
protein expression in cells or tissues at different stages/conditions/ treatments in order to know
which particular proteins are changing in those different conditions. Proteomics is now widely
applied in many research area, for example, medical research, agricultural research, and
biotechnological research.

Objective To demonstrate the applications of proteomics technology in anatomical research.
Materials & Methods Methodolegy used in proteomics study includes sample preparation, two
dimension-gel efectrophoresis, 2D gel image analysis, and protein informatics.

Results & Discussion The comparison of protein expression on 2D-gel map will be able to
point out proteins changed in different conditions. This will lead to further applications. The on-
going and forth-coming research works in our laboratory include the study of regulatory
mechanism of the molting cycle of the black tiger shrimp, investigation of protein marker for
detection of early developed head and neck cancer, the effect of radiotherapy on protein profile
of head and neck cancer, and changes in protein expression of the brain in dementia animals.
Some of these projects are collaboration with another research groups in Thailand and abroad.
It is apparently that the forth-coming results will be beneficial to a variety of researches including
agricultural and medical researches.

Key words proteomics, two dimension-gel electrophoresis, protein expression, bioinformatics



CHANGES IN EPIDERMAL PROTEIN EXPRESSION DURING MOLTING
CYCLE OF THE BLACK TIGER SHRIMP REVEALED BY TWO
DIMENSION GEL ELECTROPHORESIS.

Warapom Promwikorn'", Suwannee Khunthongpan', Chaiwutt Bauneaw', Pornpimol
Kirirat', Pranom Intasaro’, Piny Thaweethamsewee'! and  Boonsirm
Withyachumnarnkul %.

' Department of Anatomy, Faculty of Science, Prince of Songkla University, Hat-Yai,
Songkhtla, Thailand, 90112.

? Department of Anatomy and Center of excellence for shrimp molecular biology and
biotechnology, Faculty of Science, Mahidol University, Bangkok, Thailand, 10400,

Abstract
In shrimp, the cycle of post-embryonic growth and development is characterized by a
unique molting process. Epidermis plays important role in molting process, which is
stimulated by an increase in ecdysteroid hormone secreted from a pair of
cephalothoracic Y-organs. Although it has long been studied over seventy years, the
regulatory mechanism of the molting cycle is not yet fully understood. Especially, the
molting cycle of the black tiger shrimp (Penaeus monodon), which 1s well-known as
an important agricultural export product of Thailand, is far from attention. We
therefore have been investigating regulatory mechanism of the molting cycle in the
black tiger shrimp. In this study we showed changes in epidermal protein expression
during molting cycle of the black tiger shrimp by one and two dimension gel
electrophoresis. It was initially found that epidermal and sub-epidermal morphology
was changing through the molting cycle. We further investigate protein expression in
premolt, postmolt and intermolting stages by one and two dimension gel
electrophoresis (1D and 2D SDS-PAGE). It was found that the patterns of protein
expression of each molting stage shown by 1D and 2D gels were different. Many
proteins are up- or down-regulated through the process of molting cycle. This result
indicates that these protein play important roles in the regulatory mechanism of the

molting cycle. The protein identification of these protein spots will be next
characterised.
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Changes in epidermal structure and protein expression during molting cycle of the
black tiger shrimp.

Warapomn Promwikorn', Pornpimol Kirirat', Pranom Intasaro', Pinij Thaweethamsewee' and
Boonsirm Withyachumnarnkul °.

! Department of Anatomy, Faculty of Science, Prince of Songkla University, Hat-Yai, Songkhla, Thailand, 90112.
? Department of Anatomy and Center of excellence for shrimp molecular biology and biotechnology, Faculty of Science, Mahidol
University, Bangkok, Thailand, 10400.

Abstract— In shrimp, the cycle of post-embryonic growth and development is characterized by a
unique molting process. Epidermis plays important role in molting process, which is stimulated by an
increase in ecdysteroid hormone secreted from a pair of cephalothoracic Y-organs. Although it has long
been studied over seventy years, the regulatory mechanism of the molting cycle is not yet fully
understood. Especially, the molting cycle of the black tiger shrimp (Penaeus monodon), which is well-
known as an important agricultural export product of Thailand, is far from attention. We therefore have
been investigating regulatory mechanism of the molting cycle in the black tiger shrimp. In this study we
showed changes in epidermal protein expression during molting cycle of the black tiger shrimp by one
and two dimension gel electrophoresis. It was initially found that epidermal and sub-epidermal
morphology was changing through the molting cycle. We further investigate protein expression in
premolt, postmolt and intermolting stages by one and two dimension gel electrophoresis (1D and 2D
SDS-PAGE). It was found that the patterns of protein expression of each molting stage shown by 1D
and 2D gels were different. Many proteins are up- or down-regulated through the process of molting
cycle. This result indicates that these protein play important roles in the regulatory mechanism of the
* molting cycle. The protein identification of these protein spots will be next characterised.
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