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1. Hipoxia y glucolisis anaerobia

Los seres vivos necesitan energia: ATP

‘ Carbohidratos
2. Lipidos
3. Proteinas
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A Metabolismo anaerobio en crustaceos

1 Nutrient-rich Algae grow, Zooplankton
v" Induccion de glUCéIiSiS water flows in feed a;\d die eat algae
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MILES FROM THE COAST 25

Hipoxia natural y por actividades antropogénicas

http://www.qulfhypoxia.net/overview/
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http://www.gulfhypoxia.net/overview/

El camaron blanco del Pacifico
Litopenaeus vannamel

v Es el principal camarén cultivado en América y Asia con 2.3 millones de
toneladas producidas en el 2006 (Hedlund, 2007)

v Los camarones peneidos, pueden tolerar mejor bajas concentraciones de
0Xigeno (Rosas et al., 1997)

v Los camarones “sufren” hipoxia en el medio natural y en cultivo

v La glucdlisis anaerobia es la principal fuente de energia en crustaceos en
hipoxia

Life Cycle
of
Penaeid Shrimp

Estuary

v

Not to Scale
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Concentracion de lactato y glucosa en hemolinfa
de L. vannamei en hipoxia

= |

Control 3diasde 2semanasde ANOVA
Normoxia hipoxia hipoxia (P)
Glucosa (mg/dL) 12.947.2¢ 5704302 45341975  <0.05 ]
Lactato (mg/dL) 8.05+1.72 30.1+17.3P 34.4+20.1° <0.01
Hemocianina 84.6+11.32 76.1+£8.22 110.6+20.0P <0.01
(mg/mL)
Proteina (mg/mL) 114.9+19.0 117+5.1 135.7+20.8 NS

%\ Racotta et al, 2002

Hemolinfa = sangre

!
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2. Hexocinasa - HK
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ciao ' Para la caracterizacion de genes.......

c WK ONA v,
. - ; Replication Translcriplion ss:i?f;nor
Disefio de oligonucleétidos '
degenerados o especificos para PCR W VY e
: - Translation
M Pr}tem
\ RACE, clonacion y secuenciacion
| ] Analisis bioinformatico \ Analisis filogenético
‘ClustalW, Blast, ExPASY Neighbor-joining method Jones-Taylor-Thornton
Proteomics tools matrix / 1000 replicas / MEGA software version 4

Tamuraet al., 200710‘
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=] | Secuencia de nucleotidos y de
C1AD aminoacidos de HK

1 M
I 1 GACCCACGAGAAACTACCTTGTGCGTCACTACAGCATCATTCTGTCACTGCCAGACCTTACAGACAGTTCTTCGAAACAGCTTGAAGATG

2 8 s M T E F P V L F I 6 D E H K KE KV K I L 8 P L V L T
91 TCATCTATGACTGAGTTCCCTGTGCTCTTTATTGGAGATGAACATAAAAAAGAAAAGGTAAAGCAGATATTATCTCCTCTCGTGTTAACA

32 K 8§ Q 9 Q E V 8 8 V F L D EMURILGIL A S S P E R K S S8 L L
181 AAGTCGCAGCAACAGGAAGTTAGTAGTGTCTTCCTCGATGAAATGCGTTTGGGCCTTGCTTCCAGTCCTGAGAGGAAATCTTCCCTTTTG

62 M E N T F I P E L P D G T E N G E Y L A L DL G G T N F R V
271 ATGGAGAATACTTTTATCCCTGAACTTCCTGATGGTACAGAAAATGGTGAATATTTGGCTC TAGACCTTGGAGGAACCAATTTTCGAGTC

92 M Y V K M K D G 8§ I T E E I VvV D Y Y HV P E E RRTUL G P G A
361 ATGTATGTCAAGATGAAGGATGGAAGTATTACGGAGGAGATTGTGGACTACTATCATGTGCCAGAAGAGCGACGACTTGGACCTGGAGCA

122 E L F D ¥ L A E C L 6 N F I K KR KL G 6 RN L Q L G F T F
451 GAACTCTTTGATTATCTTGCTGAATGTCTTGGAAACTTTATAAAGAAAAGAAAATTAGGAGGGCGAAACTTACAGCTCGGTTTCACTTTC

152 S8 F P M T Q K 8§ L D Vv 6 I L L 8 W T K 8 F N €¢C P G V V G E D
541 TCATTCCCAATGACTCAGAAGAGTCTTGATGTTGGAATATTGTTATCTTGGACAAAATCTTTCAACTGCCCTGGTGTTGTTGGTGAGGAT

182 A VvV K M L 8 D A I Q K H GG G L DI TV T AV L NDTT G T L
631 GCTGTTAAGATGCTTAGTGATGCTATTCAGAAGCATGGTGGATTAGATATTACAGTCACAGCAGTTCTTAATGACACTACAGGCACACTC

22 VvV @ 6 A Y M D K R C A L G M I L G T G 8 N G C Y I E K V E N
721 GTACRAAGGTGCTTATATGGACAAGCGATGTGCTCTGGGCATGATTCTTGGCACTGGCTCTAATGGCTGCTACATAGAAAAAGTTGAGAAT

242 I E K W H 6 K H @ E A E M I VvV D I E W G A F G D N G V L D F
811 ATAGAGAAGTGGCATGGAAAGCACCAGGAAGCCGAGATGATTGTGGACATAGAATGGGGTGCCTTTGGGGATAATGGTGTACTAGATTTC

272 1 K T 8 W D R A V D 8 K 8 L L VvV K 8 F T F G K Y F A G K Y L
901 ATCAAGACAAGCTGGGACAGAGCTGTAGACAGCAAATCACTGCTTGTTAAATCATTCACCTTTGGAAAGTACTTTGCTGGAARATACTTA

302 ¢ D L Y R E I L L T L 8 K E 6 L F € 8 66 N I 6 K L D T Q G A
991 GGAGACTTATATCGTGAGATTTTACTCACTCTGTCCAAAGAAGGACTCTTCTGTTCTGGTAACATCGGCAAGTTAGATACGCAGGGTGCA

332 1 T T T D VvV 8 N I E R D NM Q G D 8 E T TR K V I E G V G L
1081 ATTACTACCACTGATGTTTCTAACATTGAGAGGGATAATATGCAGGGCGACTCAGAGACTACTAGAARAGGTCATCGAGGGCGTCGGGCTT

32 T C D E E G F v H ¢ T I ¢ ¢C W 8 H F L P 6 G P L R 8 L L T N
1171 ACGTGTGATGAGGAAGGATTTGTACATTGCACAATATGTTGCTGGTCTCATTTTCTACCGGGGGGTCCTCTCCGTTCCTTATTGACARAC

392 I L L 6 A W R G P L H I A I D G S8 P F H Y HP RV F R P L M E
1261 ATCCTGCTGGGCGCATGGAGAGGCCCACTGCACATTGCTATTGACGGATCCCCCTTCCACTATCACCCGAGATTTAGACCGCTCATGGAA

422 R L I A E F A P G R P F N L L L V HD G S G K G 8 A L A A s
1351 AGGCTCATTGCAGAGTTTGCTCCCGGCAGACCATTTAACCTGCTGCTGGTTCACGATGGCTCGGGGARAGGATCAGCTTTAGCAGCTTCC

452 I A E R L ¢ K R L 6 K 6 K A N P L 6 G G 8 8 Q G V P H P S P
1441 ATTGCTGAGAGACTGCAGAAAAGGCTGGGAAAAGGAAAGGCGAATCCACTTGGAGGAGGCAGCAGCCAAGGAGTCCCTCATCCATCTCCC
482 Q I «x
1531 CAAATCTAGAGCTTGCCAAAATTGGACTTGGAAAAGAAATAGCTACTGCTTTCCCAAGCCCTTTCAAATCCTGAAAAGAAAAGCAGAAAA
1621 AATATGAATATAATTCTGGCTTTCGAAAAAATGGTGGAAAATATTATTCAAGTTGATGTACATCAACTTTGTATGATATGTTATTTTCTG
1711 ATGTGAGGGACAATTTTTATTTTTTATTTTTCATAATTTTTTTTTCTTAAAGACAAAGCTAAACAGTTTACACAAAATTANCCTTATGCT
1801 AATATAGATTCCTTTGTTGTTCAATAAACAATATCCGGGCAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
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cDNA de HK
%1869 pb

¢» Proteina de 483
amino acidos

% PM 53 kDa

Caracteristicas de la HK

Identidad de HK de
camaron

J Abeja Apis mellifera (47%)

J Mosca de la fruta D.
melanogaster A'y C (38%)

J Hombre H. sapiens I, Il'y
GK (37%)

J Pez Cyprinus carpio (35%)

Sofanez-Organis et al., 2011
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\ LLMENTFIPELPDGTENGEYLAT ITEEIVDYYHVEEER 115
mellifera HK LQMENTYVPELLDGTEECLYLAT —DKREEVKKYHISSDL 120
melanogaster HKC VKCEPTYVQDLPTGDEMGKYLAIPLGGTNFRVRLVSLK—-—-GHHDATVDSQIYAVPKDL 100
. mikiss GK VKMLPTYVCSTPEGSEVGDFLAIPLGGTNFRVETLVKVGEDEERGWKVETKHQMYSTSEDA 119
H. sapiens GK VKMLPTYVRSTPEGSEVGDFLSIPLGGTNFRVELVKVGEGEEGQWSVKTKHQMYSIPEDA 115 | .. .,
C 1. musculus Gk VEMLPTYVRSTPEGSEVGDFLSIPLGGTNFRVELVEVGEGEAGQWSVETKHQMYSIPEDA 114 | ° S t d I ATP
T. cruzi HK LRMLPSYVYKTDPSKATGVEYATPLGGTNFRVIRVTCKEGR-— - —~VADRVDAKFVIPQQA 122 | I IOS e unlon a g ucosa,
' 5. cerevisiae GK LPMIPAFVTGSPNGTERGVLLANDLGGTNFRI§SVNLHGDH -~ —-TFSMEQMKSKIPDDL 117 r—
: H. sapiens HK2 VEMLPTYVCATPDGTEKGDFLAIPLGGTNFRVRLVRVRNGKWG- —~GVEMHNKIYATPQEV 566 |
: M. musculus HK2 VKMLPSYVRSIPDGTEHGDFLAILGGTNFRVRLVKIRSGKKR-—TVEMENKIYSIPLEI 593 5
Lo ’ Mg* conservados
L. vannamei HK1 RLG-——PGAELFDYLAECLGNFTKKRKLGGR ——————— NLOWGFTFS FPMTRRSIbVGTL |1 65 y g
: A. mellifera HK RVG-——SGIRLFDYLAECVSDFVIAQGLQDV ——————— ELPYGFTFSFPMIPHSPIGILY170
| D. melanogaster HKC MVG---PGVDLFDHIAGCLAKFVEKHDMKTA-—————— yLPYGFTFSFPCVPLGIKEGIL 150
0. mikiss GK MTG-——TAEMLEDY IAECT SDFLNRQHTKHK——————— KLPYEFTFSFEVREENTPRGIL |1 69
H. sapiens GK MTG-——TAEMLEDY I SECT SDFLDKHOMKHK ——————— KLPYGFTFSFEVREEDPKGIL 165
M. musculus GK MTG-——TAEMLEDY I SECT SDFLDKHOMKHK ——— —— —— KLPYGFTFSFEVREEDTPKGIL |1 64
T. cruzi HK LQG-—-TAEDLFGFIAQSVKKMMEQKAPEDLNR————— TVPIGFTFSFPTHDKGYPHGFL f174
s. cerevisiae GK LDDENVTSDDLFGFLARRT LAFMKKYHPDELAKGKDAKPMKIGFTESYPVORTSINSGTL 177
H. sapiens HK2 MHG-——TGDELFDHIVQCIADFLEYMGMKGV ——————— SLPYGFTFSFPCOPNSIPESIL 616
M. musculus HK2 MQG-——TGDELFDHIVSCISDFLDYMGIKGD——————— rMPIGFTFSFPCKPTSPCGILf643
- - FEL L3 B B EJEFRIEIQES =3 o =
L. vannamei HK1 LS§TKSENC H5VVGEDAVKML SDA T QKHGGL DI TVT AVINDTT GTLVQGAYMDK—————— 219
A. mellifera HK VTRTKT ENCHDVVNEDAVKLLREALDRRGDTKVKVVAILNDTTGTLVQGSTLDP—————— 224
D. melanogaster HKC VR§TKGFDCHEVECEDVGRMLHEATQRRGDADIAVVATLNDTTGTLMSCAHRNA-————— 204
0. mikiss GK LN§TKGFKA JEAEGNNVVGLLRDA TKRRGDFEMDVVAMVNDTVATMT SCY YEDR—————— 223 .
H. sapiens GK LNWTKGFRAGSAEGNNVVGLLRDAIKRRGDFEMDVVAMVNDTVATMISCY YEDH—————— 219 PM de HK L Vannamel 53 KDa
M. musculus GK LN§TKGFKAEAEGNNIVGLLRDA IKRRGDFEMDVVAMVNDTVATMI SCY YEDR—————— 218 '
T. cruzi HK IKJTKGES THEVEGKDVVELLQKALKR-MEVKVKVVALCNDTVGTLITNY FFDP—————— 227 - .
S. cerevisiae GK IRWTKGFRIADTVCKDVVQLYQEQLSAQCMPMIKVVALTNDTVGTYLSHCYTSDNTDSMT 237 HK de |nvertebrados
H. sapiens HE2 TKGFKAECEGEDVVTLLKEATHRREEFDLDVVAVVNDTV GTMMTCGFEDE—————— 670
M. musculus HK2 $TKGFKATDCVGHDVATLLRDAVKRREE FDLDVVAVVNDTVGTMMTCAYEE P~ ————— 697
T AN D. melanogaster (50 kDa)
L. vannamei HK1 SNGCY IEKVENIEKWHGK-HQEAE —————— MIVDIEWGAFGDNG 267 A me”lfera (51 kDa)
A. mellifera HK SNACY IERADRVEHWETERHGERQ-—————VIIDIEWGAEGDNG 273 .
D. melanogaster HKC CNACYVEDVENVDLLRADFKKTKRS —————VIVNAEWGAFGEGG 254 .
0. mikiss GK CNACYMEEMRTVELVEGEEGR— ——MCVNTEWGAEGANG 269 H 50 kD )
sapiens GK CNACYMEEMQNVELVEGDEGR— ——MCVNTEWGAEGDSG 265 . americanus ( a
musculus GK CNACYMEEMQNVELVEGDEGR —-MCVNTEWGAEGNSG 264

cruzi HK
cerevisiae GK
sapiens HEK2
musculus HK2

SNACYFEDAYAVTKEPSVAARGTTQ-—-—-——TPINMECGNFDSKY 277
TNGCYMEE INKITKLPQELRDKLIKEGKTHMITINVEWGSFDN-E 296
SNACYMEEMRNVELVEGEEGR-————————— MCVNMEWGAFGDNG 716
SNACYMEEMENVEMVEGNQGQ-————————— MCINMEWGAFGDNG 743

* EF K 1 o
vannamei HK1 HFLPGGPLRSLLTNILLG-AWRGP—————— LHIA DGS ?FHYHPRFRPLMERLIAEFA—— 428
mellifera HK VSNRAALLVSICLAVLLEKRIDRKH- ——VTIA 'DGS .YKHHPRLETWIKQYIPLLA—— 437

melanogaster HKC VAKRAATLVAIGVSGLVNRTSNRR------VIVG IDGS 7YRYHPKFDAYMRQTLOQKLVK- 425

mikiss GK VSTRAAHMCGAGLAGVINRMRERRSPAVLKITVG (DGS 7YKLHPCFQDRFHKVVRELT—— 436

sapiens GK VSTRAAHMCSAGLAGVINRMRESRSEDVMRITVG /DGS JYKLHPSFKERFHASVRRLT-—— 432

musculus GK VSTRAAHMCSAGLAGVINRMRESRSEDVMRITVG /DGS /YKLHPSFKERFHASVRRLT—— 431

cruzi HK VRGRAAQTI SAMFCSAPLVKTRKEG————— RATVA 'DGS /FEKTPSFRRLLOONMNATLG- 442 == =
cerevisiae GK ISRRSAYLAAVPLAATLIKTNALNKRYHGEVEIG :DGS /VEYYPGFRSMLRHATALSPLG 473 H K CO n es eC Ifl C I dad O r I u Cosa
sapiens HK2 VARRAAQLCGAGMAAVVDRIRENRGLDALKVTVG /DGT LYKLHPHFAKVMHETVKDLA-— 883

musculus HK2 VSERAAQLCGAGMAAVVOKTRENRGLDHINVIVG /DT LYKLHPHFSRIMHQTVKELS—~ 910 .
vannamei HK1 -—PGRPFNLLLVHL GSG] GSALAASIAERLQKRLCGKGKANPLGGGSSQGVPHPSPQI 483 e n H p de L . Van n ame I
mellifera HK -—PDHKFKMIHAEL GSG] GAALVAATAQRLONRLD- - 470

melanogaster HKC -—-ADKEWDIMLSEL GSGI GAALVAAVASKTE 454

mikiss GK -—PHCDITFIQSER GSGI 471

sapiens GK -—PSCEITFIESEE GSGI 466

musculus GK -—PNCEITFIESEE GSGI 465

cruzi HEK -—PGCDVTTALARL GSG! 471 |

cerevisiae GK AEGERKVHLKIAKI GSG 500

sapiens HK2 -—PKCDVSFLQSEL GSG1 GAATLTTAVACRIREAGQR— 917

musculus HK2 -—PRCTVSFLLSEL GSGI GAALTTAVGVRLRGDPTNA———————————————————— 945

8% FE g3 g o3
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Stteten y Goldsmith,1981; Dunervell y Eanes, 2000; Gaxiola et al.,
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Actividad y expresion de HK en hipoxia
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3. Lactato deshidrogenasa- LDH

ATP  ADP ATP  ADP

Glucosa u Glucosa-6-fosfato —— Fructosa—6—fosfatou Fructosa-1,6-bifosfato PI ruvato _> IaCtatO

GPI
HK = Aldolasa -

Gliceraldehido-3-fosfato <—  Dihidroxiacetona fosfato
TPI

Citoplasma

3-fosfoglicerato

b

PGM

2-fosfoglicerato

Mitocondria

. H,O +CO,+ATP
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CIlAD

]| |
Corte y empalme alternativo mutuamente
| . excluyente del gen de LDH genera dos subunidades

1 v'El gen completo es de 7,571 pb y tiene 7 intrones, uno en el 3’UTR
/

230 199 207 2869 157 2238 224
El — E2 — E3 — E4 —J=— E7 ES8

174 117 126 126 165 322

Leal Rubio, 2010 16
Sofianez-Organis et al., 2012




Alineamiento de LDHSs

LDHvanl
DHvan2
aphnia LDHa
aphnia LDHb
uman LDHa
uman LDHb
uman LDHc

DHvanl
DHvan2
aphnia LDHa
aphnia LDHb
uman LDHa
uman LDHDb
uman LDHc

DHvanl
DHvan2
aphnia LDHa
aphnia LDHb
uman LDHa
uman LDHDb
uman LDHc

— ] - —
MASVPE-MLEEQIQPPLTTSGCRVSVVGVERIVGMACAFSELTQHICSELALVD VAADELRGEMND LOHSLTFLRNYKIDANTD YAVTAGSRVCIVTAG 119
MASVPE-MLNEQIQPPLTTSGGRVSVVGVEOVGMACAFS}LTQHICSELALVDVAADKLRGEMMD LOH$L TFLRNVKIDANTD YAVTAGSRVCIVTAG 119
MATSVD-KLKTEIQTPVAHSGSKVTIVGVEQVGMACAFS mGIASELTLIDVIIEDKLI{FEmDHOH LAFLGNIKNTAGSDYALSAGSKLCIVTAG. 119
MQT------| KASVDT---VSGTRVTVVGVRIVGISIAFSINTQGIASENTLVD VHEDKLRGELMD LOHyLTFLDNMKITAGSD YAL SAGSKLCIVTAGA 111
MATLEDQLIYNLLKEEQT-PONKITVVGVEAVGMACALS L!IKDLADELALVDYIEDKLK’;IIIIDLOH’SLFLRTPRIVSGKDYHVTA!SKI.VIITAG 119
MATLREKLIAPVAEEEATVPRENKITVVGVEQVGHACAISILGKSLADELALVD VLEDKLEGEMMD LQHESLFLOTPRIVADKD YSVTANSKIVVVTAG 120
MSTVKEQLIEKLIEDDEN-SQCKITIVGTEAVGHACATS]LLKDLADELALVDVALDKLKGEMND LQHESLFFSTSKITSGKDYSVSANSRIVIVTAG 119
el . o [oszee,® weg; wpwi; ; 3, W SEEcREcEscEnd A | @ 0T T Sp; i WET,; TEN;ER T REN, ;@
MIPQLVEHSPHNCILLIVSHPVDILTYVAVKLSGLPKHHYVIGSGTHLD SAQFRFHLSQELSVA IGERIGD SSVPVWS fVRLRD LNPEVGTPED PEEYDE LHKD' Y| 239
MIPQLVEHSPNCILLIVSHPVD ILTYVAVKLSGLPEKHHVIGSGTNLD FHLSQELSVA IGERIGD SSVPVUS FVRLRD LNPEVGTPED PEKYDE LHKD Y| 239
MIPKLVQHSPDTLLLIVSHPVD LNTYVAVKLSGLPRKERVIGSGTNLD S5 FLLSERFNVA IGERIGD SSVPVWS VRLRDLNPAAGTDADTENWGQ IHTQVVORAY| 239
IIPKLVQYSPDTILLIVSSPVDLLTYVAVKLSGLPKERVIGSGTNVDSS FLLSERFDVA 1IGESIGD SSVPVWUS) FVRLRDLNPAAGTSEDTENUNS IHRQVIQRAY| 231
IIPNVVEYSPNCELLIVSHPVD ILTYVAVKI SGFPENRVIGSGCNLD YLMGERLGVH LGERIGD SSVPVWS p¥S LETLHPD LGTDEDEE QUKE VHEQV Y] 239
ITPQIVEYSPDCIIIVVSHPVD ILTYVIVKLSGLPKHRVIGSGCNLD YLHAEELGIH LGERIGD SSVAVES F¥SLOE LNPENGTDND SENVKE Y| 240
ITPAIVHYSPDCRILVVSYPVDILTY IVVKISGLPVTRVIGSGCNLD YLIGEKLGVH] IGERIGD SSVPLUS FVALKTLDPELGTDSDEEHVENIHEQVIQgAY] 239
TR %o R, 2R AR o R, TR BR T LEEERT TR AT o eve e SATERRTREE X R T T. ® % L ® Rea _oF ®e L

.----‘
IKERCYRSVATG IDKDVFLSLPVVLGENGYTHVIKQFLTEAEIAQLQKSANTLUDVQAGIQF- 332
VALG IDEDVFLSLPVVLEENGVTHVIKQFLTEAETAQLQKSANTLUDVQAGIQF- 332
IHGVEQPVFLSVPCVVEENGITDVIQQFLTEGERNQLOKSAATLNEVQINLVL- 332
IHGVQYPVFLSVPCVLSENGITDVIQQFLTEDERTQFOKSAATLNEVQSNLVF- 324
LYGIKDDVFLSVPCILGQNGISDLVEVILTSEEEARLKKSADTLUGIQKELQF- 332
MYGIENEVFLSLPCILBARGLTSVINQKLEDDEVAQLEKSADTLUDIQKDLKDL 334
LYGIREELFLSIPCVLERNGYSDVVEINLNSEEEALFEKSAETLUNIQKDLIF- 332
i®:, EEELT 33 .o ¥ SAERe BE e 3

Exon 5y Exon 6
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d) 0.010+
0.008-

0.006-

Produccion de lactato
en branquias durante
hipoxia

0.004

Lactate (mg/mg Protein)
—

0.002

0.000

b

Hypoxia 1h|

Sorianez-Organis et al., 2012
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\E:'J \ La expresion conjunta de LDH1 y LDH2
| correlaciona con la actividad total de LDH
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—
Condicién/Tejido Condicion/Tejido
—

00035 5

)
g
&

= Branquias
El Hepatopancreas

O Misaulo Actividad enzimatica

—

Actividad de LDH
(Unidades/min/mg de proteina)

—
Tratamiento/Condicién / @
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gene (DNA) . on exon exon exon
——ntron ——intron ——, intron ,—a—m,
e e ntt—
promoter ; transcription
RNA
{ splicing
mRNA
{ translation

o Y VESYPION

’ posttransiational
modification

protein

© 2008 Encyclopaedia Britannica, Inc.

4. Factor Inducido por hipoxia HIF-1

Proteasome

@ r inhibitors

Degradation

|

‘ Anti-HIF-1a RNA

Hypoxia

Nature Reviews | Cancer

Factor de transcripcion

HIF-1 "Regulador Maestro”
-
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en mamiferos

'\-l ,'
\f = ATP  ADP Tp  ADP
{ -6-fosfato —» chhosa—ﬁ—ﬁusﬁ:u

GPI

. Genes glucoliticos
§ regulados por HIF-1

LDH

Fructosa-1,6-bifosfato

)L

Gliceraldehido-3-fosfato «—+ Diludroxiacetona fosfato

GADP

5-ACGT-3"

CI1AD
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Dominios de HIF-1a de L. vannamei: comparacion con proteinas
homologas

HIF-1la 34 90 122 175 240 330 480 490 658 664 1020 1048

Vo | | b lﬂl L
L. vannamei @] 8 <
1050 S , ,, ' -2, : 2
/ I/ // // // /l/ /,
=
=
=
ﬁ_

~..N-ODD

I'J-ODE\S“\.\

d-on@:\\

N-ODD
C-ODD

or [

69% 60% 60%

S
B asa

74% 55% 60%

N-ODD

¢-ODD

|
[ ! [ ! [ ! [ ! [
200 400 600 800 1000

224 aminoacidos = HIF-1a de vertebrados
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Sofanez-Organis et al., 2009
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Dominios de HIF-1p de L. vannamei y proteinas homologas

HIF-1p 9 66 72 188 278 362

L. vannamei
608 ~ ~ ~ ~ ~
D. magna
669

98% 84% 80%

644 HLH
& 98% 80% 75%
789
; 96% 78% 69%
| | | | | | | |
' ! ' ! ' ! ' !
200 400 600 800

Domlmos conservados Sofanez-Organis et al., 2009 23
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" AR
N = ’komo probar la funcion de HIF-1 en hipoxia?

CIlAD

No hay mutantes ©

ELSEVIER

Double-stranded RNA and antiviral immunity in marine
shrimp: Inducible host mechanisms and evidence for the
evolution of viral counter-responses

Javier Robalino®, Thomas C. Bartlett?, Robert W. Chapman®, Paul S. Gross*<,
Craig L. Browdy®, Gregory W. Warr™**

“.* ScienceDirect
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Mini-review

ELSEVIER

Fish & Shellfish Immunology xx (2006) 1-5

Protection of shrimp (Penaeus chinensis) against
white spot syndrome virus (WSSV) challenge

Short communication

www.elsevier.co

by double-stranded RNA

Chun Soo Kim *, Zenke Kosuke *, Yoon Kwon Nam I’,
Sung Koo Kim©, Ki Hong Kim **
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£
¢ en camaron

Silenciamiento de genes usando RNA de
interferencia (RNAI) en camarones peneidos

—

o

o
& Comparadive |y
Immunology crera:
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] —
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"‘ania Rodriguez?, Alberto Huberman?®, Laida Ramos? and
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v'En camaron el dsRNA es especifico y efectivo
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s Research 114 (2005) 133-139
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siIRNA 1njection induces sequence-independent protection 1
Penaeus monodon against white spot syndrome virus
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Bioensayo Hipoxia/silenciamiento HIF-1

v Camarones 15+1.5 g

v’ 28 °C, 34 ppm, aeracion constante, luz controlada y alimentados diariamente
(Purina 35%)

Tratamientos

10 pg dsRNA en 100 uL de SS

' ,l::"‘\

Solucioén Salina
(SS, controles)

dsRNA HIF-1a

dsRNA HIF-1p 24 horas en normoxia
(5.5+ 1.2 mg/L OD),

- Tanques 50 L / 15 camarones x tanque; Tris base 20 mM y segmdolde ;;pr? x1a o5
: NaCl 400 mM, pH 7.4) porly
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Bioensayo Hipoxia/silenciamiento HIF-1

CIlAD

Condicion/Tiempo ] Extraccion de RNA total
4
1.5mg/LO,x1h
1.5mg/LO,x 24 h Cuantificacion de mRNA:
HIF-1 (o y B), HK y LDH

5 camarones X
tratamiento

) Extractos crudos

Branquias MUSCUIO 2— Cuantificacion de metabolitos
\) = Actividad enzimética de HK y
Hemolinfa LDH

26
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Lactato en branquias durante la hipoxia y
silenciamiento de HIF-1
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- ’ Expresion y actividad de LDH en hipoxia
y con silenciamiento de HIF-1
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Soflanez-Organis et al., 2012
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!‘E_ﬂ ,’Resumen

HIF-1
Hipoxia silenciado+hipoxia

Lactato t @ 1
Branquias  Actividad Hi y LDH 1 YV |
\

Expresion HK y LDH t

TO

\
T

No detectada

Lactato

Actividad HK
Actividad LDH

Musculo

Expresion HK

e =

Expresion LDH




v' Las enzimas hexocinasa y lactato deshidrogenasa son
rapidamente inducidas durante la hipoxia

v" La induccion de HK y LDH es mediada por HIF-1

32
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