1 GROWMH STI MULATI NG POLYPEPTI DES FOR USE I N FI SH AND CRUSTACEANS 5
Technical field The present invention is related wwth the field of aquatic
bi ot echnol ogy, in particular with polypeptides with a higher activity
conpared to tilapia growh hornone antl the use of these polypeptides to

I ncrease the survival and quality of treated |arvae by inmmersion or as a
feed additive. 10 Previus art The searches of agents that pronote growh in
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| abor at or CBUSTAHKANShor none (GH) has been the nmain subject. of this
research. 15 It have been reported the presence of GH in manmal s, birds,
reptiles, anphibious and fish. GH or somatotropn is a pol ypeptide

synt hegi z A rreted by the somatotrophos of the anterior pituitary in
responie fg 'ﬁ';‘)g%fﬁé'f"am c peptides (Barinaga M, et al. (1985) Independent

effects oThgrpresént Inventios iseteisted naith f det ﬁéldOBf Hopieti® BietedBASIope apse and
gene transcription, Nature 314: 279-281). GHis involved in growh
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post nat atregfedJanvae by :mmmsson ohasaafeed)adtﬂmmt over the i mmune systemcells.
E notes T-cell proliferation. It is well docunmented its antigen

recep r activity and 25 its role as co-stinulator in the maturation- of

| ynphocyt Peevitigart s H. and Bird DD J. (1997) The effects of a-MSH and MCH

on the proll_|| fera | on rai nbow trout “&Oncorhynchus myki ss) | ynphocytes in

vitro. agem%haﬁﬁmofesgro I iy @fluaticy QEIRsISiNg Havwﬁﬁﬁ@at ive
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interesting Its structura S|m arity wt a nunber of cytoquin€s such as:
| L- 2, | L-leen theInainteeibjpchoiithicsesearshl ony stinul ating factor, the macrophage-
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Curr. Ophnd fighr ¢ oBsematatiopii®s 8 3blypeptide synthesized and secreted by the

somatotrophos of the anterior pituitary in response to hypot’halamic peptides
(Barinaga M., et al. (1985) Independent effects of growth hormone releasing
factor on growth hormone release and gene transcription. Nafure 314: 279-281).

20 GH is involved in growth regulation, development, metabolism, appetite and
osmoregulation in fish (Donaldson E. M., et al. (1979) Hormonal enhancement of
growth. Fish Physiol. 8. 455-597). Besides its anabolic effects over the somatic
post-natal growth, in fish it has also effect over the immune system cells, GH
promotes T-cell proliferation. [t is well documented its antigen receptor activity and

25 its role as co-stimulator in the maturation of lymphocytes (Harris H. and Bird D. J.
(1997) The effects of a-MSH and MCH on the proliferations of rainbow trout
(Oncorhynchus mykiss) lymphocytes in vitro. In: Kawashima, S., Kikuyama, S.,
(Eds), Advances in Comparative Endocrinology. Monduzzi Editoiré, Bologn pp.
1023-1026a).

30 ltis very interesting its structural similarity with a number of cytoquines such as:
IL-2, IL-4, IL-5, the granulocyte colony stimulating factor, the macrophage-
granulocyte stimulating factor and interferon (Sprang S. R. and Bazan J. F. (1993)
Cyfokine structural taxonomy and mechanisms of receptor engagement. Curr.
Opin. Struc. Biol. 3: 815-827).



2 In mammuals, CGH stinmulates phagocytosis, the maturation and
differentiation of thynocytes (Otega E., et al. (1996) Effects of
prolactin on the in vitro phagocytic capacity of macrophages. Conp.

| mmunol . | munopat hol . 61: 389-393) ar?d apoptosis of T-cells producing
cells (Murphy W J. and Longo D. L. (2000) G owmh 5 hornone as an

I mmunodul . ati ng t euti c agen | munol . Today 121: 211- 213). Simlarly,
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It is well known the inductive effect of 1G--1 oVver B- cells, imunoglobulin

and pl asri@brie B&yioz. PThet 8l dd998) Meswiatine ofi thectaspiratosy QWSt @G&Wﬂ@s@ on of GH
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det ect ed dng phrasiti¢ Bmmﬂsmﬂheﬂﬂsbmaumm £§-36). A in Endocri noI Met ab. 79:
984-990) ‘It has been demonstrated the increase in plasma GH levels as a result of fransfer
20 Salmo trutta from freshwater to seawater accompanied ‘with reduced levels of
thyroids hormones in correlation with an increase in phagocytic activity of the
head kidney leukocytes and an increase in plasmatic lysozyme concentration.
Some studies pointed out the expression of specific GH receptors and IGF
receptors in lymphocytes (Tapson V. F., et al. (1988) Structural and functional
25 characterization of the human T lymphocyte receptor for insulin-like growth factor |
in vitro. Clin, C. Invest. 82: 950-957). It has been demonstrated the in vitro effect
of IGF-l in T-cell proliferation. 1t is well known the inductive effect of IGF-| over B-
cells, immunoglobulin and plastmatic cells. The B-cells show the highest level of
expre‘ss‘ion of GH receptor (Badolato R., et al. (1994) Differential expression of
30 surface membrane growth hormone receptor on human peripheral blood
lymphocytes detected by dual fluorochrome flow cytometry. J Clin Endocrinol

Meiab. 79: 984-950).



3 GH can affect |ynphocytes B and T indirectly through its activating
effect over macrophages and nonocytes (Edwards C. K., et al. (1988) A newy
defined property of sornatotropin: primng of macrophages for production of
superoxi de anion. Science 239: 769-77A1). In the last one also pronote
qU|n1otaX|s These 5 cells al so act over the Iynphocytes by cytoquines
secretion reyert. MC.cells defl i_ency (Davil a et al. (1987) Role
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pol ypepti de of 22 kDa conposés by a uni que ﬁolépeptlde chain. This

poI ypept i immersisnsVeriama 1Se spgokawaydhib H. evthatnylafiathoiduyepileewi s U,
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\(l:\glrrgm$gf Gggkdﬁ.ymeﬂﬁt Bale-ﬁ\)\n th a single poI ypept ide chain with a nol ecul ar

struct ur aHUV'é’F‘DéHte’S? Smmeﬁ@ﬁf’w(ﬁ@r%% g%lng’l stf ‘%th){ ¥E§§%%W§é{79 2687) ,
acetyl at eghaipd fpAg ;Hathe%uﬁﬁtaISDglafnar Ut 5. bt dl. (1983)alhe (SIBANIan t er ed

proteol ytic cleavage of human ‘growth horrmne as a resulf of -
nature of circulating growth hormone in normal and acromegalic man: evidence

:!

for a principal and minor monomeric forms. J. Clin. Endocrinol. Metab. 56 946-
20 952), plasma (Baumann G., et al. (1985) Molecular forms of circulating growth
| hormone during spontaneous secretory episodes and in the basal state. J. Clin.
Endocrinol. Metab. 60: 1216-1220) and urine (Baumann G. and Abramson E. C.
(1983) Urinary growth hormone in man: evidence for multiple molecular forms.
Endocrinology 56: 305-311). The predominant variant of human GH is a
25  polypeptide of 22 kDa composes by a unique polypeptide chain. This polypeptide
constitute the 85% of the immunoreactives human GHs (Lewis U. J., et al. (1994)
Variant forms and fragments of human growth hormone in serum. Acta Paedialr.
Suppl. 399: 29-31). Other variants of human GH comprise a polypeptide with a
single polypeptide chain with a molecular weight of 20 kDa (Lewis U. J., et al,
30 (1978) A naturally occurring structural variant of human growth hormone. J. Biol.
Chem. 253: 2679-2687), acetylated and deamidated 22 KDa forms (Lewis U. J,,
et al. (1981) Altered proteolytic cleavage of human growth hormone as a result of
deamidation. J. Biol. Chem. 256:. 11645-11650) and a fruncated variant that
resulted from proteolytic cleavage which has two polypeptide chains connected by



deam dation. J. Biol. Chem 256: 11645-11650) and a truncated variant that
resulted fromproteol ytic cl eavage which has two pol ypepti de chains
connected by 4 a disulfure bond (Singh R N, et al. (1974) Mdified forns
of human growth hornone with increaseld biol ogical activities. Endocrinol ogy
94: 883-891). Several studies denonstrated that the |ast variant is the

nost active., This molecule is the result of proteinases digestions between
ani noaci & di%}{]' 5’071‘30(%(‘9?9% Re M2 atrgl 61974 Movified Jogms of human growth, (1991)
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system this systemrequires a sinple genetic and nol ecular mani pul ati on;
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speci al | east Fafge cea ernent ati ons
and il5  Heerplogioes @mcteirfsofr hisherganispi oﬁ&rdhy hyneﬁitsmf c&hahg;mterhsguchlas
I.ts culture at. hi

publ 1 shed i ted fo e Bolyie G815 of e¥afdSsiofneren nabdig SL bR Akt s yoast
expr essi ngpabewd chRIb thedel WiFAStHRE 8O AHRATERS b %tneéukéﬁoﬁtf fsostenpyigdt 30
chicken growth after adninistration of feed enriched with réeconbinant Pichia
realize the post-translation modifications such as proteolytic processing, refolding,
glycosylation and disulfure bond formation (Higgins D. R. and Cregg J. M. {1998)
20 Infroduction to Pichia pastoris. Pichia protocols. Humana Press Inc., Towota 1-
15).
As expression system, this system requires a simple genetic and ~molecular
manipulation; it's less expensive than the expression in insect cells or mammal
tissue cultures, because the mediums for growth and expression do not require
25  special supplements. This yeast easily adapts to large scale fermentations and it
has preference for the respiratory growth, a physiological characteristic which
facilitate its culture at high densities.
It has been published several studies of growth stimulation using recombinant
yeast expressing growth hormone. It has been demonstrated the effect over
30 chicken growth after administration of feed enriched with recombinant Pichia
pastoris expressing GH (Chen C. M. et al. (2000) Growth enhancement of fowls
by dietary administration of recombinant yeast cultures containing enriched growth
hormone. Life Sciences 67: 2103-2115). Besides, Tsai et al., 1993 obtained an
accelerated growth by dietary administration of recombinant \Saccharomyces



pastoris expressing GH (Chen C M et al. (2000) G owh enhancenent of fow s
by dietary adm nistration of reconbi nant yeast cultures containing enriched
grow h hornone. Life Sciences 67: 2103-2115). Besides, Tsai et al., 1993
obt ai ned an accelerated growh by diétary adm nistration of reconbinant
Saccharonyces 5 cerevisiae expressing GH (Tsai H J., et al. (1993)

yonct | yedratsias sxPlai At Teabi. & & 8l Vi Ekehaameot ofapis sty 1 has
been protigetthry AdiRisRAIG of I&oﬁa@%t%sﬁlyaﬂe%%% 'Q@Pm%tgg FERLVILY 5

simlar to fish growth hornone and its ‘use to pronote
larval noPe diawan 26 33%B45)Accel erate growth, increase survival and inprove
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8 which sho higher activity conpared with tilapia GH and its application
in fish Jﬁawﬁlﬁﬂﬁg{}bans. As the main result, we found that these
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t he am noaci d sequences previously described, produce ™ an 1 ncrease in growh

rate, surgiRproblems iBAMBCHUHEI ty when they are adninistered by i mrersion

baths or as a feed additive to fish and crustaceans. Al so, they inprove the

i mune status. It was denonstrated the superiority of the -polypeptides

conpakled SuWmmarylafthe lmventidn hor none. 20 The use of these, pol ypeptides in

aquacul tuge has several. advant ages:. 1) .t are. nolecul es spaller than fish
R LitsPy e G, B

GH, then Ife PIFPERE IOYRIBioRVEy2 &y Mmeptigned; RROYS ¥ st ream
easily; Zolyieptiiey withearhinde6is lseq@énddsSSEGHD NBSY yi® whidh s @ Hgidrogi cal
activity in humans; 3) they have ‘an stronger effect over growh “than fish
GH, 4) T@Wﬁégsemﬁafq%wﬁbﬂiam @ @adoteerpriicatiomn Bsh andarustaeeanss Wse 25
the sy oeduah fealielToia et e epid e o RALEN chicdeeliitdr HIJERRY Fo' ©
sti mil5at epapfeis, whinhdcorspiisestheraminoacidisetiyendesfpreviolisly descritiét; pradugeence
P e kg BRI SRR 3 B0 IR YR RV et 2P @
I by immersion baths or as a feed additive to fish and crustaceans. Also, they
improve the immune status. It was demonsirated the superiority of the
polypeptides compared with tilapia growth hormone.
20 The use of these polypeptides in aquaculture has several advantages: 1) they are
molecules smaller than fish GH, then it can be absorbed by the organism and to
re_ach the blood stream easily; 2) As they are fragments of fish GH, they do not
have biological activity in humans; 3) they have an stronger effect over growth
than fish GH; 4) They have noticeable effects over growth, survival and larvae
25 quality in a wide range of fish species.
The patent US 6,239,100 protects the use of a polypeptide with a similar activity
respect fo fish GH to stimulate growth and reduce the mortality of fish larvae. The
sequence reported for this poiypeptide has a 73% of homology compared with
tilapia GH and lacks 51 nucleotides of the N-terminal. The polypeptides of our
30 invention were obtained from tilapia growth hormone. The polypeptide SEQ ID
NO. 7 lack a fragment of 46 aminoacids corresponding to the C-terminal. The
polypeptide SEQ IDNC. 8 lack the same fragment at the C-terminal and 17
aminoacids at the N-terminal,



30 invention were obtained fromtilapia growth hornone. The pol ypepti de SEQ
ID NO 7 lack a fragnent of 46 am noacids corresponding to the Ctermnal.
The polypeptide SEQ IDNO,. 8 lack the sa ne fragnent at the Cterm nal and
17 aminoacids at the Nterminal. 6 [Bifferent to the pol ypepti de presented
in the patent US 6, 239, 100 which have an activity simlar to GH the
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cont ai ns chronosomal DNA corresponding to the 3' AOX

regi on né&'é@'@ﬁﬂy' -f%tra'{ ﬂ@gﬁbﬁbV%QIQG@aI@?ﬁﬂSﬁﬁ M&fh%IHVﬁ%I{Q/@@Hh@IH@ %i and Hl S3
gene of ecﬁéﬁé' Or@Scrtbinfs Ho?n&rtl@ ytﬁ%%fedswdﬁICF OEbIIT@érW”e{dI OrHOIK pkor has a

functi ona re I catlon orrginin tance gene
as al2s Imcwﬁrhi@mmﬂeedth’!wn Biategianol. a‘ﬁb@v@ﬁt 6"@!3Wﬂﬁ1cgmwema aIeoonbl nant

the. pi as A RTEY Py G R elsefiE SRApLIRE) T at e the nomol ogous o
r econbi nathieovedyr V¥l |rgl¢leegene?b&:dﬁst?b¢tﬁmp|@$ltl€§ tergbFpotsihs aixprassnuged for
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Pichia pastor}% contains the Plchia pastons AQOX1 promoter (pAOX1), the signal
peptide of S. cerevisiae sucrose invertase 2 (spSUC 2) and the termination signal
20 of the enzyme glyceraldehide-3P-deshydrogenase (GAPt) of S. cerevisiae. |t
contains also a fragment of chromosomal DNA corresponding fo the 3 AOX
region hecessary for the homologous recombination between the yeast and HIS3
gene of S. cerevisiae which is the yeast selection marker. The vector has a
functional replication origin in E. coli and the ampicillin resistance gene as a
25 bacteria selection marker. The vectors used to generate recombinant Pichia
pastoris strains are generally integrative. Prior to transformation the plasmids
should be linearized to facilitate the homologous recombination by AOX1 gene.
The Pichia pastoris MP36 strain was used for the extracellular production of the
recombinant proteins. This strain is a his3 auxotrophic mutant obtained from
30  Pichia pastoris BKM-90 strain (EP 00438200) that acquired the phenotype His+
after transformation with the expression vector (Yong V., et al. (1992) HIiS-3 gene
of Saccharomyces cerevisiae complement his mutation in yeast Pichia pastoris.
Biotecnologia Apficada 9: 55-61).



reconbi nant proteins. This strain is a his3 auxotrophic nutant obtained from
30 Pichia pastoris BKM 90 strain (EP 00438200) that acquired the phenotype

H s+ after transformation with the expression vector (Yong V., et al.

(1992) H S-3 gene of Saccharonyces cer@visiae conpl ement his nutation in
yeast Pichia pastoris. Biotecnologia Apiicada 9: 55-61). 7 Several studies
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i nto Pichi ﬁ‘?%@%@g“ sa”c_‘_ul ture supernatants containin pepti dS S wth a5

| : pol'y :
hi gher act ; Bginvgniign ¢ ﬁ'ﬂﬁ)lﬁfopfie@?rﬁonsgwﬂgfstM'laﬁﬂn din fishebyt ar get
proteins. jrhe i | ' g ' L in th "
"nventi o, _ove';@%"f L0 e RO URERS BB ARRS botlinind dlliBRE Wina ¢ .
was t est edhigher agtivly sompatetbio GHvithowpprevibusi purificaticnpofahe targehpioteimone.  The

treatments r } ) 2d via | rsi,an.,, The experinmental groups, were:
107> Gl ¢ arhe fsBE B e bEVBPoldeR ETEReR I o iRl oyeranm s SRR, i ch
contai n t hpathogemw egdistdat and Gubiunees St TaRimeleds, Obas ESRERiINAlpi ipile
pastoris MP36 strai wg{@h .contain the tilapia G4 > A negative control
contai n cufRdFYMBREE MR YWRPE WPWHLROMONSsf or med Pichia 15 pastoris MP36 >

Non-t r eat eﬂh@fr,@éﬂaenfmefﬁahﬁrﬁstams .irﬁﬁ\%?si&rhefh@%rﬁe%ﬂ &‘;;ﬂ%d&élw he

pol ypepti des significant Increase its weight c ar ed v{n H, " negative
controll and morCtliuatspemaiapts. of ReombdtantePichia pasteds MR26 stiain wiiaine

system 20 ani K , I.zed. 20 The presence of different ‘
non-specific h%ﬁ%ﬁ%%gg‘@%&g{%h as |ysozynme and lectins and the foll ow ng
paramet ers of> QRultlaei supesitatants vierecombasantefichia Restofs MPBGI tstiald Whish GSH i s

a cofactor of the enzyne g] utathione peroxidase. It is one of the defence
mechani sns agai(f%‘ita'ﬁiti)'/%gl@g@eé@t ress. We didn't find any statistical
8188n

di fference beat veeRqgh troveREdi  suberid | . g,:ﬁggﬁ EICr ease
in theb%r oups tre'g ec'i vvithtr'pOI ygée"gt%lhgir? slt%légﬁnéaggtg déﬁ’@r%%i‘%e |'sﬁuﬁ"th'§;e: SOD

is an Bhzyne theaste@E MRS to the antioxi dant

> Non-treated group. _

The results showed that the group treated with the polypeptides significantly
increase its weight compared with tiGH, negative control and non-treated groups.
To analyze the effect over the immune system, 20 animals were homogenized.

20 The presence of different non-specific humoral factors such as lysozyme and
le_ctih.s and the following parameters of oxidative stress were measured.

» Reduced glutathione: GSH is a cofactor of the enzyme glutathione
peroxidase. It is one of the defence mechanisms against oxidative stress.
We didn’t find any statistical difference between groups. Nevertheless,

25 there is a tendency fo increase in the groups treated with polypeptides 1
and 2.

» Superoxide dismutase: SOD is an enzyme that belongs to the antioxidant
defences. 1t captures superoxide free radicals. We didn't find any statistical
difference between groups. There is a tendency to increase in the gfoups

30 treated with polypeptides 1 and 2.
~» Total organoperoxides: It is one of the elements of the pro-oxidant system
~ and one of the hydroxy! radical precursors. It could be also an-inductor of
gene expression, activation of cellular mechanism and regulator of
phosphatases and kinases. It is also a cofactor for Glutathione-S-



defences. It captures superoxide free radicals. W didn't find any
statistical difference between groups. There is a tendency to increase in
the groups 30 treated with pol ypeptides 1 and 2. Total organoperoxides: It
is one of the elenments of the pro-oxi dant system and one of the hydroxyl
radi cal precursors. It could be also an inductor of gene expression,
activation of ceI ul ar Eﬁﬁhanls and regulator of phosphatases and ki nases.

It is also a E@f‘ﬁ@ﬁﬁe‘f’ veddn dhesagtoxiiication ef xenobigticshThereiateol ved i n

the detoxificabt Qtﬁtiﬁfcﬂglgﬁfﬁbﬁﬁﬂdiﬁeremé‘éEet@fe@n didipsSt atistical significant
di ff erences bet ween glrou ps. > Catal ase: I's¥an 1 ndi cator of oxidative

stress that>pldiRlase Ibisoanlindicates of ledah\le shhessvinah provhides vidmmoletuleat al ase

are increased t di,c t hat can not be
‘et abol i zed vi~ gﬂgpu'?a\& H%Qﬁ%ﬂ)%%&?@ﬁc @agéta%ﬁ’%%gdf' ‘?IFﬁ“PH CREFM g of the
exper Bment t hef é'ewaélcalstthat edn abi bametabdlized efic glitdiRione qeraxigakes AtAt 45

days, the cat Iae I veI clined in the groups treated with the
pol ypepti des ﬁ'@ng?sﬂipgmgﬁgrﬂi‘ﬁl ?W%éh%rﬁt ware I"Pt istatighicalndi cat i ve

of lipid oxi datﬂe@éhoes%t\ﬂéé@bl’tﬂﬁ)s A94§Td§§vé Sthé%ﬁ’calééeglgbélh%%ﬁhnéii hitRgences in

treated groups conpared to non-treated maj or ency in the groups
treated with ﬂmtspﬁéﬁﬁat@éwthé!ampeiypeptrde@tr@specbm eentfads. 1t is an indicative

f t t
of proteLn Sxearblation! o L' ) palkaie bl SUBLGTEESRADRECT, oo |,
t he dfgani srrsstatlﬂiﬁca.lmgmfmadtadﬁemrtcbaﬁn trdaaedgswfmdcqmﬂ)arpdpo ndadreptetjuced some
Cport ant. T eoMRTRIOr Sy i iRt Eer oo urieRtond 2 he ' "

experi nent, >ev>%teummdbﬁ@ﬁ elt g5 ean Mdisklive Vet %ﬁc—ﬁﬁ%ﬂﬂéﬂbna'W@fdl@ﬁi finger 1ipid
oxi dation, si gnlflcantl y decay the levels of catal ase between

treat ed- group§ tatistiom diteronqas b%weem BEUP§:. This event 20 indicates decreased
I I f
evel s OSlﬁéeeﬁalrsoZﬁgg@ﬁ}o?égﬂiaP@ %ﬁIHdI' tr% aTIIS kﬁe?é‘ﬂ'?{@¥ hikfdTal or

rati o energy/ to o es £ or age ‘energy. It
has Héen vdaanalmstadabedhahﬁae asayaulpnlmmplhde@qummed gonde oxidativatstessi pol ysi s

o L R s B Bl s AL B ST s ort e 11 i
25 oxi datdvent. His45 \dagls iffond Yhe DEPRININEEBE o BksbritRente b dvivdri therdizve process.
oxidative stress with an effect over lipid oxidation, significantly decay the levels of
catalase between treated-groups compared with non-freated. This event

20 indicates decreased levels of free radicals and oxidative stress.
The lipids give the major ratio energy/mass compared to other biomolecules that
storage energy. It has been demonstrated that GH inhibits lipogenesis and
activates lipolysis and the produced fatty acids are ideal oxidative substrates. As a
consequence, the aminoacids move from oxidative process to growth. The lipid
25  oxidation observed in our experiment couild be related with this process.
Other parameters related with the immune system are lysozyme and Iect_ms.
Lysozyme is one of the components of the non-specific immune functions against
viral and bacterial infections. It has been observed a correlation between
lysozyme jevels and GH in fish (Yada T., et al. (2002) Immunomodulatory effects
30 of prolactin and growth hormone in the tilapia, Oreochromis mossambicus. J
Endocrinol, 173: 483-492). '
Lectins react with a diverse array of pathogens and confer innate immunity to the
organisms (Alexander J.B. and Ingram GA., (1992) Noncellular nonspecific
defence mechanismof fish. Annu. Rev. Fish. Dis. 2: 248-279).



O her paraneters related with the i nmune systemare |ysozyne and | ectins.
Lysozyrne is one of the conponents of the non-specific imune functions
against viral and bacterial infections. It has been observed a correl ation
between |ysozyne levels and GHin fist# (Yada T., at at. (2002)

| mmunonodul atory effects 30 of prolactin and growh hornone in the tilapia,
Oreochrom ssanb ﬂ_crl nol . 173;483-492). Lectins react with a
di ver se ar %Ja gms Riicaphdifierangas inbethrRatamptars in melypeptidas sms

(A exander1én@2t%"a@ed aw%@&nﬁ?ared(&ﬁ&?irs%ggb%' ar nonspecific defence

mechani smof fish. Annu 9 W observed
statisticalh %ﬁﬁ@@tqudhﬁ%e aplypeplidascyas alsbdestegdn zm&arnestai fispddryaeptheyes 1

ol ypept | dLe uaepelie SORAEE, HRaRRCald B 3h b lvmeefiisricn, ot o

of sti rul ammnmrewttdm cantdolsuThey/alsonmpnﬁdememshdﬁgmérﬁ@ﬂéﬂdT 4113 Qume@r ;:gorrpar ed
ntation. This paranete

to control s, SO | ve the fish pig S

cruci al f dfugp ﬁé’ﬁ@%ﬂ‘e?‘ggﬁs samEecsializatign; § yvas qe%@tfﬁ%mﬁtr@? @ﬂe@that t he

effect proaguaest B thé%%o?gle% G WS VidtBR ¥ bl ke thé’@é%uﬁéﬁt%rw@% .
rief flgure g oni ng

treatnments were opped s descfiptions ure
strategy'lﬁkﬁﬂﬂﬂF%chla pastoris expression vector. Figure 2. Expression

anal ysis of transformants which show a Mie phenotype. Wstern blot of the
target proteins expressed in Pichia pastoris culture supernatants. Line 1:
Non- trH)nszriawgmsalesldrrp&ioﬁs Pol ypeptide 1; Line 3: 15 Pol ypeptide 2; Line
4: tilapi erinent jn tilapia Iarvae by

i mer si onaF W&h?@“fﬂgsﬁ Gitely 9‘3[]?1"39’868%%{8%85 RESIORYREDIni ng t he proteins
of interesgigare Qhﬁxﬁﬁéé%ldﬁ aRalysEUfl tkér%‘forrrfﬁ‘nté"@ih% OB R Mut? ?Héﬁ&gﬁés the

aver age bod wei ght of treated-groups conpared negative contr
Figure 4. \desterm Blepeeh et taraeiydireteinsh qxarasa@dbyn lesipgstdris Rulitea

oot ot 0. §itehitténa RHIDA: MorPuSORbANIY WinddioL RODE Pl Rbtbe’ £ ERE &1 1 D%

dose of O. ter I C represents’ th rage y~wei ght
of trekHt ed’@yp&mmez;dunmtll.etdaplagrmghthwmonentroI s. Figure 5. Gowmh

exper| rrent é’@ déro%hle%(rp\é%?neﬁ/ in %E\%rla? 'la?r@aé ypin%:rrr]:{a?slgna?rﬁ %ci:hsta pastoris
,c,ult,u_re supernatants .containing the proteins of interest at the dose of 0.1 mg/liter
of water. Graphic represents the average body weight of treated-groups
compared to negative controls. _

20 Figure 4. Growth experiment in goldfish larvae by immersion in Pichia pastoris
culture supernatants containing the proteins of interest at the dose of 0.1 mg/liter
of water. Graphic represenis the average body weight of treated-groups
compared to negative controls.

Figure 5. Growth experiment in goldfish larvae by immersion in Pichia pastoris

25  culture supernatants containing the ‘p,roteih's of interest at the dose of 0.1 mg/liter

 of water. Graphic represents the survival percent of the experimental groups 45
days from the beginning of the experiment. |
Figure 6. Growth experiment in goldfish larvae by immersion in Pichia pastoris
culture supernatants containing the proteins of interest at the dose of 0.1 mg/liter

30 of water. The treated fishes show more brilliant colours than negative controls.
Figure 7. Growth experiment in carp larvae by immersion in Pichia pastoris
culture supernatants containing polypeptide 1 .at three different doses (0.02; 0.1
and 0.5 mg per liter of water). ‘Graphic represents the average body weight of
treated-group compared to negative control.



25 culture supernatants containing the proteins of interest at the dose of
0.1 ng/liter of water. G aphic represents the survival percent of the
experinmental groups 45 days fromthe beginning of the experinment. Figure 6.
G owt h experinment in goldfish larvae b inmrersion in Pichia pastoris

cul ture supernatants containing the proteins of interest at the dose of 0.1
nmg/liter .30 of, ter. The treated fishes Fs%aow nore brilliant col ours than

negative FigHre & sSrawth experimesioly filapia, by feeat aﬂ"r‘i‘”&!%tfﬁi’qnapf/éhe biichigmer si on
in Pichi anamﬁsqmnareogu,bér%enwe&ﬁammayﬁémha'ﬁaﬁ dﬁaifnépejqﬁtdggss Jagt three

different doses (O

repr esentrﬁg toﬁéh%l\F@iY&@étl%Qde wiifged aptl 34)46139 ad-the cpqhgp&p?ﬂelzlj(gdzft feedpgat i ve
of "t he. piGAPhE' fefirBschs VRGP BOUT Whioh o HBRLH aRlP Gl B 1kt o

di fferSentnegahveechntch ng of the poI ypepti de/ Kg of feed and 38.4 ng of the

pol ypeptide/ Kg of feed). G aphic represent the average body wei ght of
treat ed-groups conpared to 5 negative control. Detail ed description of

par ti cul etailb®desBAptioh dPpAMItWIAr BbIiRchis (BRahplel | on of the Pichia

pastoris expression vectors 10 containing the coding sequences for the
pol ypepti des which are the subjects of the present invention and tilapia

growth NetimRgle 1" MEHGRIBd Tof " BRI st @ge%xgpgspsggﬁ §astqg of the

proteins o I nt er est e codi ng sequences tioned
abovelO\Nertmmammgleﬂieby:odMg F&R{mndessmnhecpolymmidebewmdhsates|thg tilapia

cDNA as a ate pr.evi ousl cl oneq. nto Rl vector ify the

codi ng s&Y é?:%g L %'é'pt feen EbHNot’k“P""l W@rﬂg’l'a g?rg)r | eot i des
correspo ﬁfhn‘ﬂoirﬁaﬁm inesl UhieC MP38-@téath Nend Jexp@@és.SEQor Qh@Opr&emEo o@rrpl ify
the coding s xence for the pol ypeptide SEQ I 8, we used

oli gonucl’@ e8fes correspondl ng to the sequences SEQ ID No. 3 20 and SEQ ID

DR17 usi g’ TR pRAGTRRCI] e polffbie RN Th el Whe BBIAIERYTLN, .

and SBQ IHER Nath spedifice omﬂumleculldes sisingy tlapiaecilNA as ahtatﬁ;ﬂatqurgwouﬂgot i de
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ID No. 7, we used. ollgonucleotide_s corresponding to the sequences SEQ ID No. 1
and SEQ ID No. 2. To amplify the coding sequence for the polypeptide SEQ ID
No. 8, we used oligonucleotides corresponding to the sequences SEQ iD No, 3

20 and SEQID No. 4.
The coding sequence for tiGH was amplified by PCR from the vector pR17 using
the oligonucleotides corresponding to the sequences SEQ ID No. 5 and SEQ ID
No. 8. The PCR products were freated with the polynucleotide kinase enzyme to
phosbhorylate the ends of the gene and facilitate its cloning into an expression

25  vector. The Pichia pastoris expression -veetor pPS10 was enzymatic digested with
the restriction endonuclease Nae | and treated with alkaline phosphatase tfo
dephosphorylate the ends. The genes encoding for the inferested polypeptides
and tiGH were ligated info the expression vecter using T4 DNA ligase (Fig 1).
Prior to transformation, the plasmids were linealized with the enzyme Sphl. The

30  Pichia pastoris MP36 strain was transformed by electroporation with the
recombinant expression vector. This strain is an auxotrophic mutant his3 which
acquired a His* phenotype after transformation.
The transformants, identified by Dot Blot, were also analyzed by Southern blot to
determinate in which ones the integration occurred by the replacement of the



25 vector. The.Pichia pastoris expression vector pPS10 was enzymatic
digested with the restriction endonuclease Nae | and treated with al kaline
phosphat ase to dephosphorylate the ends. The genes encoding for the
interested polypeptides and ti GH werdld Iigated into the expression vector
using T4 DNA ligase (Fig 1)... Prior to transformation, the p.lasmds were
linealized with t%e enzynme Sph |. The 30 Pichia pastoris MP36 strain was

t r ansf or $&Ne HHPX IR prthW%meﬁw casselaef the fecomhinandinbasniidct or . This
strain i$n; ' A | IS Sti t after
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cont ai ni g RSP MdriRtoral abeaPbecifel o ha TH Wigs LbeioeheyetRm  The
experiment was done by 1mmersion, three tines a week for 90 mn. The dose
expression of the protein in culture supermnatants.

20 Example 2: Growth experiment in tilapia by immersion with P. pastoris
culture supernatants containing polypeptides of interest. Effect over the
immune system.

The éx_p:‘erimen-t was done by immersion, three times a week for 90 min. The dose

was 0.1 'mg of target protein/liter of water. The experimental groups were:

25
1. Group treated with the P. pastoris culture supernatant containing
polypeptide 1 (treatment 1).
2. Group freated with the P. pastoris culture supernatant containing
polypeptide 2 (treatment 2).
30 3. Group treated with the P. pasforis cuiture supernatant containing tilapia GH

~ (treaiment 3)

4. Negative control group treated with non-transformed P. pastoris culture
supernatant (negative control).

5. Non-treated group.



was 0.1 ng of target protein/liter of water. The experinental groups were:
25 1. Goup treated with the P. pastoris culture supernatant containing
pol ypeptide 1 (treatnment 1). 2. Goup treated with the P. pastoris culture
supernatant containing polypeptide 2 {Zreatnent 2). 30 3. G oup treated
with the P. pastoris culture supernatant containing tilapia GH (treatnent
3) 4. Negative control group treated with non-transfornmed P. pastoris
culture supernatant (negative control). 5. Non-treated group 12 At 45

days fromgihgsb n%.%er t t

pol ypepti oﬁ‘at %EQGQ%§W}&H ﬁ{? S)QQ wer gr?;f%%creggés}éﬁgnt 'faprgﬁﬁ c}éq %Imf? Jﬁhg hi gher
conpar ed aiypeptide tSEQt 18I Ngr qupad raagmghtenmrease 8l6,anxd amcGHIG faidtrdghagr oup, 5
respectiv , t e rva reate tide SEQ ID
espect | VSt Ba I oG 0B A SRR ool HERL RS S, 550
1.9 folsd reopmﬁwelgi Ontthe ntteathand, rawstert@éatandnth tHe polypepnde SEEHID 8 hadCH
treated grou Tabl e 1, Tabl e 1. Average in the body

wei ght of &M Wﬁsease1%E@th'wr@%wwenowﬁh r-eated| S'T}E’é‘Bt 1R fold

Pol ypept i I HRRe p. K
0. 0550. 0333%0 %égg% ‘@H‘zméossocg%& aéggg%[ﬁg c%“'g"g% @5@"6@9%\%@ %'%fgoo 046
0. 1590. 06 (Teble7h Jabixs1.d, Biga). 093 0. 2270 082 Mass is shown as nean S.D Table

15 Tukey' o U i1 APBRGE IR0 HBIGN T APBE (8021 Ve ot rol Vs Gomth

hornmoni® P > 0.05 Negative control vs PoI ypepti de SEQ ID No.8 P < 0.001

Negat ive r'vn{—ﬁ'f,O! vis—Pol ypept i-de QED 1.D h_ —-P <. 0. .
Negative | Growth | Non-treated Polypept;de Polypeptlde
control hormone group | SEQIDNo.7 SEQID No.§

| Week3 o._055i0.03f7‘ 0684:&07042 0.033+0.020 | 0.099+0.058 | 0.09240.055

Week 8 | 0.120:0.046 o159+o 067 0.071_:50.026' 0.254£0.003 | 0.22740.082

‘Mass is shown as mean + S. D

Table 1.1: Statistical analysis at 45 days from the beginning of the

experiment.
15

: Tukey s Multlple Comparlson Test | T P v;a'lué

; Negative control vs Growth hormone ] P> 6.05 | |

' Negatwe control vs Polypeptlde SEQID No.8 P< 0'.00'1 |

Negatrve control Vs Polypeptlde SEQ ID No 7 o | P < 0.001

: Negatrve oontroi vs Non-treated group T | P< 0.0-5' ~

[ Growth hormone vs Poiypeptide SEQIDNo8 | P<0.01

| .Growth hormone Vs Polypeptrde SEQ 1D No 7 | P < 0.00‘1" |
Growth hormone vs Non-treated group P <:,0.0(:)'1
AfPolypeptlde SEQ D No 8 vs Polypeptrde SEQ ID No. 7 P> 0;05

: 'Polypeptlde SEQ ID No. 8 vs Non-treated group P< 0001 :
Po!ypep’nde SEQ ID No 7 Vs Non—treated group B P < 0.001 |




Negative control vs Non-treated group P < 0.05 G owth hornone vs

Pol ypeptide SEQ ID No.8 P < 0.01 G owth hornone vs Pol ypeptide SEQ I D No. 7
P < 0.001 Gowth hornone vs Non-treated group P < 0.001 Polypeptide SEQ ID
No. 8 vs Pol ypeptide SEQ ID No.7 P > 0185 Pol ypeptide SEQ ID No. 8 vs
Non-treated group P < 0.001 Polypeptide SEQ ID No.7 vs Non-treated group P
< 0.001 13 These are very inportant results since the growh accel eration
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readi ng tatistica '.%nl i cant di.fferences

bet ween 0'%5’5?‘?5’&%? ?\(&%de\htlpﬂs F he é@@eﬁ‘fq Ay, ok QYD No. . 6
conparsed tWofdld Refaf diRMbAS u%ﬁb‘sﬁbha(ér Bhffer (Blos kP p\ﬂﬁs Q?%ré"nﬁﬁ’e@w:th 100

haemaggl utinati on assay to neasure lectins in larva

ul. of a 3 mg/ml suspension of Micrococcus lysodeikticus (Sigma). The microtray
was incubated at 22 °C and the O.D. was read at 450 nm at 0, 15, 30 and 60 min.
For a positive control, larval homogenates was replaced by hen egg white
lysozyme (serial dilutions starting at 8 pg/mL) and for a negative control, buffer

20 replaced larval homogenates. A unit of lysozyme activity was defined as the
amount of larval hemogenates causing a decrease in the O.D. reading of 0.001
min™. We observed statistical significant differences between treated groups with
the polypeptides SEQ ID No.7 and SEQ ID No.8 compared with non-treated group
(Table 2). | |

25 We made also a haemagglutination assay to measure lectins in larval
homogenates. Serial twofold dilutions of larvae exiracts were performed using
PBS pH 7.2 in U-bottom shaped (96 wells, Greiner, Microlon) microtitre wells to
which an equal volume of freshly prepared 2% erythrocyte suspension (rabbit in
PBS) was added. Wells were incubated for 1 h at room temperature and the titer

30 was read visually and being equal to the dilution in the last well to show
agglutination (as manifested by an evenly distributed layer of cells over the whole
well bottom). The haemagglutinin activity of samples was examined and for each



honbgenates. Serial twofold dilutions of |arvae extracts were perforned
using PBS pH 7.2 in U bottom shaped (96 wells, Geiner, Mcrolon)
mcrotitre wells to which an equal volunme of freshly prepared 2%
erythrocyte suspension (rabbit in PB® was added. Wells were incubated for
1 h at roomtenperature and the titer 30 was read visually and bei ng equal
to the dilution in the |ast_well to show agglutination (as manifested by an
evenly di%eF Yajue s@s eltaineds The activitnwas expressed es tie| |.e thetreciprocahef

haermaggl Uk Mk iVl ; J ' j ned and for each 14 titer value
was obt arﬂr?ggwh?h%gHE%%%?@”@@%‘E%F%%@%@%OBitre, I .e. the reciprocal of

t he hi ghedle dbsarved statistioal rgjgnibearit ediferagosbetwaanoticatdd @loaps with fieat i sti cal

Mo 7 and RSRRE e IRD e St SR e B R it Bop ket Bigr Tabl ¢ 2
Lyzozysve @abkeditration (pgln) in the |arvae extracts at 45 days from

begi ning of the experiment. Pol ypeptide _P_olr%pept I de G owth Negative
Non- t r eat E2Ple Sebyroryme concentrating (sgisk ivithe darvaesixtracts pt 48 dags 0. 425*

2.5980. 430* 16240 1, 4040. 700 The concentration i s shown as
means SS%OMR%%&QZ%’?RA@S&F&EE I ndicates a significant difference P<0.05

10 Tabl e 3—Ffrter——o aeragg-utihih—actH-tytt-he—+eetproecatl—oef—t-he hi ghest
{

di | ution s,fh@ﬁlﬁaeﬁﬁﬁ%i;efélwtiﬁq nat iGrgwthn hNegatiea: d,Nomtreatest L45 days
from begi npi M‘Bhf- EXRRS | tn |P | de Paql. tide h Negative
Non-treate Syci)jl §E§¥E|8TF%BNG gﬁ'%@?&n’rﬁ%\eé co_%#g'f&?grﬁgp%'%i ul o] 4* 4* 2 2

L ANOVA, Tholsei 39 42! 2 Soastth a4 ssoicoiid | aanle P! 40080500

T

\ ation expdrinent _andjinprovemeny in larvae| quality
i n gol df i Bife tgndemtratien sshoathas mekhs PiSDi a pastoris culture supernatants
contai ning the pol ypeptides of interest. Four experinental groups were

desi gned. ANOWA, Megeytytest, ¢ anfitateed siinificabdifefhcelidigs three tines a week
for 90 min. The dose was 0.1 ng of target protein/liter 20 of water. The

experigrentstile 3¢ TUBF oPMAkEmagglutinin activity (the reciprocal of the highest
dilution showing complete agglutination) in the larvae extracts at 45 days

from beginning of the experiment.

Polypeptide | Polypeptide | Growth | Negative | Non-treated
| SEQIDNo.7 | SEQIDNo.8 | hormone control group
| Titulo | 4* 4 2 | 2 | 1

ANOVA, Turkey's test; * indicates a sig'niﬁcéni difference P<0.05

15 Example 3: Growth stimulation experiment and improvement in larvae
quality in goldfish by immersion baths with Pichia pastoris culture
supernatants containing the polypeptides of interest.

Four experimental groups were designed. The treatments consisted of immersion
baths, three times a week for 90 min. The dose was 0.1 mg of target protein/liter

20 ofwater. The experimental groups were:

1. Group fireated with the P. pasforis culture supernatant containing
polypeptide 1 (treatment 1).

2. Group treated with the P. pasforis culture supernatant containing
polypeptide 2 (treatment 2),



1. Goup treated with the P. pastoris culture supernatant containing

pol ypeptide 1 (treatnment 1). 2. Goup treated with the P. pastoris culture
supernatant contai ning polypeptide 2 (treatnment 2), 15 3. Goup treated
with the P. pastoris culture supernatbnt containing tilapia GH (treatnent
3) 4. Negative control group treated with non-transforned P. pastoris

cul ture supernat ant énegatlve control). 5 At 45 days from the begi nning of
the experi meng: @'I%'Pt eaiednsithdhe Fapastors rullue supesnafant cadainingdilapie i ncr ease
conpared with trgg gﬁ.,% an4 At 75 days, larvae treated with

pol ypepti des SEQ I'D No. 7 and SEQ ID No.8 had a weight increase.:2 tines

hi gher conpar éd Negativaagatrolgrovpriteatéd with nonSransiperedd”. pastoris cdtdrer eat ed

group (Table 4; S|des, the treatnments 1, 2 10 and 3
showed an incr ea-suggh?tgrﬂ}]({?fegéﬁ'e%ﬁﬁg ed wth negative control (Fig 5). The
col or 50f Atls dayoafmtth\é bégibhinigsofahy @xpelinieat, tithtreMMiai®tiaind 2ishbiwed
comer ci al i.zat i on“?‘gr’]“t hi s experinment, we observed that | arvae under

t r eat men@SIgNNcaY Wﬁa%pr@rﬁddﬁthtWeﬂ%PBQﬂent al stage conpared
Wi Lh NeOali76QayS OB tredba mh%r%:eghe%éqﬁﬂb%ﬁw.sﬁb I0'Ro®R AMeNt  they

had nore brllllant ors tained simlar results with
ot her or mam‘ﬁtlmreme;a timrechigber corapared avithinegatiye controhancbdycomepared of

a7 0upe G, Sk RGRA SR HASE 50 21 Bt EEh s FEb bl 1559 ' 0,7 ©
days 10: 6534. Slgﬁwfecﬁe%rrﬁréa%é if sARHR| ﬂ:&ﬁ\pﬁrewﬂlﬂ‘i ﬁé@atwﬁmtrbls(ﬁglaym as nean S.D

Tabl e 4. St a st'cl anal SIS 75 days fromthe beginn f the 20
exper i neﬁ?‘ ‘%@I tqﬂfﬁ hglﬁﬂ dHna TERY Brpgitant ?eve QfoH?r ol vs

Growt h h%m?ﬁ@rcﬁhiat%nofn tH‘?Q?éériﬁ?erﬁ%é 'bBlser\ﬁéd ﬁ?&tymaé'uﬂ@eﬁ?&th{%n%ﬁ 8 P <
0.001 Negative control vs eptid

and 2 showed color in an eary developmental stage compared wnth negative

control. At 75 days from the beginning of the experiment they had more brilliant
15  colors {Fig 6).

We obtained similar results with other ornamental fish species.

Table 4: Average in the body welght of groups (9).

_ Polypeptl_de Polypeptlde ' Growth 'Négat'ive
SEQID No.7 | SEQIDNo.8 | hormone |  control

{45 days | 0.132:0.083 | 0.1370.088 | 0.087:0.099 | 0.042:0.024

| 75 days | 0.613£0.198 | 0.625£0.184 | 0.405:0.156 | 0.3070.169 |

Mass is shown as mean £ 5.0
Table 4.1: Statistical analysis at 75 days from the beginning of the

20 experiment.

; Tukey s Multlple Comparlson Test o ] P va-lue' |

| Negatlve control vs Growth hormone | T P > 005 |
Negatlve control Vs Po!ypeptlde SEQ ID No.8 | j P- < 'O'.:OO‘] |

| .Negatlve control Vs Polypeptlde SEQID No.7 [ P<o0.001

| Growth hormone vs Polypeptide SEQIDNo8 | P<0001

| Growth ho=rrnon,e vs Polypeptide SEQ ID No.? | P< 0 001

[ Polypeptide SEQ ID No.8 vs Polypeptide SEQ ID No.7 | P > 0. 05




G owt h hornmone vs Poi ypeptide SEQ ID No.8 P < 0.001 G owth hornone vs

Pol ypeptide SEQ ID No.7 P < 0.001 Polypeptide SEQ I D No. 8vs Pol ypepti de SEQ
ID No.7 P> 0.05 16 Exanple 4; G owh experinent in carps by imrersion baths
with different doses of polypeptide 16 W exam ned the effect of different
doses of the polypeptide 1 over growmh in carp |arvae. Four. experinental
groups were designed: 5 1. Goup treated with the P. pastoris culture

super nat ﬁ?@%ﬁt‘g Growth gxperiment de cares by immersine bathe withalifferent of

pol ypepti (treatment 1). 2. Goup treated with the P.
pastoris d(;:'lﬁllltsu&f? sﬂ%eer‘g\&{ant containing 10 polypeptide SEQ ID 7 at the dose
of 0.1 miVefexpwingudpeietett ot different desesrof the pelgpeptide 2pvedgroGtivirpcdrpeat ed
with thel g tor s culture suppernat nt c ntai ning polypeptide SEQ ID 7 at
the dose ‘@@ 5°Wgex8Fr"5'8Pk)%8fﬁq 3é’yefr?t F'QS‘F water (treatment 3). 15 4.

Non-t seat ed group At 30 days fromthe beg| nni ng of the experinent the | arvae
treated with the dose of po peptide SEQID 7 /liter of water had

a wei ght i nkr §48¥P 2tf¢§teﬁol‘ﬁth h'ihﬁh ﬁed’uwl't@n s\perpatant PéRioinog. On t he
th hand, t 7 /1t
gf \i/;'t e?nhad g@\@?gﬁf&?ggg?‘e’aﬁﬂgvﬁ&gﬁ %Oggneé) B 98 é?g@ﬁ 'év/\nﬂgﬁgﬁgﬁ{ét?r eat e:j °

group. There (eeaimeot 15t atlstlcal di fferences . between non-treated group and
the group t nj, mal dose Tabl Tab Fi Tabl e
5: Aver age# @lrﬁ'gpm%ﬁgt q’&‘fﬁ %‘P od’ﬁ§°?§) CUE%@ No L REE] 't‘teoc‘ﬂé é 5my/ L
Dose 10. 1ngl L Pelpeptide SE®D 10 2mat the 3@5@'6’5’8 ﬂn@@p&?ﬁeﬁ:d&ﬁﬁ@r $2Wafer1690. 080
0.1080.059 WMss is shown as nean S.D Table 1: Sfatistical analysis at 30

days fromthe(tﬁ%ﬁjm@ﬁ Ay of the
3. Group freated with the P. pasforis culture supernatant containing

polypeptide SEQ ID 7 at the dose of 0.5 mg of polypeptidefliter of water
'~ {treatment 3).
15 4. Non-treated group

At 30 days from the beginning of the experiment the larvae ireated with the dose
of 0.5 mg of polypeptide SEQ ID 7 Jliter of water had a weight increase 2.75 fold
higher compared with non-treated group. On the other hand, the larvae treated
20 with 0.1 mg of polypeptide SEQ ID 7 Aiter of water had a weight increase 1.8 fold
higher compared with non-treated group. There were not statistical differences
between non-treated group and the group treated with the minimal dose (Table 5;
Table 5.1; Fig 7).
Table 5: Average in the body weight of groups (g).
25 '

Non-treated | Dose 0.5mg/L | Dose 0.img/L |  Dose
: - group | 002mgIL
30 days | 0.094:0.055 | 0258£0.127 | 0.169£0.080 | O. 103+0 059

Mass is showh as mean + 8.D

Table 5.1: Statistical analysis at 30 days from the beginning of the
experiment.
30



experinment. 30 17 Tukey's Miltiple Conparison Test P value 0.5ng/l vs
0.1ng/1 P <0.01 O0.5ng/l vs 0.02ng/1 P < 0.001 O0.5ng/l vs control P <
0.001 0.1 nmy/l vs 0.02ng/l P <. 0.05 0.1 ng/l vs control P < 0.01

0.02ng/1 vs control P > 0.05 Exanple 37 G owth experinent in shrinp

Ut openaeus schmtti larvae by imersion in P. pastoris culture supernatants
cont ai ni ng p0| ypept des-gf  interest. 5 Three prel’i nental . roups were

desi gned. The tr eat{nfukey’ sulﬂtlpteeﬁonfparismél‘ﬁton bal Irvaleed ti nes a week
for 1:30 h. The dose—was—0-—l—mg—ef—interested nran:u n/liter] of water. The
experi mental groupq vidpag/lvs Qﬁ’mg@ treated with "thel®<@Btdris culture
super nat ant contai i epti-de—SEQ+B—F—{treatmwent—1). 2. Goup
treated with the P4 p@x?f"@r‘“@% mg e super nat ant co1tPaF|ﬁ)LGfb1 pol ypepti de SEQ
ID 8 (treatnent 2). 5% (ﬂatl ve c T o group—treated—w-th jon- t r ansf or med
P. pastoris culturd &BFEHYSCR™l negative control) P00 he result of the
experinment, we obt di Nt T n rarvae qu t he shri nps
treated with the int erg@gﬂys q&%@n}?l des. Larvae tre gtéﬁ%nt h pol ypepti des
SEQ ID No. 7 and SHQ Brla- an 1 ncrease in bofly weignt 2.3 fold

hi gher relative to ne(?mtl vgsggﬁﬁgkl nore branqui al EI)r_'ba’\FAn@fqglca—'tions and
rostral 20 nodificat |0)0ng7[|0§ c@ﬁﬁ-é]espondl ng stati st <Fﬁ;l='otd§§tf was made for
each par anet er and-.statistical si nnl ficant differe CE&\A&I’_E found in all
cases. Exanple 6: G owth experi ment in til apia by feed adm nistration of

pol ypept i gramipld 52 drdtbthdekp&ifBht 1R Rimp Litdpenaeus schmitti larvae by
immersion in P. pastoris cuiture supernatants containing polypeptides of
interest.

5 Three experimental groups were designed. The ftreatments consisted of
immersion baths three times a week for 1:30 h. The dose was 0.1 mg of interested
protein/liter of water. The experimental groups were:

1. Group treated with the P. pastoris culture supernatant containing
10 polypeptide SEQ ID 7 (treatment 1).
2. Group treated with the P. pastoris culture supernatant containing
polypeptide SEQ ID 8 (treatment 2).
3. Negative control group treated with non-transformed P. pastoris culfure
supernatant (riegative control).
15
As the result of the experiment, we obtained an improvement in larvae quality in
the shrimps treated with the interested polypeptides. Larvae treated with
polypeptides SEQ ID No. 7 and SEQ ID No. 8 had an increase in body weight 2.3
fold higher relative fo negative control, more branquial ramifications and rostral
20  modifications. The corresponding statistical test was made for each parameter
and statistical significant differences were found in all cases.

Example 6: Growth experiment in tilapia by feed administration of
polypeptide SEQ ID 7 at different doses.
25



We nmeasured the effect of two doses of the polypeptide SEQ ID No.7 over
gromh in juvenile tilapia with an initial weight of 72.993.25 9. The doses
tested were 4.8 ngy of the polypeptide SEQ ID No. 7/Kg of feed and 38.4 ny
of the polypeptide SEQ ID No. 7/Kg oft8feed. Oral fornulation was nade by

I ncor por at i ng the Pichia 5 pastor/s culture supernatant containing the

pol ypepti interest_in the basal diet. The negative control was tilapia

Ped” Wit Wadhpesiied s pirect o bp drsorst e poivoppfe st D ot oover grawtur e
Super nat anfuvdie tfpid WRNTPRIEIEIo BE7ABLREYS o ‘?‘@E%o‘%@g gatbf R 43V W LD

the feed equivalent to
pol ypept i B8 ofithe |n913m@pvde EHQdRN9. nTIng:deeed aad 38142 nap o€ tied pdlyPeptitieof t he

I t Y/ f % d with
Cont Fol oo eantalbrr e 1oEd, ShaiFRipRG] 587 HadtlpY interEana S5 Beboor) . he
dose df @ﬁtdn&ngulwretMepmmpemmtdmnr@fbd Bolypept?dé@f Qitefe%@% dhélbakars how
di fferencegs, i relalontP \n&%at ve, C l? (Table 6; Table 6.1; Fig 8) 15
Tabl o 6. et TRERRYR Sonire| BAS HbiaNBga ity obass die onpaecs Wibgnee Dose
38. 4ny| KQrar@orﬁiﬁCEW%a%s%lt@@s@ﬁ&n%ni%%%@a@%ﬁﬁ% hiSthe UHRaRS Mean

S.D Table 6.1; Statistical analysis at 45 days rrom egl nni ng af the 20
exper i nervereTigdelyice puday with tenfesdi @,qlnvareﬂttOHheaﬁ%eof bo@ygvaightvier 88. 4ngt kg

P c O 00]weék 8ng/ kg vs control P < 0.001 38.4ng/kg vs control P > 0.05
Nowadays, aquatlc organi snms are an inportant source of proteins, but the
capt utle e pblypepﬁder SEQBI‘IZ\YlNO)T\ﬂmwdecSmf tthdﬁeBéFtrw H@% oFﬁFB by 6f theason, to
i ncrease the n essary the culture of these aquatlc
speci es. qu ld g‘?@z@ m##gg Pi%%%dsﬂmeaﬁeﬁ groueth dn 227 corpaed withexi st a
wi de ranggntrdl YRivphwith hfghl;pegﬁlr%ﬁt ét@tné.’fﬁai @iﬁé Res Q;)@m’ob )byrhléoqgﬁgé

ol ference

adnini stration, genetic i cation,
Pr oceedi nip-4 Mgi9p the pplypeptide SHRID thKngfrfeed \diat shmmaiufferemwr ces

Nonager ezt R8 hbatn/R drR (Fasie oL 4381e 4 RSPl B} L5~ 4389).

15

Table 6: Average werght of fish (g).
| ] Negatwe control | Dose 4.8mg/Ky | Dose 38.4mg/Kg
45days | 99.064227 | 121.824235 |  101.54+2.39

Mass is shown as mean + S.D

Table 6.1: Statistical analysis at 45 days from the beginning of the
20  experiment,

Tukey’s Multiple Comparison Test | P value
4.8mg/kg vs 38.4mgkkg T TP<0.001
4.8mg/kg Vs control ” T [P<0.001
384mghkg vs control G 0.05

Nowadays, aquatic organisms are an important source of proteins, but the capture
on its natural environment is fully exploited. For this reason, to increase the
prbduct‘ion it is necessary the culture of these aquatic species. it has been
25 demonstrated that in most of the organisms exist a wide range in which if's
possible to manipulate growth by hormones administration, genetic modification,



The pol ypepti des presented here have the advantage that they are not specie-
specific and therefore, they are applicable for different aquatic organi sns
for 5 nultiple functions like increase gromh, survival and |arvae quality,
and inprove different parameters invlved in the immune response. Besides,
it was denonstrated that they have an effect over growh significantly

hi gher conpared w th _growth hornone, On the other hand, these pol ypeptides
don't ha®¥ fuinyiceh] Coafﬁremq ?TQQ‘?F-‘HWSI%S“”dP rintgraaiiongl GenterfepAviadi ence

that the Qﬁé'ﬁte%?r%ﬁ'm %ﬂ/ég'e t|® ﬁﬂhlﬁpfn% W;$§@rbsl"|§%38‘é have.

Besi des, e use ese or nanment ish’is very
attracti \Télerlmlymﬂﬂttﬂeselramed ﬂ'@ye lhamdhe talduamage that thelyearasnotaspeom equence

71l Bodee il ) R lpAleafsl Y oBORl e Py, 1"
pol ypept intliitiple fandtions likm mmsd growthe gueies amnlhmaeedualmy,omj fhpriobe

foll ow ng, se uences SEQ I'D No. and SEQ ID No. 8 2. o] ypepti de accordi ng
to the cldfiarent d’ﬁ'&?’&@%?l E’%’B"’Sgczﬂbsg'ei t'"\ﬁ'i&g‘e d'BFB‘P’P?@d |B%Sﬁ¥9§h|'5 PaStoris 3.

A conposigelfihstrild e Vweksr?a'ileaéh’eﬁéctté%r a%m#@m@qi M&idednipdre@i m 1 for

10 stimulating the gro firsh and cr stace use of Pichia
past ori s witli growth b@fpmnﬂalemth@ afben kand, fipsetwiypsplidep dodé bavel biolodigadd i n

i ense aetyiSR A i hiridHind thed nBhHighde o e BB PrpchB8 5 °1)
pol ypep: |aciteﬁa|&gonohunhand:oné5rnbtuoﬁ hev?lsgeswesl;glgéurulaeb pdshese polqpéptmieeflg Cihe
e e TSR ALArS ey piOYR et oty Beeaie they reduaa g CuRRdTY g
SUr Vi valy @itleh@EN@RECTNBWH YcbdletiBRNGRES Tl fb hBRS WARWeBt Sferatibd. 5 Mo of

the pol ypeptide/liter of water. 6, A composition conprising any of the
pol ypept iitiBus B¥hashe claim 1 for 20 stinulating the hunoral innate inmmune
system of the fishes and

15

20

25



crust aceans.

7. A conposition which conprises any of the polypeptid

defined in the claim | for the treatnment of ornanmental fishes. 1/3
Sequence Listing <110> Centro de Ingenieria Genetica y Biotecnol ogia <120>
"GROWIH STI MULATORS POLYPEPTI DES FOR USE IN FI SH AND CRUSTACEANS"
JANNEL <140> <141> <160> 8 <170> Palentln Ver. 2.1 <210> 1 <211>
<212> DNA <213> Artificial Sequence <220> <223> Description of the
Artificial Sequence: Aigonucleotide that anneling with the 5 end
coding gene for polypeptide 1 <400> 1 atgaactcag tcgtcctcct gc 22
<211> 22 <212> DNA <213> Artifici agjafigguence <220> <223> Descri pt
the Artificial Sequence: Qigonucleotide that anneling with the 3
the coding gene for polypeptide 1 <400> 2 tcaatagttt ccgtaaggag cg 22

1.
5
2.
3.
10
4.
15 5,
6.
20
7.

A polypeptide which comprises in its polypeptidic chain an aminoacid
sequence contained in one of the following sequences SEQ ID No.7 and
SEQID No. 8

A polypeptide according to the claim 1 characterized because it was
obtained in Pichia pastoris |

A composition that comprises any of the polypepfides defined in claim 1 for
stimulating the growth in fish and crustaceans. _ _

The use of Pichia pastoris culture supernatants containing the polypeptides
described in claim 1, in feed formulations to stimulate the growth and/or
resistant disease in fish and crustaceans at a dose as efficient as 4.8 mg of
the polypeptide/ Kg of feed. _

The use of Pichia pastoris culture supernatants containing the polypeptides

described in.claim 1, for the immersion treatments in fish and crustaceans
to stimulate the growth, survival and larvae quality in a concentration

between 0.05 and 0.5 mg of the polypeptide/liter of water.
A composition comprising any of the polypeptides of the claim 1 for
stimulating the humoral innate immune system of the fishes and

crustaceans.

A composition which comprises any of the polypeptides defined in the claim

1 for the treatment of ornamental fishes.

es

<130>
22

of the
<210> 2
i on of
end of



<210> 3 <211> 22 <212> DNA <213> Artificial Sequence <220> <223>
Description of the Artificial Sequence: digonucleotide that anneling with
the 5', end,of the coding gene for polypeptide 2 <400> 3 at gcagcaga
tcacagacag cc 22 <210> 4 <211> 22 <2183 DNA <213> Artificial Sequence 2/3
<220> <223> Description of the Artificial Sequence: O igonucleotide that
anneling with the 3' end of the coding gene for polypeptide 2 <400> 4
tcaatagttt ccgtaaggag cg .22 <21§sTmnelisting <212> DNA <213> Artifici al

Sequence <2%93>?%ﬁ§5:5§5ﬁ&% tion of the Actificial Sequence:

a i gonucl eot | g K TRe B Y Bhef §Pot9&2 codi n ene for
tizil%oi f:iggr0&3%25&5&@@“24Bg%ﬁgﬁéaam%gﬁp?%ﬁ cPBct "t Iéf‘gg’&gs% RNED10> 6
< > j

<130> JANNEL

<140>

<141>

<160> 8

<170> PatentIn Ver. 2.1

<210> 1

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of the Artificial Sequence:

Cligonucleotide that anneling with the 5' end of the coding
gene for polypeptide 1

<400> 1
atgaactcag tcgtectect go 22

<210> 2

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of the Artificial Segquence:

Oligonuclectide that anneling with the 3 end of the coding
gene for polypeptide 1

<400> 2
tcaatagttt ccgtaaggag cyg 22

<210> 3

<21i1> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of the Artificial Sequence:

Oligonucleotide that anneling with the 5" end of the coding
gene for polypeptide 2

<400> 3
atgcagcaga tcacagacag cc 22

<210> 4

<211> 22

<Z12> DNA

<213> Artificial Seguence



<212> DNA <213> Artificial Sequence <220> <223> Description of the
Artificial Sequence: digonucleotide that anneling with the 3" end of the
coding gene for tilapia growth hornone <400> 6 ccggaattcc aat gcaacac
atttatttc 29 <210> 7 <211> 158 <212> {A?T <213> tilapia <220> <221>

PEPTI DE <222> (1)..(158) <223> Fragnment  of tilapia gromh hornone. <400> 7
Met Asn Ser Val Val Leu Leu Leu Ser Val Val Cys Leu Ay Val Ser 1 5 10 15
Ser Gn Gn lle Thr Asp Ser G n Arg Leu Phe Ser Ile Ala Val Asn 20 25 30
Arg Val Thr ##29>Lou His Leu Leu Ala Gn Arg Leu The Ser Asp Phe 35 40 45

G u Ser Ser t&2d>@escmntic 9f@he QurifrgalseqieiteAsn Lys |1e The 50 55 60
Lou G n Asp The %&9@1W?@da§ﬁatrﬁnnﬂi@q|mhsw Pr entllaf Aep cbyismig 65 70 75 80
Hs Gu Thr G 7 gP R %at Leu Lys Leu Leu Ser Ile Ser Tyr 85 90 95 3/3
Ay Lou Val Gud-Ser Trp Gu Phe Pro Ser Arg Ser Lou Ser Gy Gy 100 105 110

Ser Ser Lou AagtfyRt @lcdd@aply Pro Arg Leu Ser GQu Lou Lys Thr 22

<210> 5

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of the Artificial Sequence:

Oligonucleotide that anneling with the 5’ end of the. coding
gene for tilapia growth heormone

<400> 5
atgaactcag tcgtecteet getgtegg 28

<210> 6

<211> 29

<212> DNA

<213> Artificial Sequence

<2Z20>
<223> Description of the Artificial Sequence:

Oligonucleotide that anneling with the 37 end of the coding
gene for tilapia growth hormone

<400> 6
ccggaattec aatgcaacac atttatttce 29

<210> 7

<211> 158
<212> PRT
<213> tilapia

<220>

<221> PEPTIDE

<222> (1}..(158)

<223> Fragment of tilapia growth hormone.

<400> 7
Met Asn Ser Val Val Leu Leu Leu Ser Val Val Cys Leu Gly Val Ser
1 5 10 15
Ser Gln Gln Ile Thr Asp Ser Gln Arg Leu Phe Ser Ile Ala Val Asn
20 25 30
Arg Val Thr His Leu His Leu Leu Ala Gln Arg Leu Phe Ser Asp Phe
35 40 45
Glu Ser Ser Leu Gln Thr Glu Glu Gln Arg Gin Leu Asn Lys Ile Phe
50 55 60
Leu Gln Asp Phe Cys Asn Pro Asp Tyr Ile Ile Ser Pro Ile Asp Lys
65 70 75 80
His Glu Thr Gln Arg Ser Ser Val Leu Lys Leu Leu Ser Ile Ser Tyr
85 ELY 95



115
130
155

(1)..

Thr
Lou
Adn
Cys
Arg

Arg
Lou
Thr

120 125 dy Ile Lou Lou Lou Ile Arg Ala Asn A n Asp Au Ala Gu Asn Tyr
135 140 Pro Asp Thr Asp Thr Lou G n Hs Ala Pro Tyr Ay Asn Tyr 145 150
<210> 8 <211> 142 <212> PRT <213> tilapia <220> <221> PEPTIDE <222>
(142) <223> Fragnent of tilapia grosh hornone <400> 8 Met An A@n lle
Asp Ser A n Arg Lou Phe Ser Ile Ala vVal Asn 1 5 10 15 Arg Val Thr H's
H's Lou Lou Ala G n Arg Lou Phe Ser Asp Phe 20 25 30 du Ser Ser Lou

Thr G u @ubey Hahrfgucﬁeﬁ Feu GASr?hEy%FOI $e&r P Se8Fed(Be4561wElE n Asp Phe

Asn Pro T I B s 505510 Hs Au Thr dAn
Ser Ser %:fps 3 L ArgLA‘est? Egu E%%EE "e‘°s’é’¥‘ Ir‘%}/’r ﬁéOLe?SL%SOTh’G y Lou Val
Ser Trp awIPmemusﬁau A0S L SO HY ol W18%80p g0, Ser Ser Leu

Asn A n Ile18er Pro Arg Louiser A u Lou Lysider 100 1 110 Ay Ile Lou

Lou |l e ProgAgs ahAFsp@hy PepcGh wiAlZaCGre Asnclymsn s 120 125 Pro Asp
Asp Thr 9u Gn His Ala FfbO Tyr Ay Asn T8& 130 135 140 .

<210> 8

<211> 142
<212> PRT
<213> tilapia

<220>

<221> PEPTIDE

<222> (1)..(142)

<223> Fragment of tilapia growth hormone

<400> 8
Met Gln Gln Ile Thr Asp Ser Gln Arg Leu Phe Ser Ile Ala Val Asn
i 5 10 i5
Arg Val Thr His Leu His Leu Leu Ala Gln Arg Lew Phe Ser Asp Phe
20 25 30
Glu Ser Ser Leu Gln Thr Glu Glu Gin Arg Gln Leu Asn Lys Ile Phe
35 40 45
Leu Gln Asp Phe Cys Asn Pro Asp Tyr Ile Ile Ser Pro Ile Asp Lys
50 55 60
His Glu Thr Gln Arg Ser Ser Val Leu Lys Leu Leu Ser Ile Ser Tyr
65 70 15 80
Gly Leu Val Glu Ser Trp Glu Phe Pro Ser Arg Ser Leu Ser Gly Gly
85 90 95
Ser Ser Leu Arg Asn Gln Ile Ser Pro Arg Leu Ser Glu Leu Lys Thr
100 105 110
Gly Ile Leu Leu Leu Ile Arg Ala Asn Gln Asp Glu Ala Glu Asn Tyr
115 120 125
Pro Asp Thr Asp Thr Leu Gln His Ala Pro Tyr Gly Asn Tyr
130 135 140





