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UNANED

Hepatopancreatic microsporidiosis Lﬂuiiﬂﬁ:ﬂﬁlﬁmmmia@L%aiﬂ Enterocy-
tozoon hepatopeneai (EHP) inun1sunsssuineg1mtinturisudesiwniwiuunly Litope-
naeus vannamej ¥03UsgmeAlng Nafawe EHP asfuemisanas dn1gnaiuileds lndn
Laneeen1y n3n 5-a¢dludgdlin (aminolaevulinic acid, 5-ALA) WUunsaeziilunliidu
p9rUsenauvatusiu Jautiglumsasiaasnungluwaanlionisiiynisas1eluluse ud el
ANMUEIAADNTERATIZANGINUY (ATP) Hunsvudidnaseuvediilnnownsy Nuidenasell
TauuAgruinmsianeifne EHP Auemisialy 5-ALA 9198ndn3IN1sANevedNifianiye EHP
19 ifawnawauuiluanueiasndandisdiiionisiaiie EHP udesludinaiafinauin 40
a ~ I3 | | I3 | | | v v ~
ans NIAUAN 30 ppt LLmﬂamwsmaaamu 4 nau uraznauliemsNanay 5-ALA A1y
Lsuusuu 0 (NgumIuAw), 15, 30 uag 60 ppm L,asmmmu 21 Yu Namsmaaqwmwmﬂmu 5-
ALA 7 60 ppm uamwaammmama@ LLa‘“iJiJ’JaU’WTUﬂWJLW@J“UUE]EJNJJUEJ&’W]EULZJE]L%EJUﬂ“Uﬂ\ﬂu
NANAIUAL (p<0.05) mamiﬁmsnLuaLsJa’m&nsuaqmQﬂuﬂqmlmu 5-ALA 91 60 ppm WUy
= . = dgl’ Qll a IS ldy 1 a o o [
#9915 atrophic tubule anas TamdsuAwIAloan18lY B-cell Hvwnlngvung st dAsgy
(p<0.01) LAAIDINITHI9IUVDIRUNATU ensraUsunIshnte EHP TuAuale semi-
quantitative PCR #WUISNSAMG o NI URLANULTNTUDY 5-ALA wagnunsinae EHP Tu
U d‘ ¥ dy 44' a [ £ ¥ 1 b4 1 a
AUlaNTIAMELUBeINeT ATIanmseau ATP ludus wudislungy 30 wag 60 ppm 1AM
duduves ATP Windugeniinguaiuanegfileddsy (p<0.01) duiudwidudesdnisdny
A a A & o a v @ ¢ 1 & v aa a
Wadsieduduiimsiasy 5-ALA Tuomsiaduusslevdsanisidesauniwiuuluiniini sin
W EHP Tuseauvnsuaniaive

AdAtY: NInaedilualatn 5-ALA hepatopancreatic microsporidiosis NSiWg@ENmela N9
1911 NMIMBIB33 Enterocytozoon hepatopenaei
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Abstract

Hepatopancreatic microsporidiosis, the shrimp disease caused by
Enterocytozoon hepatopenaei ( EHP) infection, has been widely spread in farmed
Litopenaeus vannamei in Thailand. The symptoms include decreased feeding, muscle
waste, slow growth, and chronic mortality. Since 5-aminolaevulinic acid (5-ALA), a non-
protein amino acid, has been known to enhance ATP production in the cell through the
increased formation of hemoproteins in the electron transport complex of mitochondria,
it was hypothesized that providing 5- ALA to EHP-infected shrimp might reduce the
mortality caused by the infection. Naturally EHP-infected L. vannamei were randomly
sampled from a commercial shrimp pond that showed signs of hepatopancreatic
microsporidiosis. The shrimp samples were reared under 30 ppt seawater in 40-L plastic
tanks, divided into four groups; each receiving commercial pellets supplemented with
different doses of 5-ALA: 0 (control), 15, 30, and 60 ppm. After 21 days of the experiment,
it was found that the shrimp receiving 5-ALA at 60 ppm survived at a rate significantly
(p<0.05) higher than that of other groups, and had a significant increase in biomass,
compared with that of the control group. Histology of the hepatopancreas of the 60-ppm
group revealed significantly (p<0.01) less percentage of atrophic epithelium and larger
areas of the vacuoles of the B-cells, suggesting improved hepatopancreatic functions. The
levels of the EHP load in the hepatopancreas as revealed by semi- quantitative PCR were
increasing in a dose-related manner of 5-ALA supplement, with EHP being detected
histologically. The ATP levels in the hepatopancreas of the 30- and 60-ppm groups were
significantly (p<0.01) higher than that of the control group. Further tests in the commercial-
scaled farms are required to find out if the 5-ALA supplement is beneficial to the EHP-

infected L. vannamei.

Keywords: 5-aminolevulinic acid, 5-ALA, hepatopancreatic microsporidiosis, marine

shrimp culture, slow growth, chronic mortality, Enterocytozoon hepatopenaei
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1.1 m’mﬁqﬁ'@uua“ﬁuwmmu?ﬁﬂ

3 Enterocytozoon hepatopenaei (EHP) 9@ ® 8114 ngu Fos1lud na
Enterocytozoon LUuL‘UaVlﬁ,JﬂWULLa ﬂaiiﬂiuamamuﬂuﬂuﬂuUﬂWiaa Fosmudinaneetoas
Fuffsununnudasiasieien Litopenaeus vannamei lutssmelnenunsfini@os) EHP Tung
ﬂ”Jf’NLLazWUﬂﬁizU’muLmLﬂ'mﬁu (Chaijarapong, 2021) fistesumsinide EHP fiosdus
misfndoluwaddufain M-cell (Midget cell) uag F cell (Fibrillar cell) gandnwaddursnin
u (Nima et al,, 2022) Fawadraeinimihinanlunisasddsaufididn Laud wuled
do801v13 Bulweniiu Wsfiuandndenelsn waziudlndfieangmisugadn (anti-microbial
peptide) (Angthong et al., 2007; Hu and Leung, 2007; Wang et al., 2009; Tassanakajon et
al, 2013; Yang et al., 2018) denides EHP endunnsluwadidnduuasliiflulnaouine
Fossadendinu (ATP) findnldanlulnaeusssvsngadirduiieldlunszuiuni s
ATUDATY

Refifaide EHP azlduansornisfinund wdaladvildfeunnled deuifaes

(%

Uaoedfsndudvnassmiefinuazazveesneluiign Senlsafifinane1n1sning1ain 1sad

be

1M Fenineenan ivaendulidideilsatuniieanide EHP uwihaziAnannisiifedaide
Vibrio spp. S1ifin winfaldfinsinideduin feiidade EHP sghaierenagliiulsaden
(Sriurairatana et al., 2014) l3atu1dusinisvesdsinandlfifundsandsinde EHpP 1y
syogamiudi iesandnsnnanvaveivent esduauinnluiviainds (Tang et al,
2016) fsfifnidion EHP wadiuazgnyinans liannsandnioulsllumsgosems i
gane s Yilireseune yufessuuniquiuresisanas idesnddliaansaairdusiudun
loeniiu uasUlndseduiedorelse vlifgnifedudvhaesuiuldng medaide EHP
Tufsfimngidesiuldadredgmliuiinunsnsogian imsensladivesiadunisgade
Aldinelnglidnanouunundusegisdue inuasnsfivszautamlsatvnludedingasdufs
Yereunasumsisldliunu
msfifsade EHP erafinnfsldsuemisiivudeualedifen viedanis
vudloululsamgiin (vertical transmission) Ssemnsifldlunisoyuagfiaindinimsaiuses
Tldfinsuudioude EHP 1838 PCR wiflilduneauiemisazusiminion esan
nseyuagnislulsaumeiinludisnaidun fnfissuunsdanisuaznistwiatmeada dae
HadumanienaiinadudensiiusuiunaynissenvesaUsd (Aldama-Cano et al,, 2018)
uanantinisinide EHP 9191ina1nnaiAsslutefu (horizontal transmission) A3y n13an



nstuiloudonisieserdenisirtnindaenasiu vislnunadenesuuinisum (A1
Wudy 15 ffdy) womsuumnudusiwewimealile pH 11 (Aldama-Cano et al., 2018)
uiismstintsumnavlfiAnnsarasansedlunznouiu wenfuaildaevennunsns
vlwlanarlsanas TumeuAoRisiasliduitedd SeudufomiBnmduiiannsnanaany
Bovmevesisiinnide EHP wavandaiaateiiindes erp Liflalnaowsdeddiaunsoadna
ATP 1 inlvidesld ATP a1nwadidnUnu ninaiuisansequn1saing ATP vaagaqidn il
sy deleadidndhuanssadulaldiduind Hufumsiamainardanadelaliinns
Vudoudon Medsnmstennsisanaudsmeiiinainde EHP adld

5-evdlludatin (5-ALA) Fuanshefuiiddydmiunsdaun ey (haem) &
suduesdusznaudiddayvedlusiunatssia (haemoprotein) 1w Blulnaduwasdlylesnfud
ogluihidenvimihiidiedvesniiau warBudauduosdusznevvadlalalasuiiiisadesiy
NIZUIUNITATI ATP ‘171'L‘ﬁ@ﬁmﬂ%’jumaumﬂuﬁﬂammﬁau (electron transport chain) Tuns
melauuldoondiou wuaiideuilnaunsandn 5-ALA melusadlagldansaaiu succinyl
CoA uag glycine (Fujii et al,, 2017) 5-ALA anunsansedunsintauvedlalalasulunszuiunis
welavenad dwaliiAnnsadne ATP aneluwadduiiingy (Msbius et al, 2010) Lﬁa?j&@m
do EHP wadargnitonfiaen ATP TUlE vnanansaifiumsatna ATP spsfufiadaemaaiy 5
ALA Tuewnsfis enatheansansznuannsiifaladiilesnngaide ATP uavdadunfidufy
meluvesetederelsn Syenuidenuin maasy 5-ALA drenszdumsaindusiuiuseqd
u%wlﬁt,ﬁm%u LazaneIn1saeaIuiiinainlsa acute hepatopancreatic necrosis disease
(AHPND) ﬁﬁmmqmmmﬂﬁﬁa Vibrio parahaemolyticus (Pedrosa-Gerasmio et al. 2018;
2019) UBNINENUINITLEATUOIMSAIU 1 5-ALA daiaTusrnulssansuunadiFeddu
Usglewilluszuunaiuennsveis (Pedrosa-Gerasmio et al., 2020)3adululdinmsiadu
5-ALA agtanmainlsndunlufiindedifiuld nuidedmuin 5-ALA nasduBuiifieades
funisaenasulfiinisuanseenifiudy (Pedrosa-Gerasmio et al. 2018; 2019) Fsfiafiinide
EHP vilvifanneidiesannszuaunsasnasuresiaiiaund inanaulilannavessedlam way
sriundeusnigluvad Wy unaloy wunfifoy wasariueiun Jedsadenalnlussduivad
f\]'m‘vréfﬂmiLLazm61maﬁﬂé’nmﬁﬂﬁﬂméﬁﬁammmﬁf{’fﬂuﬂ%ﬂﬁ

1.2 N13ATINBNAT
1. fevnwauunly
Y . N @ Y a =~ al Py
auIwIuuly (Litopenaeus vannamei) Wufangiasianilannulanaluly
Usnamneilaauvswldiiangiueen mnaeumilorewsemadndlinaudwmeumiloveaiuy
v & v d‘ o w = v & 1% o o
A ludufmesaissmalnedndunieldds mawnuienaidnssavdymilse



sruranaglad dagtuinuasnsinewdeuuidssfewnuiunluunutmaidiudaiou 100
Wosigud lul 2563 Useinalvedinisdseanisviwiunly windu 114,398.93 f'u yaen
34,096.17 &MU %38 76.53 wWesidud uay 76.68 Wesldud veeUSunauasyaninisdeands
neavanan AE TngUsamalnesinanavdndseenegfiussmaanigonsn gUu Ju 1nma
17 (3msan, 2563)

a1y uly (Pacific white shrimp) Foinemransin Litopenaeus
vannamei 1133ATUUANIOUNTUITIY figradl Order: Decapoda Class: Crustacea Suborder:
Natantia Family: Penaeidae Genus: Litopenaeus Species: vannamei ?jw’mnumlu a7
il 8 Udosdvn enlvgiindeulmsinidy dwil 1 Udes fnfennussanm 0.8 wiweannuen?
Waenthiunigs Umeniuay dawvesniiinuusiduammdonifunseutinia nidwuud 8
unsenuaned 2 flu Waenidueusuniuns Iruindueden 2 Wi viaulden flurineth
5 @J'ﬁ%’mﬁmiuﬁmm&ﬁ&mq drunnedl 1 Udes Yanewsdiduaady wwuvnsd 4 Tu wag 103
3 (0l 1) mAuldnnszdunudnuesnh asnamuamn q #Uand lduunda geuthnsedng
fifin fdeitlremanBeuuatannsvenitlutemnsides funnladne dudeiideddisly
STUUSTINTR warsruuRmmuiilaedissiuiiussanas 1.0-1.5 was (duns, 2552)

ADROSTRAL CARINA
EPIGASTRIC SPINE

GASTRO-ORBITAL CARINA- HEPATIC SPINE

——HEPATIC CARINA
ANTENNULAR
PLA?ELLUM ROSTR]

ABDOMINAL SEGMENT
K \) ™~

- ol VABDOMEN Bre.
P /.
THIRD MAXILLIPED ; Qﬁ
PEREOPOD.

ANTENNAL SPINE

PLEOPODA
(SWIMMERET) \
. I
-
— 3
ANTENNAL FLAGELLUM UROPODA (TAIL FAN)

Morfology of white shrimp

A# 1 dnwaieawuuly
31: Dugassa and Gaetan (2018)

anvazmzveswiladndunaiunutdn Aedidavnla wWien (exoskeleton)
lufidguazla (colorless and transparent) v AU (walking legs) H@w17 Uangn19@unng n3
(rostrum) AfluFNUUY 8 & wazAWENN 2 & AUENIYeINTITEINTIgRAT LNt (Amd 2)



The Pacific whiteleg shrimp,
Litopenaeus vannamei

Exoskeleton, colorless and transparent

White legs, especially walking legs

A Y ) P . A Y a ~
A9 2 SNy lUYeanwn Litopenaeus vannamei a) wansdnyaien3 (rostrum) iy
1% N 1% ] A a = = == Y
AUV 8 & wazA1uans 2 @ HUa1enaduns lWien (exoskeleton) luifiduagla b) uansdnuaiy
YUAY (walking legs) &1
Nn: Useyauueyt (2563)

ofgrgniliidrdguinlufeenn wavludanaiia Ao #u (hepatopancreas)
oforiliinthdiddaluns (1) aaides e enzyme Wiodosoms (2) avauemsiid ey
W1 (3) @519 hemocyanin 300w protein #l#lun1s “auds” oxygen WHngadsng q 7
$19m8 (4) @519 vitelin diedslud oocytes lusala (ovary) a'rmuLLum’Luﬂummmaaamm'm
auys0i0333lY (ovarian maturation) (5) ammsw,ﬂuﬂmmu‘l,ml,ﬂm wag (6) nihidu 9 i
ginssasdnuimely muqausuﬂummwLﬂuaamslﬂfmma (target organ) vouiiolsAsa
vosts FalunmsnmnaeumufiaUnfvesiuiaiudesddylumameidosds Bmsmmaaeu
feglutlagtiu uaziilunsmsieaouiiamuisalaaosduBafif (practical method) Aems
maf\mmﬁal,?ia‘imn (histology) é’wﬂé’aﬂﬁ;ammﬂﬁsimm (light microscope, LM) Wwagns
»319928735 polymerase chain reaction (PCR)

mﬂmiﬁﬂwmmﬁaﬁaiwmmaﬁﬁwaﬁﬂﬁﬁﬁmmuﬂdﬂ 50 Yifu wutreTeawil
Usznaudievialdn 9 (tubule) Tunnuaueantusninewasvnsiufudufeunay Imaﬁugwu
naiieideinenvesiusssnousae epithelial cells fidausou lumen wasdnduniles
epithelial cells @8 basement membrane fuen epithelial cells 88n21n hemolymph Tu
epithelial cells Hiwaavsilnmg 9 a¢ 5 vila A9 E-cell (embryonic cell), R-cell (resorptive
cell), B-cell (blister-like cell), F-cell (fibrillar cell) kaz M-cell (Midget cell) (Hu et al., 2007;
Nunes et al, 2014) ninfveavadusazyfinti gainsandiesiueglunguiinide Aefinouing
wilafe E-cell Wuwaddunuuiiausonvseadifivsiiuiionaunuwadyindy q finngluld



Faduwadfinunsuusiauuu mitosis Ifuan Aedl mitotic figure g4 uazsInAugluuIiam
Uane 9 09 epithelial tubules (distal part) hag R-cell Lﬁumaa‘ﬁﬁl”iazaumsamwsﬁqm%ﬂﬁ
faiu Fafnazituuaalea (vacuole) auaidnsmauannanelumed dnivnismesdudoany
vinsnazdeniidilade q dinleiy winweseadusmsemssne o deivilesu TUsiu
aslulainsn wagdu 9 egene dudilimsanidissfusgfonthilvevaddnauainiimie Hu
waz Leung (2007) Wui F- waz Bcelifuwadeflaiienu uwiiinasidnvasdiaeiunis
histology namfe F-cell Wuwadiiinsduamzioulaidosemisuaslusiuludoniiiiendos
funsvudseandiau uazgiAufudalauferdosiudluleiu Tdnvasduvadis
cytoplasm Jud basophilic Aiulunun vquedi B-cell 1umadiil vacuole %umimyﬂﬁamﬁﬂ
vacuole agflu cytoplasm vimihidsaszsinaznaseuls LANUINadTede s iln dud
cathepsin L Fadu protease a&gjuﬂﬂ Tngfl F-cell & rough endoplasmic reticulum Tu
cytoplasm AAvantiniadng protein warlunsdlildeadne cathepsin L 99varauuindulu
vacuole naneidu B-cell #3aznanaonain epithelial tubule waztd1lulu lumen Lol
cathepsin L €98 protein ﬁfﬁﬂﬁurﬁ’llﬂ FUNdNYUENIT “Uaey” enzyme %39 secretory
product senuanigaduuunaneanluiausadiin holocrine secretion d@auntihiives M-cell
tu dalansrunida esaniu cell vurninfindnefu E-cell usioglndumig basement
mermbrane 11131 lumen 33An3nazyutfigIunsad vitellogenin %38 hemocyanin
W30a158U 9 INNI1 F- uaz M-cell S8nvazfindneiu fod basophilic cytoplasm waglii
vacuole Wl F-cell fisusreandnenszansnazeagdnfu lumen vapil M-cell fisusranaunie
Awae LLazagﬂﬂﬁ basement membrane (AW 3)



Aw#l 3 9ameinna (histology) Y89 hepatopancreas ¥dfd A) NMENEAMLLNEVBW DR Y
wazlgadudneng 9 E B, F, M uag R-cell fidfaudne periodic acid Schiff (PAS) 33U alcian
blue staining B) nMwghemuunvnweiofideudse HEE B-cell fwiiiloavunnlvgiuitui
Tugjvedlalanana®u way R-cell AiguuuuUiduarlelananatudoning acidophilic ) M-
cell waddsuhraduaumaon asnmaduinedealnglelawaradudonind basophils D) F-
cell lelanana@udoufind basophils Autuagusians basement membrane e lufsdiuves
vioguiu E) E-cell ffuedvavunlnguiufidningvedelananady

fian: Silva et al. (2018)

2. Tsafauazauvinidiarialsn

delsafiAnlufmziadvansuin Téud Ta¥a wueiie 51 uazdsdn (il 1)
olsavnardadamasilidamedudiuaunin (mass mortality) Tuszszinatdudunislu 1
dUa vt laun 15aaungna9w13 (white-spot disease, WSD) lsaandes (yellow-head disease,
YHD) Tsmnne@au (early mortality syndrome, EMS) w3efi3emdunienisin acute
hepatopancreatic necrosis disease (AHPND) lsaunawiinyinbunalnd iy TspRndelSauan
#99 (Laem-Singh virus, LSNV) Tsain@osuia Enterocytozoon hepatopenaei (EHP) 138
microsporidian hepatopancreastitis Iiﬂ%‘m’s (white-feces disease, WFD)I‘iﬂﬁm%a infectious



hypodermal and haematopoietic necrosis virus (IHHNV)  15a#a ¥ Penaeus monodon
densovirus (PmDNV) waglsafniLe Monodon baculovirus (MBY) d1viulsafinidie EHP du
uenanashlsdddaduddmessaedniie dnlsafiade IHHNY vildewn L vannamei &
SnvnsRinsuagladn Adldane uivilimeania L stytirostris meetradeundu udlsaiindu
liasedgmilduiadednad ddunadsanmsindelsavesmeatuiduegiurines
faae damnisnzidestmaslulssmalnelutiagiu e, 2563) Aomadulsaiaunsnag
1M sudensladdiinnnnsiaide EHP saimadilsatin Fwemvasfinanmsiniide
EHP uariinmsiinidle Vibrio spp. Busiudae (Tang et al, 2016) wonanlulsemelneuds &l
SenureIMIRale EHP wavaduauideviedsgnavnssunsnizdesddunaneyssne
wu ludsemeadu Geawu Bude wale dulaiidey

¥
A 1

m15197 1 lspddAguazivenslsalufmaialaganizegisBaiiduianizides (farmed shrimp)

\Jeralsn FolsaiiZenfuiialy
Ta¥a
White-spot syndrome virus (WSSV) 13AfuAIN29U17 (White-spot disease)
Yellow-head virus (YHV) Isamnaes (Yellow-head disease)
Infectious hypodermal and haematopoietic Runt-deformity syndrome

necrosis virus (IHHNV)

P. monodon densovirus (PmDNV)

Monodon baculovirus (MBV)

KUATILSY

Vibrio harveyi and Vibrio spp. lsnsiudniau lsameuadludu

Vibrio parahaemolyticus wina31s Awvinanesiu  Acute hepatopancreatic necrosis disease
(AHPND) %38 early mortality syndrome

(EMS)
91
Enterocytozoon hepatopanaei (EHP) amﬂumLmdawﬁwaﬂiﬂ%ma
Usdn
Gregarine Tsang18nINIuU

Nu1: AauUasRn U50881UUL (2563)



3. L%aiﬂ Enterocytozoon hepatopenaei (EHP)

\§o EHP ﬁﬁﬂ@g}liu Phylum Microspora, Class Microsporea, Order Micro-
sporida, Suborder Apansporobltina, Family Enterocytozoonidae, Genus Enterocytozoon
Tussouan feudvauegthdunmsdanduues phylum # lnereuntiignineglundulusiagy
(protozoa) Wes1lulwdy Microsporidia UBEAAINT T ETEUUNLAUDINI TU DU YU le
Tnglowggidgiduiuunnses WU Enterocytozoon bieneusi #ANIONGIEUUNLALEIMAS
vasUrglsaend viselsnniAufiuunmseas (acquired immunodeficiency syndrome : AIDS) £.
bieneusi fiansiugnssuiindreadeiuiie Enterospora canceri finuluy iWeslulnduiiians
wugnssududidueindeng (double stranded DNA: dsDNA) uazil 185 rDNA fiadne & fu a1
AM53ASIERETUALE e (DNA sequencing) 39801de EHP ﬁagﬂumjmaufgaﬁ %39 fungus
(Vossbrinck and Debrunner- Vossbrinck, ZOOS)ﬁiﬂmmmiamﬁz&jja EHP ﬂ%’jﬂLLiﬂLﬁumiﬁm‘%Q
lufena1en P. monodon ludsemenniai@e Tud w.e. 2532 (Anderson et al., 1989) uarsiayn
1Uf’jﬂﬂ§m Marsupenaeus japonicus Tulszinaoodnsias Tul w.a. 2544 (Hudson et al,,
2001) dwsvluvsznalngldnunisinde eHp afsusnludenandlull we. 2547
(Chayaburakul et al., 2004)

Tud w.ei. 2552-2553 IdiAnn1sssurnvaslasndvnlufewn L vannamei Tu
Ussinalnsuazlussmang 4 funsdssdiem waedesnfnulufnaidde fegefeidu
Tsatumiinenu wuimadiineiade EHP Tuuuamnn wedmuadesues EHP Tudfsidu
ﬁmaaaaagﬂjuuﬂaﬁﬁ%ﬂé’w (Tang et al., 2016) et Saduldlddn TsatuiRnainnisinide
EHP uardrufidudrndudualesues EHP wardudiureailoieuaisaduosduvasdsiign
EHP vhateuazduesnumaild  egdlsinng mamaﬁwﬂuﬁaaﬂ;’jﬁ’ﬁmihiwud”uL%ua EHP
dqmaﬁﬂﬁ’ﬁqmw%lﬁﬂmm36’?]{%'1’41,[,@'@8’1@1@ (Tangprasittipap et al,, 2013) faiu Fafn
amgﬁgwﬁumTiﬂiﬂ?ﬁysu'nawauﬁmmﬂmﬁﬁﬁqﬁ@L%a EHP uaziimsiinide Vibrio spp. s
fiail superimposed bacterial infection wagmnladiinmsinidedniiy f’j\‘lﬁamé’a EHP o8n9ife1
oagliifilsatvn eddlsfinnu msfiade EHP lufsiimzdoniuldaddiygmiliudinuasns
ag19u1n ms1enstadivesiudunisgydenaildinelagliinanouwnunduuiegeduen
nwnsnsfivszautlymlsedonludsiindestufmerowadumaieldlvionyu

31 EHP Lﬁuﬁam‘ﬁ'ﬁﬂé’mmﬁaagmﬂumaé (obligate intracellular fungi)
uasiidnuneiiaudeliflulnaounde (mitochondria) Auifudsdasendendsnuiindnainluln
AownIorensadis1tu (host cell) WWosilulwdy Microsporidia inelfiinlsaluadves
ammwﬂimamQSL%aawmaﬂwmuamim (eukaryotic animals) ffuaglsifinszgndunds
(Didier, 2004) lagdnuairn1sdg o eineweawadiuiifiaide EHP aswuiwadvais
glavedullavesves EHP (Judading (sranules) Vmaﬂaulﬂmﬂamwu (acidophilic) wage/lu



Talnwans (cytoplasm) (n il 4) mmjaamwu basophilic inclusions vuntngjegnelule
Tymanadu dufednunzues EHP fifunistusmdniniiaBuieves EHP lmLmlUmﬂsJastu
Wwaald1UuIukazisunin wataluthey (plasmodium) Feinansfandle (multi-nuclear
plasmodium) siaunatalufeuzAey 9 uJ5'augﬂiwalﬂimaﬁl,wiagﬁamﬁaa (nucleus) #n13
WasuwadlunfeufiasnaneduaUes FonsuseiwBeuntasluiin aveslsuaa (sporoblast)
FounefddiasilaldaUes nsruiumsadualedidenin aveslslni (sporogony) ndwn
fualosudaziazuensenieliiogimfuluauoslsuaadniely uadluiignavosmardufiaz
vhanewadinihu uaznszanesnuludasyifieflazdngiwaddu soly vengneonunaindy
A umen vasfusalURsnszinizuazdldvosds wazeonuimientuifeegluiiuas
Auandenluvefs mndsiuavasimanildnly adosandhdiwaduesiuvesfeialml avesues
eilgusnenaudvunm 0.7-1.1 uTasiuns iuifs (envelope) ¥ anelunsazadostuidnuas
(structure) 7136091 polar tube ¢ Lﬁaﬁ‘da%ﬁ]zﬁf’léwaéﬁﬂﬂm polar tube %Qﬂéuaaﬂlﬂmﬂ
ngruboruad (cell membrane) wédUdosanstugnssy (genetic materials) wilululglam
matuvenvadis iy wimntuesesydunataluien (plasmodium) Wuasedsiinely
(Al 5)

Al 4 Snvusiadedufsiinuiidimsfioide EHP (a) histological section wasiuvastfian
L. vannamei uansalasves EHP §aud H&E (b) histological section Y84fUYBINIUIILANAS
plasmodiumn 284 EHP §faud H&E (c) semi-thin section vesfufiuansavosias plasmodium
7i¥aTu faud toluidine blue (d) semi-thin section vasfunantalasfivenslnaTudousqea
toluidine blue (e) nMWaY transmission electron microscope (TEM) tand multi-nucleated
plasmodium (f) TEM wé@n4 sporoblast LLazaUaﬁﬁaq’ma’Lu (¢) TEM w@ns immature spores.
PV, posterior vacuole; V, vacuole

fian: Tourtip et al. (2009)
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polar tube

TR
EHP branched,
multinucleate anchoring disc
plasmodium =% =

Life cycle Transmission routes

AMA 5 (a) wansdnuarnsuAnkILes plasmodium EHP lulslnnanafuveswadseu
Tndeavoagadidntiu (b) nmeeanadesved EHP 9 nndasganssaudianaseuuandbiliu
polar tube agifiurionts q (o) Sumeumiiindieadididuuasmsundidioves EHP Waunms
nﬂ%”’umueuaa EHP aziinnelu vacuole mamaa’ﬁwﬁmlﬂugﬂLLUU‘ﬁS&ﬂdW parasitophorous
vacuole

fiun: Thawatchai et al. (2020)

4. 11375997 EHP

mansrafaiinmsinde EHP aunsanmaldvatsds Wy mmnadedeldo
MY WAENINTINIETIN1Tana

4.1 MIn973 EHP FeTimailefoine,

mansramnaiiodeingnansonsansinide EHP ldnndadinvesaUasi
agneluduia Msnsivavesuarnaralufenagldddenvilidunaiudealesuasnataly
Feudosaesagmelulalawaratuveseadiuldnetu egrlsfinny wndelimsfindeuuin
thouazdpaasiuindn mannafiensdendaveiertldausonsanunisinideld g
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Hutosiauedisd sghdlsfnnu mideudiadetufiomidaaleivionanaludenfiduiziie
seaunuasnsiufReguirhiumizidesda inuasnsanunsonsaldfiesiiovsadunisiado
erp Tugnfs Fenfulasialuin squash mounts 33Eldnansinderislusses larvae uay
post larvae (PL) awnsansafslananasitedndluasiendiu viladeligenuazlidaian
Tngnidoifedufnisasuundualad udveaaisazaeddon phloxine B Aududy 2
\Wodiud ned malechite green w38 eosin asuuiieganudeiindudnies wioenald
Foauathndufly winisldadeuasilidnnmalesldietu Tauiualadudihaladdomnield
ndemanssatazdunniualoduaznanaluifon (Mndl 6 a-d ) wimndsivwalvatuedlu
svue juvenile wWia adult mMsvh squash mounts azitierdeduuauuwsualas g Unusae
uiuUnalan vinglanliuialaigond hematoxylin kag eosin (H&E) alasuavnangluifuuazin
Fuauns (1wl 6 e-f) uonanil MmInTIansRndeaunsnwieuiloesudmnuAiniamens
381 (Bell and Lightner, 1988) #28n1sasailodesuluwsunsiidusalmduuriuuimnay
dladuazdond HeE Yusiualaddosgnielindesqanssatifieglassaiiuwadiu uaznsiam
funwesalafuasnaalufeunigluwaddu (1l 7 a-b) uieeminileeduiignniely
W1Aldnt dosglassadrasadiunarssagni simuivesalafuagnatalufoudas ndos
9aNTIAUBIENATOURUUADINTIA (transmission electron microscopy, TEM) (AWl 7 ©) e
mswanagonalesalin Chormotrope Wilidanaiudinalosieaee 40x lehetu us
91NN UTUBURUSS in situ hybridization (ISH) Aildn1snsaadualasdalnsu DNA
(DNA probe) asumnzfufiiduievas SSU rRNA (Tangprasittipap et al., 2013; Tang et al.,
2015) wuhmsnsransinidedae 1SH dannalsnniaansaUssdiuausunssenisialdo
18 asradu EHP Ilunnszesvesmsianaaud wanaludon avslmanaluifion avelsuatad
uazaled warannsansanunsiadeldusiasimsfndelutiinatios (n il 8) agndlsfinia
ISH fifunsugsendudounarmzdmiulflununaaesiom s duddimnslussuy
vhdu dedu Fafpsdimaimunoufueaiisnmefus EHP Wevunfauinimsensinide
seismeduyliine daduisinedenunsnslumhiy
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branched
plasmodium

Al 6 alosuaznanaluifisnves EHP luiifoidofudaonisii squash mount (a) AMwuans
dnvazvemanaludenlulelanaradufiogseuqdundsaveawadidrtiu (b) vi1 squash
mount iwaasiugaunied phloxine B azdaufndgmanalusuuaziindvavesgaqiantiy (o)
wanaladeufifonanindy (d) () 0 wadduunuuuiudladudifeudied HaE nuavesinie
nauuLazgInaalLFe

fian: Chaijarasphong et al. (2021)
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A 7 WeldeiuiugnassuuliuinTildu (a) Goudied H&E (b) eumed toluidine blue wu
dUo3 EHP uagwanaluifoy (c) nnangainnaes TEM nunswaiunvesaloissusmngeg
31: Chaijarasphong et al. (2021)

ANd 8 eideNAnde EHP ousa838 Chromotrope (§18) wuldinaUssdaiinisfniietios
W3 UWEUAUNMINTIAREIT ISH (131) WUMIAAeTULT
u1: Chaijarasphong et al. (2021)
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4.2 M39533 EHP fe3snmeiluana

wiimansiafaiifade EHP fendenansiatanduisfinaduasious
HuasiliuusilioRdmiufssees juvenile uazsvazdug mansamsinide EHP e
Fluanaiinenusnetmans?s fadumsnnssdufiduelasmafiuvinadidue daimsld
FBildauhguardenudimnededelsn sufdduneuluniswieuseishonimanioy
freg1ennierfeinet arunsnazunimnsiaide EHP #283569 Saudazitiaauls
(sensitivity) A1us g (specificity) Auazaantunsiunldiu (accessibility) wazu3uned
#5393 (quantitative) fawandlunnsad 2

A15199 2 WIguieuIsmsItadelsnfniie EHP AdedmMsmstiluana

Method Sensitivity  Specificity  Accessibility Quantitative
Clinical methods
lisht microscopy D
In situ hybridization C B
Molecular technique
One-step PCR B B (SSU-rRNA) C C
Nested PCR A A (SWP) C B
LAMP A B (SSU-rRNA) A C
gPCR A B (SSU-rRNA) D A

NNBLYA AAZLUW A-D : A; Best Lag D; Worst
u: AnuUasan Chaijarasphong et al. (2021)

mimaf\]f’jﬂﬁamﬁaﬁ’m% polymerase chain reaction (PCR) 1Ju35umsgu
1#5uniseou$ures World Oreanization for Animal Health (OIE, 2019) §sn15n57an15RALT0
EHP m28 PCR fviangwuy Ly one-step PCR (Tang et al,, 2015; Tourtip et al.,, 2009) nested
PCR (Jareonlak et al.,, 2016; Tangprasittipap et al., 2013) iag multiplex PCR F9A1150M 939
MsRAEe EHP LLasL%aISﬂf’jwﬁm?ﬁuw%amﬁ’u (Koiwai et al.,, 2018) M3¥1 one-step PCR 10133
fneldlnsmeigitorlunsiniite wilifesfansidesddnuiibue veatelsn s udy
w3 1,000-10,000 copy sioUfizen warlianansansansindelussegidunvegiiiesannd
USinauietien dau nested PCR Tolwsinod 2 4 Sarmilasnnndy one-step PCR st 10 i1
aunsonsalsaldusdiidousunmsiiay mmwm%a‘ﬁ' 10 copy naufi381 (Jareonlak et al.,
2016; Tangprasittipap et al., 2013) uonanil nested PCR 211150 UBNAUTULIIVDINITAR
Fold mﬂmmsmLsnasw,lﬁqmamﬁmmmwmwu‘mmwaymal,ﬁuasluﬂgmmsauLLsmLavﬁaum 2
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uwinndnisinidetesasnuuaunuuiiduefissauieslu §Asensevd 2 wirdu usi1nns
prImsindereufisen PCR xlimnuuduguanintede wienalvuadiiananldmnbuilly
Tumseenuuulnswesfinrumiloufuddidinduiianulndlafunsiugnssy Buudnm SSU-
RNA Tdrduinedlelndifianumilousnnlual¥dideafu uagdanuuansadigamelunis
thundaduundsdidislusedivatdd Faingnldlunisiii PCR iilel4lumsdnduunalduay
pransfiadenalsa Mamsamsinge EHP lurawandddlnswesfieonuuuain SSU-RNA
widlefinshauBuunuseudisuamumilon (multiple sequence alignment) wudnusiiay
annealing site AlteenuuulnsmesianumiloufumnilewIouifisusiussninsngiandy
aquatic microsporidian lfaanumilew 68-90% Fatulnsies SSU-RNA #ildns1anisinide
EHP @1115048U U8 uiev0951MeLa aquatic microsporidian fifia21uln&3a fu 19y
Enterospora canceri (Stentiford et al., 2007) Wag Hepatospora eriocheir (Jaroenlak et al.,
2016; Stentiford et al., 2011) vl SSU-RNA lsiwnglunsviunsaidie EHP luifs 013
iihluteldes $9919851n4u microsporidian Uuillouay seuniinnseenuuulnsiuesaniui
$umzu spore wall protein (ERSWP1) Fsfldduivasinissiode EHP uae Uijisen nested
PCR (SWP-PCR) an1N50LENAILUANAI9Y8951nEs microsporidian fiflanslnd@afusenain
fMuld warfiSendianuladi 10 copy AeURRen nswesimuhgadlotwinsamsinide
yoafdlurhisides mMangaa EHP ¢ae SWP-PCR Seanansoussifiussduauguussvesnisfin
Fold (nwil 9)

As¥aUsunande EHP (EHP quantitative) Al8wmALlA real-time PCR (qPCR)
3o ldUsfiuA N TS MaEM IUNT SEUINYRIN1SRATD MINTIaRIe GPCR 143 SYBR-
Green | fluorescence Wag TagMan probe Feannsansadudels 83 uay 40 copy ANUAPU
uaznuaudITus UL anfwes St efianaadefdmdndfaiuty eehdlsfnnu ms
prInsfinidesis qPCR Sanldanege esniedesile armadl uasedldinmziiaaiung
uazfafoamsmisguatasmaiuinwia sudsufoRaudedinmiiasanudsmnasuii
Tuiana yhldnisamamsiindie EHP e gPCR Sdldiamemsideluiesufiins
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88 &8

700 bp -

) l:lllil'-'-

=

= 0

=

100 bp:

500 bp -

200 bp -
100 bp -

400 bp -
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With SSU rRNA primers
R PCR product

- —— o < 779 bp: First-step PCR

S - WS« 176 bp: Nested-step PCR

With SWP primers

- Lad < 514 bp: First-step PCR

L R R . <€ 148 bp: Nested-step PCR
e -

100 10" 10 10" 10° 10" 10" 10 1 v v

Plasmid copy number
1 2 3 4 5 6 78 9 1 1 12131415 16 17 18 19 20 21 22 23 24 25 +ve -ve

A | ssuRNA
el L T R B prnimers
-— —— — — — S cl
SwWP

———— ----------_------_--: D‘pnmers

- e e ——— — - ————— N —— Actin

A9 9 1waddnlnslnETa (gel electrophoresis) ¥83N5MTIATD EHP 62835 nested PCR (a)
Anuhvedlnsmes SSU wag SWP Tunsnsiadie EHP wag (b) Msnsiansinidie EHP Tusieeng
199NN R wEIT nested PCR Wiguiisuseninalnsies SSU uag SWP lagldlnswes

housekeeping gene actin Wu internal control. M, markers; +ve, positive control; -ve,

negative cont

rol

17i&n: Jaroenlak et al. (2016)
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a %

5. szuuniAuAuluna (shrimp immune system)

9
szuugiAuiuvestudussuugiduiuiiuuddnde (innate immunity) lagi

%

naldanunsnandimuuanauesdallanlaouviegadnmneg leegnwimizaizas lllssuy

9

@Jﬁﬁmﬁ’uﬁlﬁmﬁumwé’ﬂ (adaptive immunity) uazmaneuaussidlednitondsinuaziinduly
ANYABHAN NIYINNUYRITEUUNNANAUYBINNRENTN BUANBIVR IR RaY N SHBUAUDILAY
mMswdsensth dlefinnsinige sruugiinuiuaglisisulungu pattermn recognition receptors
(PRRs) ﬂ“’Uﬁ’UImaqamaw‘ga‘Eiﬂiumju pathogen associated molecular pattern (PAMs) vl
Annisdoarsnislumadidadends ianisadarsilusudadelse uagnssdunaiiuiuds
wanvasusiely wadidiadends Bunin hemocytes uonanagyimihiilunisvudoondiau
ué Seimihiluszuunfiduiudnsae laefadinalanisdosiunuesaindsudanyaoumie
amnfineliAnlsalneiidadondugudnatanismevausmisgiidufuiid sy deamnsauds
sondu 2 naln Ao

5.1 nalnnislesiunwelaslaseasianieuanvessianie (external defense
mechanism)

Aaillassadraudanteuen (exoskeleton structure) Faiduanswan chitin uag
chitosan Tsuinudeidenelilassainaquiiionindden sxfiwadfivimihilunisadis
@slon (mucopolysaccharide %38 mucous) wasndsansdudsmaiauveaeuleiusiied
(protease inhibitor) fia¥1sarnitedalsald uenainiluraedifeaonasiu (molting) ilon1s
WiydulafaunsamdnUsdnuinaidieentundenduidenudlasiie

5.2 nalnnstesiunueinielusianie (intemal defense mechanism)
SledsutanUasuvidadenalsadngsmedald fuedinmevaussniglusume 2 ssuu fe

5.2.1 szuunfifufunuuifinismevausdasizad (cellular immune response)

pfemavhamensadiindonlunsvhansdulantasuviedonelsn
fidhgsame wadiadenfiffunumddyldinwadidaiden (hemocyte) 3 vila Ao 1) loendu
wad (hyaline cells) fithiindndelunsudswinvesiden wagnmsifiufudsuvanUaon 2) unsy
Talws (granulocytes) fnthiindnlunsivivdudanUasy msdeusevdwanUasuiiorians
(encapsulation) nszuAUMsMsThanedelsar eyl wif e nin prophenoloxidase (ProPO)
cascade 3) iunsylales (semi-granulocytes) finthandnlunsdousevdwdanyaouiiie
yhane nmafufudulantasy wasmaudevesden Gwsnsvarsegiluaniede nelu
nszuaidonsautmaes (lymphoid organ) ndnaniletale hepatopancreas wazeTaardu 9
waznioluiiidendiiosdusznouvesdlalesifiu (hemocyanin) Fadulusiudifntii
vanvany 1y sudseandiau sudwsesluuannAsiu ecdysone wanduanshuiuvesans iy
Indfifgrsduten mwvhauweseadlussuugiduiudssznoude mafuiuiulanyaoy
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(phagocytosis) AMsANETeNTASTIANTe (apoptosis) mwiaﬁ:m?m,ﬂaﬂﬂaam (encapsulation)
wazN13@319MU (nodule formation)

5.2.2 swuuniuiunuuiiinismovausdasmavdsaisin (humoral immune

response)

umsvhanuvedusiumieg ﬁag”l,wf%ﬁa@ W LeAnNgAtiy (agslutinin)
arsnarelalaladnazaaundiuud (cytokine and complement like factors) Iuwama%
(modulators) asfiiieadesiunisudsinvenden (clotting proteins) anstnilduxdnfausiann
szuulusilueasendinaiiogluwadiiniden wavaseangvdsugadm (antimicrobial peptide,
AMPs) szuugfiduifuisaesszuuasdimaviinusiuiu devihmihiidestusasitmeidelsande
AulanUaeuiidngiafe maldmanssdugdduiuldndnnisdeuwuunisinidovesds uiens
Tauuanuasudlulusenieds wideildagldannsonelsalufld wu nslédons o
goutdeas wiewdodilinolsn 1udu Fsndraq funsléiaduluuywud (Smith et al., 2003)
Mnifufsgdimneuauemgiduiulas nadiiudoueadidaden Ty visouleiineg
Tuvawiug Wetdndwanyaeuiiiiginanie (Soderhall and Cerenius, 1992) tilasa1ndsdl
nszurunstesiuiies lnsssuugdduiuiifinusiidaeguds fadutmangyeanislans
nsvfugiduiufiflensedu viadussiunshnuesssuugiduiusuulisung duuuiead
waruUUAsthamanssiuaAnlutisssegnamis ihlugnafunmsdestulsauazaniaded
finasonsnagiduiuresilussvinnades (Sakai, 1999)

A Ml 10 anunsaesunelddudledinnsldasnsedundduiurinneg aidn
nalnnsnevaussmegidufulufs Tne3uaindfAseanisdufusening PAMPs iiusafu
Pattern recognition proteins (PRPs) #50 Pattern recognition receptors (PRRs) mnﬁ?uimaqa
vidolUsAusiney MRetesiunisdednygias (signal molecules) axgnnszduliminalaesiwad
sindeniiegluszuuidenaziadouiiiunlurinaiinsniuvesdulandasy souaziin
mynuniuwesssuugifuiulaewasdaden laud vuaumsvinlelnda avaunisiugia
u nssvrumsieRudulanyaeuiifvwelvg uasnmsvinuesansiegluiniden ldud ans
aaﬂqmééf’mﬁ]a%w msvinueseulullussuulusiiueasending wag ansithene (Wang and
Wang, 2013) muumammﬂﬂjmimmuamwamm MaRglinsnseduliiinnsnouauaInig
pifufufstuewadisnsuiu iWumswdouanundenlumssuiiedudenelsafiazyngnidn
siilusewinansides
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Cellular immune responses ‘ Phagocytosis Nodule formation Encapsulation

. i i i

Peptidoglycans Recognition by pattern recognition proteins (PRPs) or receptors (PRRs),

Live bacteria Toll receptor, lipopolysaccharide and beta-1, 3-glucan binding protein

Lipopolysaccharides (LGBP), Lectin, etc. {Li and Xiang, 2013; Wang and Wang, 2013:

Polysaccharides Tassanakajon et al,, 2013)

Beta-glucans | @ @

Humoral immune responses ‘ Antimicrobial Prophenoloxidase Lectin and complement
peptides (AMPs) cascade (proPO) like factors

mwm 10 Msnavauaasruuiiduiulufulleliansnseduniauiu
flan: wagd (2559)

14

6. ansnszquplfuiunldlunismizidesimeia (81910 wagd, 2559)

Nnfinanudmeiadadudnlifinszg ndundsilifissseuugiiquiulaeiie
luifiszuugRdufuniendsdsldanmnmandudonslsa lildansondntadudmiumsdonis
Isala nMsmvaudesiulsameszuugiiauiy Judumsadiaaiunisiauvesssuugiduiuy
lnsiliamenislidasnssqugiaui

U
a

a13n32funTAuAY (immunostimulants) s @1sUsznaulag Aniu Aflnase

Y 9

nalnnisneovauevasssuu)IAuiuludnd (Anderson, 1992) Tngussasdlunisldansnsedu

U 9
a a

pifuAuludsAedaaiuUszansannsmevaus MmNl Ay Snwisedy uasiiusreznainig
nuvsgadluszuugfiduiu sauisannneresnsnagidufuiiianvgananuedenly
sewien19ies (Barman et al, 2013) nsitdn fihfimuudausuasigiduiulsags asdvan
Arudssasnsgyidsduiennanlsassialutisie udeggniatug 1¢ sauvsanns
szunveslsaUsESnu LLasL%aﬁaIiﬂﬁLLcJﬂiuﬁaﬁ:ﬂlﬁ(Smith et al, 2003) Ha1uddesisluuay
AnsUszmafisenuinwdnsavesnsldasnseduniduiuludaiioniugulse Fsdulvg
Igunanansuszneuanddidie (blologlcal substances) T,mammmamwﬂﬂammmiﬂs mu
addutuildlunmsmzdestmen il

6.1 aﬁﬂizﬂawiaaqwuéﬁlé’mﬂLLUﬂﬁSa (bacteria derivatives)

indelddimaihwaduuafiGouazarsusznouainuuaiile HunsuuInkazin
suavunlfiduasnszdugiduiu el flunistestunazaiunulsalufs waduuafiFonas
ansUszneuvseauiusanuuATSe asnsanszdugiduiursliedisiuszansain Weswnd
lutanavealusAudisu PRRsW3® PRPs #ifid 031 lipopolysaccharide binding proteins (LGBPs)
ey peptidoglycan recognition protein (PGRPs) aguumﬁmaémauﬁmﬁamﬁq (Tassanakajonet
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U

al., 2013) YagUuliniswssudowuaiiseieldiluaisnsedugliAuiunainrane Jusuy 1

9 9 Y 9

LuATB3effidan (ive bacteria) Tunguluslulefin uuameaiu (bacterin) Fawdnunaniead
LUATSe AT uAvn ¥ sous1Seas (attenuated bacterin) wag a1sannfilaainuilawadues

WUATIREVIILATUUANLAZLNTUAY mmu‘divﬂauGuaqiaiﬂiwawmﬂ113@ (lipopolysaccharide,
LPS) wag wuiilalnauau (peptidoglycan, PG) 1udu

6.2 ensuszneunIeayiuslsandad (yeast derivatives)

nnIsAUNUlUanavelusAuaITu (PRRs 138 PRPs) #if3041 B-glucan
binding proteins (BGBPs) ﬁaguumﬁﬂmaﬁ%amﬁmﬁamﬁ:& (Soderhall and Cerenius, 1992) 34l
navaaedliBaiduasnazsdugddufuuniy dninermanialusazsnsUssnalszay
nadnistlunslfiuinguanulansfafnannatueadtar wesnsliBadiasadidumansedu
AiifuAy Wy Aemdildfuiuinguauainanntiwaddas Saccharomycese cerevisiae Hal
onsiifanssunsiinurenevledfiuoasendinanazaruamisolun siuniude V.
harveyi Wagli3aiinina9un (White Spot Syndrome Virus, WSSV) WisTu (Bai et al, 2014)
uananifsnardfiléYuivaddan Candida aquaetextoris S527 naue1m1s nuiiinis
LLE‘W]ﬁ@@ﬂ%@ﬁﬁ’]i@@ﬂi}%ééf’]uﬁ;a%wLﬁm‘ﬁu (Babu et al,, 2013)

6.3 ansfisinauAvnalarinns (nutritional factors)

asasuomisiddutislunsnsdugiiduiu uasdsieaunisldlude o
WNAUT Indud wean iUy (astaxantin) LﬁuaﬁmmiﬁﬁwﬂuﬁiaﬁmiﬁﬂLﬂumséfmayaﬂa
dase (antioxidant) duaSumsiasyiulatasnseiugiiAuiu I51e9unsldiniiug (Lee and
Shiau, 2002) kaz3m13u8 (Lee and Shiau, 2004) Tuns Insiinaseni1siauvesdunasiseu
(interferon) Faazdsnanenisiiufanssvoseuluifiusasending Aanssuveaeulesigves
ponlennaiama (superoxide dismutase activity, SOD) Iuﬁ:ﬂsm’;l,l,azﬁ:ﬂqa’wﬁ (Qiao et al.,
2011) druneanuguiiuduarsdviavidunguualsfiuesd (carotenoid pigments) innthil
Hostuidodeluisnmednilalfignihameonnuifseendndu anuihiidnamIduade
miv‘mmsuawwmﬁﬁmﬁﬂué’miﬁﬁaEJ ﬁaﬂmﬁﬂﬁié’%’waamWLLﬁziuﬁumﬂﬁaﬁ Phaffia
rhodozyma (UUning wagaue, 2549) uay Dunaliella Sp- (Supamattaya et al,, 2005) lnns
wasang Snavhlideisngson wasaudumueiteriuiy

6.4 @3ainINERNT (animal extracts)

ansainandnd wu ladu lalaeu laRuduasusznaudimnindusanilse
(polysaccharides) Tnemusnnluddidinaiiudenvidentfaudsiudiia wu A vies uuas 16
senuisnudrsalunsldansusenaulnduanailsanionsliulawmsnduasnseiugidufu
Tnvaziduiuluanavedlusiuiifu 7iilded1 lectin receptor fleguuntiazadveadinidon s
(Tassanakajonet al., 2013) navasnsidladuuaglalagmlufinaid nudtamisaifiunisg
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wiaiule (Niu et al, 2013) waziiiuAdnuduniusonisinde V. alginolyticus Tufawala
(Wang and Chen, 2005)

6.5 @13@nINNY (plant extracts)

asannaniivayulng (herbal extracts) anunsansgs uniAufuwuulidmig
W12ae Wesndansddnmioansiifigivmedanim 1dun Iwal,l,smmlm (polysaccharide) ) lna
@5l5%u (glycyrrhizin) 8a336u (liquiritin) Waz naUsAY (glabridin) mummiaaﬂqmam 1
wounsAIluL (anthraguinone) ¥nlUilu (saponin) evanla wsaRu (azadirachtin) Wusiu (u
AU, 2556; Hai, 2015) AsnasiifuemsnanansatangulndusaailsdaindenyGeu (Durio
zibethinus) (Pholdaeng and Pongsamart, 2010) kag&1s polyvinylpyrolidone fiatalaaan
Wey18e (Clinacanthus nutans) (Direkbusarakom et al., 1996) AUsnaudindonsiu Aanssu
voneuley] Rueasenting uazarudumudeuundiFouarhifadiudy fanildsuasndy
phenolic alkanon #afnléands (Zingerone officinale) (Chang et al., 2012) anseludufiadin
9ndAA" (Yacca scidigera) (Yang et al., 2015) wazasannaininuvodlusiag (Gynura bicolor)
(Wu et al, 2015) Tnansuauemnsinuiiusunadindensiy fanssuvesoulwifiueasand
Wa wazawiunutetenuailSeuarhi¥amunmanaiiaty

6.6 a15afin a1y (seaweed extracts) @1M$18UTENBUAIHANTBINNTT
JndusionisasyiulawaznsgdugiAuiy Wy n-3 way n-6 polyunsaturated fatty acid
(PUFA) Indusanilse wssne) dandlu wazansusznaulndiuea (Burtin, 2003) ﬁ’]i’e]’e]ﬂiméﬂ/l’]ﬁ
10N LU fucoidan, sodium alginate, sulfated galactan, laminarin @ carragenan 910
yuAstlufsnuesnadfildsu fucoidan flataainaminedtiata Sargassum sp. wui i
Avnssuvaeuledilusasendina nsndngileseanludteuleasy warALAUNIUAede
wuAfi3ouarlidadiuninimniutu (mmanuel et al, 2012; Kitikiew et al., 2013) 93V
afedeuiild¥uans sulfated salactans fiafnannamsieduns Gracilaria fisheri ritueriidle
fiAvnssuveseulsifiueasendiva mandnguiesoonlasuoulosou uasfanssumsdiuide
Th%afumanisuniiudy (Wongprasert et al., 2014)

NAMENTRYEwENTNTEAUYNAN A UTTTEEIA1VBIN INTEAUINA TerBULNY
&u Befestinisnssduasnsiaidios (Hai, 2015) msldmansedugdduiudssdudestinnsdnw
feUTunas sUuuUTld uasszeznaniimanzan LielhAnUssansuaunnian sslddinssiusan
meganAseninsldasnsedugfiduiurinnieg Tuds Taeiisnsld Vsuna uazszevnani
LANANAY (115197 3)
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A1319% 3 Msldansnseruninuiulumes

Immunostimulants Marine Administration/Dose/ Results

shrimps Duration (Increased parameters)

Lipopolysaccharide

Bacterin from Bacillus
S11

P-slucan

Chitin, Chitosan

Vitamin C

Sargassum

hemiphyllum

Gracilaria fisheri

Sulfated galactins

Gynura bicolor

Zingerone

P. monodon
(2-4¢)

P. monodon
(10-12 g)

L. vannamei
(1-2 ¢

L. vannamei
(10-12 ¢)

P. monodon
(1-2 ¢

P. vannamei
(1-2 ¢

P. monodon
(10-15 ¢)

P. monodon
(5-8 g)

L. vannamei
(1-2 ¢

L. vannamei
(1-2 ¢)

Diet/ dug/g of
shrimp/meal
/10d

Diet/ 3%biomass/days/7

d

Diet/0.1, 0.2%/kg/35 d

Inject/ chitin 6 pg/g,
chitosan

4 ug/g/7d

Diet/ 2000, 10,000
mg/kg

/8 wk.

Immersion (300 me/L)

Inject/ 1 mg/ml of
ethanol/

3,7,and 14 d
Enriched Artemia/
200pg/ml/7 d

Diet/ 1, 2%/kg/ 7-28 d

Antimicrobial peptide

Phagocytosis activity,
*proPO, antibacterial
activity

Antimicrobial peptide

*THC, SOD, RB,
phagocytosis activity

THC, O3 -, proPO,
phagocytosis

Phagocytosis activity

THC, proPO, SOD

THC, SOD, O, °, proPO

THC, proPO, SOD, RB

Diet/ 2.5 and 5 mg/kg/ THC, SOD

56 d

* THC= Total haemocyte count, proPO= Prophenoloxidase activity, SOD= Superoxide dismutase activity, RB=

Respiratory burst activity, O, -= Superoxide anion, ROS= Reactive oxygen species

fian: fAnUasann wagd (2559)
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7. nsA 5—azﬁiu§;s§ﬁn (5-aminolevulinic acid)

5-awiiludqaiin (5-ALA) lunsaezdluiililfdussduszneuvelusiu (non-
protein amino acid) ilunsnozdluasven 5 exneu a1sianmikidusunsodeuyuduas
& wulinsasslunupiisudansieninas Wy Rhodopseudomonas palustris (Saikeur et al.,
2009) wag Rhodobacter sphaeroides (Liu et al., 2016) AN WY Scenedesmus obliquus
(Klein et al.,, 1980) wag Chlorella sp. (Sasaki et al., 1995) LUATISEY WU Propionibacterium
acidipropionici (Kiatpapan et al.,, 2011) waz Escherichia coli (Zhang et al., 2015) {Ju@u 5-
ALA uanseasiy (precursor) ﬁthﬁmﬁww%uawaﬁaLmﬁzﬁmsmjmmmﬂ‘wiia (tetrapyrrole)
16uA B (heme) nosluBu (porphyrin) Aaelsilad wardnniud 12 Fuansiinlsaiununddey
TUNIAIUANMTHINAEY LasN SRS ulnvowad Faths 5-ALA 3ela¥umnuanlaiudulu
AUNITUNNE N15NEAT wazUAdnd (Sakai et al., 2000, Kang et al., 2012) 3y 14luns39
FadouasinwilsnuziSuaglsnidanidy (Inoue, 2017) dumsinens 5-ALA gnldiluansindn

v A

Fuiy ansidautas asnseumsiiuleiy d5189u91 5-ALA anansasensazaunaolsiadly
fiw dwaliifiunisasgivlasasiiunandn sudsduasuldfamuniudeaninaionain
Aauandeudigunss (Wu et al, 2019) drulusnuuadnd 5-ALA THhduasiasuluomisdnd
aunsnfisiinaslilnatu swmdn Windenuns adensn uasBunlnesuligau diuns
a%19 ATP uagnszduszuugfiduiy Fehedudiudunisaiogdvlaves 1n ans uazdni wy
WGRERRE LLazﬁ:ﬂ“U’l’J (Chen et al., 2008, Wang et al.,, 2011, Sato et al., 2012, Penrosa-
Gerasmino et al,, 2019, 33HANA wazany 2020) Fatu 5-ALA FuduansTaninnszsdunis
Aulndnetiandeildsuanudonisnlunmssdnin waldifumaduluemsdnidmiuious
g dnsAmnisalyarvesuanaIalanyed 5-ALA I1asliuunldugdis 110 Suwmsegyansy

aelull 2567 anidndifiyann 86 Suwmdsgyaniglud 2562 Uiuzhou et al, 2020)

7.1 ATTUIUMTAUATIZN 5-ALA

NTEUIUNMTARATIZN 5-ALA I 2 NT2UIUNITAD MTELATIZINIAN (chemical
synthesis) LazN158LATIZIN1TIAMN (biological synthesis) n15daAs1zsinIaaiilduisnng
nnlumswaanegramnssy nsvuiunsdnaTeinaaiudseeniu 6 33 neldansieiuly
MsduATIZRIENIIN (A) levulinic acid, (B) 2-hydroxypyridine, (C) furfural, (D) furfurylamine,
() tetrahydrofurfurylamine wag (F) succinic acid (Al 11) n1sdaasizsiniaiaiifiinany
Fudougeen Fosunsviasliuignd wandnlddosuasiidunumandngs duald 5-ALA 3
s Fadudedrfaiiddglunmsihuldlummsineas

NTEUATIEANITINN (biological synthesis) Ansguiunisuandng wagld
duruiminsdaangimand lismsidenhauladistuegnannlutiogiu wiinnsg
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dupsginediniweenilu 2 34 (pathway) Ae 1) Shemin pathway %38 Ca pathway Wag 2)
Cs pathway Tagi3un15duAs12%a1368 Cs pathway Taeldansaadu succingl CoA uas
glycine @4 succinyl CoA l#anTninsiasy (TCA cycle) lunuaiidsursviinarusondn
succinyl CoA mﬂmiﬁ”’aéfu propyonyl-CoA fidn91n3a methymalonyl-CoA pathway (Sasaki,
1990) nszuIun1s Cq pathway Hwulwsl ALA synthase (ALAS) LUuLaulszmmmﬂmLuaqmmUu
rate-limiting enzyme VI@’JUﬂuﬂ‘iumumimLﬂi’lu% 5-ALA LLaua’l'iﬂau tetrapyro e (mwm 12)
dunIduATIE 5-ALA s Cs pathway dansmedudy elutamate Fsznuidiiuamsonas
wuATiSeuneia wu wuaiFeddag (purple bacteria) wazwuailidediTenfidosnisdames
Turaefinisadne ALA #2838 Shemin pathway azifadulunduuuafiiodiasiziuag
(photosynthetic bacteria) fleuAsenuindiewia levulinic acid (LA) lusmsiasugadues
amheviouuaiiGeiideduanneiifvielifioendion aunsanseduliiAansadng 5-ALA uay
VidEnseannIeuenad (Sasikala and Rarana 1995) egndlsfmunsdiy LA unniduluasiing
Tunstfudsmsane 5-ALA wazdu Fsduiiuansddalussrusznauresialaslasy (cytochrome
compound) iiidunsz LA quslududueulsl ALA dehydratase (ALAD)

o 0 o] [c}ﬁu o
\O('\)Lou—:»\cr\)’\on —> BrWOR o E <_:| ) g
Levulinic acid i RO\I;O)‘?—T ‘oz

° ;
@ ) N’Y\/KGR <] !
.- v D)

RO._p OR
J/ o t}L\N o] Tetrahydrofrufuryl

@\_} ”oﬁ n_> H,N’\(\)LOR < o% amine (E)
N™ "OH

o
Amlnolevulmlc acid Q-‘N"
2-Hydroxypyridine /r \\\ o i’
(B) 7\ i’ ’\(\)‘?‘ no&_}_\ o
0, R
N"Yo T °
o o A7 on
> e ~Kon
0 0
Furfural 1\ o
©) o 1 / )
¢ HO
jc,(\/'LOR l‘/\)L Succinic acid

AT 11 MFUATIE 5-ALA a8nszuIunians]
#ixn: Sasaki et al. (2002)
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CHa

1 GOOH )
O=C~ 8CoA TCA ﬁ;Hz (],UOH
e ] g
Acetyl-CoA aee ?HQ (I:HJ
NHz2
CO— 5CoA
(I;] I (I:UOH Suecinyl-CoA Glyeine
('ZHE —» CH» ¢H
CO—8CoA CO~SCoA

Fropionyl-CoA Methylmalonyl-CoA ALA synthetase #
Hem T
0.
.
COOH COO-tRNA NH2 ’ CHzNH2 ? fOOH
I

I v
CHNHz ClutanyltRNA e Glutanyi-tRN/ HATP GSA amino— c=0 ALA dehydratase (F:OOH(I:HZ
| synthetase I reductase transferase 1 “H "
CH:  ———® Ci cH: ————P» . Ll
- CHO l >
[Isz CI,HZ [ CHz
i = r
COOH COOH fEiNEiz COOH HaNHe N
Glutamate Glutamyl-tRNA (PHE ALA {LlE;?linin acid PBG
CHe ’
COOH Copraporphyrin

GSA

ProtoporphyrinogenlX — <—————— Coproporphyrinogenlll <@——————— Uroporphyrinogenll

‘A “ st‘

Chlorophyll
(Bacteriochlorophy!l) Caobalamin
(Vitamin By g)

Heme

AT 12 n3ruaun1smedaninlunisdansiey 5-ALA uazansngy tetrapyrole o
porphyrin 30131 B12 wazaaslslaa GSA; slutamate-1-semialdehyde, HAPT; hydroxy!l-
aminotetraphydro pyranone, PBG; porphobilinogen

fisn: Sasaki et al. (2002)

7.2 UNUMUBY 5-ALA TUnsinngiaeadn 31

U

f51e0un1slyd 5-ALA Tulduagans nuinnsaiuemisnig ALA a1unsonsseu

maasyivlnuasifingfiduiuld (Sato 2012; Chen et al,, 2008) lunaiwizidosdn T
FIENUTWANITNTEAUVDY 5-ALA Aiem1siaseyiiulauagseuuninufiuuennaten (Penaeus
monodon) Uan@ae (Pangasianodon gigas x Pangasianodon hypopthalmus) LLazﬁQ“UW’JLLQ
wily Tngmsdssfanadiiaiy 5-ALA fildanisaduueiiGe R sphaeroides flass 5-ALA 1§
aneluwad annsanszduszuugifuiuvesianaid lnensiinduiuveadiaidonsiy uay
Aanssuveneulvsiflusasendna (eussmil, 2549) WuReafulatainy Mesuevinee ALA
aududuy 2.5 fadnsusetlanty Wednmnswiyduladimuazsnsnisdsuemsdu
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¥

Hoffian swdsidvinudadenuns Wadesum FlulnadunuuarBulnainfiniu siuds
dindenumiifanssumsiuivdudaniaeugeiian G3idnd wazane 2020) Tudwuanla
Ffin191a3ue1m13898 5-ALA iaa1ududu 15 ppm w2 §Uanv fefinsazan ATP lusy
Fau uasssdumauanioanvesdulussuuniduiu uasBulunssuuunwodduiifeadas
funisadrmdrnuiindudevieuifioufuynnivas wasiideinlvfeiade v
parahaemolyticus wuinfalidammaneanas iesmndsdinisuanseonvasdulumsdesiuiie
ﬁaiimjﬂgﬁu laun  porphobilinogen synthase, ferrochelatase, catalase, nuclear receptor
E75 Lag heme oxygenase-1 (Pedrosa-Gerasmio et al., 2018) La¥a1NNITANYITEAUAINY
duduros 5-ALA (15 30 uay 60 ppm) fiiedaluewnsfs wuihdsdinsazan ATP luduifiaty
AmANLdLTuYes 5-ALA Tuisainsansedumsuaneenvesduilifeidesiunisasna siu
19 nuclear receptor E75, cytochrome P450 Shade wag chitinase Lﬁaﬂﬁ\‘iLLSﬁLLUﬂﬁﬁ'ﬂﬁa
15 V. parahaemolyticus 1y 6 lus wuinffaiiedu 5-ALA 71 60 ppm fldmnuwadidaiden
Pt LLazﬁizﬁumiLLamqaaﬂ%ﬁuqﬁﬁuﬁmﬁwﬁu lauA catalase wag prophnoloxidase 34¥in
1Al 8n51n15500 FAngeningnaiuau (Pedrosa-Gerasmio et al., 2019) Fanan15nAae il
aemAdoafu Direkbusarakom et al. (2021) MaduomnsAeiaeg 5-ALA 91 15 uag 30 ppm
g1u1s0dasunistiulneeaaviniunly wasnTEduNITLandIeanYeIdu anti-
lipopolysaccharide factor, crustin, Wag penaeidin 3 ﬁﬂﬁﬁﬂﬁmmwfamwﬁwﬁmwa\‘wf@
felsa V. parahaemolyticus 3samnsnandnanisnievesdsld wenainid msiaiuomisfsd
watnl 5-ALA finvndudiu 15 ppm aunsnisngulszvnsuuadiGe (microbiota) Miuuselov]
1uizuwN@ummwmf’jam’ﬂﬁ (Pedrosa-Gerasmio et al.,, 2020)

1.3 InUsza9AYaINITIY

1. Ananuitutures 5-ALA fimngausesnsimaduln wagdniinssendin
vosfeniianide EHP

2. finwmares 5-ALA siomsaina ATP ludufsfifaitle EHP uwasnensaninges
wadAU
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2.1 A5aiiung

Qy < (Y 1 1
211 ﬂ'ﬁLaENLLﬁ”ﬂWﬁLﬂ‘UGYJE]EJ’NﬂQ“UT]LL']‘LJ‘LJ'WILI

[V V)

manasesafitifesgninnwuuluiiinde EHP nssunA a1 vhiivims
mzidesdirith (Aqua Academy Farm, AAF) unslven fwiagrundsnd thgnfam wun
0.2-0.5 n¥u edlufaung 40 Ans Ausunrundy 15 ppt wsanaaeadu 4 ga gas 5 & T
1 fafignis 6 ¢ nnnnsmasesliosdiafinauthdulamiin 5 fedanseRlansuewng 1
psngniad1iunsnezdludsaindazaredaoinlildanududuniuiideans uasvinli
amsiemenseulugeuauseu (BINDER) gaumgil 37 sarwaldea lummaaewusyanis
noaedlddsi

%gmmimmam‘ﬁ' 1 : 0137 lainam SALA

YANTNAADIT 2 : 91NSTNEN SALA A mdudu 15 ppm

YANTNAABIT 3 : 91WNTTNEN SALA ALt 30 ppm

YANTNAABIT 4 : 91TTNEN SALA ALt 60 ppm

Tunnanismaaaddionsdeiuay 3 A%y w 1aan 08.00, 13.00 uax 18.00 1.
TnglermsBuduil 4 Woddudvesimsnireu waziiuTunieanaduudaziionuaiy
Fosnsvests Tuszminnimaassiinisnsisaeuamnimi 1éud Auwenlaudes (total
ammonia nitrogen, TAN), luln$<0.5 Aoy, aaﬂ%wuaumﬂuﬁ’] (dissolved oxygen, DO) >
5 Ay, mmwumw 130 AL way pH 7.0-8.0 Lamaﬂmmu 21 U Luaauaﬂmsmaaq
maﬂmwﬂmmmnmmmu’muﬂmamma (final body weight, FBW) Lmemmmmmmﬂm
iy (biomass increase) wazesiduinssendn (survival rate, SR) 9INgH7

Biomass increase = Wmtintadsgaviig x 31UIUAIRENTITEAYIN

PIAUNLAALLSUAY X I1UIUFIDEINTUAY

¢ 2 & aa o o &
LWUDSLEUNNITTOAYIN = ﬁ]’miuﬂa’]l,maﬁuqmmi%@am x100

FIUIUAITUAY
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ihfsfidadmifnugrusilifeauluinds Wusessiufuiiensiamsinide EHP Sinses
ALTNTUVDS Adenosine triphosphate (ATP) LAZATIVADUNIINYITINE il

- MIms1deUNIRnde EHP fewmada polymerase chain reaction (PCR)
AUMIBE13N9AU (hepatopancreas) gnn1snaasdas 10§79 WidwrIselarfn wondy
Adldvasnlulasduniihiniiueanesed 95 wWeddud 500 lulasans vaenay 1 fegr T
uiuadegnsiulianden meeafedundulundoniudaus did e fiRinadiears
Mduenelu 3 Hlus videifusnwidiened -20 esrwaiBea Weseartnddueluiuialy

- Mlnsgiaudutures ATP lusieg1sdurs inudegnduiganisnaass
ag 10 fed Inethduidavaenlilasdunithiaznfuinmi -80 ssmuwaidoa iesenis
AT ATP

- MsasRdeunIene3inen duifiudiegisfufanguay 5 & urlutien
Davidson’s fixative LAufnwIfI08 197l 4 ssrwal@oa w 24 $2lus Srefedrsfuutlu
Loanesed 70 Wesidud iiuinuil 4 ssewada osensiiaszinismensinen

2.1.2 M3ainfdwmeanAun

afnfdueandunwegaaindidwes E.ZNAS Tissue DNA Kit (OMEGA BIO-
TEK) 13161”;adwaéfuﬁaﬁ'LLﬁziagﬂuLLaaﬂaaaé 95 Wosdus JumnmznoufiniuiEaseu 10,000 sou
Aoyl Wi 1 Wil wueaneged 95 Wosiud senvndiege wuwui 30 fadny Wwiua
Frouvisuanananin (pestles) feidonda wazidu TL buffer Usuns 200 lalasans Ana
proteinase K (OMEGA BIO-TEK) asly 25 lulasans tnasauulusaiiniuaugunn il 55
psruwada w1 lus spinivalvinauansienisnduaenld-umn 9 15 Wil Weasu
198N RNase (OMEGA BIO-TEK) Tiflanududugavinewindu 200 lulasniusislulasans U
vaenfigamniivios 10 il udrduanazneudl 4 ssrwaldoa A1ISY 10,000 soUMBUNT UL
10 w19 gadrulasiuuu 150 lulasdns dreamasnlng 9 niudn BL buffer U3uams 200
lulasans wasnauansaienIsnaunasn bu-u ﬁmaam‘“’;aa'wﬂﬁlué'mﬁfmuqmqquﬁﬁ 70
osrnigaldea w1 Halu deasunandreviaensenudiiuLeaneseduians 99.9 Wodidud 7
Fudn 250 lalasans wanansliidniy Swansiethaiaunas HiBind® DNA Mini Colurnn 4
oglu Collection Tube vun 2 fiaddns wvansavarsoenanmasnsnonstumIsafinnu i
10,000 s0URDUNT U1y 1 w7t drulalu Collection Tube 719 Wiy HBC buffer USuns 500
Tulasans adlunaendiogne Jumiesansiinamids 10,000 seusow? wiy 30 3und maiula
Ty Collection Tube 719 &19nznauLBULOA8 DNA wash buffer Usuns 700 lulasans Tu
WilEeinnEa 10,000 SoUsou? uiu 30 Jundt malalu Collection Tube 714 ingnansnss
18 HiBind® DNA Mini Column awaenlulasiwuihndvwin 1.5 Taaans waivemoueaanain
medusidleansazane Elution Usunas 50 lulasans duwiemaonfinanuida 10,000 seudouil
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a

Wil 15 3ndl vdaenss Adueiiadalaiinushwlingamgll —20 esmwaded iesenis

Y

TAsziUTIaLasaunnsaly

2.1.3 MIATIIA0UYTUIMATANNTNUDIALOULD
thiduediadalsinaimsgandunasieindesinUunaumsiugnssnuTum
Yoe (Nanodrop lite, Thermo Scientific) 4l 1hidue 3 lulasans nesadudeduaniiedng
Tufinsaunafiduefiiinsganauuainuenaau 260 wluwes waztuiinArnanmaidy
lINdndIusEHINsANN SR AULAINILEIAAY 260 Wiluiuas way 280 wluwms (Optical
Density; OD 260/280 unlutuns) ddnsidruiiaraglugag 1.7-1.8 uanaindidulediafinldd
ARAING

2.1.4 MINTIERUADUDAIBIRABIANIASINGTE (Gel electrophoresis)

thilduefiadalinsiaaeugunindieiaadidninslnidaseeznlsaiaa
(agarose gel) Aty 0.8 wWesdus flazanedae 1X Tris-borate-EDTA Buffer (TBE Buffer)
fAsmswleuss devnlsawa 0.8 n3u azanslutied 1X TBE shlunasuauavaneifuiile
WeIuLaI58llaagdu Wi SYBR safe (Thermo Fisher Scientific) A33kdadu 1,000X U311915
100 lulpsAnsreansazatsma 100 faddns wanlidniud wiithwamauiuseeaiifing
Fouay seliaaudeiussnu 30 wiit deasunmdes q svituainaaudidiieuiuiaa 19
Tuuisfuaaiiitvies 1X TBE og Mawalvaudvimesinglitmesvimiminaastiatios
0.5 Wuiuns nseufegmwuelngwuwueu 5 lulasans nauiud loading dye (0.25%
bromphenol blue, 0.25% xylene cyanol FF, ag 30% glgcerol) 2 lulasans Inanfiogisas
Tugosnaudsanszualniilvinusiednd 100 Taad um 30 wiil doasunanhurduaald
Al ngiuauAduenislduadansililewn (UY) dewdediinseiedesioninig (Gel
Documentation) 1 GEL Doc XR+ (BIO-RAD) tW3sutiisuruinuesiufidulesaofifute
171995711 (DNA marker) 1 kb (Promaga)

2.15 maiiuUiinafiduessu §izenfigens

n51aUNsAnites EHP lududsineuffseiitonsdeinias Thermal cycler
(846-x-070-301, Biometra TOne 96G) Inswiosiilinsiaaeulsanandlunisiedl 4 Ussneusae
Iwsiwesfioonuuuaindu actin e umzAvAidutevesidasaglfidulfasorynnivay
(internal control) wazlnswesisnmefulusiuusnaialosidos EHP (spore wall protein,
SWP) 99131 2 f SWP1 dwiSuugjiisen first-step PCR wag SWP2 d1%3U nested-step PCR lu
mawdeuU e faslftheuadidniagy 5x HOT FIREPOL® DNA polymerase (Solis Bio-
Dyne) Fauansdrunauluninedl 5 suuslusunsuvesufiteditons fil Uiiseidenslumge
muqméﬂﬁﬁqmﬁgﬁ denaturation 7 95 eweaded Wuna 30 3undl annealing 7i 55 99
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waidea 1uinan 30 Jundl war extension 7 68 asAeaTea [Wuan 45 Fundl deanle
AaUARSIE 30 50U MuRe final extension 5 Wil duURseRgensluduneu first-step
PCR @?ﬂﬁﬂﬂmﬂim denaturation ﬁ 95 serwa@ed WJunan 30 i annealing ‘1'71l 58 99N
wadea Junan 30 3undi uay extension 71 68 ssmwaldea Wua 45 Junit IANUAFeN
%1 30 50U AWAIY final extension 5 W7l way UfiSenATensluduneu nested-step PCR
Agaumgil denaturation 71 95 esmwaldua Wunan 30 Uil annealing 7 64 ssmwalT Ba
Hunan 30 3unfl uag extension 7 68 aarneaidoa Wuinan 20 3und THARUAAE191 20
589U M9 final extension 5 Wl

nsIvdUNaNAniFansiienadidnlastnitaiinududuvesesnilsa 1.5
Wosidus dinandaniidens 8 lulasans nauiud loading dye 2 lulasans Sudiog199anie
nszwalniifianusisdng 100 Taad Wunaiussann 30 wiil ersunatiwiuaaluns
Amszinauibwenielduasdansililewan (UV) Wisufufiduweuinsgiu 100 bp (Solis
BioDyne ) ﬂwmwmeﬁmeﬁmmquuﬁwaﬂmsﬁmL%Ja EHP @a8735 semi-quantitative analysis
IngSeuiisunnuuvadaul Ul EHP-positive Aukauskuy actin Tugaaiurumeldluswnsy

Image J

P = sy Yo o a & v v
M990 4 5’]8@5L'EJEJ@SUE’J({LWiLgJaﬁwsLGUﬁ']‘Vi?Uﬂ’ﬁmﬁjﬂﬂ'ﬁmﬂLSUE’J EHPIUC‘]‘UQQ

Primer Sequence (5’ to 3’) m Product size
Q) (bp)
Spore wall protein
First-step
SWP_1F TTG-CAG-AGT-GTT-GTT-AAG-GGT-TT 58 514
SWP_1R CAC-GAT-GT-GTC-TTT-GCA-ATT-TTC
Nested step
SWP_2F TTG-GCG-GCA-CAA-TTC-TCA-AAC-A 64 148
SWP_2R GCT-GTT-TGT-CTC-CAA-CTG-TAT-TTG-A
Actin gene
actin F CCT-CGC-TGG-AGA-AGT-CCT-AC 55 401
actin R TGG-TCC-AGA-CTC-GTC-GTA-CTC

fiun: Jaroenlak et al. (2016)



o | d aaa Ao s
M1 5 muﬂﬁsﬂausuaﬂmiLﬂﬂuﬂgﬂiqujmi

PCR reaction mixture

Final

concentration

Volume (pl)

Internal control

DNA template (25 ng/pl) 50 ng 2.0
10 pM Actin_F 0.2 UM 0.5
10 pM Actin R 0.2 UM 0.5
5x HOT FIREPOL® DNA 1x 5

polymerase

ddH.0 17
Total volume 25

First-step PCR

DNA template (25 ng/pl) 50 ng 2.0
10 pM SWP_1F 0.2 uM 0.5
10 uM SWP_1R 0.2 uM 0.5
5x HOT FIREPOL® DNA 1x 4

polymerase

ddH20 13
Total volume 20

Nested-step PCR

PCR product 2.0
10 uM SWP_2F 0.2 UM 0.5
10 uM SWP_2R 0.2 uM 0.5
5x HOT FIREPOL® DNA 1x 5

polymerase

ddH20 17
Total volume 25




32

2.1.6 MInTIvaUAMUTNTY ATP Tudiuns

2.1.6.1 m3ann ATP 31nduns

Tun153as1ev ATP vesiaegrefusniufenfiudunounissidalusiu
(deproteinization) sananansarausadau Tusiumaidungueulesifionsunumsiiase
ATP 33msidalusiuldansazane perchloric acid/potassium hydroxide (PCA/KOH) Faviana
%umau%w%ﬁm@’m%m ATP Assay Kit (Cat. ab83355, Abcam) el diegsule 10 fadnTy
dasetiines 1x PBS Ay fiu 2 N perchloric acid (PCA) idud3unns 100 Tulasans uasu
THaziBeaudvumaenluinudauy 30 wndl thaesdunnazneuiininuEa 10,000 seusewd
w5 it figaumndl 4 esmwaldea gadlasuuuamannlnl Feasansazanesny ATP
assay buffer Usu1ns 500 lulasans wazindn PCA duiusanainUfisensmienisiia 2M KOH
fdudnadluasazats 50-100 lulasans Ifarsazareiian pH egluvag 6.5-8 Lilalsi PCA
AnAznau (USU pH ¢ 0.1 N KOH vde 0.1 N PCA) thdegeiiuiuan pH wihdunnaznoud
10,000 s0UsiONT WL 15 it Agamndl 4 esmwaidea thawladhoamasalmiiiosonis
AR ATP

2.1.6.2 MINATIEAAMUTUTY ATP

n339deu ATP luduiesigyanaaayu Colorimetric Assay Kit (Cat. ab83355,
Abcam) lun1snaiausunas ATP 698735 colorimetric assay dgdounIeudiunauluuise i
fivsumsanvinewindu 50 lulasans lnenisnseududiunaunan (master mix) Adwandlu
51971 6

d’ a 1 o aaa a L3 ¥ ¥
13199 6 ﬂ’ﬁLGlﬁEJZJﬁ’JUNﬁ%J‘ViaﬂGU@QUQﬂ‘iEJWﬂ’]i’JLﬂi’l%Viﬂ’J’]iJLGUNGUU ATP

Component Reaction mix (pl)
ATP assay buffer aq
ATP probe 2
ATP converter 2
Developer mix 2

WAIUNENNENYDY reaction mix Usung 50 lulasdns wuadluauvgulalas
waviifansadniaosnaiu (sample well) ogudU3unns 50 lulasans wawansluaumgulsidl
funansiigungivionnu 30 wil sxlseslilauuas ndmnfugnuiteiniensly 2 dilug
Thihansu§Azenindgandunasiinimeniadu 570 uiluluns fe1a3os Microplate reader
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(SPECTROstar Nano, BMG LABTECH ) INn1svaaedfilng19ay 3 91 ﬁwﬁﬁ@j@ﬂﬁuumﬁlﬁm

ANIUMIANUANTLYEY ATP A3gnS

B
ATP concentration (nmol/pl %38 nM) = = x D x DDF
Vv

B fio Aty ATP Aduialldannsninnsgiu (nmol e mM)
V (sample volume) o USunsvesansiegaiiduadlulungy ()
D (sample dilution factor) A® AINTROANAITFHIDEN
DDF (deproteinization dilution factor) Al Avn151doa sansaialutuneums
mManlusiu
Tagi
500 pl+volume KOH (ul)

DDF =
initial sample volume in PCA

2.1.6.3 MIWILUNTINUINTZIU ATP

NSANNAMIANNLNTUYEY ATP 31nansaindy fasefensuseuiigud1ain
n9MRsgIL ATP duneumawSeunsiniasgwiise wiswansuinsgiu ATP aududu 1
fiadluand Fen19ideans ATP standard Arandudu 10 fadluans Usuns 10 lulasans Tuh
(ddH0) 90 Talasans anthni1 ATP standard aadudu 1 fedluand adensminsgiu &
wandlunsed 7 ddrumanvesansunsuisaduniugululasivan viauay 50 lulasans
WISl reaction mix (151971 6) adly 50 lulasdns wanlsidniulafigamaisiosny 30 Wi
se¥seglilauuas thluiargandunaiiauenadu 570 wluwas thaganduuasildain
uiagsegsauiuAganduuaduynnivauihndy (blank) udrtharitldairadunsmanasgiu
ATP Tugsanududu 0-12 wiluluag
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A1599 7 dunanveansaragdmSuNsEINTIviiInsg L ATP

Standard ATP 1 mM  Assay buffer Final volume End amount ATP

no. standard (ul) (uv) standard in well (ul) (nmol/well)

1 0 150 50 0

2 6 144 50 2

3 12 138 50 4

a4 18 132 50 6

5 24 126 50 8

6 30 120 50 10

7 36 114 50 12

2.1.7 MIATIVFOUNNYD NG
UFHaAUINAI081 I UYNYANITNARBINTIFEDULLBLEDINY lnglnTey

10190l PR IUI5N15U83 Bell and Lightner (1988) 138 anseunadiuuasll nodfl819

v 1
a IS

Fuilelurhen Davison’s fixative litipanin 24 dalus wavthludluweanssed 70 wWesidua
d’lj ~ i ¢ A = go’ [ . [ gj ) dy ~ I

\Weaovzgnuililuueanssediiiefatoenainwad (dehydration) nasntudniegeluuyly

= <, Qq' a o v & A o & a '

xylene 1109917 xylene (Wuansnausaazatglunisiuinliiilewela Inedunauiiisenia
clearing M¥wilalUils (embedding) Tu paraffin block fin%ulile (sectioning) Nogluuvis
wis AUl unuung 9 aa81a309 Microtome (HESTION) A23911 4-5 Tuaseu Laa9n219
Wesuudlas deuilelde (stanning) Med hematoxylin ag phloxine (H&P) thalaniilades
AaNYENIINEITaAN NV LBIE BRIENAR AN TIAY (compound microscope) ( Leica DM) 11
Mgy 1,000 Wi lngnsiamauasiussessingg  AsI9aeuanNuwMsI0va g ulasIuIAYes
vacuole N8ty B-cell Ylaggusiioen9fiung 2 fvge ANUAALYANITIAGRY FEeRe 3 91
(n=6) 18z 10 ANUS WOATIANIBINT atrophic tubules MITAVWIANUN vacuole nelu
B-cell lviguiian 10 suvia 9 az 20 wad (B cell 400 Wwad) Uideyaiinsgriiunveinfi

Toanglusinsu Image J



2.1.8 M7

WHUNITNAGDILUY Completely Randomized Design (CRD) 3Lﬂswzﬁsﬁaaﬂa
AelUsunInd 593U SPSS mANALLUIUTINYRITELaRUUTMUNYINAET (One way analysis
of variances) kagilIEULEUAIULANGNVBIUBYAAI8I5Y8s Duncan’s multiple range test 11

\AIEVtayan eatia

SEAUAINUWDNY 95

2.2 Faquazaunsal
2.2.1 @5l

1.

weanesad 70 Wesidus ueanesed 95 Wesliud uasueanageduians

99.9 wWasidus

O 00 N O O A W DN

N T e T e T S e S N S S
O 00 N O U A W N —, O

. YanALue (OMEGA BIO-TEK)

thndy (Distilled water)

. @91 Hematoxylin (BIOTECH)

. @8au phloxine B

. 1 kb DNA marker (Promega)

. 100 bp DNA marker (Solis BioDyne)

. IX TBE

. 5x HOT FIREPOL® DNA polymerase (Solis BioDyne)

. 6X loading dye

. Agarose

. ATP Assay Kit (Abcam)

. Davidson’s fixative

. Perchloric acid (PCA)

. 0.1 N Perchloric acid (PCA)

. 0.1 N Potassium hydroxide (KOH)
. RNase (OMEGA BIO-TEK)

. SYBR Safe (invitrogen)

. Xylene

2.2.2 W399 NeFAEnN S

1.
2.
3.
4.

N&vaNseL (compound microscope)
|3V WANETS (vortex mixer)
\3estiRanea (Digital Balance)
wissinudentuiile (Microtome)
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: Lﬂ%uﬁmﬁmmmiﬁuﬁ:ﬂﬁm (PCR Thermal Cycler)

. wdsseniBuiesienszudliii (Gel electrophoresis)
indesianmidunsn-ans (pH meter)
indesinUBnumsusnssuUaies (Nanodrop lite)
1A093iAT1zYiaa (Gel documentation)

: Lﬂ%myumfﬁamﬂmﬂau (Centrifugation)

: Lﬂ%amumfﬁmmﬂmﬂaummmqmmﬁ (Refrigerated Centrifugation)
ideseuuizenlulasiman (Microplate reader)

: m:’ﬂaam,%a (Laminar air flow)

. fipuaniau (Hot air oven)

. Undnlusif (Automatic pipette)

- wifotleiidonudiile (Autoclave)

a'mfwmuquqmmﬁ (Water Bath)

2.2.3 gunsal

N U AW DN -

- vIngUrNy (Erlenmeyer flask)

- ungululaginan (96 well plate)

. fuanaann (Pestles)

. UiUniid (Pipette Tips)

. naealulasiounsilad (Microcentrifuge tube)
. Paraffin block
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uni 3

NAN15IY

3.1 NS WATRd 5-ALA denisiaiqiiuTauazdnsnissendinvasfeviianie EHP
Anwinaves 5-ALA TiaSaluomnsdsiiannudiudu 0 15 30 uag 60 ppm fiems
Wydulauazmssendiavests wud dilvianadedmingluiusuduresmadsunnaiaiy
maadd edederiimaiatunasliieBuommsdie 5-ALA wiu 21 Yu wuidadedmidndaly
Sugnvhevoamsiasdldfiauunniietunisadd (p<0.05) (11319l 8 nmil 134) wiiffdluynag
nsnaasdliAINssonFinfiunnineiu (p<0.05) Tnefsdils ALAGO SiAinnssonTingatign
Wity 97 Wedldudt sesamnidu ALA30 Siduviniy 83 Wefidud Jenmududuiananlians
sonTIngeminfaiiieaiaeg ALAO uaz ALALS (1131971 8 nanil 130)
dleRvnsundinisduleflifistuveniminddanasaniside s (biomass
increase) WU71 NM9LA3HEMIAIRAE ALA30 uag ALAGO iiuanatividngafdldd lnsiams
ALAGO annsndaaiumnatminldifindu 1.6 wh flenisuifisuugaauay (nsed 8 nnd
13B)
a519il 8 mstasaAvlauasmssenTinvesis L. vannamei fifautio EHP LHssdamaLaTY

5-ALA MIALTUTUATN ¢ UU 21 Tu

Parameter ALAO ALA15 ALA30 ALA60 sig

Initial Weight (§)  0.35:0.04°  0.35+£0.02°  0.32+0.01%  0.29+0.02°  0.01
Final Weight (g) 1.92+0.45 2.00+0.46 1.86+0.28 1.82+0.35 ns
Biomass Increase  3.96+1.84° 370+1.34°  4.97+0.42%  6.12+1.68" 0.05
(x fold)

Survival Rate (%) 70.00+21.73° 63.00+13.94° 83.00+11.79®° 97.00+7.45%  0.05

newe: ALady + dHrulenuuninggu (p<0.05)



3.00

2.50

2.00

1.50

Body Weight (g)

1.00

0.50

0.00

8.00

Biomass Increase (x fold)

1.00 |

4 W

1BW B FBW

1

7.00

6.00

500

4.00

3.00

200 r

Oppm

15ppm

30ppm 60ppm

ab

120

100

80

60

Survival Rate (%)

Oppm

15ppm

30ppm 60ppm

ab

Oppm

15ppm

30ppm €0ppm

AT 13 MseSyiulalaznsen¥Invedns L. vannamei Nfinlie EHP 1889098015163y

5-ALA flsgsuenundudiu 0 (gaeuam) 15 30 waw 60 ppm Aesuu 21 $u IBW: initial body
weight, IBM: final body weight

38
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3.2 nsAnwmEnSInenvasiudaildFuamnsiaty 5-ALA

INNIATIINITANNVBIGUNINUENWLYBAY (hepatopancreatic tubule) 4l
FrunuwadiBeyuiin cuboidal epithelium Hewas iwadidoydvunidnuasduasdenalives
lumen venerwelnaTu Bondnvarermaduilin atrophic tubules (Awdl 14A) eludiung
prINUITadsazssnnTILRe Bcell uanaNTFMIINUYE lumen TuAEnTidnyuzsy
Aan (star-shaped lumen) Fadudnvazvioduilulnd vinawadideyviedudndas
(the epithelium of the distal tubules) Wutan1z E-cell 3717UUN (il 140)

A T1eiiesidus atrophic tubules TugnAIuANKAE ALALS Wudnfiawinfiu
30 wWesdus Tuaedl ALA30 uas ALAGO Wwadfiunanie1nns atrophic tubules anas Wiy 7
wag 3 Wosldud auddu lneflanuunnssedsiiffuddyileiiouifivuiuassnguusn
(p<0.05) (AN 15A) WAZINHANTITVARBINUAIILUANAIIUDY B-cell Fenuin B-cell Hvuin
Tngjdudiofiniaedy 5-ALA Tuesfdasiamslugansnaes ALAGO (nwil 14D)

Anszvienfiufiinderes vacuole 18 B-cell wudn ALA30 way ALAGO Saniiu
oej3E19 340-370 mm? luvaugil ALAO way ALALS fltufliafe 210-250 mm? (n1nil 158) B
astuldinfiud vacuole w99 ALA30 waz ALAGO Svunaluginitnasngunaassadiad
HgdAgy (p<0.05)

M15°99 9 LWasidus atrophic tubule uavALadeiuNTEY vacuole ey B-cell VosduAs L.

vannamei NAnLTo EHP 1a8391801M15L@53 5-ALA VIANUU0Tusng 9 uu 21 Ju

Parameter ALAO ALA15 ALA30 ALA60 sig

Atrophic
Tubule (%)

29.65+29.49°  29.93+18.15° 7.22+1.15° 3.01+3.25° 0.05

Vacuolar Area
Of B-cell 210.54+81.67%  251.40+61.56° 342.07+99.33° 368.67+54.43° 0.01

(mm?)

U dl 1 dl
NG ALRAY £ SIUVEILUVUNINTZIU (p<0.05)
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=55 5 T8 X 5-ALA: 15 ppm

S " « < -
%,

2. 5-ALA: 60 ppm xCh

o\

Al 14 Wm%amwsuaﬂﬁuf’jqﬁaml,%a EHP fildSuammsiady 5-ALA aaududu 0 ppm (A) 15
ppm (B) 30 ppm (C) waz 60 ppm (D) At Lans atrophic tubule Wag * UanIANYULIEAAUNA

A B
100 500.00
b
90 | - a
L € L
80 g 400.00
70 F = c
g b g d
S e | & 30000 |
9 b =
£ 50 ¢ ]
[
o [
g 4} £ 20000 [
< [ <
30 LO“
20 g 10000
a >
10 a
o [ | e oo
Oppm 15ppm 30ppm 60ppm Oppm 15ppm 30ppm 60ppm

AT 15 Wasidus atrophic tubule (A) wazAnadefiui vacuole n1elu B-cell Woedufa L.
vannamei 1faLto EHP alasunmsiain 5-ALA N5zAuaUuTusneiu o)
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3.3 N13sIINsAAe EHP Tududs

NMINT19N15ARTe EHP Tufsiae nested PCR nudrfsiidnmmsinidasiu
Wanuawhiu 92.3 Wesidus Imﬁé’mwmﬁm%ﬂumjm 0, 15, 30 waz 60 ppm AU 77.8,
100, 100 uaz 91.7 wWeddud awddu (1wl 16) uaznuinfalinrusuusslumsinido EHP
e lordld3unmmsfiaiude 5-ALA fisyiu 30 uay 60 ppm TnganansonsIanudon by
first-step PCR ua nested PCR (il 16C uaz 16D ) vtioadululéan maduemnsfiae
5-ALA ladansnsnantiinanie EHP Tuduvesieiifnidelsd uavenatieduaialide EHP iy
Usinallustufaldgedu

devmandnfidorsuniwszian semi-quantitative tnensSeuifisudna
YR INAR S NN TTD15A UL AT nested PCR Wi uiigufiundndueiiiensain B-actin
wui1 Arauduiusveseadudagatudedsldtuninadudie ALA Tussduaududud
s (ALALS, ALA30 uaz ALAGO) Fsradinamaenndasiuainimusuusseamsinitelugy
Kaitldnanurewthil (nmdl 17)

nitldnaniluudrirfsdulngiinsfiaide EHP uinufs 3 fegne ilons
#28 nested PCR Liinun1sinidelag 2 f18819 119 nYRAUANLAY 1 20819311910 ALAGO
(a0l 16A uay 16D) ietioradululdinfaunsdenafiqunnd Fediamdumiuseniadd
vhaneveute EHP 1¢

AN 5IMLTBLEeINeMULNTYA (granule) AnAumsvunAUsEana 1 um
imesmiudunguniosgnizaedudeaelueadiu (mi 18) Sanduunsyaiiogsam fuil
Usenaudieigaduad EHP Fafu vegetative cell ‘wasﬂ,ui YA 9 LYU Wmaimmm aiJ'eﬂi—
vanas viseaUeslsled dudiaunsyafinszarersiaeadsududualasuns EHP uonaniles
prIIwuide EHP agnelu M-cell uay F-cell légandn Rcell uay B-cell Tnvogluszersing 1
fu N mmmeasmudinaUedues EHP gnuanydeseenain F-cell lingdviedyu (nmil 180)
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A B
M 12 3 4 5 67 8 9 + M1 2 3 456 7 8 +
= [857] ] Frist-step Frist-step
500bp — 2| |— = - 5l 500 bp — <« 514bp.
Nested-step Nested-step
500 bp — 500 bp —
100 bp— <« 148 bp. 100 bp — <« 148 bp.
Actin = Actin
500 bp —
500 bp — = | e e L e e < 401bp. L ——— « 401 bp.
C D
M1 23 45 67 8 910 + - M1 2 34 56 7 8 91011 12 + -
— Frist-step Frist-step
S00DP — "= e o e e o e — — — - X
P <« 514 bp. 500 bp — Ty —— -l e <« 514 bp.
Nested-step Nested-step
500 bp — 500 bp —
— 148 bp.
100 bp < P 100 bp — <« 148 bp.
Actin Actin
500 bp — _
_________ <« 401bp.  S00bp — ] —— —— - - - - - — <« 401bp.

a1l 16 WaBAnlAslRAavoINdn ST FainmInnadiieg1siudsiie nested PCR lng
T4lwswed SWP isuwneiuie EHP uavlnswe? actin gene (internal control) fegnsfingaa
L%@Lﬂuﬁ:aﬁlé’%’ummﬂa‘%u 5-ALA fina1dudu 0 15 30 waz 60 ppm (A-D) NFaUAWAIMERS
é]’aasj’lﬁﬁmswhiwwﬁa EHP &eydnwal M Ao 100 bp DNA marker; + e positive control
(PGEM-SWP); - fi® negative control (H;0) faiavuuautiuansiegefsitanaafigens
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b

14 |

b
b

1.2
1.0

a
0.8
0.6 [ I
0.4 F
0.2
0.0

Oppm 15ppm 30ppm 60ppm

Relative Intensity

AT 17 ANUUHVDIMUUNEN AT TT01 599U A381 nested PCR 13s Ui ufiubuunan o
Wen5ves B-actin lunWifawe EHP NSy 5-ALA AUty 0 ppm, 15 ppm, 30 ppm wae
60 ppm

5-ALA: 15 ppm

h s A e _Zonm_|

ANl 18 waw%‘iwmﬁumﬁuﬁqﬁamﬁa EHP warldSuasiasu 5-ALA fimnadudiu 0 ppm (A) 15
opm (B) 30 ppm (C) waz 60 ppm (D) lunmuansdnwazite EHP ﬁasjﬂﬂaluL%aa‘Gﬁ'ULﬂuLﬁﬂ
unsyaRnduannengui  sududefiegluszosnanalufen  adolsuaad  vieaueslsled
(gnAs) uazidinatasvestionszasaginiglusiuds (agnes)
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3.4 N13ATTTRUANNTUTIY ATP Tududs

ihdufeiiRnidesnasamanududu ATP nuirfaiaiudae 5-ALA Tussduaududu
fdntudenudutuves ATP luduilifistudag WewFeuifisuiugnaiuay wuiidsluyn
ALA15, ALA30 uaz ALAGO SU5unas ATP ity 1.6 wh, 2 ui uaz 2.1 wih suddu dadely
nay ALA 30 Waw ALA 60 Simsiduduues ATP unndedsiifoddqmeaiailensouliiou
fuamIUAN (p<0.05) (AWl 19)

040 r a
035 |
0.30
[ ab I
£ 025
£
‘a‘>.| 020 | I
~ 0.15 °
a L
'_
& I
010
0.05 |
0.00
Oppm 15ppm 30ppm 60ppm

AN 19 Auntuves ATP Tuduia L. vannamei 9iAnitie EHP uaglasuansidiu 5-ALA
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AAIIINANITNAADY

NMIFNYINEVRY 5-ALA a3y AulalaznsIN1550nTINU0IN1T L.
vannamei #nite EHP wuAsilio vty 5-ALA fiannandudu 60 ppm/kg fignsinssen
Fim dwiindafs weeUm ATP aeludufafindy el 5-ALA ndutiedaaiunsiiia
Frnwendosludy andeyaiit 5-ALA Wumsdaiuiiddalunsdaunsiesidy (heme) B9
LﬁuIﬂLLWﬂLG]a%ﬁEJEJU%L’Jm prosthetic site vosouleilelnlasy wuledviaiifinuddsons
a$1andsen (ATP) W1unszuaums electrons transport chain (ETC) fidaainnsmelawuuld
90nBiau (Ogura et al., 2011, Hara et al,, 2016; Ota et al,, 2017) Mnnqufidasilifsinnde
EHP Tungumnaesiiiaiuomiidie 5-ALA msdaased ATP neludufafindu uasnuide
adaiffidenndetunuidoves Pendrosa-Gerasmio et al. (2018) fistaeudn 5-ALA anusasia
msasa ATP nelusufeld Saduldlfieadivresisifnde EHP annsnad sty
Ity udnhndudndlvlflunssuiunisuunuedda LLazﬁuvjmiﬁwmwmmaéﬁU
fignvane wararnuansvnaoswusudlunguiiiady 5-ALA Tussdumnududuiifisduuans
91m3 atrophic tubule anas SaudsiuTwIAleanely B cell fuwalngtu Jadumsatuayy
71 B cell voagadfuaansandunimihildisudetugadund

Mnmsfnwmaiiedeineveseadiieyreaiadiufs (hepatopancreatic
tubular epithelium) Usznauniewea 5 viia Ao E-, M-, R-, F- Wag B-cells (Hu & Leung, 2007;
Nunes et al. 2014; Vost, 2019) Taeii Vogt (2019)lé’ﬁﬂwmﬁwﬁ'maqL%é@]’m%qummﬁmlu
Fnsun ﬂa::u f’jQLLazg (decapod crustacean) A18335%113 immunohistochemistry in situ
hybridization wagnsaadeunisiasuuUasmeluead Wewadeeluanngiunndnsiunielsd
n&osqanssatl annsnagunihiivossadunazsiinlddel E-(embryonic)-cells iuieadiiag
U3nauaeved epithelial tubules Wuwadduuuufianansautseadifiusrunuiienauuead
#iiadu q finnelu R (resorptive)-cells Wuwadiifiwiloavmmdnsiuiuuinaeluead ¥
wihfilumsazanansensfigaduld Huavaundanuuazindouns duaszialulusiuiiodion
Uietezdu defivlaveniin wardunsngin F (fibrillary)-cells Tnihiidunsesiiouleid og
omnsuazaislusAvludeniifsrdeatiumevudieendiaunazszuugiiduiu B (blister)-cells
Fumadiitvaileadewalngvhmihiiawasivazanlatuliluwailea waz M-cells 89
Limsuwidaudenandugadivmifindaseslun fsenuin Bcell aunsavdusulesivde
a’liﬁmamﬁuﬁﬁﬁﬁaﬁuﬁw naln holocrine secretion (Vogt, 1994) wona1ni Hu and Leung
(2007) 59897131 B-cell avay cathepsin L Fadueuluigeslusiunin endopeptidase Tuua
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7 F-cells asranun1suansonnvesdu Catl Aviantintunisadrseulesl cathepsin L 970

[

VANFIUAINE1I39A1990 F- wae B-cell mnailuwadalinifenfuudoglussasnsiamniiaiu

[V
v A 1

nnsAnwluaseiinuiifanlalasu 5-ALA dauafevesvuinuiiuifiles

v A

nnelu B-cell ﬁaaﬁqm Iummzﬁqw §3U 5-ALA fina1ududu 30 waz 60 ppm dA1adsves
unaifiileafintuesditoddey wandiiduiniimsazauvedluiunasnde cathepsin L
aeluAleafiunntuwdminldsuemsiaty 5-ALA fufu &1 F-cell iWuwaddsiuves B-
cell (Hu and Leung, 2007) @19a13150a3UlA31 5-ALA Fredaasun1sinauves F-cell vinlv
Aansazaueuleifitgludosomnanigluwiloafiniy dewdsudsuiudduganiuam
Faiu 5-ALA eradnasulvdsiiiaite EHP Sssuunisdosemisiinuagldsuarsemsiidu
Uselowil Fatelidnsnisnevesiaifnide EHP anadld oghdlsfinw masendinvesdsiid
wualtfud undsandldsu 5-ALA eniRaannilafedudnuifeades aandeyadiisudy
uwdwanan s Indduganuaslusiuiiiindesiumsasnasiu Bedshifdoyatuduiniead
sialavessiuiivhminindnulnandelusfiusing (Tassanakajon et al, 2013, Tseng et al,,
2002, Yang et al., 2018, Zhang et al., 2004; Pendrosa- Gerasmio et al., 2018) G‘Tﬂﬁ?u N9
Faumsadne ATP annslifsiuemnsnay 5-ALA Wunssliigadduanuisanduinadng
asUdlnddugatn warlusiuinentosiunmsaenasulreglussiudule dmwalvifeinisme
anastadunantsifeflifeiuemisnan 5-ALA dasannisnivesdsiiinisiaido AHPND
(Pendrosa-Gerasmio et al., 2018; 2019; Direkbusarakom et al., 2021)

INMsANEINUIITINRanaTy 5-ALA fuwaltudaaduuTuioande EHP
meludu Gandeyaiiiinisiady 5-ALA tefiunisadne ATP silusadunfuaswadiinnide
EHP fetunmsifiuturemdsnunisluwaddmaliide EHP aunsofmdsnuiidusdnlldly
madiuduay MneamsAnmadiiasdiuldin SALA tefulsyAvsnimnssuiumsiun ed
Falufs léun nasuaumstesuasmann@y suugfitu nssuIumIaenasIy wasfianatuiin
dafe uslusuaunduteduaiunmaiisturesiinaude EHP srndafeaielifsnsinisfine
dofiguikansznudandniiasfatutumamnaissddussuufviels uarainnisfinw
Tuafailnuda 3 1u 36 o813 Ihkan1snTialsnfae nested-PCR iuay duiadaogied
Ustan 8% vesiaiavin enanansmudiuuRee EHP Muudsmsinsfinvifiuinde
mafusulsEnnsfaitefigataudguilidnnuty uesAnvinalnarudumiuresdsie
o EHP FaonavililFaneiugfeuniidiunudedesn EHP Saflanudidgedsnnde
gnamnssumazdesiduuan
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uni 5

ayunanIInaaauasdalauaLuL

151949917 L. vannamei fifiaite EHP Auovnaudiniadudae 5-ALA a7
Fudu 60 ppm/kg Frannsnguaziinuta g wena1nil nsiESueIMeaY 5-ALA
asnananendaninreanisiialia nsedunisadiandanu uasiiusuaudesludufs A
wantiradululédn 5-ALA dreduaiunisadredudafuesdusenevresdluldsiulviing
Fumsghiinduludufs nduldsiumarifnifiddgsonisasmdnureusadiessuy
ETC svuunfidufuvesds uaznszuaumsaenanu egdlsinny ndsnuiignasafiutaluded
faide EHP shldeindsnuifismelunsuasadifudnaudeduiu
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MANWINT 1 N15MSeUESAd

1.1 N15M38Ua15azaN8 Davidson’s fixative

95 % Ethanol 331 ladang
37 % Formalin 221 lagans
Glacial acetic acid 115 Uadans
¥hndu 335 {adans

HTunounsnIew Al Wlehnduusuing 335 fadans adluringisy Wy
Ethanol U319 331 1858n5 Formalin Usung 221 fiadans m1ueae Glacial acetic acid
Usums 115 ml

1.2 N1SLH38UE5azane 5X Tris-borate-EDTA Buffer

Tris-base 54 A3
Boric acid 27.5 n3u
0.5 M EDTA 20 {i85ans
Yhndu 1000 Hagans

o
N o

fduneunswion feil w3uthnduines 335 fadans adlurangisu Wy 4
Tris-base 54 n%u azanesetinaul3uns 600 dadans iy Boric acid 27.5 n3u Azansaudh
M wazinansazany EDTA arwdudu 1.5 M U3u1ns 20 fiadans annthusulsunsaaeth
ndnllle 1000 fiaddns senszuenms usnwililaensianmgiivies

1.3 N1SLH38UEazane 1X Tris-borate-EDTA Buffer

5X TBE Buffer 200 Haaams
Hnduy 800 NARAKT

JTUNBUNMTHTEN A9l WS8U5X TBE Buffer USums 200 Tadams Usuusuins
9 H ) v A aa Py < @ P
mgunauliila 1000 Haddns Mmenszuennie maduvingsusazsiiusnulilagind
AV HIVER
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1.4 1538y 0.8 % Agarose

Agarose 0.8 Niu

1X TBE Buffer 100 Naaams

HTupouNIRIY A9l 79 Agarose USuns 0.8 N3u agause 1X TBE Buffer
U31105 100 fiaddns ansazane Agarose siepuiou 1dlingamgiiviendunal 15 undl
NTULAL SYBR Safe nansavany Agarose avg Gel box %38 Gel tray wagldguni (Comb)

wardbingamaiiieatunian 25-30 Wil rewdieas Gel chamber
1.5 n15A38u 1.5 % Agarose

Agarose 1.5 nfu

1X TBE Buffer 100 HaRAmT

HTunaUNTINIIN A9l 99 Agarose USUIAS 1.5 NSU azanenle 1X TBE Buffer
U31105 100 fiaddns ansazane Agarose siiapduiou 1dlingamgiivieadunal 15 wndl
INTuLAY SYBR Safe nansazane Agarose avg Gel box w38 Gel tray Uazidgund (Comb)

warebinenmgiivientuna 25-30 w1l newdieas Gel chamber

1.6 1538 6X loading buffer

Bromphenol blue 0.025 N3y
Xylene cyanol FF 0.025 n3u
Glycerol 3 Uanans
thndu 7 195995

fituneumswse fi #9 Bromphenol blue U3uas 0.025 ndu Xylene
cyanol FF U3u1015 0.025 n3u tagiia Glycerol YTuns 3 fadansantulsuUsm et
ndu naliansazans Huilofenfusioiniowanasarats Vortex Mixer uinunitgumad 4
DIA LA D
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ANANUINT 2 %’aa‘iawamiwﬂam
A151901ARUNT 1 Ymtindigavnevesis L vannamei Mag4R3801mM151633 5-ALA 1A

LTNTURN 9] WU 21 U

Shrimp Body weight (g)
no. 0 ppm 15 ppm 30 ppm 60 ppm
1 2.40 2.46 1.96 2.27
2 2.34 2.09 2.98 2.10
3 1.51 1.16 2.06 1.89
4 0.82 1.36 1.80 2.18
5 1.74 2.38 2.05 1.88
6 2.00 3.00 2.71 2.19
7 1.25 0.77 2.14 2.44
8 1.44 1.34 1.66 2.57
9 2.12 1.71 0.99 2.44
10 2.17 0.96 2.56 2.12
11 2.54 2.86 1.48 2.00
12 2.31 2.84 2.45 1.55
13 2.17 2.16 1.51 1.63
14 2.15 2.47 0.71 1.81
15 2.23 1.39 2.09 1.35
16 1.66 2.24 1.13 1.50
17 0.39 3.00 2.82 1.32
18 1.80 2.59 1.60 0.74
19 2.94 2.09 0.59 1.41
20 2.00 0.51 1.31
21 2.81 3.04 2.39
22 1.31 1.67
23 2.34 0.79
24 1.56 3.54
25 1.59 2.11
26 2.10
27 1.89
28 1.30
29 0.59
Means 1.92 2.00 1.86 1.82
SD 0.45 0.46 0.28 0.35
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AITNAMMHUINT 2 89TINTTOATINVDINI L. vannamei NFEINI80IMITETY 5-ALA A1

LTNTUAN 6 WU 21 U

Bucket Survival Rate (%)
No. 0 ppm 15 ppm 30 ppm 60 ppm
1 50 67 67 100
2 83 50 83 100
3 100 50 83 100
a4 50 83 100 100
5 67 67 83 83
Means 70.00 63.00 83.00 97.00
SD 21.73 13.94 11.79 7.45
N 5 5 5 5

M151901ANUINT 3 LUasidud atrophic tubule VasHiUAY L. vannamei Masasigmnsiesy

5-ALA MIANULTUTUAN 9] W 21 U

Shrimp Atrophic Tubule (%)

no. 0 ppm 15 ppm 30 ppm 60 ppm

1 57.36 38.78 8.77 0.00

59.65 46.07 6.86 3.66

52.43 52.48 7.69 0.00

2 2.35 19.53 5.70 1.06

1.77 12.34 6.26 5.29

4.36 10.38 8.04 8.04

Means 29.65 29.93 7.22 3.01

SD 29.49 18.15 1.15 3.25

N 6 6 6 6
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a ' a4 & 4 o v a4 9
AITNAAKUINT 4 Aladeunves vacuole el B-cell fUNS L. vannamei Mviesnae

DITLETY 5-ALA N1ANULTNTUR 9 w21 Tu

Vacuolar Area Of B-cell (mm?)

0 ppm 15 ppm 30 ppm 60 ppm
Sample 1 2 1 2 1 2 1 2
Area
1 195.29 276.72 316.90 306.71 217.37 457.89 417.68 389.04
257.62 301.11 288.92 300.91 398.89 302.73 361.76 351.48
174.24 175.22 286.98 331.00 213.90 295.31 383.91 460.16
258.73 353.64 322.44 230.05 299.46 351.55 322.40 332.98
242.11 152.90 348.48 225.19 245.12 493.69 369.22 317.95
210.80 222.32 347.37 208.69 298.30 525.16 374.76 342.80
179.78 229.82 276.18 263.05 183.84 276.69 385.84 444.52
153.19 245.20 255.13 387.27 211.59 414.49 363.97 365.35
238.78 179.17 326.87 383.41 245.12 346.13 445.14 462.47
219.39 218.56 268.98 261.11 213.90 316.10 396.92 456.67
2 135.46 154.78 263.16 178.60 352.64 311.58 446.24 317.95
145.15 302.05 229.36 173.75 497.17 368.91 352.32 443.97
233.30 211.06 290.58 109.69 311.02 235.45 373.65 487.90
215.51 180.10 253.74 160.16 137.59 411.23 558.43 382.69
185.04 230.76 329.64 153.37 405.83 344.87 309.40 502.93
182.83 216.69 225.76 131.04 208.12 312.49 318.26 453.20
217.73 217.63 254.85 198.02 307.55 240.88 381.70 365.35
220.78 312.37 249.03 245.58 422.01 406.71 321.58 387.32
221.05 187.61 234.63 193.16 233.55 396.04 430.45 434.72
237.67 151.96 310.25 123.27 283.27 412.87 445.38 317.95
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Vacuolar Area Of B-cell (mm?)

0 ppm 15 ppm 30 ppm 60 ppm
Sample 1 2 1 2 1 2 1 2
Area
3 164.10 196.57 267.41 255.52 390.06 449.05 396.92 350.52
224.81 160.59 270.48 234.71 283.68 459.54 332.73 365.95
108.35 190.91 220.69 104.06 478.14 513.81 451.56 298.77
211.32 118.27 218.43 174.59 360.32 322.75 419.15 388.58
221.50 248.48 334.99 298.30 319.14 433.24 390.86 336.12
220.37 272.18 267.81 183.84 546.77 474.95 395.38 347.43
240.74 343.97 278.41 273.45 464.41 303.32 367.81 482.11
146.40 282.12 215.03 313.33 426.66 359.45 359.89 315.75
210.19 304.91 212.77 334.17 471.28 358.37 375.74 322.54
138.48 257.16 195.79 275.18 307.70 299.70 334.99 340.33
4 218.49 342.88 208.15 293.68 350.02 299.76 301.04 327.88
229.02 228.95 190.13 272.32 307.70 425.30 492.30 349.39
193.93 312.50 279.54 307.01 399.21 309.80 329.34 362.15
188.59 133.46 244.46 286.17 285.31 527.85 438.30 329.33
229.43 119.36 264.83 266.52 362.61 392.92 362.16 366.36
226.03 172.53 228.61 336.46 263.09 330.31 351.97 380.25
190.54 113.93 275.74 287.33 435.82 277.42 307.11 427.47
227.89 124.78 183.34 146.84 431.24 318.05 358.04 444.45
216.98 182.29 240.65 275.79 480.43 483.59 354.64 394.24
135.81 155.17 224.81 355.54 350.99 345.42 446.72 290.85
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Vacuolar Area Of B-cell (mm?)

0 ppm 15 ppm 30 ppm 60 ppm
Sample 1 2 1 2 1 2 1 2
Area
5 195.85 340.65 163.62 306.48 525.18 283.31 353.99 319.13
158.17 210.50 276.99 247.92 274.35 346.35 472.53 358.66
209.75 193.53 220.89 249.04 350.49 308.28 312.64 306.81
208.32 221.82 192.18 268.75 343.78 298.20 333.14 352.72
170.64 166.37 165.16 296.74 269.09 254.19 361.08 384.42
160.39 133.55 213.22 239.64 283.65 361.69 387.06 499.41
175.35 179.95 235.28 209.40 258.67 378.49 485.17 403.89
217.54 290.86 341.27 290.03 357.21 258.67 358.71 301.22
215.40 131.28 252.45 156.77 402.00 340.42 333.90 313.53
164.82 193.53 206.87 154.53 221.72 333.70 331.54 338.17
6 218.70 250.11 192.84 307.94 295.96 437.50 453.63 356.43
200.83 312.36 254.79 252.40 378.49 444.56 4a7.73 360.90
205.26 452.69 336.60 131.02 283.31 372.89 470.17 325.07
184.49 312.36 196.20 249.04 349.37 382.97 367.40 354.53
192.80 25577 183.20 179.17 248.59 266.51 420.56 352.29
173.13 199.19 230.10 156.77 250.05 282.19 232.01 360.90
166.21 329.34 248.14 152.29 313.54 327.32 445.36 382.52
131.86 331.60 296.86 144.45 291.48 264.61 365.03 374.68
205.08 477.59 162.53 287.79 314.66 369.53 347.31 373.22
164.27 288.59 219.07 286.67 289.24 274.35 247.67 303.80
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Vacuolar Area Of B-cell (mm?)

0 ppm 15 ppm 30 ppm 60 ppm
Sample 1 2 1 2 1 2 1 2
Area
7 195.43 272.11 278.83 254.58 282.93 325.08 425.34 360.31
200.25 125.42 181.62 287.09 203.71 303.46 357.85 380.24
138.99 141.09 273.35 326.65 242.19 316.46 202.46 427.80
225.62 250.83 142.96 325.48 289.72 329.22 322.39 468.97
215.59 188.13 361.53 190.64 271.62 363.15 349.84 399.69
131.19 133.26 311.91 240.63 230.87 416.56 325.99 374.04
217.74 241.88 129.96 356.87 520.60 286.67 408.35 327.62
201.36 203.80 224.48 215.05 354.23 245.23 293.97 394.45
222.40 225.08 379.25 277.82 156.18 271.33 439.06 323.05
127.40 268.75 256.38 180.18 126.75 250.83 413.90 308.84
8 183.54 178.05 207.61 139.49 220.69 745.78 260.80 390.05
123.49 164.61 314.70 233.65 415.35 318.70 314.56 386.62
205.13 201.56 293.43 396.39 385.92 325.08 243.64 313.41
216.09 349.37 152.41 138.33 221.82 327.66 299.69 331.06
122.43 215.00 339.08 174.37 210.50 288.13 295.60 359.17
231.69 247.47 288.28 233.62 205.98 237.40 269.95 325.99
178.22 202.68 342.63 302.24 323.68 315.55 371.58 340.21
219.19 273.23 219.42 240.57 150.52 325.08 275.67 364.23
139.11 246.35 152.41 267.24 209.37 334.38 278.44 375.18
208.05 266.51 281.19 289.42 160.71 259.01 286.45 383.67
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Vacuolar Area Of B-cell (mm?)

0 ppm 15 ppm 30 ppm 60 ppm
Sample 1 2 1 2 1 2 1 2
Area

9 214.03 305.41 311.95 297.24 411.27 246.72 477.32 366.52
207.39 232.33 310.10 269.35 164.08 307.83 381.95 476.51
256.65 293.41 280.67 243.32 321.67 345.18 419.75 406.07
215.84 195.24 270.08 150.52 369.17 675.65 245.32 382.54
173.96 178.88 287.14 222.95 296.85 245.59 319.75 394.46
127.25 165.79 383.66 281.80 32491 349.71 358.32 340.87
150.47 342.49 279.54 301.77 573.18 428.11 390.22 487.95
159.06 171.25 151.65 306.29 482.51 484.38 385.16 311.62
131.80 268.32 331.19 276.87 592.61 314.62 430.06 393.31
124.12 151.61 224.08 291.58 277.42 474.20 319.00 439.25

10 206.79 214.88 230.87 270.08 237.48 272.75 401.70 248.22
164.43 237.78 267.09 153.92 220.21 244.46 291.40 334.49
211.81 134.16 205.98 157.31 480.35 243.32 396.88 342.02
171.95 436.30 303.31 268.22 322.75 461.75 333.51 300.84
204.81 397.03 300.63 296.11 370.25 333.86 331.57 308.18
216.98 189.79 312.36 240.24 389.68 323.68 475.28 347.08
219.33 173.43 333.45 319.87 426.38 331.60 381.62 467.84
154.77 286.87 244.05 253.10 270.94 346.31 365.08 331.72
198.80 387.21 332.73 291.99 184.58 336.13 441.54 420.46
197.72 123.25 322.14 284.07 390.76 388.19 429.21 371.10

Means 210.54 251.40 342.07 368.67
SD 81.67 61.56 99.33 54.43
N 400 400 400 400
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A519NIAKUANT 5 A1 relative density ¥89ANNVBILAU PCR product a1naadianlasing

el
Relative density
Sample
0 ppm 15 ppm 30 ppm 60 ppm
1 0.681249 0.946331 1.081393 0.769232
2 0.664649 2.04341 0.891128 1.376034
3 0.932832 1.114719 1.409829 1.30388
4 0.422654 1.048659 0.791692 1.061171
5 0.306025 0.968537 0.802298 1.757884
6 0.198002 0.921812 1.105489 1.133201
7 0.295554 0.919084 1.02762 0.84039
8 1.263427 0.851698 0.935104
9 0.771525 0.875969
10 0.835029 0.99866
11 0.713835
Means 0.5 1.2 1.0 1.1
SD 0.3 0.4 0.2 0.3
N 7 8 10 11
m'iwmﬂwu'mﬁ 6 ﬂi?WiJ’Wlﬁ;ﬂ:’m ATP
End amount ATP
Standard no. OD 570 nm.
(nmol/well)
1 0 0
2 2 0.20
3 4 0.45
4 6 0.67
5 8 0.89
6 10 1.04




OD 570 nm.

1.2

0.8

0.6

0.4

0.2

'

AMNANANUINT 1 NFNUINTFIU ATP

° Yy v a o %
Qmmimu'mmwt‘umju ATP Wﬂqu?m1ﬂ§]qﬂﬂiqwuqﬂi§ﬁu

Y =0.1079X

OD. = 0.1079X

X (nmol) =

OD.

0.1079

10

y = 0.1079x
R? = 0.9966
Con.
12 (nmol)

M1NARUINT 7 Aadutuves ATP Tudiuia L. vannamei fidaise EHP

ATP Level (nmol)

Sample
0 ppm 15 ppm 30 ppm 60 ppm

1 0.14 0.23 0.22 0.23
2 0.12 0.16 0.17 0.43
3 0.10 0.16 0.31 0.30
a4 0.09 0.16 0.29 0.16
5 0.16 0.26 0.19 0.15

Means 0.12 0.19 0.24 0.25
SD 0.03 0.05 0.06 0.12
N 5 5 5 5
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ARTICLE INFO ABSTRACT

Keywords: eatic mi idi
5-ALA

the shrimp disease caused by Enter h i (EHP) i
has been widely spread ln farmed Litopenaeus vannamei in Thailand. The symptoms include decreased feeding,

"'Icpa“’l"’mh"a“‘ microsporidiosis muscle waste, slow growth, and chronic mortality. Since 5-aminolaevulinic acid (5-ALA), a non-protein amino
Slow BIOW. acid, has been known to enhance ATP production in the cell through lhe i d ion of b P in
Chronic mortality Hie el 1 £ hondida. i hesi: h iding 5-ALA to EHP-infected
B P i the electron transport plex of it was h d that p o infect

shnmp might reduce the monali(y caused by the mfecuon Naturally F_HP mfecled L vannamei were

1} led from a 1 shrimp pond that showed signs of h idiosis. The
shrimp samples were reared under 30-ppt seawater in 40-L plastic tanks, divided into four groups; each receiving
commercial pellets supplemented with different doses of 5-ALA: 0 (control), 15, 30, and 60 ppm. After 21 days of
the experiment, it was found that the shrimp receiving 5-ALA at 60 ppm survived at a rate significantly (p < 0.05)
higher than that of other groups, and had a significant increase in biomass, compared with that of the control

group. Histology of the h of the 60-ppm group revealed signif’camly (p < 0.01) less percentage of
atrophic tubules and larger areas of the vacuoles of the B-cells, sugganng P d h eatic
The levels of the EHP load in the hepatop as led by PCR were g in a dose-

related manner of 5-ALA Histol of the h P eas also led the presence of EHP. The
ATP levels in the hepatopancreas of the 30- and 60-ppm groups were significantly (p < 0.01) higher than that of
the control group. Further tests are required in commcmal farms to find out if the 5-ALA supplement is beneficial
to tackle the problem of h ic idiosis at the industrial level.

1. Introduction

Since 2012, the production of farmed Litopenaeus vannamei in
Thailand has decreased drastically due to three infectious diseases:
white-spot disease (WSD), acute hepatopancreatic necrosis disease
(AHPND), and hepatopancreatic microsporidiosis (DOF, 2021). The
causative agents of WSD, AHPND, and hepatopancreatic micro-
sporidiosis are white-spot syndrome virus (WSSV), toxin-producing

cells; in Thailand, the pathogen was firstly reported in the black tiger
shrimp, Penaeus monodon (Chayaburakul et al., 2004; Tourtip et al.,
2009) and later in L. vannamei (Suebsing et al., 2013). Ever since, EHP
spores have been detected in the farm environment and public water-
ways (Pattarayingsakul et al., 2022), resulting in a wide spread of EHP
infection of farmed L. vannamei. At present (2022), the prevalence of
EHP-positive detection by polymerase chain reaction (PCR) method in
farmed shrimp was >80% (Withyachumnarnkul, unpublished). The
infected shrimp manifest a reduction in feed intake and slow growth,

although the association between the slow growth and EHP load in the

Vibrio parah Iytic and Enterocy P i (EHP),
respecnvely (Flegel, 2012; Chaijarasphong et al., ’(J’]) EHP is the
llular fungus-like pathogen of the hepatop ic epithelial patop of the infe

d shrimp is still inconclusive (Rajendran
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et al,, 2016). The EHP infection is associated with the white-feces dis-
ease, the phenomenon observed in the shrimp rearing pond as the
shrimp pass out white feces loaded with EHP spores floating on the
water surface (Tang et al., 2016). Shrimp mortality of 5-100 kg daily
(from 0.5-1.0 million shrimp in a one-hectare pond) was observed in the
affected ponds, and most of the dead shrimp had no white feces but
rather soft bodies resulting from incompl molting  (With-
yachumnarnkul, unpublished). It was estimated that the economic loss
from EHP infection was more than that being caused by WSD outbreaks
(Patil et al., 2021).

Despite the use of chemical tr to elimi EHP from the
supply water of the shrimp pond as previously recommended (Aldama
Cano et al., 2018), the problem still exists. It was later found that shrimp
seeds obtained from hatcheries, at times, were not EHP-free as indicated
by PCR tests from the hatcheries (Wan Sajiri et al., 2021). Moreover, the
hepatopancreas and ovaries of broodstock from hatcheries were tested
EHP-positive (Withyachumnarnkul, unpublished).

Hlsmlogncally, the hepatopancreas of the EHP-infected shrimp fea-

hi il

tures various d of atrop! eatic composed of
a single layer of thm epithelial cells (\Ixm 1etal., 2022). In other sections
of the tubules where different functional cell types could be identified,
EHP of various stages (plasmodium, sporoblast, sporocyst, and spores)
were localized in the cytoplasm of the cells (Nima et al., 2022). As EHP
does not possess mitochondria, the pathogen cannot produce ATP and
thus has to depend on the host ATP for its metabolism (Corradi and
Keeling, 2009). This could resul! in the host cells being short of ATP for
their bolism. 5-Ami ulinic acid (5-ALA), the endogenous non-
protein amino acid, functions as a heme-forming molecule; eight mol-
ecules of 5-ALA form a tetrapyrrole heme structure (Shemin and Russell,
1953). Heme is an integral part of several types of hemoproteins; the
bl h lobin and those in the electron transport chain

ones are
(Mobius et al., 2010). Besides, several proteins involved in the molting
process and host defense are hemoproteins (Reinking et al., 2005; Tas-
sanakajon et al., 2013). Therefore, 5-ALA plays an important role to
increase the production of ATP, host defense, and the molting process of
the shrimp, which might help EHP-infected shrimp to reduce the
morbidity and mortality caused by the pathogen.

2. Materials and methods
2.1. Animals and experimental design

All the animal experiments in this study were performed followmg
the guidelines of the Animal Ethics C ittee for lab y Is at
Prince of Songkla University, Thailand. The experi 1 animals were
L. iles froma c | shrimp pond. The shrimp in the
pond had been pre-tested by PCR for EHP infection, which revealed that
approximately 90% of them were infected. The shrimp, 120 individuals,
were randomly sampled from the pond at 15 days of culture (DOC15), at
which time they showed no clinical i ions of the disease. They
were then stocked in twenty 40-L tanks, 6 individuals per tank, and
divided into 4 groups, with 5 replicates/group. Each tank was divided
with the net (16 mesh) into 6 equal compartments to prevent canni-
balism. Each group received 5-ALA (Neopharma Japan Co., Ltd.) at
0 (control), 15, 30, and 60 ppm/kg pellets, for 21 days. The application
was performed by top dressmg the shrimp pellels (CPF, Thailand) with
distilled water c g 5-ALA at the desi ions. After
top-dressing, the pcllets were coated with squid oil, 6 mL/kg pellets, to
prevent leaching of 5-ALA. The shrimp were fed three times daily
(08.00, 13.00, and 17.00 h) at approximately 4% biomass. Water quality
in the tanks was monitored to ensure optimum conditions for shrimp
rearing [Total ammonia nitrogen (TAN), <0.5 ppm; nitrite, <0.5 ppm,
dissolved oxygen (DO), 4-5 ppm; alkalinity, 130-150 ppm; pH, 8.0-8.5;
and salinity, 28-30 ppt). Water exchange at 70% was performed daily
with chlorinated (30% active ingredient of 65% calcium hypochlorite)
sand-filtered seawater at 08.00 h and shrimp mortality was recorded at
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that time; dead shrimp was discarded.

The shrimp body weight (BW) was determined individually at the
beginning and the end of the experiment, at which time the survivors
were cold-anesthetized in ice, individually weighed, and their hepato-
pancreas isolated. The average survival rate (SR) of each group was
calculated from the average SR of the 5 replicates, and the average BW of
each group was calculated from the average BW of each replicate. The
biomass of the shrimp, which was the average BW x the number of
survived shrimp, was determined at the beginning (initial) and the end
(final) of the experiment for each replicate. The ratio of the final/initial
bi of each repli was calculated as the fold of biomass increase.
The values of the 5 replicates in each group were then averaged to
represent the fold of biomass increase of that particular group.

The h was i diately divided into three parts, each
being placed mto one of the three mlcrotubes containing either 1-mL
Davidson's fixative (for histology), 1-mL 95% ethanol (for PCR), or

g (for ATP determi ). The tubes ini hing were
placed in a foam box containing dried ice for immediate freezing of the
tissue, which was thereafter stored at —80 “C. For PCR, the tissue was
preserved by being ground in the microtube with a small glass rod. In
each test, 8-11 tissue samples were employed per group.

2.2. Histology

The Davidson-fixed samples were routinely processed through the

d sectioning method by being dehydrated with ethanol,

infiltrated and embedded in paraffin, sectioned at 5 pm thickness, and

stained with Hematoxylin and Phloxine B (H&P) according to the

method described (Zhao et al., 2020). The sections were examined under

light microscopy (LM); spores and other stages of EHP were identified by
the red staining of Phloxine B.

The histological features of EHP-infected hepatopancreas were
composed of atrophic and normal hepatopancreatic tubules (Chaijar-
asphong et al., 2021). The atrophic tubule was identified by a single
Iayer of low cuboidal epl(helmm and a large lumen, while the normal

was posed of thick epithelium and a small, often star-
shaped lumen. Different cell types of the hepatopancreatic epithelium
could be identified in the normal epithelium (Nima et al., 2022). Under
low magnification (10x), cross sections of the hepatopancreatic tubules
were examined, and the atrophic tubules was counted from a total of
200 cross sections of the tubules from individual shrimp.

Under high magnification (100x), the area of the B-cell vacuole was
determined using the ImageJ program. The average area of the B-cell
vacuoles in each sample was calculated from the vacuole areas of 200 B-
cells.

2.3. PCR d ination of the hepatopancreas
2.3.1. DNA extraction and purification

DNA extraction was performed using the EZNA® Tissue DNA Kit
protocol (Omega, BIO-TEK, Norcross, GA). The ground hepatopancre-
atic tissue was transferred from 95% ethanol to 200 pL TL buffer. Cell
lysis was proceeded by adding 25 pL of Proteinase K solution to the
tissue; the mixture was mixed vigorously and incubated at 55 °Cfor 1 h.
Eight pL of RNase A (25 mg/mL) was added to eliminate RNA, followed
by 2-min incubation at room temperature. Cell debris was precipitated
by centrifugation at 10,000 xg for 10 min at 4 °C, and the supernatant
was transferred to a fresh tube, in which 220 pL BL buffer was added,
followed by 10-min incubation at 70 “C. Then, 220 yL of cool absolute
ethanol was added and the mixture was transferred into the HiBind®
DNA Mini Column, which was inserted into a 2-mL collection tube. The
column was centrifuged at 10,000 xg for 1 min to discard the filtrate,
flushed with 500 pL of HBC buffer, and transferred into a new 2-mL
collection tube. The washing step was performed twice by adding 700
pL of DNA wash buffer into the column and the filtrate was removed by
centrifugation at 10,000 xg for 30 s. The extracted DNA was eluted by

71



5. Kongplong et al.

transferring the column to a fresh tube, and 100 pL of elution buffer was
added, and the column was incubated at room temperature for 2 min,
before being centrifuged at 10,000 xg for 1 min. The eluted DNA was
determined for its concentration using a NanoDrop Spectrophotometer
(Thermo Scientific, Wilmington, DE) and stored at —20 “C until use.

2.3.2. PCR procedure

The reaction mixture (25 pL) was composed of a 50 ng DNA tem-
plate, 5 pL of 5x HOT FIREPOL® Blend DNA Polymerase, 0.2 yM of
primers specific for SWP of EHP (Jaroenlak et al., 2016), and deionized
distilled water. The first-step reaction employing primers SWP_1F and
SWP_1R (Table 1) was performed according to the following conditions:
5-min initial denaturation at 95 °C; 30-s denaturation at 95 °C; 30-s
annealing at 58 °C; 45-s extension at 68 °C. The reactions were per-
formed for 30 cycles, with a final 5-min extension at 68 °C. The expected
PCR product was 514 bp. In the nested step, the template consisted of 1
pL of the final reaction solution from the first step. The primers
employed were SWP_2F and SWP_2R (Table 1), and the conditions were
as follows: 5-min initial denaturation at 95 °C; 30-s denaturation at
95 °C; 30-s annealing at 64 °C; 20-s extension at 68 "C. The reactions
were performed for 20 cycles, with a final 5-min extension at 68 “C. The
expected PCR product was 148 bp. An internal control reaction was
performed by using specific primers of the f-actin gene (Table 1) ina 25-
L reaction under the same condition as in the first-step reaction. The
expected PCR product was 401 bp. The amplicons were analyzed by 2%
agarose gel electrophoresis with SYBR safe (Thermo Fisher Scientific,
Waltham, MA) and their sizes were estimated using a 100-bp DNA
ladder marker. The PCR bands were visualized under a UV illuminator
and semi-guantitated by standardizing the density of the EHP nested-
PCR band with the f-actin band, using the program ImagelJ.

2.4. ATP determination

The levels of ATP in the shrimp hepatopancreas were determined
using an ATP Colorimetric Assay Kit (Abcam®, Cambridge, UK)
following the manufacturer’s protocol. The hepatopancreatic tissue (10
mg) kept at —80 °C was washed in cold 1x PBS, and then homogenized
in 100 pL ice-cold 2 N perchloric acid, which was the deproteinization
step. The suspension was kept on ice for 45 min and centrifuged at
13,000 g for 5 min at 4 “C. The supernatant was transferred to a fresh
tube and diluted to 500 pL with the ATP assay buffer. Excess perchloric
acid in the supernatant was eliminated by adding 50-100 pL of ice-cold
2 M KOH to neutralize the sample. Then, the mixture was centrifuged at
13,000 g for 15 min at 4 “C to remove precipitated perchloric acid and
the supernatant was collected in a new tube. ATP standard curve was
prepared at the range of 0-10 nmol. Fifty pL of samples and sample
background control were then loaded in a 96-well plate with a clear flat
bottom. Adenosine triphosphate reaction and background control mix
were added with the corresponding sample and sample background
controls. The plate was incubated for 30 min, protected from light, and
optical densitometry was measured at 570 nm by microplate spectro-
photometer (SPECTROstar® Nano, BMG LABTECH, Aylesbury, UK).

Table 1
PCR primers used in this study.

Primer name Sequence (5’ to 3') Amplicon size (bp)
First-step 514

SWP_IF TTG-CAG-AGT-GTT-GTT-AAG-GGT-TT

SWP_1R CAC-GAT-GTG-TCT-TTG-CAA-TTT-TC

Nested-step 148

SWP_2F TTG-GCG-GCA-CAA-TTC-TCA-AAC-A

SWP_2R GCT-GTT-TGT-CTC-CAA-CTG-TAT-TTG-A

f-Actin 401
Actin_F CCT-CGC-TGG-AGA-AGT-CCT-AC

Actin R TGG-TCC-AGA-CTC-GTC-GTA-CTC
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2.5. Statistical analysis
Statical analysis was performed using SPSS software (Version 26),

and a significant difference among groups was indicated when p < 0.05
as determined by one-way ANOVA.

3. Results
3.1. Growth, survival, and biomass increase

The average initial and final BWs were comparable in all groups
(Fig. 1A). The survival rates of the groups, however, were different

(Fig. 1B). The 30-ppm group survived at 83%, which was significantly
higher (p < 0.05) than that of the 15-ppm group. The 60-ppm group

A. Initial (OJ) and final (C0) BW (g)

3.0
2.5
2.0
1.5
1.0
0.5
w0 UL OO Ol o
0 ppm 15 ppm 30 ppm 60 ppm
B. Survival (%)
120
a
100 bd b 1
80 | cd |
60 I
40
20
0
0 ppm 15 ppm 30 ppm 60 ppm
C. Biomass increase (x fold)
9
a
i |
6 b b l
3
o
0 ppm 15 ppm 30 ppm 60 ppm

Fig. 1. The initial and final body weights (A), the survival rate (B), and the
biomass increase (C) of EHP-infected L. vannamei provided with different doses
of 5-ALA. Different superscripts indicate statistically significant differences.
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survived at 97%, significantly higher than all other groups (p < 0.05,
compared with the control and 30-ppm groups; p < 0.01, compared with
the 15-ppm group). The biomass increase of the 60-ppm group was
significantly higher (p < 0.05) than that of the 0- and 15-ppm groups.
When translated into the increase in the production, the 60-ppm group
was 1.6x fold of that of the control group.

3.2. The percentage of atrophic hepatopancreatic epithelium and the area
of B-cell vacuole

Histology of the shrimp hepatopancreas revealed the existence of
hepatopancreatic tubules with low cuboidal epithelium and large lumen
(atrophic tubules), those being composed of several cell types and rich in
B-cells and small “star-shaped lumen™ (normal tubules), and those dis-
playing between these two extremes (Fig. 2A). The epithelium of the
distal tubules of the hep eas was C d of only E-cells
(Fig. 2C).

The percentage of the atrophic tubules of the control and 15-ppm
groups was approximately 30%, with high variation among individual
shrimp (Fig. 3A). The 30- and 60-ppm groups had the percentage of 7
and 3%, respectively, both values were significantly lower (p < 0.01)
than that of the first two groups.

The average areas of the B-cell vacuoles of the 30- and 60-ppm
groups (320-370 pm?) were significantly (p < 0.05) larger than those
of the control and 15-ppm groups (200-240 pmz) (Fig. 3B). No signifi-
cant difference was detected between the control and 15-ppm groups
and between the 30- and 60-ppm groups.

3.3. EHP load

The hepatopancreas of all, except two, of the shrimp tested, was EHP-
positive by PCR test. The two EHP-negative shrimp, being negative in
both the first- and nested-step PCR, were in the 0- (Fig. 4A) and 60-ppm
(Fig. 4D) groups. Among the EHP-positive shrimp, some were positive at
both steps and some only at the nested step (Fig. 4A-D). The number of
shrimp with EHP-positive at both steps were 2 out of 9, 4 out of 8, 10 out
of 10, and 5 out of 11 in the control, 15-, 30-, and 60-ppm groups,
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A. Percentage of atrophic tubules

100
80
60 a
a
40 |
20
b
— b
0
0 ppm 15 ppm 30 ppm 60 ppm
B. Area of B-cell vacuole (pm?)
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a
400 |
a
1
300 b b
| |
200
100
0
0 ppm 15 ppm 30 ppm 60 ppm
Fig. 3. The percentage of atrophic tubules (A) and areas of B-cell vacuoles (B)
in the hepatopancreas of EHP-infected L. i provided with di
doses of 5-ALA. Different indicate ically si
differences,

Fig. 2. Hi

of the h
epithelium and large lumen, were observed more frequently in the 0-ppm and 15-ppm groups, but normal tubules, with small star-shaped lumen, were observed more
frequently in the 30-ppm and 60-ppm groups.

of EHP-infected L. vannamei provided with different doses of 5-ALA. H & E staining. Atrophic tubules, with low cuboidal
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Fig. 4. Gel el ph is of the i from PCR using primers specific for SWP of EHP (A-D) and relative i ity of the (E) of the hep eas
of EHP-infected L. i provided with di doses of 5-ALA. f-actin gene was used as an internal control. M, DNA markers, -+, positive control (pGEM-SWP);

—, negative control (H,0); lane numbers, hepatopancreatic samples. Two samples (A, lane 5 and D, lane 2) were PCR-negative, at both the first and nested steps. InE,

different superscripts indicate statistically significant differences.

respectively.

By semi-quantitative analysis of the density of the positive bands at
the nested-step PCR standardized with the f-actin band, the relative
intensity of EHP bands of all the 5-ALA treatment groups was signifi-
cantly higher (p < 0.01) than that of the control group (Fig. 4E). The
relative density of all the 5-ALA-treated groups did not differ.

In histology, EHP was featured as a cluster of red granules (~1 pm) or
scattering granules (Fig. 5). The cluster was the different vegetative
stages of EHP, ie., plasmodium, or sporoblast, or sporocyst, and the
scattering granules were mature EHP spores. EHP at various stages was
more frequently observed in the M- and F-cells than in the R- and B-cells.
In one section, mature EHP spores were released from an F-cell into the
hepatopancreatic lumen (Fig. 5C).

3.4. ATP levels in the hepatopancreas

The ATP levels of the control and 15-ppm groups were 0.12 and 0.19
nmol/pL, respectively, which did not differ statistically (Fig. 6). The ATP
levels of the 30- and 60-ppm groups were significantly higher (p < 0.05)
than that of the control group but not significantly different from that of
the 15-ppm group.

4. Discussion

This study revealed that the survival rate and biomass of L. vannamei
infected with EHP were improved by oral intake of 5-ALA at the dose of
60 ppm/kg pellets. The exogenous 5-ALA also increased ATP content in
the shrimp hepatopancreas. On the negative side, the treatment also
increased EHP load in the hepatopancreatic cells.

The 1.6-fold increase in the bi by 5-ALA at 60 ppm,
compared to the control, would be a substantial increase in the pro-
duction at the commercial scale if the same result could be achieved in
the field.

The finding that 5-ALA increased the ATP production in the hepa-
topancreas of the EHP-infected shrimp is not a surprise since 5-ALA is
the sole precursor of heme, which is a prosthetic group of cytochromes
in the electron transport chain that generates ATP (Ogura et al., 2011;
Hara et al., 2016; Ota et al., 2017). This result corresponds to the report
by other investigators, who reported the 5-ALA-induced increasing ATP
production in L. vannamei (Pedrosa-Gerasmio et al., 2018). In this study,
the increasing levels of ATP might have provided the hepatopancreatic
cells, both the EHP-infected and normal cells, more energy to support
their metabolism and probably restore the functions of the EHP-infected
cells. The reduction in the percentage of the atrophic tubules and the
increasing areas of vacuoles in the B-cells are likely the evidence of this
restoration, in which the response to 5-ALA was dose-related.

Five cell types d the hepatop ic tubular epitheli
have been described: E-, M-, R-, F-, and B-cells (}u and Leung, 2007;
Nunes et al., 2014; Vogt, 2019). Vogt (2019) studied the functions of all
cell types in the hepatopancreas of decapod crustaceans by immuno-
histochemistry, in situ hybridization, and monitoring ultrastructural
changes of cells under different conditions and summarized as follows: E
(embryonic)-cells, being located at the distal parts of the tubules and
function as the reserve cells for all cell types; R (resorptive)-cells, con-
taining several small vacuoles, serve for the absorption and metabo-
lization of nutrients, storage of energy reserves and minerals, synthesis
of lipoproteins for export to other organs, detoxification of heavy metals,
and excretion of uric acid; F (fibrillar)-cells synthesize digestive enzymes
and blood proteins involved in oxygen transport and immune defense; B
(blister-like)-cells, containing single large vacuole, are assumed to pro-
duce and recycle fat emulsifiers; and M (midget)-cells are probably
hormone-producing cells. B-cells secrete their products into the hep-
atopancreatic lumen by holocrine mode of secretion (Vogt. 1994). In
addition, Hu and Leung (2007) reported that B-cells contained cathepsin
L, an endopeptidase, and F-cells, contained the Catl. gene that produces
cathepsin L; by this, they suggested that F- and B-cells may be the same
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Fig. 5. Histology of the h

2

getative stage (pl:

of EHP-infected L. vannamei provided with different doses of 5-ALA (A-D). The features of EHP inside the hepatopancreatic
cells can be divided into two types; one as a cluster of red granules (arrow) and another as a
or sporocyst) and the scattering granules are mature EHP spores. H & P staining. B, B-cells; F, F-cells; L, lumen; M, M-cells;

of red I head). The cluster is EHP at the

R, R-cells. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

0.4

a
'i ab
E 0.2 %
0.1 | |
0.0

Oppm 15ppm 30 ppm 60 ppm

Fig. 6. ATP level in the hepatopancreas of EHP-infected L. vannamei provided
with different doses of 5-ALA. Different sup ipts indicate stati: lly sig-

On the negative side, this study also showed that 5-ALA increased
EHP load in the hepatop eas, in a d lated manner. This effect is
likely to occur since 5-ALA stimulated ATP production, both in the
normal and EHP-infected cells, therefore, EHP would gain benefit from
the treatment as well. From this study, the benefit of the shrimp's
metabolic functions that enhance the digestive ability, the host defense,
and the Iting activities, ighed the adverse effect of the
increasing load of EHP. However, it needed to be proven that this
“double sward" effect would still hold in a commercial farming
situation.

Two out of 38 shrimp in this study were PCR-negative, suggesting
that 5% of the shrimp might have been EHP-resistant. This finding needs
to be confirmed with more shrimp samples and, if so, studies on the

nificant differences.

cell types, but are in different stages of development.

The finding in this study that the areas of B-cell vacuoles were lowest
in the control shrimp and significantly increased following S5-ALA
treatments at 30 and 60 ppm suggests that the accumulation of fat
emulsifier and/or cathepsin L was increased by the treatments. If B-cells
are the later stage of F-cells as suggested by a previous report (Hu and
Leung, 2007), it could be deduced that 5-ALA might have imp d the

hani ) of this would be very important. Under the
current situation of the farmed shrimp industry, EHP-resistant strains of
L. vannamei are badly needed.

5. Conclusions

Oral supplements of 5- ALA at 60 ppm/kg pellets helped reduce

lity and imp: the b production of EHP-i d L. van-
namei. The suppl reduced histopathology, increased ATP pro-
d , and i d EHP load in the hepatopancreas. It is likely that

fi of F-cells, Iting in B-cells ¢ ining more digestive en-
zymes, compared with the control EHP-infected shrimp. Thus, 5-ALA
might have improved the shrimp digestibility and increased their
nourishment.

The reduced mortality of the EHP-infected shrimp by 5-ALA may be
due to other factors besides improved nourishment. It has been shown

5-ALA acts through its enhancing heme production and facilitates
increased hemoproteins of the h P which are involved in
the electron transport chain, host defenses, and molting activities. The
increasing EHP load by 5-ALA may reflect the enhanced generation of
the pathogen from an increasing ATP in the EHP-infected cells as well.

that the hepatopancreas is also the source of antimicrobial peptides and
molt-relating proteins although it has not been elucidated what cell
types produce these peptides/proteins (Tassanakajon et al,, 2013
et al.,, 2002; Yang et al,, 2018; Zhang et al., 2004; Pedrosa
et al., 2018). The enhanced ATP production by 5-ALA also partially
restore the levels of antimicrobial peptides and molt-related proteins,
and helped reduce shrimp mortality from AHPND (Pedrosa-Gerasmio
et al., 2018, 2019; Direkbusarakom et al., 2021).
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