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主論文の要約

Introduction (導入)

Gene targeting technology， such as gene knockout (KO) and gene knockdown， is used inthe 

targeted analysis of specific gene function in human disease. When downregulation， or reduced 

activity， of a gene product is inferred to be associated with the cause and progress of a disease， 

a KO animal for that gene may be developed to evaluate phenotypic similarity to the human 

disease. However， a particular difficulty arises when the homozygous KO animal results in 

embryonic lethality and the heterozygous KO animal with 50 % reduction in the expression of 

a targeted gene rarely results in a detectable phenotype. Therefore， a method is required to 

generate animal models exhibiting intermediate phenotypes in which expression ofthe gene of 

interest is precisely reduced. 

Background (背景)

Zebra五shis an attractive model organism 五町 investigation of human disease because of 

its genetic tract丑bility，external fertilization， early optical transparency. In particular， t 



he two majo1' advantages of zeb1'a五shemb1'Yos a1'e simple gene皿anipulationusing mo1' 

pholino antisense oligonucleotides (MOs). Knockdown of any ta1'get p1'otein is 1'eadily ach 

ieved with an MO. The exp1'ession of the ta1'geted p1'otein is 1'educed by MOs in a dose 

圃dependentmanne1'. Howeve1'， zeb1'afish mo1'phants injected with MO fo1' a ta1'get p1'oteL 

n often show hete1'ogeneous phenotypes， despite cont1'olling the injection volume of the 

MO solution in all embryos 

Objectives (目的)

The aim in this study to establish both novel and useful method fo1' quantitative 

gene knockdown by using MO and fluo1'escent ca1'diac imaging without exp1'essed 

fluo1'escent p1'otein in hea1't. 

Methods (方法)

To manipulate a ta1'geted gene dosage effect， we developed a method fo1' estimati 

ng the quantity of MO injected into each living morphant， based on the co.injection of 

a cont1'ol MO labeled with the fluo1'opho1'e lissamine. In the cu1'1'ent study， we dete1'min 

ed the fluo1'escence intensity (FI) from Lis.MO in each mo1'phant injected with a mixtu1' 

e of the ta1'geted MO and Lis-MO， and dete1'mined the 1'elative exp1'ession levels of mR 

NA fo1' the ta1'get gene in each morphant. Although p1'evious 1'epo1'ts have shown that t 

nnt2a mo1'phants with no ca1'diac contl'action completely inhibit t1'anslation of tnnt2a p1' 

otein by injecting a high concentration of tnnt2a-MO we were able to develop tnnt2a m 

o1'phants with a homogeneous inte1'mediate phenotype that is in between homozygous an 

d hete1'ozygous Tnnt2 KO models by applying ou1' method. In addition，ωcha1'acterize v 

ent1'icula1' impai1'ment in the tnnt2a morphants with impaired ca1'diac function， we also 

developed ca1'diac assessment of zebrafish to measu1'e the pe1'fo1'mance of the inner-vent1' 

icula1' wall using a comme1'cially available fluo1'escent dye， Bodipy-ce1'amide. 

Results (結果)

By applying this method fo1' knockdown of cardiac t1'oponin T (tnnt2a) in zeb1'afish， we co 

uld e伍cientlyselect to develop tnnt2a mo1'phants. The morphant showed dec1'eased heart 

1'ate and impai1'ment of ca1'diac contraction. To investigate ca1'diac. impairment of the tnnt割

a mo1'phant， we pe1'fo1'med fluo1'escent ca1'diac imaging using Bodipy-ce1'amide.The functio 

nal cardiac imaging of zeb1'afish stained with Bodipy-ce1'amide was able to detect both 109 

systolic and diastolic dysfunction in the heart， albeit a宜uo1'escentp1'otein-labeled hea1't. T 

he1'efo1'e， we could found that mode1'ate 1'eduction of tnnt2a impaired diastolic distensibility 

and dec1'eased cont1'action and 1'elaxation velocities. 

Consideration (考察)

By using the two methods developed in this study， we could efficiently select th 

e pa1'tial tnnt2a -depleted zeb1'afish with a dec1'eased hea1't rate and an 



alyze cardiac function of tnnt2a morphants impairment of cardiac contraction. 

They showed a homogeneous intermediate phenotype that is in between homozygous an 

d heterozygous Tnnt2 KO models without cardiac construction. To the best of our know 1 

edge， this is the first report to analyze the role of tnnt2a in cardiac釦nctionin tnnt2a. 

depleted living animals. 

Conclusion (結論)

Our combinatorial approach developed in this study can be applied for analyzing molecul 

ar function of proteins associated with human cardiac diseases， especially when the homo 

zygous KO is lethal and the heterozygous KO animal shows no signi五周ntabnormality 


