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Abstract

Hatching refers to the embryonic exit from the eggshell q@n). It is
classified in two types, mechanical and enzymadicliing.

The enzymes involved in this phenomenon are nanachithg Enzymes and
they are known and characterized in many speciesy @re produced by hatching
gland cells, stored in granules and released iatwigelline space at the time of
hatching.

Chorion consists of two layers: a thick inner pedlled zona radiata
composed of 3 main protein monomers, specific taofi¢ghe hatching proteases,
and a thin outer layegzona pellucida During hatching, protein aggregates are
depolymerised and become water soluble.

Choriolysin (salmon hatching enzyme) is a Zn-prs¢eahich belongs to the
Astacin family, a group of metallo-endopeptidaseth wnore then 20 members
now identified. Some proposed functions includevatbn of growth factors,
degradation of polypeptides and processing of egliaar proteins.

The family members are characterized by a uniqguem®o acids signature
sequence, which encompassed the Zn binding moEk”.

Atlantic salmonSalmo salarenzymatic hatching is the subject of the thesis.
The present work shows the last 558 nucleotidekenfotal 786, which compose
Choriolysin sequence and its gene expression im@rdevelopment.







Riassunto in italiano

Il termine “Schiusa” fa riferimento alla fuoriusaidel’embrione dal guscio
dell'uovo (il Chorion). Questa pud essere clasatficin due tipi, schiusa
meccanica o enzimatica.

Gli enzimi coinvolti in nel fenomeno di rottura déhorion sono detti enzimi
della Schiusa e sono noti e caratterizzati in meftecie. Questi enzimi sono
prodotti da specifiche cellule ghiandolari, dettellide della ghiandola della
schiusa, successivamente immagazzinati in granufilasciati nello spazio
perivitellinico al momento in cui 'embrione €& ptorad uscire dal guscio.

Il Chorion e formato da due strati: uno interno gpesso chiamataona
radiata, composto da 3 principali proteine monometrictegg@t specifico degli
hatching enzymes), e uno strato esterno piu firitodena pellucidaDurante la
rottura del Chorion, gli aggregati proteici sonopaolanerizzati e diventano
idrosolubili.

La Choriolisina (I'enzima della schiusa di salmoee)na zinco-proteasi che
appartiene alla famiglia delle Astacine. Questopgoudi metallo-endopeptidasi
comprende piu di 20 membri e sono caratterizzatudfanica sequenza di 18
aminoacidi, che comprende il motivo di legame allaco HExxH.

La schiusa enzimatic del salmone atlantico Salntar gaoggetto di questa
tesi. Il mio lavoro aveva due scopi principali, efetinare la sequenza
nucleotidica di Choriolisina di salmone e studiataesua espressione genica in
diversi stadi di sviluppo embrionale.

L’elaborato mostra gli ultimi 558 nucleotidi dei &@8otali che compongono
la sequenza genica (cDNA), trovati con le tecnidhBolymerase Chain Reaction
(PCR) e Rapid Amplification of cDNA ends (RACE) -RCL’espressione genica
durante lo sviluppo embrionale é stato analizzadlodstadio di uova non
fertilizzate alla schiusa, utilizzando la Real-TiP€R.

Choriolysin dovrebbe essere un gene con normaéttesistiche, quali la
presenza di una copia che trascrive per una peoteiferedita mendeliana. Studi
che sostengono questa ipotesi possono essereattiliel confronto con il gene e
la proteina di Zonase, altro enzima della schivgaato nel fluido perivitellinico
di salmone.
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1. Introduction

1.1 Hatching phenomenon

The termhatchingrefers to the embryonic exit from an egg and Bacess
by which animals change their life from an intragapr to a free-living type. This
transition in development occurs both in oviparand in viviparous animals such
mammals [42]. Thus, hatching is a universal phemaduring the development
of animals of all vertebrate phyla and most invaidge phyla (except unicellular
organisms).

Hatching can be classified in two types, mechareathing and enzymatic
hatching [34]. In the former, the egg envelope €ggshell, which protects the
embryo in the early stage of development) is bro&enma result of increasing
pressure inside the egg either from the embryaam fextraembyonic origin, or
due to pecking, mastication or emaciating by thérym[4]. In the latter case, the
escape of the embryo from the egg is proceedeaftgnsng the egg envelope by
an enzyme (or enzymes) secreted by the embryo3]] [B5]. The teleostean
hatching mechanism considered in this work is tieymatic process.

1.1.1 Theteleostean hatching

In 1900 Kerr studied the lungfidkepidosiren paradoxand showed that the
horny eggshell became quite soft so that the emboydd break it by a violent
movement. He attributed the softening of the eggkape to a digestion by some
“ferments” secreted by the embryo. The first expental study of egg envelope-
digestion came with Moriwaki (1910) and Wintrebgfi912), who studied
hatching in salmon. Moriwaki found that the innerydr of chum salmon
Oncorhynchus ketaggshell was dissolved by the contents of petiwiee fluid
collected during hatching. He also found that theeplayer remained undigested,
although it was very fragile and later torn opentbg embryo. It was possible
conclude that the egg envelope-dissolving substaeesned to be a kind of
ferment [10].
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Furthermore, a large amount of unicellular glandsenfound to become
differentiated on the surface of embryonic bodyuhtO days before hatching,
and it was considered that the dissolving enzymstrhave been secreted from
mature glands only at the time of hatching, as phgvitelline fluid obtained
before the time of hatching was inactive in diss@wegg envelope.

In 1931 Needham coined the term “hatching enzyrased on long studies
on several teleosts like rainbow trout, goldfisk aerch [17].

1.1.2 The egg envelope: Chorion

In general, the teleostean egg envelope consist&andistinct layers. The
thick inner part calledona radiata[8] [38] causes the mechanical rigidity of the
egg [23]. In this layer one may further distingueslamellate internal part, and an
external part which is rather homogeneous. The evboha radiatais externally
covered by a thin layer termezbna pellucida which probably protects the
embryo from bacterial infection and sets the osenbarrier of the perivitelline
space. An additional jelly covering bearing attaghfilaments is often observed
in demersal eggs.

Zona pellucidais probably produced by the surrounding follickls [33];
recent studies have shown that protein compondresra radiataappear to be
produced in the liver and transported in the ble@dhe ovarian follicle in a
manner resembling vitellogenesis [29ona radiataseems to be composed of
three main protein monomers which are covalentlgregated during the
hardening process [19].

Following activation or fertilization, the weak afrdgile egg envelope of the
unfertilised fish egg is transformed into a tougiucture through a process called
“hardening”. The egg envelope (chorion) of theilieed egg consists of a thin
outer layer and a thick inner layer. The salmonsegduprion is composed of a
scleroprotein, classified as pseudokeratin andlatas named ichthulokeratin.

Mechanisms for the hardening process is not fullgerstood: it's known
that the process is €adependent and generates a 10-fold increase in the
mechanical strength of the eggshell [5] [16]. Itswacently postulated that the
hardening process is due to the action of a tratmglinase enzyme which
crosslink the protein chain [9] [19].
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The crosslinking of the three protein chain and gimeilarity in amino acid
composition betweermona radiataproteins and fibrin, possibly suggest that the
hardening process in teleostean eggs may be analdgahe blood coagulation
process [20].

The result of the hardening process is an eggshiéil rigid mechanical
properties, which necessitates enzymatic digegtian to the larval breaking-out.

1.1.3 The hatching-gland cells

The hatching enzyme-producing cells are preseny earthe intra ovo
development as specialized cells containing a smathber of eosinophilic
granules. At this stage the hatching glands (HGls amay be distinguished
morphologically from other cells by their largezesj abundance of cisternae in the
endoplasmatic reticulum and a larger electron-dengeleus with a large
nucleolus [36]. In zebrafish and rainbow trout H® cells develop at the stage of
eye pigmentation [9] [31] and in medaka at the estaigl0-12 somites [20], which
is before the eye pigmentation stage. The stage@®fdevelopment is probably
species-dependent.

1.1.3.1 Origin and location.

Differentiation of hatching-gland cells has beendsd first in medaka,
Oryzias latipeswhere the HG cells are located in the pharyngedl (Ishida in
1944 reported an endodermal origin [12]). At thensaime the HG cells are
supposed to be of ectodermal origin in fishes wiiahe the HG cells distributed
on the outer surface of the embryonic body/yolk[d4¢. The hatching gland cells
of zebrafish are in the epidermis of the yolk sad ¢ose of Masu salmon are
both in the epithelium of the pharyngeal cavity dhd lateral epidermis of the
head. However, it was found that the hatching glegits of zebrafish and Masu
salmon originated from the anterior end of the ljast, the Polster, as did those
of medaka. It was clarified, therefore, that sudfecence in the final location of
hatching gland cells among these species resuitad the difference in the
migratory route of the hatching gland cells afteg Polster region. In salmonoid
fishes the gland cells are distributed in the amtesurface of the embryonic body
and the yolk sac, and on the inner surface ofahgk and gill.
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Many unicellular hatching glands appeared on thitase of embryos as they
reached the hatching stage. A few secretory grarfalend in the trans face of the
Golgi apparatus were less electro-dense than mib&r ayranules, probably
representing the immature state.

1.1.3.2 Morphology.

The development and maturation of the HG cells hbgen studied by
electron microscopy in some teleostean specieh, maclaka [36], salmonids [42]
and some tropical fishes [31]. The ultrastructurthe HG cells in these species is
similar, even if they are located in different aea

The developing immature HG cells are characteribgdelectron-dense
nuclear material and amount of rough endoplasnticulem. As the HG cells
differentiate, secretory granules appear near thigiGpparatus and increase in
numbers as the production of hatching enzyme coesinThe hatching enzyme is
stored in the granules in a crystalline state. Befaatching the mature HG cells
are fused with zymogen granules. The nucleus hanspicuous nucleolus, the
cisternae of endoplasmic reticulum are fragmengauy the Golgi complex is not
prominent [37].

There are three types of secretory granules inhtitehing-gland cells of
medaka embryos. Type 1 granules are homogeneolgsliram-dense and were
predominant at earlier developmental stage. TygeaBules are as electron-dense
as type 1 but contain a crescent-shaped shellgbfehielectron-density. Type 3
granules contain somewhat granular contents witlowsan electron density as
the cytoplasmatic matrix. This kind of granules predominant in the embryo at
latter developmental stages. Just before secreticgmall hole appeares at the
apical end of the cell and type 3 granules seebetdisintegrated within the cell
[35].

Bourdin (1926) regarded the hatching glands as gbenorphologically
merocrine but functionally holocrine.
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1.1.3.3 Secretion.

After being packaged in the secretory granuleshttehing enzyme (HE) is
secreted into the perivitelline space, where itd@asess to the eggshell [35].

During the release of the HE, the swelling of thendular cells is associated
with separation of the covering epithelial celissitle the gland cell, the granules
become angular in shape, their membranes are déssphrtly and their contents
are mixed with cytoplasm before they are secreatau the cell.

In salmonid the HE granules fuse with each othertshbefore the release
of the HE [42]. Yamamoto (1979) [37] observed nalescence of the zymogen
granules during natural secretion of the HE.

In pike [24] was reported a release of the granildgsexocytosis. HG
secretion involves release of granules of uneqgaakswvhich at least temporarily
leaves larger pits in the cell surface and theraaseciated with cell death.

Before hatching, the zymogen granules become lessed[37], which may
imply that the HE undergoes some sort of hydrapador to release. Secretory
granules isolated from unhatched medaka embryosv dhat the HE in the
granule is active and has the same molecular wegkecreted enzyme [13]; this
suggests that the hatching enzyme does not undergaatalytic activation at
hatching, but is stored in an active form.

After hatching, the HG cells die after an apoptalégeneration mechanism
[24]. The remaining cells are condensed and phdgeeyg by the surrounding
epidermal cells and further digested by these .cells
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1.1.4 Digestion of the eggshell: Choriolysis

There are two factors involved in the breakoutls eggshell: the lashing
movement of the tail and the secreted hatchingraezyhese are both necessary
and the tail movement is known to be effectivelyyaafter the digestion of inner
layer by the enzyme. Usually the hatching enzymseigeted shortly before an
actual hatching occurs.

During hatching, the eggshell changes: the solidtgam aggregate is
depolymerised and becomes water soluble. Digesfitime eggshell starts #ona
radiata, adjacent to the perivitelline space, and consnaet towards theona
pellucida The hatching enzyme does not digestzbea pellucidaand the larvae
break this covering by muscular forces. The stmattdifferences between these
two layers which limit the hatching enzyme to dissa only thezona radiata
are unknown. In theona pellucida a higher carbohydrate content has been
reported [9], which may prevent digestion by thechimg enzyme.

Electron microscopic observations on the digestidrzona radiata[38]
indicate that the digestion products possess higlecular weights. The hatching
enzyme selectively hydrolyses only very few pepboads in lamellar proteins
and gives rise to seven soluble glycoproteins. &hgigcoproteins seem to be
resistant to further digestion by the hatching emzyThe ability of HE to cleave
only at restricted sites in the eggshell allowssaligtion of the rigid eggshell
without a need for complete digestion of the eglhgineteins.

1.1.5 Regulation of the hatching process

Hatching in fishes is a developmental stage-spegiinenomenon. The
release of the proteolytic hatching enzyme is fbsginly after a specific stage of
development. Embryo must have attained this pdatiaclevelopmental stage and
have fully matured hatching-gland cells before haig occurs.

Attained a specific developmental stage is howenadr sufficient to cause
actual hatching. The beginning of this process ieledsts is a complex
phenomena: there are many factors that stimulatesuppress the hatching,
influencing secretion of hatching enzyme. The eXadthing point seems to be
affected by environmental stimuli like oxygen, teerggure and light [35].
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1.1.5.1 Oxygen.

In medaka, an oxygen shortage stimulates the sedepyr activity of the
embryo and the hatching is seen markedly accetefatg.

Hatching in salmon embryos can be accelerated @y thre subjected to
asphyxia by bubbling hydrogen through the hatchexter.

1.1.5.2 Temperature.

A previous cooling of the embryos followed by arewdtion of the
temperature, facilities synchronization of hatchamgl controls the hatching time.
Once the enzyme is secreted, it solubilises the exggelope faster at higher
temperature than at lower [10].

1.1.5.3 Light.

Studies in medaka and zebrafish embryos [25] reddhat hatching rate was
significantly higher in the light period than inetldark period. Other studies
showed that the developmental rate from fertil@atio hatching was not affected
by any change in light/dark time, but hatching veagnificantly suppressed in
constant dark condition. Moreover, embryos developefore hatching in a 14h
light/10h dark cycle [35].

Therefore, hatching enzyme secretion seems to bigotled by stimulation
of photoreceptors such as eyes, probably via denéraous system. A similar
effect was also observed in Atlantic salmon: embigept in continuous darkness
hatched random. Stimulation may take place via qgueceptor in eyes and/or
pineal gland by way of a neuroendocrine or a nauethanism.

1.1.5.4 Other factors.

Preliminary studies determined a possible rolearhiones in the regulation
of hatching [22]. The agents may be classified wo categories: one acting
directly on the gland cells, and the other actindirectly and probably via
nervous system.
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1.1.6 Embryonic development of Zebrafish Danio rerio

Zebrafish is commonly used in biology as model oiga, due to its short
life cycle, 12 weeks, and its transparent embrybiciv allows to follow every
single cell during development [32]. A series oagets for development of
Zebrafish embryos (Fig. 1.1) has been describedairad them are characterized
by morphological criteria, based on the numberoohiges and the organs present.
After fertilization, the zygote begins the segmeénota that give rise to a
blastoderm. This blastoderm expands in vegetativection with an epiboly
movement. At 5% hours post fertilization starts testrula stage: cells from
ectoderm and mesoderm spin inside, around theoldksh border (involution). 9
hours post fertilization the notocord starts taraeed, and at 10 hours gastulation
in complete. Follow neurula stage and somites sigapNext 12 hours are
important for organs and systems formation. At d8rk there are 18 somites.
Nervous system has built up very fast and optidcles give rise to the eyes.
After 52 hours post fertilization, the embryo gamg of the chorion (hatching)
and the fry start swimming and feeding.

Fertifized Tweo cofis Four cells Eightcells  Sidesncells  Thirty two

256

89@6@@6@@66

High stage

Hegh to clong
transition

CCCCGOQOOOOO

Oblong to
sphera

(9] &

Dome 30% epiboly  50% epboly  Germ ring Shisld

C@QOOU

15-somites 17-somites

20-somites 25-50mitas

24 hr

28 hr

B

70% epiboly  T5% epiboly  B0% epiboly  90% epiboly  Bud stage

?’T
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Fig. 1.1: ZebrafistDanio rerio embryo development
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1.2 The Astacin Family

By the end of the 1980s four mechanistic classgsaitases and six families
were identified. Each family had characteristicivactsite residues and was
supposed to descend from a common ancestor bygeiveevolution [18].

Thanks to the information explosion that occuragémhg with the advances
in molecular and cell biology, more then 60 fansilef peptidases have now been
proposed on the basis of similarities in primaryciure [21].

The Astacin family of metalloendopeptidases wasogazed as a novel
family of proteases in the 1990s [6]. The familyswaamed “Astacin family”
because of its origin: the first to be sequences l@nchemically characterized
was astacin, a protease from the crayfistacus astacus L27]. The crayfish
enzyme astacin is one of the smallest membetsediamily and its gene, the first
described, spans a region of 2616bp, with 5 exndstantrons.

More than 20 Astacin family members have now begsntified. Some
proposed functions of these proteases include amiv of growth factors,
degradation of polypeptides and processing of egli@ar proteins.

Astacin family members are characterized by a widq@-amino acid
signature sequence, HEXXHxXGFxHExXRxDR, which begiwith the
pentacoordinated HExxH zinc-binding motif  found in most
metalloendopeptidases. The signature sequencati®fpan approximately 200-
amino acid sequence, which is the entire maturgfistaastacin (molecular mass
22,614Da) and the catalytic or protease domairlaha members of the family

[3].

1.2.1 Proposed functions

Astacin family enzymes have roles in mature andeligmental systems.
They are expressed in a tissue specific manner atun® organisms and are
temporally and spatially expressed in developmesysiems.

Astacin is synthesized in the crayfish hepatopas;r@an organ that has
intestinal, hepatic, and pancreatic functions [28is stored extracellularly as an
active proteinase in the stomach-like cardia andh@ight to be a digestive
enzyme also in many other crustaceans.
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Several of the Astacin family members are implidatethe hatching process
of embryos and in skeleton formation. The fish eney HCE | and 2 and LCE
work in concert to degrade the egg shell (chorafrgmbryos. InOryzias latipes
these enzymes are stored in zymogen granules ardtesd/activated at the
appropriate times to serve this function [39]. HCits$ directly on the “hard”
chorion to digest protein into Pro-rich pieces; LfDEher degrades the remaining
polypeptides [15]. CAM-1 of quail embryos is alsmplicated in egg shell
proteins degradation [7]. The hydra HMP1 enzymemse¢o be involved in
pattern formation and morphogenesis: immunohistoited studies showed a
role in head regeneration, tentacle battery caltsnétion and degradation of
extracellular matrix proteins of the developingtéates. Meprin subunits are the
only Astacin family members known to form homo-ratero-oligomers and to
contain putative COOH-terminal transmembrane domaither examples are
shown in Table 1.1.

Member Species/Tissue Natural substrates Functions
Astacin Crayfish stomach Ingested proteins Digestioiood
Chiriolysin H Fish hatching gland cell$ Hard chorion, Embryo hatching

(HCE 1 and 2)

egg envelope

Choriolysin L (LCE)

Fish hatching gland cel

HCE-digested chorion
peptides

Embryo hatching

Extraembryonic

Release Cd from

CAM-1 Quail embryos i _ eggshell protein:
choriallantoic membraneg .
hatching
Extracellular matrix Pattern formation;
HMP1 Hydra tentacles

protein; fibronectin, type
1 gelatin

formation of tentacle
cells

SpAN and BP10

Seq urchin; early stages
of embryogenesis

Latentunivir

Early developmental
decisions

Animal embryos; mouse|

Latent TGFB growth

Pattern formation;

BMP-1 ; biomineralization;
and human tissues factors . .
bone/cartilage formation
Drosophilaembryos; .| Dorsallventral
Tolloid Latent decapentaplegic

mouse and human
embryos

(DPP)

patterning; early embryo
development

Tolloin-related-1

Drosophil&mbryos

Latent growth factors

Larval and pupal
development

Meprin A (oo anda-f)

Mouse kidney; rat and
human kidney and
intestine; embryos

Urinary peptides; PTH;
MSH; bradykinin;
extracellular matrix
proteins

Urinary

peptideprocessing;
extracellular protein
processing and digestiom

Meprin B (3-p)

Mouse kidney and

Extracellular proteins

intestine; embryos

Extracellular protein
interactions; remodeling

Tab. 1.1. Tissue distribution and proposed funstiohAstacin family members.
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1.2.2 Primary structure

The signature sequence for the famiyExxHXxxXGFXHExXXRXDR, spans
from astacin His 92 to Asp 109 (Fig. 1.4, positial31-118); this sequence
contains the three imidazole-zinc ligands. There fmur conserved cysteine
residues that are known to form intradomain sulfigliycdridges in astacin:
Cys42/Cys198 and Cys64/Cys84. Because of the ocatgmr of these cysteine
residues, equivalent disulfide bridges were suppdsexist also in the proteases
domain of the other family members [3].

Another conserved regiorffxMHY (astacin Serl45 to Tyrl49; Fig. 1.4,
positions 156-160), contains the tyrosine resicwelved in zinc binding and the
methionine involved in a “Met-turn” of the peptidbain [2] [14] [26].

Other conserved specific residues were identified @e probably crucial to
the overall structure of the protease domain. Coispa of the 22 family
members indicates that there are 28 residuesatieatotally conserved. 17 of
those are accounted for within the 18-residue famignature sequence, the
sequence containing the zinc-binding Tyr, and leydbnserved cysteines [3]. The
other 11 conserved residues are primarily invoiweidternal bonds in astacin.

The amino acid sequences of the Astacin family nenplooteases domains
are 29 to 99% identical. The fish enzymes HCEI BIQE?2 are products of two
different genes that are highly conserved, 95%tites.

1.2.3 Tertiary structure and domains

The X-ray crystal structure of astacin shows a cachpilobal structure with
a long, deep active-site cleft [1] that dividesniio two parts, Nk and COOH-
terminals.

Astacin family proteases are synthesized with fi#iminal signal and
proenzyme sequences, and astacin itself is now &kntawcontain a prepro
segment of 49 amino acidic residues. This signptipe leads the protein into the
endoplasmatic reticulum during biosynthesis. Thespquences vary greatly in
size and are considered to be important for remgaactivity and perhaps
expression of the proteases. The,Métminal 100 amino acids are organized into
five-stranded pleatefl-sheets and two long-helices. One helix forms the top
part of the active

11|
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site of astacin and includes the zinc ligands His92
[ 1.0 3 His96, and His102.Zinc atom is complexed by three
h {2 _f;_' histidine residues (His 92,96, and 102 of astacin;
-4 \i\:"“;im positions 101, 105, and 111 of Fig. 1.4), a glutema
; residue (Glu 93; position 102) through a water muolie,

i 102 ‘," Ty 148 and a tyrosine residue (Tyr 149; position 160) fritra

L

\ “Met turn”. Glu 103 (position 112) is oriented bysalt

Fig. 1.2: Zn-binding mol. bridge to the NkBterminal residue (Fig. 1.2).

The COOH-terminal half of astacin has little defineecondary structure
except for a three-ture-helix before a disulfide bond, which ends the dionaand
connects it to the NpHterminal half.

The smallest members of the family (crayfish astamnd the teleostean
choriolysins L and H, LCE and HCE) have no doma@OH-terminal to the
protease domain. Many others indeed (such as nsg@BMP-1, tolloid) contain
multiple domains COOH-terminal to the protease damarganized in several
turns and irregular structures. They can be eisieereted from cells or plasma
membrane-associated enzymes.

Most of the known Astacin family members containeoor more non-
catalytic “interaction” domains, like E (epiderngewth-factor-like), and CUB
(Clr/s complement-like). These domains could pran@rotein-protein and
substrate interactions.

Astacin | [ Protease

ﬁ',' ucel Heezice | [Prol Protease
-
QUGAM-T | Protease cuB

e[ T ro T € |

EUNIEETE Protease |3 cuB @ cusB |
span [ ] Pro | Protecase [@ CuB ifj cus |

oemie, et Muswes [ | Pro | Protease B cue cue IH cue IH cus cue B
a

vt meprin- [ TPro i MAM | X ERETIC
s R wepen-d [ [Pro . MAM | X | E pviC]
e—
i

Fig. 1.3. Domains structure of Astacin family memsb&ed arrow: medal@ryzias latipesChoriolysin.
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Several other Astacin family members have beemtiiiied but not included

in Fig. 1.3. Fig. 1.4 shows the primary sequencthefprotease domain of many

of these members.

The domain structure of the Astacin family représea pattern seen in
several protease families, such as the coagulatiosteases, complement
proteases, proprotein convertases and matrixins.

Several members of these families result from gdunaication, evolution,

gene fusion and exon shuffling. All of these fapslipresent a conserved protease

domain is associated with a variety of non-catalgibmains that yield different
proteins, with somewhat different enzymatic aci@gt regulation, expression and
interactions with small ligands and other proteins.

CeSpll. & EIMSTOFEEE!
Se=Bg . 4 KRN AR
HCEL EC FWEFASHGEVE

HCE2 SECFWEFASNGLVNS
LCE - Ny
TaCArE -1
HMEL
Astacin J
MuBME-1
DrTlr-1
DrTld
SUBMF
HeBMP-1
HuEMP-1

Celilll.6 i
ceoman 4

HCEL
HOED
ILE

HMFL 3
Aatacin [
MuEMP-1
DrTlr-1
DeT1d
SUEMF
HeBEMp-1
HuEMP-1
Spal
BPLD
MuMep-a
RtMep-a |3
HulMep-a
Mulep-b
RtMep-b
HuMep-b [l

Fig. 1.4. Sequence comparison of the protease doofi@2 members of the Astacin family. Red panel:
medakaOryzias latipesChoriolysin.
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1.2.4 Effects of non-catalytic domains. Activation

Astacin family enzymes are synthesized as inagreenzymes. Removal of
the prosequences constitutes a major mechanismadtivation. The crystal
structure of astacin indicates that there is alwadge between the NHerminal
amino acid of the mature protease domain, Alal@ld 03 (position 112 of Fig.
1.4), which is next to the third zinc ligand (astaesidue His102, position 111)
and near the active site. This bridge may inhibi enzymatic activity because
the prosequence would prevent the formation os#iebridge.

Removal of the prosequences is considered a fornpost-translational
regulation in Astacin family proteinase activity.

1.3 The Hatching Proteases

Dissolution of tough egg envelope by secreted agchnzymes is the major
feature of hatching in fishes. Hatching enzyme geaeral term for an enzyme
secreted by the embryo in order to break down ggeenvelope and release the
embryo from its intracapsular life. Recently thiszgme was also found in
mammalian embryos.

Hatching enzyme has been purified from severalispdike: Gobius jozo
(Denucé 76), medakaryzias latipes(Yasumasu et al 88), rainbow trout
Onkoryncus mykis@Hagenmaier 1974) angundulus heteroclitugDiMichele et
al 81).

1.3.1 Medaka Oryzas latipes Choriolysin

MedakaOryzias latipess the closest to salmon in terms of hatching eresy
and for this reason taken as example to explaigsyeem. It consists of two zinc
metalloproteases called Choriolysin H and L: HCightchoriolytic enzyme, and
LCE, low choriolytic enzyme [15]. Observations segtpd that they are
essentially the same enzyme, but they behave eliffigrbecause of their different
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states of association with some heterologous smtessasuch as hydrolysed
chorion. In medaka they have 24kDa and 25,5kDaexdsely.

Characterization of their cONAs showed that both ¢éimzymes consisted of
200 amino acids containing the common His-Glu-xig-Hhotif for Zn protease
and belonged to the Astacin family. Similarity beem HCE and LCE is 55%.

The consensus sequence motif which let them belotige astacin proteases
family isSHELLHALGFYHEHTRSDR.

1.3.1.1 Proteolytic action

The HCE is the zinc-proteases which have a binditggfor the eggshell in
addiction to its catalytic site. The enzyme binightty to the inner layer of the
hardened chorion and it swells the substrate bypédial proteolytic action,
remaining bound to the swollen eggshell. The LCEefiecient in digestion of
previously swollen eggshell but can't digest intalsbrion. Proteolytic action of
HCE to the chorion is prerequisite for the initati of the chorion-digesting
process by the hatching enzyme system. The two neezydiffer both in
biochemical characteristics and catalytic propsrtie

1.3.1.2 The genomic sequence

In spite of the similarity of the amino acid pringastructure of medaka
hatching enzymes, HCE and LCE genomic structuesjaite different from each
other. LCE is composed of 8 exons and 7 introns|enHCE is an intron-less
gene.

Medaka has eight copies of HCE genes (all of thetrom-less): five for
HCEI and three for HCEZ2. Six (three of each) of glemes form a cluster within
approximately 25kb of the genomic DNA; the two athare located separately.
The 5'-flanking regions of all the HCE genes are98096 similar for 200-400bp

3].

In contrast, there is only one copy of the LCE genhé within 3,6kb and
contains eight exons and seven introns. For LCE, TATA box consensus
sequence is 28bp upstream from the transcriptem site.

One explanation for the evolutionary occurrencéhef“intron-less” medaka
HCE gene is the participation of a retroposablenel® such as long interspersed

15 |
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elements (LINE). However, this intron-less pseudageare rarely found in non-
mammalian vertebrates and most of them have nogqieunlike the functional
medaka HCE gene.

Another explanation is that the HCE gene lostritsons step-by-step during
evolution, but it is difficult to understand whyté&pwise intron-loss” occurred in
HCE and not in LCE [11].

There are other studies on the genomic sequentieesé proteases. Exon-
intron structure ofFundulus heteroclitudHHCE and LCE genes was found to
conserve those of medaka. Analysis of their prgteolaction on the egg
envelope confirmed the similarity in the hatchingtem. cDNA and genomic
DNA isolated from Japanese eel show that intromestoaucture of both the genes
is similar to medaka LCE (it has 9 exons and &imgj but not to HCE.

1.3.1.3HCE, High Choriolytic Enzyme

HCE is a unique enzyme with regard to its proteolgittion on the Chorion
(amino acid sequence in Tab. 1.2). It tightly bindghe chorion prior to partial
digestion and swelling of it.

It was easy to think about the possibility for H@&& recognize and bind
specific site(s) on the hardened chorion and cleawned release specific
polypeptides or peptides. Investigations in thiyywhowed that the various kind
of released polypeptides had unique characterisgtiosh as the high contents of
proline, but also glutamic acid, glutamine apglutamyle-lysine isopeptide.

HCE itself can't cleave thg-glutamyl e-lysine isopeptide bond responsible
for the chorion hardening. It seems to digest timeosindings of them and bring
about the chorion swelling probably because of élposure of hydrophilic
regions. In addiction, the chorion-swelling actiohHCE results in making the
substrate susceptible to Low Choriolytic Enzymeckt[15]. LCE, in fact, can
easily digest the soft chorion: experiments camsugeessfully with unfertilized
eggs, which contain a lower quantityyegilutamyl ance-lysine isopeptide.

MNLAPSTCLL LLLLLGIAQA LPIQNEEGHE EGDEDDFVDI TTRILTSNNN TDQLLLEGDL
VAPTNRNAMK CWSSSCFWKK ASNGLVVIPY VISSEYSGGE VATIBEGH FNGKTCIRFV
RRTNEYDFIS VVSKTGCYSE LGRKGGLQEL SINRGGCMYS GHELNHA LGFQHEQTRS
DRDSYVRINW ENIPASAYN FNKQDTNNLN TPYDYS GKDAFSIAY GRDSITPIPN
PNVPIGQRNG MSRWDITRIN VLYNCR

Tab. 1.2: HCE, High Choriolytic Enzyme protein sequeenConsensus motif red highlighted; Met-
turn green highlighted.
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1.3.1.4 LCE, Low Choriolytic Enzyme

LCE is a basic protein with a molecular weight bbat 25,5kDa (amino acid
sequence in Tab. 1.3) which differs from HCE beeaits incapability of
digesting the intact inner layer of chorion, butyoiine one that has been swollen
previously by HCE. Many studies demonstrated tk&estial role of choriolysis
in cooperation with HCE [40].

This enzyme is characterized by high content odgpacid, glutamic acid
and the most abundant lysine.

MDLLAKASVL LLLLLSLSNA QTDNMEEAEN GSSKEEIVES ELEDVE85 RMNNNSMEEL

LEGDLVLPKT RNAMKCFGAP DSCRWPKSSN GIVKVPYVVS DNYEEIHRNAMKEFAE

KTCIHFVPRN NERAYLSLEP RFGCKSMMGY VVDKQVVVLQ RFGAKHQ HELLHALGF
YHEHTRSDB QHVKINWENI IKDFTHNFDK NDTDNLGTPY DYG& GR TAFGKDRKET
ITPIPNPKAA IGQTERMSDI DILRVNKLYK C

Tab. 1.3: LCE, Low Choriolytic Enzyme protein sequen€onsensus motif red highlighted; Met-
turn green highlighted.

1.3.1.5 Differencesin chemical characteristics and enzimological properties

The molecular weights of LCE and HCE are 25,5 a#kiD2 respectively.
LCE is more thermostable than that of HCE.

HCE patrtially digests the chorion with swelling an@E effectively digest
the swollen chorion. Thus, HCE changes the tougitisire of the intact chorion
into the looser structure, producing a specificssttte for LCE.

The swelling of the inner layer of chorion reprdsean intermediate stage in
the process of breakdown.

The chorion swelling was attributed to a partiatpolysis by HCE and the
chorion-digesting activity was caused by the coafpee action of two kind of
proteases, HCE and LCE.
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1.3.2 Zebrafish Danio rerio Choriolysin

In zebrafish two types of hatching enzymes haven bdentified. They are
called Hatching enzyme I1(Accession number NP_998800.1) ahthtching
enzyme ZAccession number NP_998711.1) and have the sanatidn of HCE
and LCE in medaka.

MDIRASLSIL LLLFGLSQAS PLREFEAVFV SEPETVDITA QILETNKGSS EVLFEGDVVL
PKNRNAFICE DKSCFWKKNA NNIVEVPYVV SGEFSINDKS VIANAIEH AQTCIRFVPR
SIQADYLSIE NKDGCYSAIG RTGGKQVVSL NRKGCVYSGI AELNHALG FYHEQSRSDR
DQYVRINWNN ISPGMAYNFL KQKTNNQNTP YDY@®IH'G KTAFAIQPGL ETITPIPDEN
VQIGQRQGLS KIDILRINKL YGC

Tab. 1.4: HE1, Hatching Eenzyme 1 protein seque@Gomsensus motif red highlighted; Met-turn
green highlighted.

MDPKISLSIQ LLLVGISLAA PVGEYDNSNG IETPQNVDIT TLLETNKGSS RRLIEGDMLY
PQTRNALVCG NNNCFWKKNS SNFVEVPYIV SSEYSATEIS VIQKAGIS NKTCIRFVPR
ISQTDYISIE NQDGCFAFIG KKGGKQLVSL RKKGCVYHSI VRIELNHALG FYHEHVRSDR
DSYITIHWEY IATNEIRNFM KKNTNSQNTT YDYG G KTAFTTVKGK ETMTPYPDET
VPIGKAKEMS DIDILRINMM YSCNISDDLK |

Tab. 1.5: HE2, Hatching Enzyme 2 protein seque@mnsensus motif red highlighted; Met-turn
green highlighted.

The consensus sequence motif which let them bebotige Astacin proteases
family is HELNHALGFYHEQSRSDR (amino acid sequence of HE1 and HE2
respectively in Tab. 1.4 and 1.5).

1.3.3 Phylogenetic evolution

According to the phylogenetic tree of Teleost fishéapanese eéinguilla
japonica is one of the early diverged fishes, followed ksbmafish and the
acanthopterygian fishes (medaka &uothdulus[11]).

The strong similarity of HCE and LCE proteins iraties a common ancestral
gene and it is interesting that their gene strestunave evolved to differ so
markedly.

The ancestral gene of medaka HCE and LCE (paratoggeach other) was
supposed to be Japanese eel hatching enzyme gerexbn-intron structure, and
that the HCE genes had lost all their introns dytime evolutionary process of
Teleostea, while LCE genes conserved the exonrirdtaucture of the ancestral
gene.
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Analysis of gene synteny and cluster structure gubtat the syntenic genes
around the HCE and LCE genes were highly consebetdieen medaka and
Tetraodon but such synteny was not found around zebrafatiching enzyme
genes. It was hypothesized that the zebrafish mmagcknzyme genes were
translocated from chromosome to chromosome, andslmse of their introns
during evolution.

1.4 Atlantic salmon Salmo salar Hatching Enzymes

The work for this thesis has been based on AtlssdlmonSalmo salaras
first organism, which as well as other fishes,as lan hatching system composed
of proteases. Previously hatching enzymes were knaw Metallo-proteases
called Choriolysins but there are also Serine-psde called Zonases (named by
their work on the Chorion or Zonapnalysi$. These have been sequenced and
patented [30].

1.4.1 Choriolysin

This enzyme belongs to the Zn-proteases like inother species, even if in
salmon its gene sequence has not been characteretedOnly the protein
sequence is known and the start point of my work based on that one.

MDHRPTLSLL LLLLLLGLSQ ASGNEFHDEP DHVSITSVIL KSNNGTELL LDGDILAPRT

RNAMKCFSSQ YSCLWKKSSD GLVYVPYILS AVYSSLEVET IETAMEQYG KTCIRFIPRK

TQTAYLDIQS SGGCFGTVGT VGDRQTLSLA QFGCVQHGIHBLLHALGF YHEHNRSIR
QYIRINWQY!I YDYAVGNFQK EDTNNLHTAY DYS/MHDR TAYTNDYGKE TITPIPDPSV
AIGQRLGMSD IDVLKVNKLY QC

Tab. 1.6: Salmon Choriolysin protein sequence. Causemotif red highlighted; Met-turn green
highlighted.

The sequence presents all the characteristicseobrtles in the other species.
The consensus sequence comprehensive of  Zinc-gindimotif,
HELLHALGFYHEHNRSDR, is highly conserved and also the Met-turn,
SVMHY .
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1.4.2 Zonase

Hatching enzyme of Atlantic salmon was at firstifped and characterized as
a Serine protease, Zonase. This enzyme was foubd # dimer and present in
three iso-forms (Zonase |, Il and Ill), all of themith a molecular weight about
26kDa. The complete amino acid sequence was detedifrom cDNA and the
genomic sequence(s) characterization is in progress

The protease possesses two sites that interacthatBubstrate (one binding
site, by hydrophobic interactions, and one actiite).sThis enzyme cleaves
peptide bonds C-terminal to lysine and arginine dmiy when enzyme binding
takes place on separate hydrophobic region ofttaekad protein.

Zonase is considered quite special: it is stabld highly specific for
hydrophobic substrates, with a remarkable catalyéisilience under varied
reaction conditions (wide range of temperature, #djt and detergents).
Peculiarity of this enzyme is the non-selfdegramgtit does not digest itself,
which is a property unknown to many other proteagesa consequence, the
enzyme can be kept at room temperature and inigoluithout losing its activity
for months; it can also retain its activity in extrely hydrophobic, acidic or
alkaline environs.

Structural proteins of the eggshell are shown tareshmany similarities to
human fibrinogen such as number of monomers, mi@esveight, amino acid
contents and cross links between each other. Hexgler fish eggshell proteins
after fertilization is essentially the same procassblood coagulation and the
enzymatic digestion by Zonase provides skin regeiter. Due to its unusual
behaviour and its effects on human skin this ps#es highly studied.
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1.5 Aim of the study

My studies for this thesis work focus on Choriofygiene. The two main
purposes were:

1. Determine the nucleotide sequence of Atlantic sal®amo salarChoriolysin

2. Study the gene expression in embryos at severaloj@wental stages, through
its MRNA

Choriolysin is supposed to be a simple gene, ptesemly one copy for one
protein, and with mendelian inheritance. Studiest $upport this belief can be
used to compare its features with the ones of Zogase and protease.
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2. Materials and Methods

2.1 Materials

2.1.1 Starting material

Atlantic salmon $almo salay embryos were taken at seven stages.

In this study also Zebrafisibénio rerio) embryos were used: 100 embryos
per stage were collected at different hours, fraart0 to hour 120, in order to

cover the most important stages of development.

Salmo salar Danio rerio embryos

e Sperm e 0 hours

* Non-fertilized embryos * 4 hours

* 1 day/degree (dd) after fertilization embryos| <« 6 hours

e 200dd embryos * 9 hours

e 370dd embryos e 12 hours

» 550dd embryos (close to hatch) e 18 hours

» Hatched embryos e 24 hours
e 36 hours
e 48 hours
e 72 hours
e 120 hours

Both Salmon and Zebrafish living embryos were stoa¢ their favorite
temperature (4°C in 5mM NaCl dd@, boubling hydrogen, for Salmon and 28°C
for Zebrafish) in order to collect them when thegched the right stage.
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2.1.2 Kits
cDNA synthesis kit

ThermoScript RT-PCR System, Invitrogen
15U/ul ThermoScript RT
5X cDNA Synthesis Buffer (250 mM Tris acetate pH,8%45 mM potassium acetate, 40 mM
magnesium acetate, stabilizer)
0,IM DTT
10mM dNTP Mix
40U/ul RNaseOUT
50uM Oligo (dT)g
50ng/ul Random Hexamers
DEPC-Treated Water
2U/ul E. coli RNase H

Real time PCR kit

LightCycler 480 SYBR Green | Master, Roche Appl&tence
2X Ready-to-use hot-start PCR reaction mix (FastStagt DNA Polymerase, reaction buffer,
dNTP mix with dUTP instead of dTTP, SYBR Green | dyed MgC})
H,0, PCR-grade, to adjust the final reaction volume

LightCycler 480 Multiwell Plate 96, Roche Appliedi&nce

5 x 10 plates
Sealing foils

Gel extraction — DNA purification kit

Wizard SV gel and PCR clean-up system, Promega
Membrane Binding Solution
Membrane Wash Solution (concentrated)
Nuclease-Free Water
Wizard SV Minicolumns
Collection Tubes (2ml)

Sequencing staff

Big Dye version 3.1
Sequencing buffer
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Taq DNA polymerase kit

TaKaRa Ex Taq, TaKaRa Bio Inc.
5U/ul TaKaRa Ex Taq
10X Ex Taq Buffer
2,5mM (each) dNTP Mixture

RACE PCR kit

5'/3' RACE kit, 2" generation, Roche Applied Science

5X cDNA synthesis buffer (250 mM Tris-HCI, 40 mM 8¢, 150

mM KCI, 5 mM dithiotreitol, pH 8.5)

25 U/ul Transcriptor Reverse Transcriptase (in 200 potassium phosphate, 2mM dithiotreitol,
0.2% (v/v) Triton X-100, 50% glycerol (v/v), pH 3.2

10mM (each) Deoxynucleotide mixture (mixture of dATICTP, dGTP, dTTP)

2mM dATP (in Tris-HCI, pH 7.5)

10X Reaction buffer (100mM Tris-HCI, 15mM MgCb00mM KCI, pH 8.3)

80U/ul Terminal Transferase, recombinant (in 60mNphosphate (pH 7.2 at 4°C), 150mM KCl,
1mM 2-Mercaptoethanol, 0.5% Triton X-100, 50% ghgde

1ng/ul Control neo-RNA

37.5uM Oligo dT-anchor primer

12.5uM PCR anchor primer

12.5uM Control primer neol/rev

12.5uM Control primer neo2/rev

12.5uM Control primer neo3/for

2.1.3 Electric tools

Name Commercial name Company
Homogenizer Polytron PT 1200 E Kinematica
Thermocycler GeneAmp PCR System 2400 Perkin Elmer
(PCR)

Thermocycler LightCycler 480 Roche Applied Science
(Real-time PCR)

Power supply Microcomputer electrophoresis power supply ~ ConsdBE
Centrifuge BioFuge Fresco Heraeus
(Eppendorf tubes)

Centrifuge Allegra X-12R Beckman Coulter
(Real-time PCR plate)

SpectrophotometgrNanoDrop ND 1000 Saveen Warner
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2.1.4 Solutions

Name Components Company
Trizol Invitrogen
Chloroform CHCl, Merck
Isopropanol

DEPC-HO 1% DECP in double distilled 40

0,5X TEA buffer

Agarose
(standard low-n)

100bp DNA ladder

6X loading buffer

5,4gr Tris base
2,75gr Boric acid
0,465gr NgEDTA

—_— | OO

— 1000

1T
|
2

|
|
z

9,09% bromphenol blue
0,09% xylene cyanol FF
60% glycerol

BioRad Laboratories

TaKaRa Ex Taq, TaKaRa Bio Inc.

TaKaRa Ex Taq, TaKaRa Bio Inc.
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2.15Primers
ChF1 5 -TGG ATC ATCGTCCTACTCTTITC-3
length 22bp (nt2 to 23), CG content 45%, 54°C
ChE2 5 — CGT AAT GCT ATG AAATGTTTTTCTTC -3
length 26bp (nt181 to 206), CG content 31%52°C
ChF3 5 —-CCAGGAATGCCATGAAGTGCTTTG -3
length 24bp (nt178 to 201), CG content 50% 52°C
ChF4 5—- AAG TCATCT GAC GGC TTG GTGTACG -3
length 25bp (nt229 to 253), CG content 52%,61L°C
c
o
E | chrl %~ CCAAGACGTTGACCAATAGC -3 Hand made
g length 20bp (nt721 to 740), CG content 50%,58°C in this thesis
ChR2 5 —-CCATAATCATTAGTATAAGCA GTACGA-3
length 27bp (nt657 to 683), CG content 33%,58°C
ChR3 5 — AGG GAT GGG GGT TATGGTCTCCT -3
length 23bp (nt686 to 708), CG content 57% 5B°C
ChR4 5'— GAG GAG TAG TCG TATGCAGTG TGC A-3
length 25bp (nt617 to 641), CG content 52%,60°C
ChR5 5 —ACT GTT CAC GGT CACTCCTGTTGT G -3’
length 25bp (nt520 to 544), CG content 52%6L°C
HELF] 5 —GTG GAG GTC CCT TAT GTA GTG AGC G - 3 Danio rerio
. length 25bp (nt250 to 274), CG content 56%,61°C Hatching
2 Enzyme 1
© HE1R1 5'— GCC ACT GTACAC ACAGCCTTTCC-3 (HE1):
o length 23bp (nt455 to 477), CG content 57%,60°C T
N Accession
HE1R2 5 -CTCCCTCTGTCCGATTTIGCACG-3 number
length 22bp (nt720 to 741), CG content 59%,60°C NM 213635

Ch = salmon Choriolysin; HE1 = zebrafish Hatching #ne 1;
F = Forward; R = Reverse.

Product sizes (salmon):
5 ChFl ChF3 ChF2 ChF4 ChR5 ChR4 ChR2 ChR3 ChR1 3

| 739bp |
| 503bp |
| 531bp

| 413bp

316bp

Product sizes (zebrafish):
g HE1F1 HE1R1 HE1R2 gz

228bp

| 492bp |
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2.2 Methods

2.2.1 Total RNA extraction

Total RNA was isolated from 3 embryos (and aboum4gf sperm) of
Salmon and about 100 embryos of Zebrafish at eazitehle stage.

The extraction took place by homogenization withml Trizol (TRIzol
reagent, Invitrogen), followed by Chloroform extian (0,2ml) and Isopropanol
precipitation (0,5ml).

Obtained RNA was resuspended in @IDEPC-treated KD and stored in -
20°C or -80°C until use.

2.2.2 cDNA syntesisby RT-PCR

Reverse transcription polymerase chain reaction-RPRR) is used for
amplifying RNA molecules. The RNA strand is revensscribed into its DNA
complement or cDNA (complementary DNA), using dNTBsd an RNA-
dependent DNA polymerase, also known as reversesdrptase. This enzyme
(ThermoScript RT-PCR System, Invitrogen) is a DN#lymerase enzyme able to
use RNA as template and synthesize DNA.

The whole reaction transcribes single-stranded RN double-stranded
DNA. The reaction was performed withl 50uM Oligo d(T) as primer, 2ul
10mM dNTPs, 1ul 15U/l reverse transcriptase amdoraing to the RNA
concentrations found, 1-2ul RNA.

Samples were incubated at
50°C— 40 min
85°C— 5 min, to deactivate the reverse transcriptase

1ul 2 U/ul RNase H was added in order to remove the oridgiidd\ template
and then it was incubated again
37°C— 20 min

RNase H specifically degrades the RNA in RNA:DNAbhgls and will not
degrade DNA or unhybridized RNA, it is commonly ds® destroy the RNA
template after cDNA synthesis.

cDNA was obtained and stored at -20°C until use.

| 28



Materials and Method%

2.2.3 Primer design

2.2.3.1 Degenerated primers

The nucleotide sequence of salmon Choriolysin wats kmown, for this
reason the first step was to use degenerated @imer

These oligos are drawn based on the amino acidesequthose fragments
are retrotranscribed manually but since the gemetile is degenerated (more than
one codon transcribes for the same amino acid)edmanes need to be guessed.

These primers are ChF1, ChF2, ChR1, ChR2 (Caf)2.1.

2.2.3.2 Primersbased on Medaka

The sequence of another organism was used to design primers. | took
Choriolysin sequence of medakaryzias latipeswhich amino acid sequence had
the highest similarity with the salmon proteasee Thagments found without
mismatches were taken as template for the prinsensposing that where they
have the same amino acid sequence, possibly thelyl ¢mve a very similar
nucleotide sequence.

These primers are ChF3, ChR3 (Cap. 2.1.5).

2.2.3.3 Sequence-specific primers

Other primers were sequence-specific, designeddb@s¢he sequence found
with those first oligos.

These primers are ChF4, ChR4, ChR5 (Cap. 2.1.5).

Prior to order the best primers, conditions of each were performed by an
oligo analyzer (www.idtdna.com/analyzer/Applicast@ligoAnalyzer), which
was useful to make a selection of the sequences.
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2.2.4 Gene amplification by PCR

Polymerase Chain Reaction (PCR) is the process wsednplify specific
parts of a DNA molecule, typically short DNA fragnis (up to 10kb), through
the thermal stability of ag (Thermus acquaticQONA polymerase.

The technique allows small amounts of DNA (low pr®l) to be amplified
exponentiallyin vitro, without using a living organism. PCR requires esal/
basic components, suddNA templatewhich contains the region of the DNA
fragment to be amplified, grimers, which determine the beginning and end of
the region to be amplifiedfag DNA polymerasea DNA polymerase which
copies the region to be amplifieDgoxynucleotide triphosphate&NTPs) from
which the DNA polymerase builds the new DNByffer solutionwhich provides
a suitable chemical environment for the DNA Polyaser Divalent cations,
magnesium or manganese ions, Bahovalent cationgpotassium ions).

Target gene of Choriolysin was amplified from cDMAtained from all the
stages of embryo development, by PCR (TaKaRa Ex TakjaRa Bio Inc.). The
oligos were combined in every possible way for 37@dd stage which was the
most abundant in total RNA, and the couple thaegawetter yield was used to
perform PCR amplification in all the stages.

For the reaction, 1pul 10uM primers, 0,25ul 5UTjag DNA polymerase and
4ul 2,5mM dNTPs were used. The samples were trapdfén a thermocycler
which heats and cools the reaction tubes withitoithe precise temperature
required for each step of the reaction. The PCRega® consists of a series of 30
cycles (they can be increased or decrease betweem@ 35 cycles). Each of
them consists of three steps:

1.denaturation the double-stranded DNA has to be heated to 488Cseconds
step) in order to separate the strands. This stepkb apart the hydrogen
bonds that connect the two DNA strands. Prior &fitst cycle, the DNA was
denatured for an extended time (5 minutes) to enthat both the template
DNA and the primers have completely separated aadhaw single-strand
only.

2.annealing the temperature is lowered for 25 seconds, s@tineers can attach
themselves to the single DNA strands. It dependhemrimers and is usually
5°C below their melting temperature.

3.elongation DNA polymerase has to copy the DNA strands. #rtst at the
annealed primer and works its way along the DNArsir Taq polymerase
elongates optimally at a temperature of 72°C. Ehbiog step needs 45
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seconds and a final longer step (10 minutes) isl aster the last cycle to
ensure that any remaining single stranded DNA wasptetely copied.

The resulting products were supposed to be DNAsalabut 739bp
(ChF1/ChR1), 503bp (ChF2/ChR2), 531bp (ChF3/ChR3Bbp (ChF4/ChR4)
and 316bp (ChF4/ChR5).

2.2.5 Rapid Amplification of cDNA Ends (RACE) -PCR

Rapid Amplification of cDNA Ends (RACE) is a proaed for amplification
of nucleic acid sequences from a messenger RNA l&enpetween a defined
internal site and unknown sequences at either 'tioe e 5’ -end of the mRNA
(5'/3' RACE kit, 2" generation, Roche Applied Science was used).

3’ RACE takes advantage of the natural poly(A) lmilmRNA as a generic
priming site for PCR amplification. In this procedumRNAs are converted into
cDNA using reverse transcriptase (RT) and an otifo- adapter primer. Specific
cDNA is then directly amplified by PCR using a geapecific primer (GSP) that
anneals to a region of known exon sequences aratiapter primer that targets
the poly(A) tail region. This permits the capturé unknown 3’end mRNA
sequences that lie between the exon and the potg{lA)

5" RACE, or anchored PCR, is a technique that ifatés the isolation and
characterization of 5’ends from low-copy messag@st, strand cDNA synthesis
is primed using a gene-specific antisense oligauicde GSP1. Following cDNA
synthesis, the first strand product is purifiednfraunincorporated dNTPs and
GSP1. TdT (Terminal deoxynucleotidyl transferased used to add
homopolymeric tails to the 3’ends of the cDNA. EdilcDNA is then amplified
by PCR using GSP2 and homopolymer-containing anphioner which permit
amplification from the homopolymeric tail. This@l's amplification of unknown
sequences between the GSP2 and the 5-end of tiNAMR

First strand cDNA synthesis for 3' RACE was perfednwith 2ul 10mM
dNTPs mix, 1ul 37,5uM oligo dT-anchor primer, 1pial RNA and 1ul 25U/ul
transcriptor reverse transcriptase. Samples wengbated 1 hour at 55°C and 5
minutes at 85°C. The PCR amplification of resultei@NA was performed with
1pl cDNA product, 1pl 12,5uM PCR anchor primer,5uP10uM gene-specific
primer (ChF4), 1ul 20uM dNTPs mix and 0,5ul 5U/j@agIDNA polymerase.
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Samples were placed in a thermocycler as follow:
95°C, 5min
30 cycles: 95°C, 30sec
58°C, 25sec
72°C, 45sec
72°C, 10 min

For first strand cDNA synthesis of 5’ RACE, 2ul 18MdNTPs mix, 1,25ul
10puM ChR4, 1ul total RNA and 1ul 25U/ul transcripteverse transcriptase
were used. Samples were incubated 1 hour at 558G aninutes at 85°C. The
cDNA product was purified by subsequent centrifiayes (Wizard SV gel and
PCR clean-up system, Promega) and applied to eéopthy(A) tailing of the 3'-
end of the first strand cDNA. The reaction was @enied with 19ul cDNA and
2,5ul 2mM dATP and incubated 3 minutes at 94°CeAfdding 1ul 80U/ul
terminal transferase, the sample was incubate@8Q) minutes at 37°C and 10
minutes at 70°C, to inactivate the terminal trarefe. The PCR of tailed DNA
was performed with 5ul dA-tailed DNA, 1ul 12,5uMigd dT-anchor primer,
1,25ul 10uM gene-specific primer (ChR5), 1ul 10uMT&®s mix and 0,5ul
5U/ul Tag DNA polymerase. Samples were placedtireamocycler as follow:
95°C, 5min
30 cycles: 95°C, 30sec

58°C, 25sec
72°C, 45sec
72°C, 10 min

2.2.6 Real time-PCR

Real time Polymerase Chain Reaction (PCR) has bedomecent years a
robust and widely used methodology for biologigalastigation because it can
detect and quantify very small amounts of spedificleic acid sequences. It has
many applications but as aim of this study it wesed to quantify gene
expression during development. In order to reachgbint, the cDNAs used were
synthesized from the RNAs of each stage of devetspnBSalmo salar non
fertilized eggs, 1dd embryos, 200dd, 370dd, 550dd laatchedDanio reric:
Ohours post fertilization embryos, 4hours, 6ho@kpurs, 12hours, 18hours,
24hours, 36hours, 48hours and 72 hours).

The term “real time” means that it can monitor P@Rduct while the
amplification is occurring, by including a commoludrescent dye (such as
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Ethidium Bromide, SYBR Green |, hydrolysis probdsybridation probes,

molecular beacons, sunrise and scorpion primergaptide nucleic acid light-up
probes) and running the PCR under ultraviolet ligktis technique allows to
better determine the amount of starting DNA in dample, before the PCR
amplification. In this project, Real-time PCRs weerformed with SYBR Green
[, which binds to the minor groove of the dsDNA, itimg 1000-fold greater
fluorescence than when it is free in solution (absw light of 480 nm

wavelength and emitting light of 520 nm wavelengteneration of PCR
products can be detected by measurement of the S@&Bfn | fluorescence
signal. In solution, the unbound dye exhibits vétiye fluorescence which is
greatly enhanced upon DNA-binding. During PCR,itlezease in SYBR Green |
fluorescence is directly proportional to the amowftdsDNA generated. In
addition, the final product can be further charazésl by subjecting it to
increasing temperatures to determine when the destbdnd product melts. This
melting point is a unique property dependent ordped length and nucleotide
composition. In melting curve analysis the reactitirture is slowly heated up to
97°C, which causes melting of dsDNA and correspugpdiecrease of SYBR
Green | fluorescence. The instrument (LightCyclet®)) continuously detects
the decrease and displays it as a melting peak.

The running contains the following programs:

1. Pre-Incubationfor activation of FastStart Taq DNA polymerase and
denaturation of the DNA

2. Amplificationof the target DNA

3. Melting Curvefor PCR product identification

4. Coolingthe multiwell plate

Table 2.1 shows the PCR parameters that were progea for a
LightCycler 480 System PCR run with the LightCyal&0 SYBR Green | Master
using a LightCycler 480 Multiwell Plate 96.

The reactions were performed with 3ul water (PC&tig), 2ul primers (1pl
each, ChF4/ChR5 for salmon and HE1F1/HE1R1 forafedr), 10l Master Mix
and 5ul cDNA containing the target gene.
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Detection Format
SYBR Green
Programs
Program Name
Pre-Incubation
Amplification
Melting Curve
Cooling
Temperature Targets
Target
(°C)
Pre-Incubation

95
Amplification

95

58(primer dependent)

72
Melting Curve

95

65

97
Cooling

40

Block Type Reaction Volume
96 10-100ul
Cycles Analysis Mode
1 None
45 Quantification
1 Melting Curves
1 None
Acquisition Hold Ramp Rate Acquisitions
Mode (hh:mm:ss) (°C/s) (per °C)
None 00:05:00 4.4 -
None 00:00:10 4.4 -
None 00:00:05 2.2 -
Single 00:00:25 4.4 -
None 00:00:05 4.4 -
None 00:01:00 2.2 -
Continuous - - 5-10
None 00:00:10 1.5 —

Tab. 2.1: Real time PCR parameters.

2.2.7 Agarose gel electrophoresis

Agarose gel electrophoresis is a method used &raepDNA strands by size
and to estimate the size of the separated stragdsomparison to known
fragments (DNA ladder). This is achieved by pullinggatively charged DNA
molecules through an agarose matrix with an etedteld. Shorter molecules
move faster than longer ones.

The gel was made with 1% agarose in 0,5X TEA bufml) and 1,7ul
Ethidium Bromide. It run 2 hours at 70mA.

At the end, those bands can be seen under UVthginks to the ethidium
bromide that inserts into the DNA.
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2.2.8 Gd extraction

DNA is extracted from an agarose gel following agar gel electrophoresis
in order to isolate a specific band. To perforns tsiep, UV light is shone on the
gel to illuminate all the ethidium bromide-stain®iNA. The desired band is
identified and physically removed. The removed gjguld contain the desired
DNA inside. It is placed in a 1,5ml microcentrifuggbe. The gel is melted,
placed in a spin-column and used in several folhgwientrifugations (Wizard SV
gel and PCR clean-up system, Promega). The DNAekl#sd in a total volume
of 15-5Qul nuclease free-}D.

2.2.9 Sequencing

The samples extracted from the agarose gel wereetiately prepared for
the sequencing. The reaction was performed with Big-Dye 3.1, 1l
sequencing buffer (both provided by SARS sequenighgratory), 5-20ng DNA
template, 5pmol primer and de® up to 1Ql.

According to the concentrations we found, {-2f DNA were used. The
samples were placed in a thermal cycler and hesiteca specific program
1 cycle: 96°C, 5min
25 cycles: 96°C, 10sec
Tannealing s5sec
60°C, 4min

10ul of ddH,O were added after the reaction, to have the sanmipla 2@l
final volume.
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2.2.10 Bioinformatics r esear ch

* BLAST

http://www.ncbi.nim.nih.gov/BLAST

The Basic Local Alignment Search Tool (BLAST) findsgions of local
similarity between sequences. The program comparedeotide or protein
sequences to sequence databases and calculatesatisécal significance of
matches. BLAST can be used to infer functional aadlutionary relationships
between sequences as well as help to identify mesmdbgene families.

» Blast2sequences

http://www.ncbi.nlm.nih.gov/blast/bl2seqg/wblastd.cg

Its a new BLAST-based tool for aligning two givesequences using BLAST
engine for local alignment. Blast2Sequences usilitee BLAST algorithm for

pairwise DNA-DNA or protein-protein sequence conmgan. A World Wide Web

version of the program can be used interactiveth@iNCBI.

¢ ClustalW

http://www.ch.embnet.org/software/ClustalW-XXL.html

ClustalW is a general purpose multiple sequengmadent program for DNA or
proteins. It produces biologically meaningful mplé sequence alignments of
divergent sequences. It calculates the best maicthé selected sequences, and
lines them up so that the identities, similariteasd differences can be seen.
Evolutionary relationships can be seen via viewtgdograms or Phylograms.

* Molecular Toolkit

http://www.vivo.colostate.edu/molkit/index.html

The Molecular Toolkit is a group of programs forabysis and manipulation of

nucleic acid and protein sequence data.

Nucleic Acid Analysis and Manipulation Programs:

0 Dot Plots: examine the similarity of two DNA (or RIN sequences by
production of a similarity matrix displayed as d giot.

0 Manipulate and Display Sequences: perform simplaipugations on a DNA
sequence (inverse, complement, inverse-complerdenble-stranded etc).

O Restriction Maps: generate graphical and text-basegps for restriction
endonuclease cleavage of DNA.

O Translate: translate a DNA or RNA sequence andimlgeaphical and text
depictions of the resulting protein sequences.
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Protein Analysis Programs:

[0 Reverse Translate: reverse translate a proteiresegunto DNA.

O Protein Composition: obtain the amino acid compasiof a protein.

0 Hydrophobicity Plots: plot hydrophobic and hydrdghdomains of a protein.

* Integrated DNA Technologies

http://www.idtdna.com/analyzer/Applications/Oligo&lgzer
This is also a group of programs but it was usge@ally for its Oligo Analyzer
tool.

« Salmon Genome Project

http://www.salmongenome.no/cgi-bin/sgp.cgi

The Salmon Genome Project (SGP) is working to esxethe knowledge of the

biology of Atlantic salmon almo salay through generation and analysis of
genomic data. SGP is a collaboration between s&l@wegian and Canadian

research groups. The project focuses on gene imeid genome organization

through the development of genetic and physicalangene sequencing and data
interpretation using bioinformatics approaches.
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3. Results

3.1 Preamble

A previous work onSalmo salarHatching fluid has been done before this
study on Choriolysin gene started. As | alreadyoregal in the introduction, the
term hatchingrefers to an embryo breaking out of the eggshalliairs a crucial
event in the life cycle of all vertebrates and actfof almost all sexual animals.
After fertilization, the early development of theleryo always takes place inside
the eggshell. This means that the embryo has twhhat breaking through the
zona. During hatching, proteases secreted by theyemnto PVF (PeriVitelline
Fluid, which protects the embryo during developmatta ovo) serve to sunder
the zona, to allow the embryo to hatch. After haighthe embryos are suspended
in hatching fluid, which is extra-ovine water plltching enzymes and the
remnants of the sundered eggshell (zona). Afteovamy embryos, this liquid is
called the hatching fluid (HF).

Studies on Salmon HF has revealed proteases thatlbeen patented, and
some other new components. The HF is the resuéixtdénsive proteolysis by
hatching enzymes (Choriolysin and Zonase) on thgsleg)l and some of the
products can confound and complicate purificatioh KF components.
Investigations have revealed that structural zawwéems are highly hydrophobic
and are cross linked by a transglutaminase typgnemaupon fertilization. The
cross links formed are isopeptide bonds betweeallphprotein chains rendering
them totally insoluble without breaking covalentnbde. HF presents a difficult
material in terms of conventional protein chardetgion, as many of the
components interact in many ways to disguise tha@ntity during protein
purification. For this reason, the purification imad itself has been patented.

The aims of my previous work were to characterize ¢composition of the
hatching fluid (HF) in order to understand the iitgnand possible interactions
between its proteins. In particular, zonase andiclysin have been investigated.
The work primarily used alternative purification tmeds. In particular, it was
helpful if ion exchange chromatography could bedushich is presently difficult
due to interactions of PVF-components with highdyiably charged remnants of
the zona. Also, the variable size of such compaenpacts adversely on the use
of size exclusion chromatography for studying HHRAPYomponents. The
variability of the zona-fragments is due to thea@cof hatching enzymes on an

39 |



Results

enormous substrate with a high molecular weighterehthe products of the
reaction are necessarily variable.

My work therefore was to investigate conditions emdwvhich these
conventional methods could be used. The successabf endeavours depends to
an essential degree on the condition of the startiaterial. Most HF preparations
are unsuitable for chromatography, but other wark8ergen have developed
methods to produce a starting material that is litigkfined by proprietary
technology to give a modified HF suitable for chedographic methods. This
was my starting material.

In order to overcome interactions of HF componevith zona-remnants of
variable sizes, | tried to use agents to break sutenactions (e.g. urea). However,
in order to evaluate the effects of such agerfisstlestablished results when such
agents are not used. This allowed a rational apprada attune the conditions
needed to break up macromolecular interactions he HF and thus use
conventional purification methods.

In sum, such work could perhaps allow better charemation of components
in HF/PVF. This study was performed by using selveneomatographic methods,
in particular size exclusion and ion exchange (mwipretreated with urea). With
the first one | could place the proteases togetharhuge complex, at a molecular
weigh around 650kDa. The ion exchange chromatogragitowed that the
complex was eluted twice, first with urea (2M) ahdn with 200mM NaCl. SDS-
PAGE showed two bands around 37kDa, probably chysiig two bands at about
25kDa, supposed to be zonases, and other peptdgshell fragments) below
17kDa. 2D-PAGE placed choriolysin and zonases ab tekfferent pHs
respectively at about 5 and 6.

One way for further works on this biochemistry stud the Hatching fluid
could be to start purifications with a material @akfrom inside the eggs (i.e.
PVF), not breaking the egg shells, in order to dvamall fragments that can
disturb the background of some experiment. Howetes, is very hard because
we can have few pl of material from each egg irstdathe several ml we would
need. Moreover, it is possible to characterize pinggparation by cutting each spot
from the 2D-PAGE gel and analyse them separatelymags spectrometry
coupled to data bank identification of peptides.

For my thesis work | decided to focus the attentonthe genetic part of
these proteases, in particular on Choriolysin, Wigene structure and mRNA
expression during embryo development is quite wedwn in many species but
not in Salmon.
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3.2 Choriolysin nucleotide sequence

3.2.1 RNA extraction

RNA extraction of salmon and zebrafish embryos ggeed concentrations
of total RNA:

Salmon Zebrafish eggs

non fertilized eggs: 0,2ug/ul
1dd embryos: 0,1ug/ul
200dd: 1,4pg/ul

370dd: 3,2pg/ul

0 hours: 1ug/ul
4 hours: 1,3ug/ul
6 hours: 1,5ug/ul
9 hours: 1ug/ul

550dd: 2,2pg/ul
hatched: 1pg/ul

12 hours: 1,2ug/ul
18 hours: 1,5ug/ul
24 hours: 1,8ug/ul
36 hours: 2,5ug/pl
48 hours: 2ug/ul
72 hours: 0,4pg/ul
120 hours: 1,6ug/ul

3.2.2 Amplification with Ch(F/R)1 and Ch(F/R)2
My study onSalmo salariChoriolysin gene started from its protein sequence

In order to find the gene, RNA extracted from stageentioned above was
retrotranscribed in cDNA and amplified by PCR.

PCR was as first performed with degenerated prinveingch means that the
inverse translation of the protein (DNA manipulati®ool kit, sequence in
Appendix) was used to pick up some fragments df $bguence as oligos in the
PCR reaction.

The chosen primers were:

ChFl: 5 -TGGATCATCGTCCTACTCTTITC -3
Length 22bp (from nt 2 to nt 23)

ChR1: 5 —-CCAAGACGTTGACCAATAGC-3
Length 20bp (from nt 659 to nt 678)
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ChF2: 5 —-CGT AATGCTATGAAATGTTTITTCTTC -3
Length 26bp (from nt 181 to nt 205)

ChR2: 5 —-CCATAATCATTAGTATAAGCAGTACGA -3
Length 27bp (from nt 657 to nt 683)

Expected product size ChF1/R1:  739bp

Expected product size ChF2/R2:  503bp

Many PCR conditions were tried (several anneakmgpterature and different
concentrations of the reaction components) but rdrtbem worked properly to
give an amplicon (Fig. 3.1).

Every time a positive control was included, somesma different PCR-kit or
cDNA and primers (Zonase primers) were used adipesontrol to check the
equipment and in those cases we could obtain aiptod

ChF1R1 ChF2/R2 Zonase primers

200
200

o0 Ta0
600

500

400

300

200

100

Fig. 3.1: PCR amplification of Choriolysin with bdtire couples of generated primers [ChF/R1]
and [ChF/R2] and of control gene Zonase.

This led us to think about choriolysin primers vged. The bands appeared
at about 1kb can be assigned to the annealingraeps with each other.
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3.2.3 Primers Ch(F/R)3

Since the degenerated primers did not work, ana@pproach has been tried
in order to find oligos capable to amplify the gene

The protein sequence &almo salarChoriolysin, compared by Blast with
protein databases of all the other organisms, ghgeaments with many Hatching
enzymes. The most similar sequence was me@Qaiaias latipesChoriolysin L
with 55% identity.

Oryzias latipesChoriolysin L protein (Accession number BAA20403ahd
cDNA sequences (Accession number D83949) are sihowab. 3.1.

a) MDLLAKASVL LLLLLSLSNA QTDNMEEAEN GSSKEEIVES ELEDV85 RMNNNSMEEL
— || LEGDLVLPKT RNAMKCFGAP DSCRWPKSSN GIVKVPYVVS DNYEEIHRNAMKEFAE
KTCIHFVPRN NERAYLSLEP RFGCKSMMGY VVDKQVVVLQ RFGAKHQHELLHALGF
YHEHTRSDRD QHVKINWENI IKDFTHNFDK NDTDNLGTPY DYGSWBR TAFGKDRKET
ITPIPNPKAA IGQTERMSDI DILRVNKLYK C
b) atggacctgc tggccaaagc atctgtgetg ctgttgctge tectgag cct cagcaacgct
"] caaactgaca atatggaaga agcagaaaac ggttcatcaa aggagga aat agttgagtct
gaactggagg acgtgtcctc catcatcttc agaatgaaca acaactc tat ggaggaactg
ttggaaggag atcttgttct tcccaaaacc aggaatgcca tgaagtg ctt tggcgcetcca
gatagctgce gctggecaaa gtcttccaat ggcatcgtga aggttce tta tgtggttagc
gacaactatg aaagtgacga gaaggaaacc attcggaacg ccatgaa gga gtttgcagaa
aaaacctgca ttcactttgt tcctcgcaac aatgagaggg cctacct gag ccttgaaccc
agatttggct gcaagtctat gatgggctat gtggttgaca aacaagt ggt ggtgctgcag
cggtttggct gcataaagcea cgecgtcatc cagcatgagc tectgea tgc tctgggtttc
taccacgagc acactcggag cgaccgcgac cagcatgtaa aaatcaa ctg ggaaaacatc
attaaagatt tcacacacaa ctttgataag aatgataccg acaatct ggg caccccgtat
gactatggct ccatcatgca ctatggaaga actgcctttg gaaaaga cag aaaggagacc
ataaccccca tccctaacce caaagctgec attggccaaa cagagag gat gtcggacatc
gatatacttc gagtcaataa gctttacaaa tgttga

Tab. 3.1: a) amino acid sequence of medaka Choirolyd) nucleotide sequence of medaka Choriolysin L

Blast alignment between Salmon and Medaka Choriobtsowed a very
significant similarity of 55% (Tab. 3.2).
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Score = 278 bits (712)
Identities = 130/234 (55%)
Positives = 168/234 (71%)
Gaps = 1/234 (0%)

Medaka

Salmon

Salmon 29 EPDHVSITSVILKSNNGTNELLLDGDILAPRTRNAMKCFSQYSCLWKKSSDGLVYVPYI 88
E+ ++S+l+ NN + E LL+GD++ P+TRNAMKCF + SC W KSS+G+V VPY+
Medaka 39 ESELEDVSSIIFRMNNNSMEELLEGDLVLPKTRNAMKCRBDSCRWPKSSNGIVKVPYV 98

Salmon 89 LSAVYSSLEVETIETAMKYFQGKTCIRFIPRKTQTAYLDIQSSGGCFGTVGTVGDRQTLS 14§
+S YSEETI AMKF KTCIF+PR +AYL + + GC +GVD+Q +
Medaka 99 VSDNYESDEKETIRNAMKEFAEKTCIHFVPRNNERAYLEPRFGCKSMMGYVVDKQVVV 158

Salmon 149 LAQFGCVQHGIIQHELLHALGFYHEHNRSDREQYIRINWQ' DYAVGNFQKEDTNNLHT 208
L +FGC++H +IQHELLHALGFYHEH RSDR+Q+++INW+ I NFKDT+NLT
Medaka 159 LQRFGCIKHAVIQHELLHALGFYHEHTRSDRDQHVKINMIEKDFTHNFDKNDTDNLGT 218

Salmon 209 AYDYSSVMHYDRTAYTNDYGKETITPIPDPSVAIGQRLGMIDVLKVNKLYQC 262
YDY S+MHY RTA+ D KETITPIP+P AIGQ M SDID+L+VNKLY+C
Medaka 219 PYDYGSIMHYGRTAFGKDR-KETITPIPNPKAAIGQTERSDIDILRVNKLYKC 271

Tab. 3.2 : Blast alignment outcome.

This medaka Choriolysin L sequence and the salpnotease were aligned
by Blast2Sequences (Tab. 3.3) which showed theheaticetween the two
protein sequences (medaka and salmon Choriolysin).

Salmon MOHRPTISLLLLLLL LG---------- LSQA SGNEFHOEPDHVSITSVI LKSNNGTNEL L
Medaka MILLAKASVLLLLLL SLSNAQTDNMEEAENSKEEIV ESELEDVS| | FRMNNNSMEEL

Salmon LDGOLA P
Medaka LEGOLVLA

RTRNAMKCESQBALVKKS DAL VYVPYIL SAVYSSLEVETI ETAMKYFQG
KTRNAMKCGAPCRWPKSING VKVPYWVSDNYEDEKETI RNAMKEFAE

Salmon KTCIRFI PRKTQTAYLDIQSSGEFGTVGT VGDROTLSLAQG-GO/QHGI IQHELLHALGF
Medaka KTCIHFVPRNNERY LSLEPRFG(KSMMBYVWDKQVVML.QRFGAK HAVIQHELLHALGF
Salmon YHEMNRSDHREQYIR IN WQYYDYAVEIFQKED TNNLHTAY DYSSVMH DR TAY TNDY G<I
Medaka YHEH'RSDPOHVKNWEN IKDFTHNFDKNDTDNLGTPYDYGSI MHYGRTAFGKDR- KE
Salmon TITPIP PPSVAIGORLGVISDIDVLKVNKLYQC

Medaka TITPIP NPKAAIGQTERMISDIO LRVNKLYKC

Tab. 3.3 : Blast2Sequence outcome by aligning meda#lasalmon Choriolysins.
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The alignment between medaka and salmon Chorioprsiteins showed two
longer segments where the amino acid sequencesadaperfectly (blue panel):

a) sequence: TRNAMKCF (aa 70-77 in medaka and 60-&alimon).
b) sequence: KETITPIP (aa 238-245 in medaka and 2B89f28almon).

Medaka nucleotide sequence is known and correspeaodshese two
segments:

a) sequence: accaggaatgccatgaagtgcttt (nt 208-231).
b) sequence: aaggagaccataacccccatccct (nt 712-735).

The sequences were used as template to design rerifoe salmon
Choriolysin. If both the species have the same andnid sequence, it was
possible that they have also the same nucleotigigesee.

After a carefull selection, the resulted primersave

ChF3: 5 —-CCAGGAATGCCATGAAGTGCTTTG -3
Length = 24nt, | = 52,3°C, GC content = 50%

ChR3: 5 —-AGG GAT GGG GGT TAT GGT CTCCT-3’
Length = 23nt, |, = 53°C, GC content = 57%

3.2.4 Amplification with Ch(F/R)3

The first PCR reaction with primers ChF3/ChR3, wkhighould give an
amplicon at about 531bp, took place with salmomesta200dd (Fig. 3.2) and
370dd (Fig. 3.3) only, due to their major abundaawe availability, in order to to
select the best PCR conditions to use also witlother stages.

The three products refer to different annealingperatures that have been
tried to find the best running conditions.

bp 4TC  48°C  49°C 30°C
700
ali]
500

400

531

Fig. 3.2: 200dd stage PCR amplification.
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b 47°C  48°C  49°C  S0°C
700
600
500

400

Fig. 3.3: 370dd stage PCR amplification.

PCR amplification yielded two products, the expdcband at 531bp and
another one around 620bp. Both were subject of esempuanalysis in order to
know the sequence of the first and to define deatity of the other one.

3.2.4.1 531bp sequence

More than one sample was sequenced and very fematohes were found,
probably due to mistakes of the sequencer. Allsiigpuences were compared with
CustalW to end up with a consensus sequence.

Choriolysin consensus sequence is reported irbte teelow (Tab. 3.4).

AAGTCATCTG ACGGCTTGGT GTACGTGCCT TACATCCTCA GCRURGITCCAGCTTG
GAGGTAGAGA CTATTGAGAC GGCCATGAAG TACTTCCAAG GGBAGAIATCCGCTTC

ATTCCACGTA AGACACAGAC TGCCTACCTG GACATTCAGA GCAGREGGTGTTTTGGT
ACCGTGGGGA CTGTTGGGGA CAGGCAGACA TTGTCTCTTG CABBGTITGTGTTCAA
CATGGTATCA TCCAGCATGA GCTGCTTCAC GCCCTGGGCT TCTXHCACACAACAGG
AGTGACCGTG AACAGTATAT CAGGATCAAC TGGCAATACA TCTBTSAGCCGTTGG(
AACTTCCAGA AGGAGGACAC CAACAACCTG CACACTGCAT ACGACTATCTGTCATG
CACTATGATA GAACAGCTTA CACTAACGAC TACGGAAAGG AGAICATCCCATCCCT

Tab. 3.4 : salmon Choriolysin consensus nucleogd@esnce.

This sequence was translated into its amino acgiesee (Tab. 3.5) and

compared by ClustalW with the Choriolysin proteiagsence | had at the
beginning of my study.

KSSDGLVYVP YILSAVYSSL EVETIETAMK YFQGKTCIRF IPRKTQRYL DIQSSGGCFG

TVGTVGDRQT LSLAQFGCVQ HGIIQHELLH ALGFYHEHNR SDREQW WQYIYDYAVG
NFQKEDTNNL HTAYDYSSVM HYDRTAYTND YGKETITPIP

Tab. 3.5 : salmon Choriolysin consensus amino agjdence.
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Compared with the previous one, it was found tthigesame (Tab. 3.6).

Salmon MDHRPTLSLLLLLLLLGLSQASGNEFHDEPDHVSITSV ILKSNNGTNELLLDGDILAPRT
CONSENSUS  ---mmmmmmmmmmmmmmmmmmcmmcmmcmmcmmceeee e

Salmon RNAMKCFSSQYSCLWKKSSDGLVYVPYILSAVYSSLEVETIETAMKYFQGKTCIRFIPRK
Consensus  ---------------- KSSDGLVYVPYILSAVYSSLEV ETIETAMKYFQGKTCIRFIPRK

Salmon TQTAYLDIQSSGGCFGTVGTVGDRQTLSLAQFGCVQHBQHELLHALGFYHEHNRSDRE
Consensus TQTAYLDIQSSGGCFGTVGTVGDRQTLSLAQFGCVQHGQHELLHALGFYHEHNRSDRE

Salmon QYIRINWQYIYDYAVGNFQKEDTNNLHTAYDYSSVMHYDRTAYTNDYGKETITPIPDPSV
Consensus  QYIRINWQYIYDYAVGNFQKEDTNNLHTAYDYSSVMHYRTAYTNDYGKETITPIP----

Salmon AIGQRLGMSDIDVLKVNKLYQC
Consensus  -----=--m-mmmememeee

Tab. 3.6 : ClustalW alignment between the beginneriBlysin sequence [Salmon] and the amino
acid consensus sequence [Consensus].

The protein sequence goes from the amino acid 2®& which means that
the nucleotide sequence goes to the nucleotidet@28l6 for a total length of
480bp known of the whole 786nt sequence.

3.2.4.2 620bp unknown band

This unspecific band was extracted from the agagetand sequenced (both
nucleotide and amino acid sequences in Appendiwas analyzed and compared
by Blast and ClustalW but none of them gave backches with any hatching
enzyme. It was found to be an unknown sequenceeSins not relevant for my
study, | decide not to go forward.

3.25 Primers Ch(F/R)4 and ChR5

Using the new consensus sequence, it was possibiiatv new primers
sequence specific. In order to perform RACE-PCRy twverse primer were
designed.

ChF4: 5 —-AAG TCATCT GACGGC TTGGTGTACG -3
Length = 25nt, |, = 60,7°C, GC content = 52%

ChR4: 5 —GAG GAG TAGTCG TATGCAGTGTGCA-3
Length = 25nt, | = 60,1°C, GC content = 52%

ChR5: 5 —ACT GTT CACGGT CACTCCTGTTGTG -3
Length = 25nt, | = 60,9°C, GC content = 52%
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3.2.6 RACE-PCR

With those new primers | tried to find the flankisgguences of the amplified
region, or rather the 5'- and 3'- ends. Rapid afigaltion of cDNA ends (RACE)
PCR showed, for the 3’end, amplicons of differanés in different performance
of this technique and one band for the 5’ ampligdecording to the positions of
the primer forward, only the bands higher than @0Qtere extracted and
sequenced: from ChF2 to the end of the sequencegddr the Choriolysin
protein, the size is supposed to be 557bp and demsg the poly(A) in the end,

the sequence must have been longer.

In Fig. 3.4 is represented the only
sequence between those selected (680bp fp
5, 640bp, 690bp and 900bp for 3’) which,
once sequenced (sequence in Appendix
gave a match with Choriolysin sequence.

690bp band at 3’end was amplified using

primers ChF4/oligo d(T).

The new nucleotide sequence translated into itsn@naicid sequence is

shown in Table 3.7.

Fig. 3.4: RACE-PCR
amplification

bp
15010

1000
200
200

00
600

500
400

300
200

100

QRCIFSLEVE TIETAMKYFQ GKTCIRFIPR KTQTAYLDIQ SSGGCFGVG TVGDRQTLSL
AQFGCVQHGI IQHELLHALG FYHEHNRSDR EQYIRINWQY IYDYAMEQ KEDTNNLHTA
YDYSSVMHYD RTAYTNDYGK ETITPIPDPS VAIGQRLGMS DIDVLIKL YQC-EEERHC
-KCVMLDVLS CADVFYCWKF VCILLITLVI IKHGYGKKKR RVWWLPRAP LHLPAA-

Tab. 3.7: amino acid sequence of 3’end RACE-PCR product

Protein sequences of Choriolysin sequence anchévisone were compared
by ClustalW (Tab. 3.8) and the two sequences haetfact match till the end.
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Choriol MDHRPTLSLLLLLLLLGLSQASGNEFHDEPDHVSITSVILK SNNGTNELLLDGDILAPRT
3eNd s e

Choriol RNAMKCFSSQYSCLWKKSSDGLVYVPYILSAVYSLEVETIETAMKYFQGKTCIRFIPRK
3'end QRCIF SLEVETIETAMKYFQGKTCIRFIPRK

Choriol  TQTAYLDIQSSGGCFGTVGTVGDRQTLSLAQFGCVQHGIIQHELLBRYHEHNRSDRE
3’end TQTAYLDIQSSGGCFGTVGTVGDRQTLSLAQFGCVQHGIIQHELLHAEFRNRSDRE

Choriol QYIRINWQYIYDYAVGNFQKEDTNNLHTAYDYSSVMHYDRTAYTNIGT PIPDPSV
3'end QYIRINWQYIYDYAVGNFQKEDTNNLHTAYDYSSVMHYDRTAYTNDYBKBPPSV

Choriol AIGQRLGMSDIDVLKVNKLYQC
3’end AIGQRLGMSDIDVLKVNKLYQC

Tab. 3.8 : Clustal W comparison of 3'end RACE.PCR profiend] and my protein sequence [Choriol].

The respective nucleotide sequences were compaoce(béquence outcome
of ClustalW in Appendix). Except for a few nucletds, the sequeces matched
and the second one (after RACE) let us compléik tihe final stop codon.

A final nucleotide Choriolysin sequence was madading the 3’end got
after RACE-PCR (Tab. 3.9). This sequence is finlatigwn from nucleotide 229
to 786 (+ 3nt stop codon).

AAGTCATCTG ACGGCTTGGT GTACGTGCCT TACATCCTCA GCRUPGITCCAGCTTG

GAGGTAGAGA CTATTGAGAC GGCCATGAAG TACTTCCAAG GGBAGAIATCCGCTTC
ATTCCACGTA AGACACAGAC TGCCTACCTG GACATTCAGA GCAGGGTGTTTTGGT
ACCGTGGGGA CTGTTGGGGA CAGGCAGACA TTGTCTCTTG CAGAG TITGTGTTCAA
CATGGTATCA TCCAGCATGA GCTGCTTCAC GCCCTGGGCT TCTHR&XCACACAACAGG
AGTGACCGTG AACAGTATAT CAGGATCAAC TGGCAATACA TCTBTSRAGCCGTTGGG
AACTTCCAGA AGGAGGACAC CAACAACCTG CACACTGCAT ACGACTATCTGTCATG

CACTATGATA GAACAGCTTA CACTAACGAC TACGGAAAGG AGAXTATCCCATCCCT

JA A

Tab. 3.9: Sequence known before the RACE-PCR (blas#quence got in addition after RACE which
translation arrives till the end of Choriolysin seque (green); stop codon (red).

The stretch between the second and the third stdprcis long enough to be
some kind of product but comparing both its nuetEand amino acid sequences
in databases, they did not give out any match.
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3.3 Choriolysin gene expression

3.3.1 Amplification of Choriolysin by PCR

The Choriolysin gene amplification was performeeitin all the stages | had
at my disposal, to define in which stages it isspre and study its expression:

Atlantic salmonSalmo salar Zeb

rafishDanio rerio

Sperm
Non fertilized eggs
1dd embryos
200dd
370dd
550dd
Hatched embryos

The primer used to perform the PCR were

0 hours post fertilizarion

4h
6 h
9h
12h
18 h
24 h
36 h
48 h
72 h
120 h

Ch(F/R)aimon (Fig. 3.5) and

HE1F1/HE2R2 in Zebrafish (Fig. 3.6), which were goged to amplify fragments

at about 413bp and 498bp respectively.

200dd

1dd

FTodd 550dd hatched

413

Fig. 3.5: Salmon PCR amplification.

hour

0 4 6 9 12 1% 24 36 48

G00
s00

400

T2 120

453

Fig. 3.6: Zebrafish PCR amplification.
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3.3.2 Amplification of Choriolysin by Real time-PCR

Beside the usual PCR, | could perform the Real-t#@#R in order to study
the expression of Choriolysin in both the organis®aémon and Zebrafish. This
technigue measures the concentration of the saggley up each cycle and
allows to define the concentration of the startiNA sample (since it is related
to the amount of RNA).

Once the standard curve was set up, the instruregtrapolated the
concentration values of the samples (plot in Fig) By detecting the absorbance
of SYBR Green | bound to the DNA.

Salmon
non fertilized eggs 8,1-10°ng/ul
1dd embryos 1,19-10ng/pl
200dd 7,8-1CPng/pl
370dd 2,48-10ng/pl
550dd 5,75-1Fng/pl
hatched 3-10°ng/pl

B,10E-08 1,19E-07 ¥,BOE-08 2 4BE-03 5,76E-06 3,00E-09

non fertilized 1dd 200dd 370dd 550dd hatched

ooe
eggs

Fig. 3.7: concentration values of salmon stages

Another outcome beside these values is the metiick(s) of each sample.
More then one pick per sample means that therenarey PCR products and this
would be related to a low specificity of the reantidue to the primers sequences
as well as the PCR program.

Both values and plot (Fig. 3.8) support the prdudttthere is only one
product, which melts around 87°C.
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Melting Peaks
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Fig. 3.8: melting picks of salmon stages

The same experiment was performed for zebrafishpkmn so we got
concentration values (plot in Fig. 3.9) and meltmck around 84°C (Fig. 3.10).

Zebrafish
0 hours 1-10"ng/ul
4 hours 1-10%ng/pl
6 hours 1-10%ng/pl
9 hours 1-10%ng/pl
12 hours 3,86-10"ng/pl
18 hours 3-10°ng/pl
24 hours 1,27-10ng/ul
36 hours 4,59-10ng/pl
48 hours 4,61-10°ng/ul
72 hours 1-10%ng/pl
120 hours 6,53-10"ng/pl

ah 4h &h 9h 12h 18h 24h 36h

Fig. 3.9: concentration values of zebrafish stages
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Melting Peaks
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Fig. 3.10: melting picks of zebrafish stages

These results were checked by agarose gel (salngor8BA1 and zebrafish
Fig. 3.12). It is possible to see one single baneMery stage, an evidence that one
melting peak refers to one product. Moreover, titensity of each band shows
the level of expression of the gene, supportechby¢al-time absorbance values.

Real time PCR was performed with primers ChF4/CirRSalmon and the
expected amplified product size of 316bp was fouiso in zebrafish was found
the right product size of 228bp, performed withmers HEL1(F/R)1.

non
fertilized 1dd 20044 370d4d 550dd haiched

bp eggs

400

300 36

200

Fig. 3.11: Salmon Real-Time PCR amplification

hour

500
400
300
200
100

2258

Fig. 3.12: Zebrafish Real-Time PCR amplification
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Either the products of both salmon and zebrafistainbd by PCR and by
Real-time PCR have been sequenced and they confithee contents of the
samples as the known sequencesSafmo SalarChoriolysin andDanio rerio
Hatching Enzyme 1.




4. DISCUSSION

The purpose of this thesis was at first to deteentie nucleotide sequence of
Salmo salarChoriolysin, to be able in future to clone it andke recombinants to
study its domain. During my study, the 3’-end ahd tore part of the sequence
has been amplified and sequenced.

Choriolysin is an hatching enzyme, which is produbefore hatching time
for helping the breakdown of the eggshell and alhgwthe larva to get out. In
order to understand when this protease starts ttramescribed and in which
amount, its expression in embryo development has lhecked, through its
MRNA level.

4.1 Choriolysin nucleotide sequence

4.1.1 Amplification with Ch(F/R)1 and Ch(F/R)2

Amplification of unknown sequence of a gene is aer®d a big challenge.
The starting point of such a study is often the afsdegenerate primers obtained
from the known protein sequence [30]. Each aminal @s coded by 3
nucleotides, which mean$ Bossible combinations. Amino acids are only 20, so
there can be several ways to combine nucleotidé®ad up with the same amino
acid. A degenerated sequence can possibly transgiéde the right protein
sequence but permits only guesses as to the ngih¢atide sequence.

Based on the protein sequence S#Imo salarChoriolysin, | designed 2
couples of degenerated primers, Ch(F/R)1 and Ch2E/R

The alignment of the whole Choriolysin nucleoticegence obtained by
retrotranscription of its protein matched with acrosatellite (sequence in
Appendix). This kind of sequence is known to bamapte sequence repeats: it
consists of short arrays of simple tandem repeditpersed throughout the
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genome and often highly polymorphic. They're thaughhave arisen mostly by
replication slippage and they still have unknowgngicance.

This DNA has generally been identified in non-c@dsequences, intergenic
DNA or within the introns of genes. It is understahle that | should find this
microsatellite instead of choriolysin sequence: #maplification is based on
cDNA retrotranscribed from mRNA, but there is nacbe to find a sequence
which is placed in a non-coding region becausesti'eno mRNA transcribed.

4.1.2 Primers Ch(F/R)3

Choriolysin enzyme is an hatching enzyme and itsegeas been widely
characterized in many species but not in Atlandilecnen Salmo salar The only
known sequence was the amino acidic one, whichpuaged in my laboratory
by purification of Hatching Fluid. For this reasqgmior to design working primers
to use in PCR amplifications, | tried to get themni the sequence of another
species which is evolutionarily closely highly teld, medakaOryzias latipes
(Salmon — Medaka Choriolysin amino acid sequencds5% similarity, Blast
outcome).

Those two protein sequences were aligned by ClWystald two particular
fragments of 8 amino acids showed up without iTesmatches.

Since this family of proteases is highly conserasdong species, it was
possible that the same amino acid sequence miget ddlao the same nucleotide
sequence. With this strong opinion | designed prsm€h(F/R)3, based on
medaka nucleotide sequence of the matching fragment

There were other sequences | could use, for exartfdeamino acids
involved in the Zn-binding domain or in the Met#iuiThese segments are highly
conserved too in almost all the species, but thiino acid sequence resulted to
have some more mismatches with my sequence, evémese changes don'’t
compromise the 3D structure or the biochemical.role
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4.1.3 Amplification with Ch(F/R)3

The PCR amplification with ChF3/ChR3 was perfornaedy with 370dd
stage, in order to check their function in a stagé larger amount of RNA and
where this enzyme is supposed to be more abun@ihatagarose gel performed
with PCR products showed one strong and one weal beound 530 and 620
base pairs.

Primers Ch(F/R)3 were supposed to amplify a regibh31bp of my gene,
Choriolysin and the sequencing of that sample aobthifrom agarose gel
confirmed its identity.

Seven samples of the 531bp band have been sequéocedere performed
with forward primer ChF3 and three with reverserai ChR3; comparison by
ClustalW in Appendix) to be able to make a sort@fisensus sequence, in order
to avoid sequencer mistakes. At the beginning teey more “N” (undetectable
nucleotide) than what is reported in the resultsose sequences were reviewed
because sometimes the given signal of a nucleatigat be unclear or covered
by another one, and the sequencer has difficutiesading it.

Fig. 4.1: double peak; the sequencer can not read
properly but by eye one nucleotide is
clearer than another nucleotide.

When this happens, the sequence comes out witliNam“such positions
instead of a specific nucleotide. Very often is g to distinguish one
nucleotide (one peak) from another one just reabyn@yes the frame of peaks
(Fig.4.1). Somehow the border sequences are alteayslifficult to read and |
took them out, that is why | miss anyway the fpatt of the amplified sequence
next to the forward primer ChF3.

The sequences, were compared with ClustalW. Fisstsequences obtained
with reverse primer have been converted in theierigse complement. ClustalWw
analysis gave a great result because they differei@w nucleotides only, spread
over the whole length. Have several sequences sltowanalyze each position
and make a consensus sequence.

The consensus nucleotide sequence resulted to @ep48ng, while the
expected product size of the amplified fragmenusthbe 531bp long. This is due
to the many “N” (unknown nucleotides) present eglgcin one side of the

57 |



Discussion

sequence, which make unreadable that first pare st part indeed was
specified till the last nucleotide used as print&i( 4.1).

In the sequence length, few nucleotides showed Ugetdifferent in one of
all the sequences | analyzed. Looking at the frafmgeaks, those had the same
intensity (high of them peaks) as the right onesukhhave, so it might easily be
mistaken from the sequencer. Others instead wemepletely different, some
determining amino acids changes and some not. Eviencan be due to the
sequencer, but could also be due to other copi€hofiolysin gene present in the
genome, which can have little (and meaninglesdemifices in the nucleotide
sequences. This should be object of further stutlieanderstand if the gene has
one copy only (like medaka LCE has) or more thae oopy (like zebrafish
HE1).

The amino acid sequence obtained from the translati this sequence,
matched perfectly with the choriolysin protein segee | had at the beginning of
my study and this confirmed | amplified the righoguct.

The sequences above, Fig. 4.1, represent the tfsanigrotein sequence |
used to start this study (seq. 1) and the proteiuance obtained from the
translation of the consensus sequence (seq. g)qitite clear that they are the
same.

seq. 1 MDHRPTLSLLLLLLLLGLSQASGNEFHDEPDHVSITSVILKS NNGTNELLLDGDILAPR
SE(. 2 mmmmmmmmmmmmmmmmmmmmmmmmeeeeeeeeeee e

seq. 1 RNAMKCESQYSCLWKKSSDGLVYVPYILSAVYSSLEVETIETAMKYFQGKTCIRRIP
seq. 2  eeem e KSSDGLVYVPYILSAVYSSLEVETIETAMKYFQGKTCIRFIP RK

seq. 1 TQTAYLDIQSSGGCFGTVGTVGDRQTLSLAQFGCVQHGIIQELLHALGFYHEHNRSDRE
seq. 2 TQTAYLDIQSSGGCFGTVGTVGDRQTLSLAQFGCVQHGIIQELLHALGFYHEHNRSDRE

seg.1 QYIRINWQYIYDYAVGNFQKEDTNNLHTAYDYSSVMHYDRM™ANDYGETITPIP DPSV
seg. 2 QYIRINWQYIYDYAVGNFQKEDTNNLHTAYDYSSVMHYDRMANDYGBETITPIP ----

seq. 1 AIGQRLGMSDIDVLKVNKLYQC
SeQ. 2 ---m-mmmemmmemee-

Tab. 4.1: starting choriolysin protein sequence|[d4; consensus protein sequence [seq. 2];
in blue: sequences used as primers.

Concerning Blast analysis, the match in both medadcazebrafish genomes
confirmed that my amplified product belongs to tmeching enzymes family.
Moreover, the first medaka sequence | found compgattie consensus sequence
by BlastN, is Choriolysin L, the same | found compg the starting salmon
Choriolysin protein sequence, that | later useddsign primers Ch(F/R)3. This
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means that not only the protein sequence has higlilasty but also the
nucleotide sequence, which could lead to the hmgtservation between species
of these genes.

The other product at 620bp was found unknown, dftere been sequenced
as well, but since it was not relevant for my stuldglid not go forward to try to
define the product.

There might be two reasons why some gene-specifiteps can fail or give
other products beside those expected. The mairomeesuld be that primers
Ch(F/R)3 were designed based on the sequence tiesirgpecies, medaka, and
even if the similarity of the fragments | used vi#% (no mismatches) and the
whole protein sequence is shown to be highly caeskrl can not exclude that
the nucleotide sequence differs a bit due to tlyederate code.

Consensus sequence | made after sequencing of Bahiopwas aligned with
medaka Choriolysin L nucleotide sequence and thiet ®nd, comprehensive of
primer ChR3 sequence, matched 100%. Little unspégifof ChF3 can be the
reason why | always missed that first part of thguence.

The second reason can be due to the PCR settimyspétfect annealing
temperature or amount of cDNA can lead to lowecHjg#y of this technique.

4.1.4 RACE-PCR

Rapid Amplification of cDNA Ends (RACE) -PCR takesdvantage of the
poly-A tail of a sequence to amplify unknown 3’-dafi- ends. 3’-end is normally
provided itself of a poly-A tail, since it is dir® retrotranscribed from mRNA,
while the 5-end fragment has been added to a hotgowric A-tail by a
Terminal Transferase. Amplifications were performath primers Ch(F/R)4 and
ChR5, gene-specific primers based on the salmomi@ysin sequence | got after
the first amplification with primers Ch(F/R)3.

Bands intensity and size distribution of resultipgpducts depend on the
specificity of the gene-specific primers used (lnsesall the cDNA sequences can
anneal with the the oligo d(T) anchor primer) fbe tcDNA synthesis and the
PCR, the complexity and relative abundance of taaf@NA and the PCR
conditions used. For these reason, products mayfi@n a single specific band
to multiple discrete products or broad diffuse smea
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In view of the trouble that | might encounter, Icitked to amplify only the
3’end.

In the end, adding the core part amplified witpmis Ch(F/R)3, | obtained
a sequence 558bp long instead of the total 786khis.i$ enough to recognize the
signature sequence and include it in the Astaamilya specifically among the
Hatching Enzymes.

4.2 Choriolysin gene expression

The expression of a gene into development can bermdmed through its
MRNA level, increasing or not, during a given pdrio

Choriolysin, as hatching enzyme, must be producent po hatching time,
and the aim of this study was to understand exadtign and in which quantity it
is expressed before this happening occurs. Forpilmigose | extracted the RNA
from embryos at stages in early, middle and lateeld@ment (sperm, non-
fertilized eggs, 1day/degree, 200dd, 370dd, 550ddrgos and already hatched
larvae).

Besides, | performed the same study on zebrafidbrys (stages 0 hours,
4h, 6h, 9h, 12h, 18h, 24h, 36h, 48h, 72h, 120tmate a verification of my work.
Choriolysin gene expression in this organism ir fecs been larger characterized.
It is known that zebrafish Hatching Enzyme 1 (tme @f two more similar to
salmon Choriolysin) starts to be expressed 45 rasutill 5 days after
fertilization. It is reported that hatching procgsseaking out of the eggshell)
occurs after 52 hours post fertilization but thevd&@ maintain the hatching gland
cells some days longer, in which time the hatclengyme keeps being a little
expressed.

Hatching enzymes are highly specific proteasestheg might have another
role in this organisms (as well as in the othessigh as the degradation of the
hatching gland cells. The death of those cellsheeh observed as apoptosis [24]
and the hatching enzyme itself could be the pretéaet starts this process.
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4.2.1 Amplification by PCR

The PCR amplification was performed with Ch(F/Rg&fected product size
at 413bp) and returned a specific product in al skages | extracted the RNA
from (non fertilized eggs, 1dd, 200dd, 370dd, 556dtbryos), except the hatched
larvae (Fig. 3.5). Choriolysin is supposed to bedufor hatching process, so it is
clear why it is present in earlier stages but nothatched larvae sample.
Moreover, Fig. 3.5 gives an overview on how muds tfene is expressed. The
thickness of each band is related to the conceémtraf DNA inside the sample,
which is related to the cDNA used for the PCR, Wwhidepends on the
concentration of mMRNA present into the extractada. Agarose gel shows that
the amount of DNA is quite low in early stagesl #00dd, and then highly
increases till 370dd, which means that the gera fgst only weakly transcribed
and it increases getting closer to the hatchingriGlysin needs as well time to
be translated into its protein and this is reastnalhy in the last stage, 550dd
embryos, DNA (and so its RNA) looks less concesttathen 370dd (PCR
amplification of 550dd stage, thinner band in Bdp).

I've called this ‘overview’ because the same expent has been done in
Real-Time PCR, which is much more specific. Thid momes up not only with a
visible relation to the amount of expressed geheifi sample in agarose gel), but
also with concentration values of the starting cD&lAount of that gene. Normal
PCR is instead reliable only to say if it is prasdmut not to define an expression
assay.

A separated point concerns the sperm sample. Aweak band appeared in
the agarose gel at the right size, 413bp, and ldvioe inclined to say that this is a
false positive or non-specific signal. Unfortungtéhe concentration of DNA
extracted from that band was not enough for sequgnend no more sample
(cDNA, RNA or sperm itself) was available to comntpléhis study. It would have
been interesting to go through this because therddwmnot be a reasonable motif
for Choriolysin to be expressed in sperm.

Slightly different has been the amplification falmmon then for zebrafish.
The same mechanism for starting apoptosis of hajchiand cells might be use
but choriolysin seems to be expressed no longeritheebrafish.

Zebrafish Hatching Enzyme 1 amplification was perfed with primers
HE1F1/HE1R2, which confirmed the knowledge of itesence from 45 minutes
(present in 4 hours stage and not in 0 hours,F&).till 120 hours (Fig. 3.6). The
amount looks very low until the 12 hours stage, mwhbe amplicons seem to be
more concentrated (stronger bands in the agardseryes is always related to its
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role and the time it has to work. At the beginnimigdevelopment (little post
fertilization) the embryo does not need of any heig enzyme. It might be low-
level expressed in order to take advantage, buirtbst starts to be expressed
about the middle of the embryo development stagdsave time to transcribe the
gene and produce the protein, which is storedamgje until hatching time.

4.2.2 Amplification by Real time PCR

Detect and quantify amounts of specific nucleidagequences was my aim
to determine changes in gene expression as a sdévelopment. This novel
technique has been used to define specific amam@horiolysin in Atlantic
salmonSalmo salarat several developmental stages, in order to gtalst its
gene expression. The same study was performed dbrafish Danio rerio
Hatching Enzyme 1, a gene largely more characidrizéhich expression is
known for every stage that it is supposed to bedo{#5 minutes to 5 days post
fertilization).

If the reaction works properly, there will be twiae much specific dsDNA
after each cycle of PCR. This means an exponemtaéase, which allows to
calculate the initial concentration of an unknovamsple. Actually, reactions do
not maintain perfect efficiency because reactantSinvPCR are consumed after
many cycles and the reaction will reach a plate8alf-annealing of the
accumulating product may also contribute to théepla effect.

Using LightCycle 480 to perform a Real time PCR swak possible to have
two types of DNA quantitation:

00 Relative quantitation: levels of the gene of insérare related to an invariant
control gene (housekeeping genes are not suppasedhdnge during
development). After PCR, the instrument returnsyal€ Time (G) value,
which occurs when fluorescence reaches a thresleniel. G value is
inversely proportional to the amount of a speaificleotide sequence in the
original sample. A difference of 1 between sampje @eans that the sample
with the lower G value had double the target sequence of the stmaple: a
change in @ of 2 means a 4-fold of difference; changes of Zmsea 8-fold
of difference. ACr = 2°%; fold change].

[0 Absolute quantitation: measures the actual nueleid copy number in a given
sample. This requires a sample of known quantitthefgene of interest that
can be diluted to generate a standard curve. Bhaniexternal “absolute”

| 62



Discussion

standard. Unknown samples are compared with thedatd curve for
absolute quantitation. First challenge is to obtam independent reliable
standard.

Specificity of an amplified PCR product was asseésbg performing a
melting curve analysis on the instrument. The tesylmelting curves allow
discrimination between primer-dimers and specifmdjoict.

Dissociation of amplicons can be analyzed to detesnthe melting point.
This is the temperature in which the dsDNA becossf3NA and it is unique of a
specific length and composition in base pairs dfeguence. Smaller reaction
volumes may result in melting temperature variaidmut usually one melting
peak refers to one PCR product only, while morentbee peak refers to more
then one product. It suggests that the amplificati@s not specific for a single
DNA target.

Real time PCR was performed with primers ChF4/CH&5salmon and
HE1F1/HE1R1 for zebrafish. The standard curve waderby running a previous
PCR with primers placed outside those | used thme,tto make sure | have the
sequence to amplify inside. The amplicons weretelluseveral times and with
their known concentration | could build the stanbeaurve.

The instrument measure the concentration of thepkmanthrough the
florescence of SYBR Green | and entering thoseesin the standard curve it is
possible to obtain the initial concentration of ®Nf Choriolysin.

Results quite reflect the ones obtained by usudR RElg. 3.11). Salmon
Choriolysin has low level in stages of non-fereliz eggs, 1dd and 200dd
embryos, after which it increases a lot to endtu®7@dd with the highest level of
expression. Later in development, 550dd, this Idelers till the complete
hatching of the larvae for a free life. Choriolyssnnot supposed to be present in
the larval stage but it showed up in Fig. 3.11.sTimight be due to a technical
imprecision since | never had that result in ottead-time or usual PCR | made
before using other cDNA batches. Sample of spermm m@ available, so the
assay did not include it even though it would hgiven a negative control.

Zebrafish Hatching Enzyme 1 is instead a well knqwotease, expressed
between 45 minutes and 5 days post fertilizatiorembryonic development.
Absolute quantification through DNA levels and agg gel after real-time PCR
of all the stages confirm this point of view. IrhOurs in fact it is not present and
from following stages it starts to increase un€@lt®urs. Hatching is supposed to
occur at 48 hours and its level is expected reddoad that stage. Again the
presence of it after hatching time (48 hours) sible and probably related to
another function of this protease. A bit unexpedgethat in the last stage, 120
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hours, the expression of Choriolysin increase. Tigy possibly be related to its
potential role in hatching gland apoptosis.

The real-time PCR instrument also yielded the ahittoncentration of
Choriolysin (values reported in ‘Results’ chaptem)ich reflects increases and
decreases shown in agarose gels in Fig. 3.11 an@A2.

Both salmon and zebrafish PCR products have begpreseed and they were
found to match with the already known sequence.

4.3 Futureworks

a) Find the 5’end of Salmo salar Choriolysin gene sege
b) Make its recombinant and study different domaiméwally present

c) Analyze other sequences and amplify the gene frenomic DNA in order
to find out if there are other copies and analyzeintron/exon structure

d) Investigate whether choriolysin gene expressiopresent in sperm. This
would provide a good negative control for the sfiety of the probes
used in this study

e) Would be interesting also to see the variation @ftggn amount during
embryo development, in comparison with its RNA.




5. Conclusions

Firstly, the purpose of this study was to define @horiolysin sequence of
Salmo salar Choriolysin gene and analyze its expression throegnbryo
development.

This thesis presents the last 558 nucleotide$eaBnd, which contains the
signature sequence of the Astacin family HELLHALGHYHNRSDR, coding
for the Zn-binding motif, and the SVMHY, coding fthe Met-turn. Here it has
been presented as a unique sequence (a sort dnsusssequence), which was
not fully known in salmon.

Sequencing analysis anyway showed few indicatibasdould suggest to the
presence of more then one copy in the genome.

The sequence was amplified first from the nucleo®29 to the nucleotide
709 with primers ChF35(- CCA GGA ATG CCA TGA AGT GCT TTG - 3 and ChR3¢ -
AGG GAT GGG GGT TAT GGT CTC CT - yp'and then the 3’end was determined by
RACE-PCR with primer ChF4s( AAG TCA TCT GAC GGC TTG GTG TAC G - y and
Oligo-dT.

The choriolysin gene was studied as to expressioembryo development
(stages of non-fertilized eggs, 1dd embryo, 20@®)dd, 550dd and hatched
larvae) was studied. Salmon Choriolysin was founbd expressed in a low level
at the earliest stage, the non fertilized eggs, iargbt higher between stages
200dd and 370dd. At 370dd it was in its highestreggion and then it starts to
lower until the time of hatch, where it is supposegerform its work.

Expression of zebrafish Hatching Enzyme 1 was studi stages of 0 hours
post fertilization, 4 hours, 6 hours, 9 hours, s, 18 hours, 24 hours, 36
hours, 48 hours, 72 hours and 120 hours). Its RN#tssto be present in the
second stage, 4 hours, but it seems to have aisgepwrease until hatching time.
After that, it decreases. The reason for this figdnas not been explained yet a
further increase at 120 hours post fertilizatitwe, last stage where previous works
says that it should be expressed.

65






[1].

[2].

3].

[4].
[5].

[6].

[71

[8].

[9].

[10].

[11].

[12].

References

Bode W., Gomis-Ruth R.F., Huber R., Zwilling R.,08ter W. (1992).
Structure of astacin and amplifications for acimatof astacins and
zinc-ligation of collagenaseblature 358:164-167.

Bode W., Gomis-Ruth F.X., Stocker W. (1993). Astagerralysins, snake
venom and matrix metalloproteinases exhibit idemtizinc-binding
environments (HEXXHXXGXXH and Met-turn) and topoleg and
should be grouped into a common family, the “metinis’. FEBS Lett
331:134-140.

Bond J.S., Beynon R.J. (1995). The astacin familyf o
metalloendopeptidases. Protein science, Cambridggeksity Press,
4:1247-1261.

Davis C. C. (1981). Mechanisms of hatching in aiguat/ertebrate eggs. Il.
Oceanogr. Mar. Biol. Ann. Rev19:95-123.

Devenport J., Lonning S., Kjorsvik E. (1981). Osmoand structural
changes during early development of eggs and lavi/éiee cod, Gadus
morhua L.J. Fish Biol, 19:317-331.

Dumermuth E., Sterchi E.E., Jiang W.P., Wolz RBond J.S., Flannery
A.V., Beynon R.J. (1991). The astacin family of alletendopeptidases.
J Biol Chem 266:21381-21385.

Elaroussi M.A., De Luca H.F. (1994). A new memhethe astacin family
of metalloendopeptidases: a novel 1,25-dihydroeywin D-3-
stimulated mRNA from choriallantoic membrane of iu8iochim
Biophys Actal217:1-8.

Groot E.P., Alderdice D.F. (1985). Fine structufexternal egg membrane
of five species of Pacific salmon and steelheadttrGan. J. Zoal
63:552-566.

Hagenmaier H.E. (1973). The hatching process ih #&snbryos: the
structure, polysaccharide and protein cytochemisfryhe chorion of
the trout egg, Salmo gairdneri (RICH)cta histochem 47:61-69.

Helvik J.V. (1991). Biology of hatching: mechanisamd control of
hatching in eggs of Halibut (Hippoglossus hippogiesy. Thesis
submitted of the degree of Dr. Scient., Universitydergen.

Hiroi J., Maruyama K., Kawazu K., Kaneko T., Oht&aneto R.,
Yasumasu S. (2004). Structure and development ssipre of hatching
enzyme genes of the Japanese Anguilla japonicaaspect of the
evolution of fish hatching enzyme geiiev. Genes EvpPR14:176-184.

Ishida J. (1944). Hatching enzymes in fresh-waigi,sOryzias latipes.
Annot. Zool. Jpn22:137-154.

67 |



References

[13].

[14].

[15].

[16].

[17].

[18].

[19].

[20].

[21].

[22].

[23].

[24].

[25].

[26].

luchi 1., Yamamoto M., Yamagami K. (1982). Presentéctive Hatchin
Enzyme in the Secretory Granule of Prehatching Madambryos.
Dev. Growth Differ, 24(2):135-143.

Jiang W., Bond J.S. (1992). Families of metallogragdidases and their
relationship FEBS Lett312:110-114.

Lee K.S., Yasumasu S., Nomura K., luchi I. (19%Q.E, a constituent of
the hatching enzymes of Oryzias latipes embryokases unique
proline-rich polypeptides from its natural substrathe hardened
chorion.FEBS Lett339:281-284.

Lonning S., Kjorsvik E., Devenport J. (1984). Thardening process of
the egg chorion of the cod, Gadus morhua L., andp&ucker,
Cyclopterus lumpus LJ. Fish Biol, 24:505-522.

Needham J. (1931). “Chemical embryology”. Cambriddeiv. Press,
London and New York.

Neurath H. (1989). The diversity of the proteolygiczymes. In: Beynon
RJ, Bond JS, eds. Proteolytic enzymes: A pratipgir@ach. Oxford,
UK: IRL Press.

Oppen-Berntsen D.O., Helvik J.V., Walther B.T. (@29 The major
structural proteins of cod (Gadus morhua) eggslaeltl protein
crosslinking during teleost egg hardeniBgv. Biol, 137:258-265.

Perona R.M., Wassarman P.M. (1986). Mouse blast®tydch in vitro by
using a trypsin-like proteinase associated withl cet mural
trophectodermDev.Biol, 114:42-52.

Rawlings N.D., Barrett A.J. (1993). Evolutionarynfdies of peptidases.
Biochem 290:205-218.

Schoots A.F.M., De Bont R.G., Van Eys G.J.J.M., EnJ.M. (1982a).
Evidence for a stimulating effect of prolactin aglebstean hatching
enzyme secretiold. Exp. Zoal 219:129-132.

Schoots A.F.M., Stikkelbroeck J.J.M., Bekhuis Jenucé J.M. (1982b).
Hatching in Teleostean Fishes: Fine structural ghanin the egg
envelope during enzymatic breakdown in vivo and vitro. J.
Ultrastruct. Res 80:185-196.

Schoots A.F.M., Evertse P.A.C.M., Denucé J.M. (E98¥ltrastructural
changes in hatching-gland cells in pike-embryosoxElcius L.) and
evidence for their degeneration by apoptdSell Tissue Res229:573-
589.

Schoots A.F.M., Meijer R.C., Denucé J.M. (1983b)opBminergic
regulation of hatching in fishes embry@sev. Biol, 100, 59-63.

Stocker W., Grams F., Baumann U., Reinemer P., &&tuath F.Z.,
McKey D.B., Bode W. (1995). The metzinins — Topabtad and
sequential relation between the astacins, adamalyserralysins, and
matrixins (collagenases) define a superfamily ohczieptidases.
Protein Scj 4, 823-840.




References{

[27].

[28].

[29].

[30].

[31].

[32].
[33].

[34].

[35].
[36].

[37].

[38].

[39].

[40].

[41].

[42].

Titani K., Torff H.J., Hormel S., Kumar S., WalshA{, Rodl J., Neurath
H., Zwilling R. (1987). Amino acid sequence of aque protease from
cryfish Astacus fluviatilisBiochemistry 26, 222-226.

Vogt G., Stocker W., Storch V., Zwilling R. (1989Biosynthesis of
Astacus protease, a digestive enzyme from crayfigtstochemistry
91, 373-381.

Wallace R.A. (1985). Vitellogenesis and oocyte gioan nonmammalian
vertebrates. |: Development biology, Vol. 1. L.Wroder. Eds.
Plenum Publishing, New York, pp. 127-177.

Walther B.T., Andersen @., et al. (2001). Saln@oriolysin Sequence.
Internal document #11 in Aqua Bio Technology Ltd\-5640
EIKELANDSOSEN , Norway.

Willemse M.T.M., Denucé J.M. (1973). Hatching Gland the Teleosts.
Brachydanio rerio, Danio malabaricus, Moenkhaudigotepis and
Barbus schubertDev. Growth Differ, 15, 169-177.

Wolpert L. (1998). Principles of development. CuatrBiology Ltd.

Wourms J.P., Sheldon H. (1976). Annual fish oogsnéls Formation of
the secondary egg enveloev. Biol, 50 355-366.

Yamagami K. (1981). Mechanisms of hatching in figecretion of
hatching enzyme and enzymatic choriolygisier. Zoal, 21, 459-471.

Yamagami K. (1988). “Mechanisms of hatching in fishcademic Press.

Yamamoto M. (1963). Electron microscopy of fiskwdlopment. I. Fine
structure of the hatching glands of embryos of thleost, Oryzias
latipes.J. Fac. Sci Univ. Tokyo, Sect. 4 10, 115-121.

Yamamoto M., luchi I., Yamagami K. (1979). Ultrasttural changes of
the teleostean hatching gland cell during natumdliaduced precocious
secretionDev. Biol 68, 162-174.

Yamamoto M., Yamagami K. (1975). Electron microscogtudies on
choriolysis by the hatching enzyme of the tele@xtyzias latipesJ.
Fac. Sci, Univ. Tokyo, Sect. 4 10, 115-121.

Yasumasu S., Katow S., Hamazaki T.S., luchi I., ¥gami K. (1992).
Two constituent proteases of a teleostean hatdmagme: Concurrent
synthesis and packaging in the same secretory lgiann discrete
arrangemenDev. Biol, 149, 349-356.

Yasumasu S., luchi I., Yamagami K. (1988). Isolatamd some properties
of Low Choriolytic Enzyme (LCE), a component of tltatching
Enzyme of the Teleost, Oryzias latip@dsBiochem 105, 212-218.

Yanay T. (1966). In: Hatching. — In: “Embryology ®ertebrates”. Ed.
M.Kume. eds. Baifukan, Tokyo., pp. 49-58.

Yokoya S., Ebina Y. (1976). Hatching Glands in Sainfishes, Salmo
gairdneri, Salmo trutta, Salvelinus fontilanis aBdlvelinus pluvius.
Cell Tissue Res172, 529-540.

69 |






Appendix

Reverse translation &almo salaiChoriolysin protein
(Cap. 3.2.2, pag. 41)

1 MetAspHisArgProThrLeuSerLeulLeulLeuleuleuleulL euLeuGlyLeuSerGIn
ATGGATCATCGTCCTACTCTTTCTCTTCTTCTTCTTCTTCTTCITCTTGGTCTTTCTCAA
C CAC CCTCAGCTCTCTCTCTCTCT CTC CTCAGC G
AAAAAAAAAAA AAAAA
GGGGGGGGGGG GGGGG
21 AlaSerGlyAsnGluPheHisAspGluProAspHisValSerl leThrSerVallleLeu
GCTTCTGGTAATGAATTTCATGATGAACCTGATCATGTTTCTATACTTCTGTTATTCTT
CAGCCCGCCCGCCCCAGC C CAGC C CTC
AAA A AA AAAAAA
GGG G G G GGG G
41 LysSerAsnAsnGlyThrAsnGluLeuLeulLeuAspGlyAspl leLeuAlaProArgThr
AAATCTAATAATGGTACTAATGAACTTCTTCTTGATGGTGATATCTTGCTCCTCGTACT
GAGC CCcCCcCcCGTCTCTCCCC CTC C CACC
A AA AAA A AAAAAA
G G G GGG G GGGGG
61 ArgAsnAlaMetLysCysPheSerSerGInTyrSerCysLeuT rpLysLysSerSerAsp
CGTAATGCTATGAAATGTTTTTCTTCTCAATATTCTTGTCTTTGGAAAAAATCTTCTGAT
AC CC G C CAGCAGC G CAGC CTC G GAGCAGC C
A A AA A A A A
G G G G G G G G
81 GlyLeuValTyrValProTyrlleLeuSerAlaValTyrSerS erLeuGluVvalGluThr
GGTCTTGTTTATGTTCCTTATATTCTTTCTGCTGTTTATTCTTCTCTTGAAGTTGAAACT
CTC C C C C C CTCAGC C C CAGCA GCTC GCGC
AAA AA AAAAA A AA A A
GGG GG GGGG G GG G G
101 lleGluThrAlaMetLysTyrPheGInGlyLysThrCyslleA rgPhelleProArgLys
ATTGAAACTGCTATGAAATATTTTCAAGGTAAAACTTGTATTGSTTTTATTCCTCGTAAA
CGCC GCCGCGCCCA CCCCACG
A AA A A A A AAA
G G G G G G G
121 ThrGInThrAlaTyrLeuAsplleGInSerSerGlyGlyCysP heGlyThrValGlyThr
ACTCAAACTGCTTATCTTGATATTCAATCTTCTGGTGGTTGTTTGGTACTGTTGGTACT
CGCCCTCCCGAGCAGC C CC cccccc
A AA A A AAAA AAAAA
G GG G G GGG GGGGG
141 ValGlyAspArgGInThrLeuSerLeuAlaGInPheGlyCysV alGInHisGlyllelle
GTTGGTGATCGTCAAACTCTTTCTCTTGCTCAATTTGGTTGTGICAACATGGTATTATT
CCCACGCTCAGCTCCGCCC cGgcccece
AA A AAAAA A A AAA
GG G GGGGG G G G
161 GInHisGluLeuLeuHisAlaLeuGlyPheTyrHisGluHisA snArgSerAspArgGlu
CAACATGAACTTCTTCATGCTCTTGGTTTTTATCATGAACATATCGTTCTGATCGTGAA
GCGTCTCCCTCCCCCGC CACAGC CAC G
AA AAA AA A
GG GGG GG G
181 GinTyrlleArglleAsnTrpGInTyrlleTyrAspTyrAlaV alGlyAsnPheGInLys
CAATATATTCGTATTAATTGGCAATATATTTATGATTATGCTGTTGGTAATTTTCAAAAA
GCCACCC GCccccc ccccaeeae
AAA A A AA
G G G G
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201 GluAspThrAsnAsnLeuHisThrAlaTyrAspTyrSerSerValM etHisTyrAspArg
GAAGATACTAATAATCTTCATACTGCTTATGATTATTCTTCTGITATGCATTATGATCGT
GCCCCTCCCCC CCAGCAGC C CCCAC
A A AA AA A A
G G GG G G G G
221 ThrAlaTyrThrAsnAspTyrGlyLysGluThrlleThrProl leProAspProSerVal
ACTGCTTATACTAATGATTATGGTAAAGAAACTATTACTCCTATCCTGATCCTTCTGTT
cccccccececaegagcececc C C C CAGC C
AA A A AAAA AA AAA
GG G G G GG G GGG
241 AlalleGlyGInArgLeuGlyMetSerAsplleAspValLeulL ysValAsnLysLeuTyr
GCTATTGGTCAACGTCTTGGTATGTCTGATATTGATGTTCTTAAGTTAATAAACTTTAT
CCCGACTCC AGCCCCCTC GCCGTCC
AAA AAA A A AA A A
G G GGG G G G G G
261 GInCys
CAATGT
GC
R R R E R E R EE R E R khkkkkhkkhkhdkkkkx*x*

620bp band nucleotide consensus sequence.
(Cap. 3.2.4.2, pag. 47)

1 ATGTCTCATCAGCGCTCTTATCCCCCGATAACCTAGACCCACTUUT&EATACCGCA
61 CCAACAGATCCACAGATGATGCAATCTCTATTGCACTCCACACTGETOCCACCTGG
121 ACAAAAGGAACACTTATGTGAGAATGCTATTCATTGACTACAGCITACAACACCA
181 TAGTGCCCTCAAAGCTCATAACTAAAGTAAGGGGGAGGGGAGTABTTTTTGCAA
241 CTGGATCCTGGACTCCTGGAAGGGTCGCCCAGGAGGTGAARASE AT TCTACC
301 ACTAGCACAAATCGTGAGACCGGGAGCCCTCTATGGGGGTAIACTAITCTGTG

361 ACTACGGCGATGGGAACTTCTAGAAGGAGGACACGTTCCTTATGGARTATTAGT
421 ACTCCTCTGCAAAAGAAAAACGATAGAACCGCTTAGACTAACBRAEAAAGGAGACE

481 ATATCCCCCATCCTTGACTGTGTTCCATAAAAAACAACTATTGROBIAAAAAAAA
541 AATAAGGAAGTTGATAGCACACTGCAGACAACTAAGACCCTAKIGTBAGACTTA
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620bp band amino acid consensus sequence.
(Cap. 3.2.4.2, pag. 47)

1 MSHQRSYPPIT-THSNLHTAPTDPQMMQSLLHSTLPFPTWTKGTERYSLTTVQLSTP

61 -CPQSS-LK-GGGD-LLLLQLDPGLLEGSPRR-KRSWDSTTSTNREGSPLWGSTGTPS
121 TTAMGTSRRRTRSFCTLNISTPLQKKNDRTA-TNDYRKETISPIL@V/P-KTTIPSM-KK
181 NKEVDSTLQTTKTLSSI-DL

1 CLISALIPR-PRPTPICIPPQQIHR-CNLYCTPHCPFPPGQKEHLC ENAIH-LQFSFQHH

61 SALKAHN-SKGEGTNCSFCNWILDSWKGRPGGEKEAGILPLAQPGALYGGLLALLL-

121 LRRWELLEGGHVPSAH-ILVLLCKRKTIEPLRLTTTERRPYPPSIMFHKKQLFPQCKKK
181 IRKLIAHCRQLRPYPLYKT

1 VSSALLSPDNLDPLQFAYRPNRSTDDAISIALHTALSHLDKRNTYRMLFIDYSSAFNTI
61 VPSKLITKVRGRGLIAPFATGSWTPGRVAQEVKKKLGFYH-HKSREPSMGVYWHSFCPD
121 YGDGNF-KEDTFLLHTEY-YSSAKEKR-NRLD-RLPKGDHIPHP-ICSIKNNYSLNVKKK
181 -GS--HTADN-DPILYIRL

Three amino acid sequences are reported due inkmown starting point. Each
of the first three nucleotides could be the firfsth@ codon.

R R S B S S I S S EE I S B B I S S

3’ RACE-PCR, consensus sequence of 680bp bandeblisi sequence.
(Cap. 3.2.6, pag. 48)

121
181
241
301
361
421
481
541
601
661

1 CAGCGCTGTA TATTCAGCTT GGAGGTAGAG ACTATTGAGA GGCATGAA GTACTTCCAA
61 GGCAAGACCT GCATCCGCTT CATTCCACGT AAGACACAGAGEICTACCT GGACATTCAG

AGCAGCGGCG GGTGTTTTGG TACCGTGGGG ACTGTTGGEHBSCAGAC ATTGTCTCTT]
GCACAGTTTG GCTGTGTTCA ACATGGTATC ATCCAGCATGGY&CTTCA CGCCCTGGG
TTCTACCACG AGCACAACAG GAGTGACCGT GAACAGTATAABGATCAA CTGGCAATAC
ATCTATGACT ACGCCGTTGG GAACTTCCAG AAGGAGGACABCAACCT GCACACTGCA
TACGACTACT CCTCTGTCAT GCACTATGAT AGAACCGCTT ACTAACGA CTACGGAAAG
GAAACCATCA CTCCCATCCC AGACCCATCT GTGGCCATTAIBSAGACT GGGCATGTC
GACATTGATG TCCTGAAGGT CAACAAGCTC TACCAATGCT@AGGAAGA GCGCCATTG
TGAAAATGTG TGATGCTGGA TGTGCTGTCA TGTGCTGATGTTATATTG TTGGAAGTTT

GTATGTATCC TTTTAATCAC ATTGGTAATA ATAAAGCATG GIIATGGTAA AAAAAAACGG
CGAGTGTGGT GGTTACCCGC GTTGTGACCG CTACACTTGGCAGCTTA G

7

7

=1
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3’ RACE-PCR, consensus sequence of 680bp band. ®atuid sequence.
(Cap. 3.2.6, pag. 48)

1 QRCIFSLEVE TIETAMKYFQ GKTCIRFIPR KTQTAYLDIQ SS GGCFGTVG TVGDRQTLSL|
61 AQFGCVQHGI IQHELLHALG FYHEHNRSDR EQYIRINWQY IYDYAVGNFQ KEDTNNLHTA
121 YDYSSVMHYD RTAYTNDYGK ETITPIPDPS VAIGQRLGMS DIDVLKVNKL YQC-EEERHC
181 -KCVMLDVLS CADVFYCWKF VCILLITLVI IKHGYGKKKR RV WWLPAL-P LHLPAA-

EE I S b b b e b S S S S S I e b e b S I EE I S B b b b S S S S I b

ClustalW comparison ddalmo salanucleotide sequence before and after RACE-
PCR.
(Cap. 3.2.6, pag. 49)

before AAGTCATCTGACGGCTTGGTGTACGTGCCTTACATCCTCABEIRTATTCCAGCTTG
after CTCAGCGC TGTATATTC-AGCTTG

*kkkkkkk kkkkkkkkk kkkkkk

before GAGGTAGAGACTATTGAGACGGCCATGAAGTACTTCCAAGRGRAGCATCCGCTTC
after GAGGTAGAGACTATTGAGACGGCCATGAAGTACTTCCAAGGBEETGCATCCGCTTC

*% Kkkkkkkkkkkkkkkkk

before ATTCCACGTAAGACACAGACTGCCTACCTGGACATTCAGAGBIBGGGGTGTTTTGGT
after ATTCCACGTAAGACACAGACTGCCTACCTGGACATTCAGAE&CGGGTGTTTTGGT

Kkkkkkkkkkkkkkkkk

before ACCGTGGGGACTGTTGGGGACAGGCAGACATTGTCTCTTGTARBAGCTGTGTTCAA
after ACCGTGGGGACTGTTGGGGACAGGCAGACATTGTCTCTTGG'A'CV-GGCTGTGTTCAA

* * Kkkkkkkkkkkkkkkkk

before CATGGTATCATCCAGCATGAGCTGCTTCACGCCCTGGGCTIABGAGCACAACAGG
after CATGGTATCATC CAG CATGAG CTGCTTCACGCCCTG GGCTOCTRECGAGCACAACAGG

* * Kkkkkkkkkkkkkkkkk

before AGTGACCGTGAACAGTATATCAGGATCAACTGGCAATACATGABTACGCCGTTGGG
after AGTGACCGTGAACAGTATATCAGGATCAACTG GCAATACATIACTACGCCGTTGGG

Kkkkkkkkkkkkkkkkk

before AACTTCCAGAAGGAGGACACCAACAACCTGCACACTGCATARGACCTCTGTCATG
after AACTTCCAGAAGGAGGACACCAACAACCTGCACACTGCATAZCITGQTCCTCTGTCATG

* * Kkkkkkkkkkkkkkkkk

before CACTATGATAGAACAGCTTACACTAACGACTACGGAAAGGBSPACCCCCATCCCT
after CACTATGATAGAACCG CTTACACTAACGACTACGGAAAG GAMRKCACTCCCATCCCA

* * * % * * k% kkk kk kkkkkkkk

=Y 0] ¢ = TP —
after GACCCATCTGTGGCCATTGGACAGAGACTGGGCATGTCCGREMNIGTCCTGAAGGTC
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DEefOre —mmmemmmmm o e
after AACAAGCTCTACCAATGCTAAGAGGAAGAGCGCCATTGTT@ABAGTGATGCTGGAT

DEefOre mmmemmmmm -
after GTGCTGTCATGTGCTGATGTATTTTATTGTTGGAAGTTTGTARICCTTTTAATCACA

=Y 0] ¢ =T ——
after TTGGTAATAATAAAGCATGGTTATGGTAAAAAAAAACGGCGBEEGTGGTTACCCGCG

before
after TTGTGACCGCTACACTTGCCAGCAGCTTAG

R S B S S I S EE I SR I I S B

Microsatellite sequence found after reverse traiosiaf Salmo salatChoriolysin
protein sequence.
(Cap. 4.4.1, pag. 55)

1 ctggaattgc cctcggaact cagaaccaca tcttacatge a atgtcaagt

61 ctgtcaggag agtctagagt ttaagtaaac aagtcattgg g tcacagagg
121 aaataattgt cttgagtcat ttctttgacg ttcaccaaca g taatcagat
181 gctgccagag agttggtacg ggataaatat gaatattggg t gcgcaaaag
241 agaaggagat gggagagatg agtgaaatag atgaataaga g aaagggaga
301 atatgaatga gtgagttgca ctgtgttcca gggtagagag a gtgagtgag
361 tggggacgag agggaagtgc caacacatgt gctagtcatt t aggaggcag
421 tttgctttac atctgttttc tgatcttica actaccccct ¢ cttttctct
481 ctttttctct ctetatcttg ctctcgcette ccctgaccct g ctetttcct
541 ttgttcatca tgtttcccge atgggacaca cacacacaca ¢ acacacaca
601 cacacacaca cacacacaca cacacacaca cacacacaca c actggtagg
661 gttctctatg gaatgcagac atatcatccc cagtgatgta t caaggatat
721 acattaccaa ctgcagcgtg cagcaatacg ccacaaatac a tgtctgtct
781 caggtattct ggaatggaat gtgtccctgt cgcaggtatt ¢ tggaatgga
841 atgtgtccat gtctcaggta ttctggaatg aaatgtgtcc ¢ tgtctcagg
901 tattctggaa tggaatgtgt ccctgtctca ggtattctgg a atggaattt
961 gtccatatct cagaatgcac atgtgtgttt agggccctct g ggtatatac
1021 tctacattaa tcagtgtgcc atatttctct gtgtcgcetgt g cggttggag
1081 taggacaacc atgctcatta gtcagcaaac tatcctgagc a gacctatac
1141 tgccaatgct gcacatacct ccctcnag

EE I b b b b S S S S S S e b e b S S I I EE I S B b b b S S I S I S b

75 |



Appendix

ClustalW comparison of Salmo salar Choriolysin potide sequence, obtained
after PCR amplification with primers Ch(F/R)3.
(Cap. 4.1.3, pag. 57)

1F --AACCCNCGNAANN----NGTGTACGTGCCTTACATCCTCA-G-GCTGTATATTCCAG
2F -TAACCCANGNNANG----GNNGTANNTGCCTTACATCCTCA-GE&CTGTATATTCCAG
3F NNNNNCNACNNANGNA---GGTGTACGTGCCTTACATCCTCA-GETGTATATTCCAG
4F NNNNCNNCGNAANN----NGG-GTACGTGCCTTACATCCTCA-GCTGTATATTCCAG

1R -CTGTATATTCCAG
2R -NNAAGTATCTGACGGCTTGGTGTACGTGCCTTACATCACAABGRAGTATATTCCAG
3R GTGCCTTACATCAATCAGAA ACTGTATATTCCAG

K*kkkkkkkkkkk

1F CTTGGAGGTAGAGACTATTGAGACGGCCATGAAGTACTTCCAAGBCCTGCATCCG
2F CTTGGAGGTAGAGACTATTGAGACGGCCATGAAGTACTTCCAAGBCCTGCATCCG
3F CTTGGAGGTAGAGACTATTGAGACGGCCATGAAGTACTTCCAAGBCCTGCATCCG
4F CTTGGAGGTAGAGACTATTGAGACGGCCATGAAGTACTTCCAAGBCCTGCATCCG
1R CTTGGAGGTAGAGGCTATTGAGACGGCCATGAAGTACTTCCMGETCTGCATCCG
2R CTTGGAGGTAGAGACTATTGAGACGGCCATGAAGTACTTCCAAGSCCTGCATCCG
3R CTTGGAGGTAGAGACTATTGAGACGGCCATGAAGTACTTCCAAGSCCTGCATCCG

kkkkkkkkkkkkkk

1F CTTCATTCCACGTAAGACACAGACTGCCTACCTGGACATTCAEIBERGCGGGTGTTT
2F CTTCATTCCACGTAAGACACAGACTGCCTACCTGGACATTCAEINTGEGCGGGTGTTT
3F CTTCATTCCACGTAAGACACAGACTGCCTACCTGGACATTCAEINTGEGCGGGTGTTT
4F CTTCCTTCCACGTAAGACAAAGACTGCCTACCTGGACATTCABIGEGCGGGTGTTT
1R CTTCATTCCACGTAAGACACAGACTGCCTACCTGGACATTCAGRBGCGGGTGTTT
2R CTTCATTCCACGTAAGACACAGACTGCCTACCTGGACATTCAGKBGCGGGTGTTT
3R CTTCATTCCACGTAAGACACAGACTGCCTACCTGGACATTCAGBGCGGGTGTTT

*kkk Kkkkkkkkkkkkkkk

1IF TGGTACCGTGGGGACTGTTGGGGACAGGCAGACATTGTCTCAGUOAGGCTGTGT
2F TGGTACCGTGGGGACTGTTGGGGACAGGGAGACATTGTCTCHRGIAGGCTGTGT
3F TGGTACCGTGGGGACTGTTGGGGACAGGCAGACATTGTCTCAGIOAGGCTGTGT
4F TGGTACCGTGGGGACTGTTGGGGACAGGCAGACATTGTCTCAGIA GGCTGTGT
1R TGGTACCGTGGGGACTGTTGGGGACAGGCAGACATTGTCTCAEIOAGGCTGTGT
2R TGGTACCGTGGGGACTGTTGGGGACAGGCAGACATTGTCTCRAEITAGGCTGTGT
3R TGGTACCGTGGGGACTGTTGGGGACAGGCAGACATTGTCTCRAEITJAGGCTGTGT

* Kkkkkkkkkkkkkkk

1F TCAACATGGTATCATCCAGCATGAGCTGCTTCACGCCCTGGGATTBCGAGCACAA
2F TCAACATGGTATCATCCAGCATGAGCTGCTTCACGCCCTGGGRCTBCGAGCACAA
3F TCAACATGGTATCATCCAGCATGAGCTGCTTCACGCCCTGGGATTBCGAGCACAA
4F TCAACATGGTATCATCCAGCATGAGCTGCTTCACGCCCTGGGRCTBCGAGCACAA
1R TCAACATGGTATCATCCAGCATGAGCTGCTTCACGCCCTGGBRITACGAGCACAA
2R TCAACATGGTATCATCCAGCATGAGCTGCTTCACGCCCTGGGRITACGAGCACAA
3R TCAACATGGTATCATCCAGCATGAGCTGCTTCACGCCCTGGGAITECGAGCACAA

Kkkkkkkkkkkkkkk

1F CAGGAGTGACCGTGAACAGTATATCAGGATCAACTGGCAATABRGBCTACGCCGT
2F CAGGAGTGACCGTGAACAGTATATCAGGATCAACTGGCAATABAGBCTACGCCGT
3F CAGGAGTGACCGTGAACAGTATATCAGGATCAACTGGCAATABRGBCTACGCCGT
4F CAGGAGTGACCGTGAACAGTATATCAGAATCAACTGGCAATABATBCTACGCCGT
1R CAGGAGTGACCGTGAACAGTATATCAGGATCAACTGGCAATARRGACTACGCCGT
2R CAGGAGTGACCGTGAACAGTATATCAGGATCAACTGGCAATAERGACTACGCCGT
3R CAGGAGTGACCGTGAACAGTATATCAGGATCAACTGGCAATAERGACTACGCCGT

Kkkkkkkkkkkkkkk




Appendix

1IF TGGGAACTTCCAGAAGGAGGACACCAACAACCTGCACACTCGEATARCTCCTCTGT
2F TGGGAACTTCCAGAAGGAGGACACCAACAACCTGCATTCTGGATABCTCCTCTGT
3F TGGGAACTTCCAGAAGGAGGACACCAACAACCTGCACACTCEATARCTCCTCTGT
4F TGGGAACTTCCAGAAGGAGGACACCAACAACCTGAACACTGCGATARCTCCTCTGT
1R TGGGAACTTCCAGAAGGAGGACANNNACAACCTGCACACT@EHIPKCTCCTCTGT
2R TGGGAACTTCCAGAAGGAGGACNNCNACAACCTGCACACTEAOMCTCCTCTGT
3R TGGGAACTTCCAGAAGGAGGACANCANCAACCTGCACACT@GNMIPACTCCTCTGT
*

*kkkkkkkkkkkkk

1F CATGCACTATGATAAAACAACTTACACTAACGACTACGGAAASGAIGTAACCCCCAT
2F CATGCACTATGATAAAACAGCTTACACTAACGACTACGGAAAGTGIMN ANCCCNCAT
3F CATGCACTATGATAGAACCGCTTACACTAN
4F CATGCACTATGATAGAACCTCTTACACTAACAACTACGGAAAGGAG------
1R CATGCACTANGATAGNNNNNNNNNNNNNNNNNNNNNNNNN--------------
2R CATGCANTNNGNTNGNNCNGNNNNNNNNNNNNNNNNNNNN——-------
3R CATGNANTANNATAGNNNNGNNNNNNNNNNNNNNNNNN----——---aeeeee

*kkk * * *
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