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�B��êBJ!Ø,ÏTBJ!Ø���RC�%���6�

^ 5.�K���}»/��RC#0%J!Ø���6�
äB��¯BJ!Ø,�0BJ!Ø���RC�%���6
�B��êBJ!Ø,ÏTBJ!Ø���RC�%���6
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ôAõ�Ï	ö÷Ç�øWä&þo��


 Áê�


ÒÓÔÁÂÃUV��Ä� øsù�öl3ú�




���vw����%¾Û©(%w�§�£ì�CgvRTs[sWe3%���%���

¶�C]$%×kRX%������v��SR���VBÂXÏT;Rî�²H�+Ëv

WíRWBÂX�0;R@;K�§�#B�w�W yW¾Û©(�¨~§´»/,WB#

B�~#��1�C]*+����#2����/,=E�¾Ë%©(ïO�âW�SºíR

���v(§��Ñ%�B��LT¨C]sCR��¿À±v\�S��¹6/âW�C¾

Û�e�¨RB´«ú_�v�»§�©�¹�±�áâRSBC]�����6�û##

�v¾Ë©(�¨~§��,R60�6/%��/,�v����R24�6�%��/
,DHI�%�¹³�%LMSRò!î��vw�ST!³�u-���RSB�~#

��1�C]�Ê���#·Ê����ÜÝ§�#RÊ%�·/¾Û©(v�,\��R

�Ê/\¨«����%�Ñ�\�#B�´»/,WB] 



����


VÄl3 I%SùÝ,Re3�¹%�1�2�����wv�­R©����ÛÜ�WX%W�

�vï¨�#R�����Õv�eRR����K¨RS�S�¹³%&ö�Ú¨S�B��/

\�M�ò�#���¨S;�]��óv����V��vï¨�#R���¹Ãv�eRSR

���,¬ú]±ã%~Ýñ©l3 I±å#��RSB�] 

R1RR���vw�¾Û©(� yvô¬#K�#B��0T%©(W%1R$¨#�¾Ë

©(�#�W�%1Rv:BS,�RB�9,WB] 

$~/R©���,W���/,@;�0;K�RRV���/,î�²H�+ËvWíR¾Ë

,©(T�tvô¬§�]±#B����ÄSRTs[sW��%����vº»�*+�ãMus 

musculuså#2�ãHomo sapiens sapienså%���E%Y\�¶BRÜÝ�zÖRC]sCR~

%Y\�vRTs[sW¾Ë%����e�¨C~#R¥Ïl3S°�rNO�rã2012I 1Ìå

/%��+�Ev%Arv�»Cé%DHI�%LMv:BS�zÖRS,X�1#B�P�R

ò!î������¾ËvLM�f��#B� Backman(1) Ogiso(2)�%LM��s�RNa+}»/

W;RK+RCa2+RMg2+W�zvò!î��v:BSR3�!%��vº»�¾Ë'#%Y
�¶

BR*+�#2����%ÜÝ�§�~#vRC]sCR���%Ê%�·�¾Û©(vLMR

SB�1�£ì�CgvRQ�!#R$¨tÃ%����E©(#¾Ëv:BSRÜÝ�¶�C] 

 

�����


����vw�E©(%
}RDHI�#ò!î��vw�¾Ë©(%
}/,R��,R2

�ã57RRSÑå#n#®*+�ãSlc:ddYRTU 12~27TRVå%�%�.BC]��e3�
��%¾Û©(%
}/,R2�R�B�3R��R�S!RîH%����.RC]2�,%

�QÁ�R*+�,.ÏÙ��ÏT;W:»R{�RC#~��*HJ�ï²Ë�/Ö�RC]

�B�3,PXÙ�wíRîH,��Ù�wíR�S!,'¶Y/vw�S�Zî/Ö�RC]

���
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��,R.%�»d��Ø�3/W:»SÖ�RC] 



cd {ti¢ù¢=�I�¦�gh	øWä»&��


=E©(�£ì�
}/,R0.0%1� 1.2%% NaCl���� 0.1%Z¾/ 13�!.�RC]

10mm½­%��[v�NaCl��� 1mL�ï¨RÖ�RC��� 1��±RRê;\M%� 37¥

/ 30�6YVRC]$%�Rz��PQ%L�¶BR%LRCPQ� A4mH�v��RR·^

¤v�|}���%=E�~�P/F³��.BSY\RC]$%�R��%­®/%LRC(

3ØJ���+��F³�/Y\RR���%
EvbZRC]WºRNaCl���#��%��

���e§�[v�.RC¼�À�!ï²Ë�v,R��%(µ��çCgv 0.1%M¼3���

RC] 

 

cd �ti¢ù¢=�)(?�æ$À�""X�gh	øWäþn&��


¾Ë©(v:BS%
}/,RNaCl�� 0.6%R0.9%R1.2%�»%���vW�w�v NaClR

KClRMgCl2RCaCl2Rò!î������£�ã�!,FH� 1#RSYZåRC]0.5mL%�

���v 10�L%����±RR$%������FH,+S!?��YZÉã*����j=

!+HñRDigital BioRC-Chip DHC-N01åvï¨R&�����ñ/ÝÞ��çCgv]�RR0

�1� 60�6% 15�Z¾%��#R24�6�%Y 6bPQ%L�¶�C]���%¾Ë�!,R

Ø��Ëï��%���H�<u(5)v��T¨SB��RËb,v 1v�RCR¼¾?R�¾?R

B�+�?Rî�²H�+?R�¼?Rª��,?% 6�!v�!RR¾Ë'#vY
�¶�C]

WºR
}"r 24�6�/�R��YZÉÕ%���,�eÑ���SBWB] 

 

cd �tö÷Ç�øWä&þo��


��e3���%¾Û�£ì�[v,R0.0%1� 0.4%% 0.1%Z¾R0.9%,1.2%,1.8% 3.0%%

Y 9�!% NaCl����£�RC]0.5mL%����v 10�L%����±RR$%����

��FH,+S!?��YZÉã*����j=!+HñRDigital BioRC-Chip DHC-N01åvï

¨R&�����ñ/ÝÞ��çCgv]�RR
}"r 60��# 24�6�%Y 2bPQ%L

�¶�C]���%¾Ë�!,Rv 1#v 2v�RCR¼¾?R�¾?RB�+�?Rî�²H

�+?Rª��,?R�¼?R1»?RW¾}?Rg}s?RR´?Rwí?%Y 11�!v�!

RR¾Ë'#vY
�¶�C]WºR
}"r 24�6�/�R��YZÉÕ%���,�eÑ�

��SBWB] 

o^%��vwíR���%¾Ë©(,þ�%LM��»�~#��1�SBC%/R
} 2

#
} 3/,R&]%þ�yz�9^§�CgR2:%ÈG�¶�C]1:,RPQ%L%[vþ

��©(§�%�¬»�Cg%�%/R̂ 1v�RCRø^¹þ��Ø%�./\�]~¨� 37¥

vW�w�£.RR���PQ%L.²-��$%Õövï¨S%LRC]�� 1:%ÈG,R

���
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24�6Eþ%Cg%�%/R^ 2v�RCw�Wmnv\�C^�ò!��ÅA(+�� ^�ò

!��ª YM-1200 )��.RR37¥vEþRC~#/\�]WºRÖ��v�.RC*HJ�ï

²Ë�#$¨Ö¨%���#��%�����e§�[v�.RC¼�À�!ï²Ë�v,R


} 1#��R
} 2R
} 3/���%(µ��çCgv 0.1%M¼3���RC] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

@A


cd {|i¢ù¢=�I�¦�gh	øWä»&��


*+����/,R�������v�11´�tR©¾�¨~§�%#�ÃWËÛ�E�S

B��%#��âRSB�ËÛ����� 0.7ÄR0.9%R1.0ÄR1.2Ä/e�¨CCgR$¨�%

¾Ë��#v�0; 2ò!�ñv�»SY\�¶�C]^ 3,*+����%����vw�=

E©(�vRCòKL/\�]*+����,R0.4%t±%��/,Âw§ìS����¨~R

SBC]sCR���VB����v\�S�RE��0B�¹�e�¨CíR���WB��

��v\�S�RE�ÏTB�¹�e�¨Cí§�~#��1�C]����/�$%w�Wï

O�e�¨R��vw�S&_v�¹�E%�0T�©(T��´»/,WB~#��1�C]

j¢®��v§SK�,�/�RCw�vR 0.7%1� 1.2%v1»S,R���%E%�0Tv

®í��0;Rú�%���vRú_�v�»§�©�¹�±�\�~#��1�C]óv 0.5%R

0.6%����/,RE%®í�ÏTB]�

^ 4,2����%����vw�=E©(�vRCòKL/\�]2����/, 0.4%R

1.0%%��/*+����#��vR�ÃW¾Ë%�%#©¾RSB��%#��âRR¾Ëv

� {
 (Éú�:Ë²


^ 1,
} 2#
} 3/R²-�PQ�%�[v�.RC¹þ��Ø/\�]_þ1�%þ�©(
¬»�Cg%�%/R�.�v, 37¥vW]§�]�ÉvEz�Ì��!�Èí�»SÝËvV¾
ÄSR$%Õövî+À%2�+��aí�»SB�]sCRÕö%5j%\M§�Cgv¼�î

�%J�K�L���WVRC]��Ø%^�v,#��!����n`Ëv±­SB�] 
 
^ 2,
} 2#
} 3/R24�6Eþ.%¹þî#RS�.RC^�ò!��ÅA(+�� ^�ò
!��ª YM-1200)/\�]ñK�ÌËJ4��%Õöv��YZÉ�ï¨RÌC��gSÏ_v
&Ë�RR37¥vW]RS�.§�] 
 

� �
 û�æ$�89È


���
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®í�\�CCgR2ò!�ñv�»SY\�¶�C]0.3%t±%��/,Âw§ìS%���

����¨~RSBC]sCR1.0%�zvE��0;©(RR��%WB­/,E��0;WíR

VB­/,ÏT;W�C]$%�0W©(^�/,E%�0T,Âw&]vEC¨SBC]~%

w�v����v#�W�SE�©(§�%/,W;R±?Ë%¥ÉÊW©(�RSB�~#�

�1�C]0.6%%��/E�o��0;WíR$¨t±%��%���/,�0T�ÏT;W�

SB�~#RsCRX%��vºBS�®í��0;R©�¹�±�\�~#��1�C] 

*+����#2����%E%�0T�ÜÝ§�#R���v�»§� 0.9%NaCl����

/*+����,ì 5.5�mR2����,ì 8.6�m#âW�SBC] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 




cd �ti¢ù¢=�)(?�æ$À�""X�gh	øWäþn&��



} 1/,R���%¾Ëv�0W®í�e�¨C NaCl��vºBSR2ò!�ñv�»S

Y\�¶�C]$%[vR2ò!�ñv�»�£¶Î¢#RSR¾Ë%�B��ÞRCCgR�

���v 1v�RC 6�!%¾Ëv�!RR¾Ë%©(�����§�~#vRC]�¾Ë%È

gv:BS,Rt±%(1)1�(6)%�í/\�] 

(1)¼¾?,RQ�!���%�ÃW¾Ë#RS%�¤�B;Í|;w|}¼ÇË%�%}»/

W;R�¾%�%�ý|}¾Ë�QRSB�]²-�/%��vºBSRµ]jÏS9�W

���6�a¨�ò�RaíSb��£�§�~#/¼ÇËR�¾��É§�~#,�-/

\�]R1RRËb%
}/,Y
v�6�1»�~#�/0WBCgR²-�PQP/�

��Y
�¶�C]~%²-�PQP/,R~¨�ÔÓ%�É,�Ñ/\�]$%CgRS

� 3, 0.0%1� 1.2%% NaCl����/%*+����%=E©(�vRCòKL/\�]SK�
,�,j¢®��vRSºíRSK�,�%)��0BÂXR$%��vºBSE%�0Tv®í�

\�#B�~#vW�]0.4%t±%��/,Âw§ìS%������RSB�]����V;S�
����/%�0T#���/\��¹�e�¨�]0.7%1� 1.2%v1»SE%®í��0;R$¨
t±%��/,®í�Â#|X·B]�

�

^ 4, 0.0%1� 1.2%% NaCl����/%2����%=E©(�vRCòKL/\�]SK�,�
,j¢®��vRSºíR$%)��0BÂXR$%��vºBSE%�0Tv®í�\�#B�~

#vW�]0.3%t±%��/,Âw§ìS%������RSB�]1.0%�zvE��0;©(RR
$%^�%��/,V��Ï/ÏT;RW��Ï/�0;W�SB�]~%©(%^�%��/%R

E%�0T,Âw&]/\��R0.6%�ï�Jv$¨t±%��/,E,SSÏT;W�SB�]�

���
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ú�vtR�¾�ýgS¼¾Ë#RS�!RC] 

(2)�¾?,R���%Wv�¾�l�C¾Ë�QRSB�] 

(3)B�+�?,RU�¾R½�¾%w�v���C¾Ë�QRSB�] 

(4)î�²H�+?,���%v�vc�l�C¾Ë�QRSB�]SùÝ/,����V��

�vï¨C[v~%¾ËvW�R#\�] 

(5)�¼?,�¼¾%����QRSB�]Q�!tÃ%��e3/,~%¾Ë��Ã/\�]

¼¾?%�������©��#~%w�W¾Ëve��ò�����¨��RËb%
}

/,$¨�%£É�¥�-/\�CCgRSú�vtR$¨�§ìS�ýgS�¼?#�!

RC] 

(6)ª��,?,d¾�¥]¾%����QRSB�] 

 
 

üþY
 ýmY
 p?f?Y
 À?h)�þY
 �üY
 >.�ÚY
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mnV�FE	
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Et


øWä� 3j¢
s� 4j&��
V�FE	þ

ntåþ"øW

ä&¼
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XZÏzu�

�	t


øWä&Ä°�é

�&�nV�FE

	þntU
=I�

ª"X� æ̀$À�

"ª"X�ZÏz

u��	t


�üþ&øW

ät��� 
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øWäZ�ñ

X&þnt!

�øWäZ�

m��>&"

�Ç�¦Z`

m�pDS�

��	t


�þÇ[Dþ&

øWätNaClª
"X&¼
X�

Z`cd4� 24
kv&!�øW

äZ&mu��

	t


 

sCRDHI�%�!vw�¾Ë%�BSRST!³�u-%LM�£ì�CgvRNaCltÃ

%�¢�.BSR5�!%���/
}�¶�~#vRC] 

0.6%R0.9%R1.2%NaCl���,RFH�1#RSYZ§�#R$¨Ö¨205mOsmolR308mOsmolR

410mOsmolv�»§�]é%�!���W�zvò!î������~%����»vW�w�R

�!���£.RC]t±R205mOsmolR308mOsmolR410mOsmol%����$¨Ö¨W��R

���RV��#êÍ] 

!�øWä


0.6%NaClª"X

cd4� 24kv
 


!�øWä


0.6%NaClª"X

cd4� 24kv
 


!�øWä


0.6%NaClª"X

cd4� 24kv
 


åþ"øWä


0.6%NaClª"X

cd4� 60�
 


åþ"øWä


1.2%NaClª"X

cd4� 60�
 


!�øWä


0.6%NaClª"X

cd4� 60�


Ä {
 cd��gh	øWä&þn��

���
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^ 51�^ 9,*+����% 60�6/%¾Ë©(�vRCòKL/\�]*+����%

60�6%��/,R�!����v\�#R�6��û§�ÂXR����VBÂXR¼¾?1

�%©¾��;RÈvî�²H�+?#�¾?v©¾§�#B�ïOv\�~#��1�C]R

1RR����VB����v\�S�î�²H�+?v©(�tR¼¾?/\�����
�

;��T¨C]&�%DHI����#¸�%DHI�����v\����/,©(%�­v

�B�e�¨R^Ó/,R����WB#�¹
�îW;W�SBC]�Ó/,RX%���±

v\�S��¹
vÂ#|X�â,·1�C]sCRCaCl2����/,Èv���©¾�¨~

RSBWB�¹
��;W�SBC]ò!î������/,W���/î�²H�+?��;

e�¨C]sCR$%V���/,©¾RSB��¹�îW;W�SBC] 

^ 15%òKL, 24�6�%�����%*+����#2����%¾Ë�vRC�%/\

íR*+����v:BS,%Ïv�RSB�]*+����,�!����%���,���

¨~RR�¹�Â#|X��/0W1�C]ò!î������v\�#R60��#ÜÝRS�

¹
,îW;W�S,B��R�¹���§�~#�/0C]¾Ë,Â#|X�¼¾?/\�C] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

^ 5,*+����% 60�6% NaCl����/%¾Ë©(�vRCòKL/\�]����V;R�6
��û§�ÂX©¾§��¹����]Èvî�²H�+?%�����0;��SB�]����WB

ÂX�¹
�îWB] 
 
^ 6,*+����% 60�6% KCl����/%¾Ë©(�vRCòKL/\�]����V;R�6
��û§�ÂX©¾§��¹����]Èvî�²H�+?%�����0;��SB�]V���wí

�W�����%Â�/�¹
�îW;W�SB�] 
 

���
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^ 101�^ 14,2����% 60�6/%¾Ë©(�vRCòKL/\�]2����% 60

�6%��/,R�!���%����V���/î�²H�+?v©¾RC�¹���T¨C]

R1RR�_%¾Ë©(ïO#RS,RX%¿Àv\�S��¹
vÂ#|X�â�W;R©¾

�¹�îW;RËb
}RC���#�6�ûvw�LM�\sí�»WB#B��%/\�C]

ò!î������/,�!����%�%#��vR¼¾?��;%0��RgSBC]R1

RRW��/,
}"r 30�wí�1��¹
��0;�írgR����V��/,
}"r

0�ve�¨Cî�²H�+?��6%�ûvRC��S$%
��îT�SºíR����/

,
}"r 30�vRV���/,
}"r 45�v,§ìS·;W�SBC]~%w�v�!�

���/%©(#,âW�C��e�¨C] 

^ 15%òKL, 24�6�%�����%*+����#2����%¾Ë�vRC�%/\

^ 7 ,*+����% 60 �6% MgCl2����/%¾Ë©(�vRCòKL/\�]����V;R�

6��û§�ÂX©¾§��¹����]Èvî�²H�+?#�¾?%�����0;��SB�]�

���âW�SBS�R�¹
v�0W�â,WB] 
 
^ 8,*+����% 60�6% CaCl2����/%¾Ë©(�vRCòKL/\�]����V;R�6

��û§��©¾§��¹����]Èv�¾?%�����0;��SB�]����âW�SBS�R

�¹
v�0W�â,WB]é%�!����%���wí�©¾�¨~RSBWB�%��B] 
 

^ 9,*+����% 60�6%ò!î������/%¾Ë©(�vRCòKL/\�]����W
BÂX©¾§��¹��B]0��1�î�²H�+?��0W0��egSB�]�6��û§��R
î�²H�+?��0;�¹§�]���%��\�S�R�_%�¹
v,Â#|X�â�WB] 

���
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íR2����v:BS,&Ïv�RSB�]24�6�%��/,RCaCl2���#ò!î��

���%W��#����/����²;W���¨~RSºíR�¹�Â#|X��/0W1

�C]$%Â1%�!����/,R60��%�¹#ÜÝ§�#R©¾�¨~RSB��¹��

�SBC�R�¹
,Â#|X©(�·1�C] 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

^ 10,2����% 60�6% NaCl����/%¾Ë©(�vRCòKL/\�]��V���v\
�#î�²H�+?�e�¨C]X%���±v\�S�¼¾?��;R�6��ûRS�Â#|X©

¾�¹%0�,©(RW1�C]����WB#�¹
�SSîW;W�SBC] 
 
^ 11,2����% 60�6% KCl����/%¾Ë©(�vRCòKL/\�]V���v\�#î
�²H�+?�e�¨C]X%���±v\�S�¼¾?��;R�6��ûRS�Â#|X©¾�¹

%0�,©(RW1�C]����VB#�¹
�îW;W�SBC]  

^ 12,2����% 60�6%MgCl2����/%¾Ë©(�vRCòKL/\�]V���/,î

�²H�+?�e�¨C]X%���±v\�S�¼¾?��;R�6��ûRS�Â#|X©¾�

¹%0�,©(RW1�C]���%�B�\�S��¹
v,Â#|X�â�W1�C] 
 
^ 13,2����% 60�6% CaCl2����/%¾Ë©(�vRCòKL/\�]X%���±v

\�S�Rî�²H�+?�e�¨R�/�¼¾?��;R�6��ûRS�Â#|X©¾�¹%0

�,©(RW1�C]����VB#�¹
,SSîW;W�SBC] 

���
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���
,*+�#2�/ÜÝ§�#R*+����%­��B]sCR*+�����2��

��vk�RSRÂ#|X§ìS%yz±/�
�%¾Ë���T¨C]����v\�S�Y

RS�ÃW©�¤�;w|}¼ÇË±%���}»�e�¨�´»/,WB~#��1�C] 




cdìtö÷Ç�øWä&þo��


� 
} 1#
} 2/,R2�#*+�%����.BS¾Û©(�£ìC�RQ�!tÃ%��

�/,X%w�W©(�¨~§%1�R���,�Ê}#·Ê%�%wí����v(§��Ñ

�\íR©¾Rv;B%/,WB1R#B���%±/R
} 3#RS£ì�~#vRC]$¨

Ö¨%e3%NaCl���/%���%��,FH� 1#RSYZ§�#R2� 0.9%R�B�3

1.0%R�� 0.9%R�S! 0.7%RîH 0.8%/\�]¾Ë�!,v 1#v 2v�RC 11�!v�

^ 14,2����% 60�6%ò!î������/%¾Ë©(�vRCòKL/\�]��V���v\
����,î�²H�+?�e�¨RBt¨� 45 ��s/v,·;W�SB�]X%���±v\�S�
¼¾?��B]W���/, 30 ��1��¹
��0;�îRrgR��V���/,�¹
,���S
�6vLMT¨tRÂw&]vEC¨SBC] 

^ 15 ,*+����#2����% 24 �6�% NaClRKClRMgCl2RCaCl2Rò!î�

�����/%¾Ë�s#gCòKL/\�]*+����%ò�Rò!î������

%���tÃRÂw§ìS����¨~RSºíRò!î������/,¼¾?��B]

�¹
,V��/îW;W�SB�]2����%ò�RCaCl2���#ò!î����

�%W�����/;RB���e�¨C]$%é%���/,�¹
, 60�6/%�
�#���/\��R©¾�¹,�;W�SBC] 

���
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!RC]¼¾?R�¾?RB�+�?Rî�²H�+?R�¼?Rª��,?%¾Ë%Ègv:

BS,
} 2%×k#v 1v�RC�í/\�]iCve:1�C¾Ë/\�R1»?RW¾}

?Rg}s?RR´?Rwí?%Èg,t±%�í/\�] 

� (1)1»?,R�¼¾%���%Ì��B;�1VfRSB�¾Ë�QRSB�] 

� (2)W¾}?,R�¼¾%���%���#��SB�¾Ë�QRSB�] 

� (3)g}s?,R�¼¾%���%Ô��#��SB�¾Ë�QRSB�] 

� (4)R´?,R���v�vR´�\�¾Ë�QRSB� 

� (5)wí?,R�¼¾%���%��sC,Ô�v�¹¢�®�SB�¾Ë�QRSB�] 

 

 

� ^ 16#^ 17,$¨Ö¨R2����%
}"r 60���R24�6��/% NaCl��vw

�¼¾?%E%�0T�\�´RCòKL/\�]
} 1#,âWíRËb, 0.2%t±%���

�/Âw§ìS%�������¨~RSBC]©(ïO�
} 1#,âWíR?±ÐW©(,

e�¨tR���W±§�v:¨SE�ÏT;W�SB;#B��%/\�C]jÏ
�
} 1

wí�îW1�CCgR×kv�B�/C#���¨�]Ë�RjÏ
��SRå
}§���

�\�] 

 
 
 

�hY
 =m�Y
 ��¢Y
 reY
 ÏDY


   

   
 
 
 
 
 
 
 
 
 

�¼¾%���%

Ì��B;�1V

fRSB�¾Ë]

�B�3���R

�����/�;

e�¨�]


�¼¾%���%

���#��SB

�¾Ë]����

�#�S!���

/�;e�¨�]


�¼¾%���%Ô

��#��SB�¾

Ë]Q�!tÃ%�

��/, 24�6�
ve�¨�]


���v�vR´�

\�¾Ë]î�²H

�+?#,�BR¹

%¾Ë/\��¼?

�dRSB�]�B

�3���% 24�
6�%V��/�;

e�¨�]


�¼¾%���%�

�sC,Ô�v�¹

¢�®�SB�¾

Ë]�����SR

îH���% 24�
6�%V���/�

;e�¨�]


/.øWä


1.8%NaClª"X

cd4� 24kv


/.øWä


1.8%NaClª"X

cd4� 24kv
 


/.øWä


1.8%NaClª"X

cd4� 24kv


/.øWä


0.2%NaClª"X

cd4� Ìk �
 


 p�QøWä


1.8%NaClª"X

cd4� �� kv


Ä �
 cd��gh	øWä&þn��

���
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^ 18#^ 19,$¨Ö¨R2����%
}"r 60���R24�6��/%NaCl��vw�

�¾Ë%0��\�´RCòKL/\�]~¨s/%
}/,NaCl�� 1.2%�o�V�/\�

���#RS.BS0C�R$¨tPvV�/\� 1.8%R3.0%/£ìC]§�#R60��/,

Â#|X©¾RW1�C2����%�;�©¾�¨~RC]60��R24�6�#�v���

VBÂX¼¾?��î§�&­/�¾?#î�²H�+?��¹RR�_ÐvRV��Ï/�;

©¾§�ïOv\�C]24�6�/,W���/�©¾�¨~§w�vWíR���/\� 0.9%

tÃ%��/©¾�¹��¹RC] 

 
 
 
 
 
 
�  

 
 
 
 
 

^ 16,
}"r 60��% NaCl��vw�2����%E�vRC�%/\�]
} 1#,âWíR1.0%^
�/E�SSÏT;W�SB�] 
 
^ 17,
}"r 24�6�% NaCl��vw�2����%E�vRC�%/\�]Â#|X%��/���
E�ÏT;W�SB�]1.8%% NaCl����/, 60��#�0T�\sí©´�W1�C] 

^ 18,
}"r 60��% NaCl��vw�2����%¾Ë%0��vRC�%/\�]V���v\�Â
Xî�²H�+?#�¾?�%©¾��;e�¨�]W���/,Â#|X©¾�¨~RSBWB] 
 
^ 19,
}"r 24�6�% NaCl��vw�2����%¾Ë%0��vRC�%/\�]Â#|X%��
/©¾�¹%0���0;W�SB�]V���/,î�²H�+?�RW��/,ª��,?�ÈgÐve

�¨C] 

� {Í

� {Ì



���
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^ 20#^ 21,$¨Ö¨R�B�3���%
}"r 60���R24�6��/%NaCl��v

w��¼?���%E%�0T�\�´RCòKL/\�]Q�!tÃ%��e3���,R�

ÃW¾Ë��¼¾/\�CgRèE#¦E��»SY\�¶�C]�B�3���%ò�R0.1%

t±%��/Âw§ìS%�������¨~RSBC]60��# 24�6�/,�0Tv�B

,Â#|Xe�¨W1�C]sCRèE#¦E,��vR��©(�RSBC]�û�6v�´

�tRèE#¦E#�v 1.2%\Cí/E�o��0;WíR$%^�/,E,ÏT;W�#B�

åWí%©(�¨~RSBC]W��Ï% 0.4%/,�0T�SS�0;W�SBC] 

 
 
 
 
 
 
 

^ 22#^ 23,$¨Ö¨R�B�3���%
}"r 60���R24�6��/%NaCl��v

w��¾Ë%0��\�´RCòKL/\�]60��/,�¼?�X%��vºBS��0;$

%0��egSBC�RW�/\�ÂX©¾�¹��;W�SºíR�v¼¾?RB�+�?R

W¾}?���SBC]24�6�/,R�B�3���%���/\� 1.0%^�%��/\�

0.9%# 1.2%���/,Â#|X©¾�¨~RSº�tR�¼?��0;egSBC]R1RR

$¨tÃ%��%����/,R©¾�¹%0���0;W�SBC]W��Ï/,�v¼¾?

#�¾?�RV��Ï/,R´?��;áâRSBC] 

 
 
 
 
 
 
 
 

� �k
 � �{


^ 20,
}"r 60��% NaCl��vw��B�3���%èE#¦E�vRC�%/\�]èE#¦E,
��v©(RSB�]���vnB��/\� 1.2%/o��0;Wí$%^�%��/,E�ÏT;W�#B
�åWí%©(�RSB�]0.4%/E�åz�0;W�SB�] 
  
^ 21,
}"r 24�6�% NaCl��vw��B�3���%èE#¦E�vRC�%/\�]èE#¦E
,��v©(RSB�]���vnB��/\� 1.2%/o��0;Wí$%^�%��/,E�ÏT;W�#
B�åWí%©(�RSB�]0.4%/E�åz�0;W�SB�] 

���
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� ^ 24#^ 25,$¨Ö¨R�����%
}"r 60���R24�6��/% NaCl��vw

��¼?%E%�0T�\�´RCòKL/\�]�����%ò�R0.1%t±%��/,Âw

§ìS%�������¨~RSBC]sCRèE#¦E,��vR��©(�RSBC]0.9%

\Cí/E�o��0;WíR�B�3���#��vR$%^�%��/,�0T�ÏT;W

�SB�#B�åWí%©(�¨~RSBC]60�# 24�6��ÜÝ§�#R24�6�%­�

9�W¨g�e�¨C]W��Ï% 0.3%/E��0;WíR0.2%/ÏT;W�#B�©(�R

60��R24�6�vk�RSe�¨C] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

^ 26#^ 27,$¨Ö¨R�����%
}"r 60���R24�6��/%NaCl��vw�

�¾Ë%0��\�´RCòKL/\�]60��/,X%��/��Ã/\��¼?��0;0

��egSBC�RW��/\�ÂX©¾�¹��;WíRÈv1»?��¹RSBC]24�6

^ 22,
}"r 60��% NaCl��vw��B�3���%¾Ë%0��vRC�%/\�]�¼?�X%
��vºBS��0;$%0��egSB��RW�/\�ÂX©¾�¹��;W�SºíR�v¼¾?RB

�+�?RW¾}?���SB�]  
 
^ 23,
}"r 24�6�% NaCl��vw��B�3���%¾Ë%0��vRC�%/\�]�B�3�
��%���/\� 1.0%^�%��/\� 0.9%# 1.2%���/,Â#|X©¾�¨~RSº�tR�¼?�
�0;egSBC]$¨tÃ%��%����/,R©¾�¹%0���0;W�SBC] 

^ 24,
}"r 60��% NaCl��vw������%èE#¦E�vRC�%/\�]èE#¦E,��
v©(RSB�]0.9%/o��0;Wí$%^�%��/,E�ÏT;W�#B�åWí%©(�RSB�]
0.3%/E�åz�0;WíR0.2%/ÏT;W�SB�] 
  
^ 25,
}"r 24�6�% NaCl��vw������%èE#¦E�vRC�%/\�]èE#¦E,�
�v©(RSB�]0.9%/o��0;Wí$%^�%��/,E�ÏT;W�#B�åWí%©(�RSB
�]0.3%/E�åz�0;WíR0.2%/ÏT;W�SB�] 

� ��
 � ��


���
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�/,�����%���/\� 0.9%^�/,\sí©¾�¨~RSBWB�%%R$¨tÃ%

��/,©¾�¹%0���0;WíRW��Ï/,1»?�RV��Ï/,wí?Rg}s?R

W¾}?��¹RSBC] 

 
 
 
 
 
 

^ 28#^ 29,$¨Ö¨R�S!���%
}"r 60���R24�6��/% NaCl��vw

��¼?%E%�0T�\�´RCòKL/\�]�S!���%ò�R0.1%t±%��/,Â

w§ìS%�������¨~RSBC]sCRèE#¦E,��vR��©(�RSBC]�

0.9%\Cí/E�o��0;WíR�B�3S�����#��vR$%^�%��/,�0T

�ÏT;W�SB�#B�åWí%©(�¨~RSBC]~¨�%©(,�S!���%ò�R

24�6�%­�,�0í#e�¨R60��/,SS¿%vW�SBC] 

 
 
 
 
 
 
 
 
 
 
 
 

^ 30#^ 31,$¨Ö¨R�S!���%
}"r 60���R24�6��/% NaCl��vw

��¾Ë%0��\�´RCòKL/\�]�S!���%ò�RèE#¦E%��ÏT1�C

Cg1R60��R24�6�#�v¼¾?%eg�0���0;RÈvW��vW�v:¨S$

^ 26,
}"r 60��% NaCl��vw������%¾Ë%0��vRC�%/\�]�¼?�X%��
vºBS��0W0��egSB��RW���v\�ÂX©¾�¹��;WíRÈv1»?��¹RSB�]

  
^ 27,
}"r 24�6�% NaCl��vw������%¾Ë%0��vRC�%/\�]�����%�
��/\� 0.9%^�/,\sí©¾�¨~RSBWB�%%R$¨tÃ%��/,©¾�¹%0���0;W
íRW��Ï/,1»?�RV��Ï/,wí?Rg}s?RW¾}?��¹RSB�] 
 

� �ñ
 � �%



^ 28,
}"r 60��% NaCl��vw��S!���%èE#¦E�vRC�%/\�]èE#¦E,�
�v©(RSB�]���vnB��\� 0.9%/o��0;Wí$%^�%��/,E�ÏT;W�#B�å
Wí%©(�RSB�] 
  
^ 29,
}"r 24�6�% NaCl��vw��S!���%èE#¦E�vRC�%/\�]èE#¦E,
��v©(RSB�]60 ��#��våWí%©(�RSB�]~%©(, 60 ��wí� 24 �6�%­�
9�W¨g�e�¨�]  

���
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%0���0;W�SBC]sCRX���©¾�¹%0�,RW��/\�ÂX�0;W�#

B�ïOv\�C]60��/,©¾�¹%Â#|X�¼¾?/\�C�R24�6�/,B�+

�?S�¾?%0���0;W�SBC] 

 
 
 
 
 
 
 
 

 
 
�  
 
 

^ 32,îH���%
}"r 60���/%NaCl��vw��¼?%E%�0T�\�´RC

òKL/\�]îH���%ò�,R60��/, 0.2%t±%��#R24�6�/,§ìS��

��¨~RSBC]0.9%/E�o��0;WíR$%^�%��/,�0T�ÏT;W�SB�

#B�åWí%©(�¨~RR0.3%/,�0T�åz�0;W�SBC]^ 33,îH���%


}"r 60���/%NaCl��vw��¾Ë%0��\�´RCòKL/\�]Â#|X��

¼?/\�C�RX%��vºBS�¼¾?�Âw&]%0�/áâRSBC]V��Ï/,��

W�!%©¾�¹�e�¨C] 

 
 
 
 
 
 
 
 
 
 
 
 




^ 32,
}"r 60��% NaCl��vw�îH���%èE#¦E�vRC�%/\�]0.9%/E�o��
0;WíR$%^�%��/,�0T�ÏT;W�#B�åWí%©(�¨~RR0.3%/,�0T�åz�0
;W�SBC] 
  
^ 33,
}"r 60��% NaCl��vw�îH���%¾Ë%0��vRC�%/\�]Â#|X��¼?
/\�C�RX%��vºBS�¼¾?�Âw&]%0�/áâRSBC] 

^ 30,
}"r 60��% NaCl��vw��S!���%¾Ë%0��vRC�%/\�]èE#¦E%
��ÏT1�CCg1R¼¾?%eg�0���0;RÈvW��vW�v:¨S$%0���0;W�S

BC]©¾�¹%0�,RW��/\�ÂX�0;W�#B�ïOv\íR©¾�¹%Â#|X�¼¾?/

\�C ] 
 
^ 31,
}"r 24�6�% NaCl��vw��S!���%¾Ë%0��vRC�%/\�]60��#
��v¼¾?%©¾�¹�X%��/�e�¨RÈvW���/�;%0��egSBC]B�+�?S�

¾?%0���0;W�SBC] 

� ��


���
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�Ë


=E©(v:BS,*+����%ò�R����VBv�11´�t=E��0;EC¨S

BCíR����WBv�11´�tE�ÏT1�Cí§��¹�e�¨C]Èv 0.7%1� 1.2%

v1»SRTs[sWE�e�¨R§ìS%�¹�&�W©(�¨~§´»/,WB~#��1

�C]2����%ò�, 1.0%#B�Âw��vnB���zvRW��Ï/,�_#RSE�

�0;RV��Ï/,�_ÐvE�ÏT;WíR$%^�%��/,ÂwE%�0T,©(RW

B#B�R±?Ë%¥ÉÊW©(�¨~RSB�~#��1�C]§W´�RX��%�vºB

S�$%���,R����WBÂX=E��0;RVBÂXÏT;W�#B�����v��

CE©(�¨~§%/,WB] 

&'vR��%��,R�{M�ò�#����æ�ÐvY\§�~#/£]§�(3)]R1RR

Ëb%
}/,���E%\]S¾Ë'#%Y
�¶�CgR��%�·,²-�PQP/£¶

RC]$%×kR���¨~§����v:BS,Matsuzawa�(3)vw��æ�ÐW­®/%×

k#,âW��%#W�C]*+����,�æ�ÐW\]}#R0.4%NaCl���/ì 50%%

��#B��%/\�C�RËb%
}/,Âw§ìS���RSBC]2����,R0.1%NaCl

���/ì 30%%��#B��%/\�C�RËb%
}/, 0.3%NaCl���/Âw§ìS�

���¨~RSBC] 

~%w�WTs[sW��%����/%E©(v,R¾Ë%©(�#�W�SB�~#��

�T¨C]���¾Ëv:BS,RØ��Ëï��%���H�<u(5)v$%�!���T¨S

B�]$¨�,���v#�W�©(/,W;RTs[sWh
v#�W�¾Ë©(�vRC�

%/\�]sCR
[v������RC#0R�tR�~¨�%�!vRC��Sz v�É

/0��%/,WB~#�\íR~%
}/,ø�øm/ 6:%¾Ëv�!§�~#vRC]� �

60�6/%¾Ë©(v:BS,*+����%ò�R$%©¾,�!����v\�#R��

�#�6�û%LM��0B~#��1�C]R1RR§ìS%�������vRC��C©

(�¨~§%/,W;RV���/�¼¾�E�SB��%RsCRW���/�©¾�¨~R

SB��%�\�~#��1�C]sCRMgCl2�CaCl2����v\��¹,RNaCl�KCl��

��%�¹#ÜÝ§�#R���%�Bvw��¹
%�â,Â#|Xe�¨W1�C]sCR

CaCl2����/,Èv©¾RSBWB�¹��;W�SBC]Ë�Â1%�¢�.BS
}�

¶BRz\§����\��RDHI�%�
�¾Ë©(vLMRSB��-Ñ�\�]ò!î

������v\�#RW���v\�S�î�²H�+?��;e�¨R���tÃ%���

��RSB�#���¨�] 

2����%ò�RËb
}RC���#�6/,Â#|X©¾�¨~TWB~#��1�C] 

&­R24�6�/,��v:BS 60�6/%��/,e�¨W1�C©(�¨~RSBC]

*+����/,ò!î������%�%%¾�d�SºíR�!����/,V���/�

���¨~RSBC]2����/, CaCl2�ò!î������/²;W���e�¨C]2�

���
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��vº»�ò!î���, 0.1%(ì 0.006MR6mOsmolå��%��/\íRËb%
}/.B

Cò!î�� ¹/%����»%��,R���v#�SfgSV��/\�]ò!î��,

���v#�S=7ÐWST!³�ï/\��R~¨}»V��/,R�¹v#�SâÃWËÛ

/\�]sCRò!î��v½�tRDHI�v:BS�Ïñ%�i���vÜì�#âÃWÂ

X%V��/\�]tP%~#1� 60�6��%è�6/%���%¾Ë©(v,DHI�Sò

!î��,�v����Y]§��¢é�#RS%LM�\�#���¨��R24�6�%¾Ë

©(v,DHI�Ì6T!Sò!î��vw� ATP%l_�âjWX%u-��´�SB��-

Ñ�\íR�6vw�S¾Ë©(�}0¨~§���âW�SB�~#����¨�]

Backman(1) ,Weed(4)�%óØvºBS�RCa2+,�¹³S�¹kH%©¢�}0¨~§~#RATP

%�î� Ca2+%�¹�}0¨~§#B�~#�§/T¨SºíRÈv 24�6�%���%©(v

:BS,R³eÅS�ûÑ%©(#DHI��ATP��%��v:BSRT�vzÖRSB;�

��\�] 

sCRËb%=E#¾Ë©(v:BS%×k��RS¾�#R*+����/,���¨~R

rg�����, 0.4%R2����/, 0.3%#R2����%­�W;W�SºíR¾Ë©(

v:BS�2����,*+����vÜìS©¾�¨~§�¹�îW1�C]~%~#1�R

*+����#2����/,���v(§��Ñ�âW�SBSR2����%­��Ñ�V

B#���¨�]l�(6)vw�#R*+����%mÎ,ì 40¥R2����,ì 120¥/\�

#B�]~%mÎ%�%&��#RS���v(§��Ñ����¨�] 

��e3���%¾Û©(v:BSR·Ê/\�Q�!���#R�Ê/\��!�Ôl!�

��!� !����ÜÝRS¾�#RE©(v:BS,R·Ê���/,W��vW�v:¨

SE�ÏT;W�SBC]&­R�Ê���%ò�/,RV��1����%6%��/,��

�ñ;W�v:¨SE��0;WíR���^�/E�o��0;W��R$¨t±%��/\

�W��vW�#E�ÏT;W�ïOv\�]Â#|X%���%ò�R��&�W���/�

0;WíR$%����¨~§]~%w�W©å±�0;w�W©(,R60��wí� 24�6

�%­�9�W¨g�e�¨C]sCRèE#¦E,��v©(RRX��1&­��0;WíR

��&­,ÏT;W�#B�©(,Â#|Xe�¨W1�C] 

¾Ë©(v:BS,·Ê���/,V��/�;�©¾�¨~RSBC�R�Ê���/,W

��/©¾RS§B#B�ïOv\�C]sCR·Ê���v,e�¨tR�Ê���/,e�

¨�¾Ë�\�~#1�RÊ%�·S¹%¾Ë%�BWX�¾Ë©(�LMRSB�#���¨

�]X��%���� 60��wí� 24�6�%­�Ts[sW¾Ë�e�¨C] 

Ëb%
}×k1�R�Ê/\¨«�¹vp��\íR¾Û©(S���¨~Rv;1�CíR

���v(RS�Ñ�\�Cí§�#B�´»/,WB#���¨�] 

�Ê���%�/�RÏñ%¾ÛR���¨~Rrg���RËb,�R;£ìSBWB�R

���%��1�£¶§�#R���
��vw�SâW�SºíR$¨Ö¨�l÷§�yzSR

���
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�A%üTWX%_%:;ív��RSB��-Ñ�\�]
} 1#
} 21��1�w�vR

·Ê���vºBS�R*+�#2�,��Q�!/\��RTs[sW����e�¨C]s

CR��nS�v�!T¨�e3/\�S�Rql1�l1WX%�Bvw�S���%�B�

e�¨�#���¨�] 




@~�67  

*+�����2����#�vR��v��S yv$%ES¾Ë�©(§�´»/,WB]

*+����#2����/,=E#¾Ë%©(ïO�âW�SB�##�vR���v(§�

�Ñv���\íR�����±v\�#R2����%­��Ñ�VB]sCR��¿À±v

\�S�����âW�C¾Û�#�SºíR¾Û©(%R1Cv,©�¹�±�\�]¾Ë©

(�}0¨~§��,�6vw�SâW�SºíR60�6/,�v����R24�6�v,�

v���%DHI�Ì6T!SST!³�u-�11´�SB�#���¨�]·Ê���#�

Ê���/,¾Û©(%ïO�âW�SB�]R1RRÊ%�·����v(§��ÑvLMR
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