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Figure 11-3  Essential Cell Biology (© Garland Science 2010) 

őŬŷʦ ƥŷʧɃRɋɄʲ�



ǩǭǧǨǯǧǪǯ�

Ǫ�

   50 µm : 5 nm 
 
= 10 m : X 
�

X = 1 mm �

2-ʓʝɢʋɼɟɵʂʤʝȿ�ŏ�

2-ʓʝɢʋɼɟɵʂʤʝʦ2-MEʧ�

�ŏʦUreaʧ�

HS-CH2-CH2-OH

O=C

v±Ė¯�

Þv±Ė¯�

Þv±Ė¯�

CH3

CH3

-
-

ɧɚɿɯɝʒɜɡʡ�

NH2
+=C

CH3

CH3

-
-

ɵʡʅɦƥɃv«�

ǺǪǯǦǬǦǪǨǤǡǪǯ<�

ɵʡʅɦƥɃǟñîƳɄʬñîƳ
Ⱦü�ȮɔɓɃȧʲ

ɵʡʅɦƥɃîƳɄ�ɂ��ȧʲ�

ɵʡʅɦƥɄɀɔȪɑȣ�Ƚȣɔ
ɅʦĮ^«ȨȢɔɅʧ�ȷǟñîƳ
ɗȿɓɃȧʲ�

ɵʡʅɦƥ5!ɂćɒʮʫʥ��Ƀ
ɚʑʂƾɃĮ^«ȨȢɔɅȟȶȺȪɒ
ɁǟñîƳɗ»ȻȬȿȨĳɑɔȽȣ
ɊȲȠʮʫʥ��ɃĮ^«ȾɎ�Ƚ
ȣɓq]ɄxȪȢɒɊȲȠ�

ʬñîƳʱȞɚʑʂƾɃƼ>

ʭñîƳʱȞÉʬʫɚʑʂƾȧɑɁɓ�´īɁǟñîƳ
ȞȞȞȞȞȞȞȞαʌʜɸɦɰȟβɮʤɼɁɀ

ʮñîƳʱȞʭñîƳɃǌ]ɂɐɓɵʡʅɦƥʬ<~
ȞȞȞȞȞȞȞɃǟñîƳ

ʯñîƳʱȞƏÉɃɵʡʅɦƥ<~Ƀǌ]!Ȩ#ɓîƳ�

ɵʡʅɦƥɃîƳɃʯǊ��



ǩǭǧǨǯǧǪǯ�

ǫ�

ʬñîƳ�

NH2I1IMSSVQSQQEQLSQSDPSPSPNSCSSFELIDMDAGSLYEPVSPHWF
YCKIIDSKETWIPFNSEDSQQLEEAYSSGKGCNGRVVPTDGGRYDVHLGER
MRYAVYWDELASEVRRCTWFYKGDKDNKYVPYSESSSQVLEETYMLAVTLD
EWKKKLESPNREIIILHNPKLMVHYQPVAGSDGWGSTPTEQGRPRTVKRGV
ENISVDIHCGEPLQIDHLVFVVHGIGPACDLRFRSIVQCVNDFRSVSLNLL
QTHFKKAQENQQIGRVEFLPVNWHSPLHSTGVDVDLQRITLPSINRLRHFT
NDTILDVFFYNSPTYCQTIVDTVASEMNRIYTLFLQRNPDFKGGVSIAGHS
LGSLILFDILTNQKDSLGDIDSEKDSLNIVMYQGDTPTLEEDLKKLQLSEF
FDIFEKEKVDKEALALCTDRDLQEIGIPLGPRKKILNYFSTRKNSMGIKRP
APQPASGANIPKESEFCSSSNTRNGDYLDVGIGQVSVKYPRLIYKPEIFFA
FGSPIGMFLTVRGLKRIDPNYRFPTCKGFFNIYHPFDPVAYRIEPMVVPGV
EFEPMLIPHHKGRKRMHLELREGLTRMSMDLKNNLLGSLRMAWKSFTRAPY
PALQASETPEETEAEPESTSEKPSDVNTEETSVAVKEEVLPINVGMLNGGQ
RIDYVLQEKPIESFNEYLFALQSHLCYWESEDTVLLVLKEIYQTQGIFLDQ
PLQI711ICOOH

xȪɃƆĔɄɵʡʅɦƥɃîƳɗ�Ȱ
ȸȫvJȮȴɓ�

Ap5A�

ɯɚɻʂɮʡ5ʜʡƾɄɚɻɿʝƾɤɾʤɳɃ
îƳɗvJȮȴɓ�

ɪʡʉɠʓʤɮʙʡĦʦʉɠʤʝɻɛʡɧĦʧ

ɵʡʅɦƥȨƞȺȷɪʡʉɠʓʤɮʙʡɗȿɓȬȿɂɐɒĝȱɓĦú

ʦ%ʧ
ɚʝɹʃɜʐʤ
ʋʜɡʡĦ

ɚʑʟɜɽʦɵʡʅɦʧȨƄŁ

ʦ%ʧ
Aβɵʡʅɦƥȟʋʜɡʡɵʡʅɦƥ
�

Ƣ�ȨɀȤȰȽƜĝȰȷȧʲ�



ǩǭǧǨǯǧǪǯ�

Ǭ�

ɰʏʡɯűħ�

ò�ű� ʋʜɡʡ¬ŢɃű�

ĻœőŬɂĢ�ɵʡʅɦƥȨ
ƄŁȲɓ

ĻœőŬȨõĉȲɓ�

"ÆȟɪʡʎʓʤɮʙʡĦɄĻœŋʦűʧ
ɃĦ¯ȨĪĝȲɓɃȧʲ�

ʆɼ�

�Ī«
ʋʜɡ
ʡĦ�

ɦʤʝʤ�

ʅʋɚɿʗʤɥɿɚɃ��lÏɃ ùȾȢɓǸȎȐȆÐɃ{«ɏ~&ɗ
¨ɂƒɑɔȷ
�ű«ɃóƋǋ�ȿ¼³ɗĕ§ȿȰȽȟƶƋ«ɂœƸȰȽĪħ£���7ɂõ�Ȳ
ɓĥ¬ȾȲȠ¬ŢɄĪđȴȳȟčħ´ƒɎĹȮȳȟĦĜ�īɂɄ�űɗ
¨ɂăŕ

Ėv«ʣɚɰɼʟɧʜɚɃrĝȟɚʑʟɜɽËȨɋɑɔɊȲʪǸȎȐȆÐȾɄ{«ɏ~&Ȩ
õɘȸ�Ƀıěɏűɗǘɇɓ0�ʦɢʝʄɿɱʒʧȨȢȺȷȬȿȟɊȷ�ŤɗǘȲɓş

°ɃĄĉȿȿɎɂȬɃĥĦȨɁȪɁȺȷȬȿȧɑȟ�Ťɗǘɇɓş°ȾĪĦȰȷȿšȥ
ɑɔɊȲȠ�

ɦʟɜɼʌʝɹȖʖɪʊ
ĦʦǵǻǶǣ�

	ġ\lȾǬǨǥǮǭôɃǩǨǨ��ɂȻȩō��ɃǕ�ȾƒɑɔɊȲʪĩaɏȶɔȧɑȪ
ɓĨÄɗƧȬȰʨō��Ⱦõ�ȰɊȲʪȬɔɎűɂăŕĖv«ȨɋɑɔɊȲʪķŷľ
êȾ®äȰȷɎɃɄKS«ʖɪʊĦȿbɅɔȽȣɊȲʪ�

vĢnɦʟɜɹʉɞʝɼʣ
ʖɪʊĦʦȓǵǻǶʧ�

ʚʤʟɸʅȾÚƮǩǨǨ_��Ȩś¬ȰȷǵǻǶǗ�Ƀĥ¬ʪǵǿǻɐɒƁȣ�Ȩś¬ȰȽ
ȣɊȲʪĪħȲɓȿÉƵǆȧɑÉʢÛȾǩǨǨʥõ�ȰȽȣɊȲʪǱǮ�ɂƂiȾĪĝȨ
ɄȱɍȽĸƛȮɔȷʪǴǾǷȿɃǇƴȨģɖɔȽȣɊȲʪ�

ƻ�«
«ʋʜ
ɡʡĦ�

żõ«�Ð«�İħ�
ǵǻǶɏǴǾǷȿɄ@ɃĦúȾʨŇiɪʟʛɽ�ȿʠɜɡʑʡɧ�ȾǩǱǰǨ��ȾɋȻȧɒɊ
Ȱȷʪɜɵʜɚŋ��ɂȦȫɓ�äž!1«ƻ�«ʋʜɡʡĦȾȲʪ�

ɩʝɰɼʐʡʣɰɼʟɜɰ
ʛʤʣɮʕɜʡɢʤħ-
ŝǢǹǾǾǣ�

�äž!1«ƻ�Ƀ�Ð«ʋʜɡʡĦǦƶƋɄY6nǵǻǶɂøɇƷȣɃȨ�ŽȾȲʪ
Īħ�ǠɄǬǨʴǮǨô�ȾȲȨǫǨô�ɃĪħɎȢɒɊȲʪ�

ʆɹɯ�
ɰɦʞʤʈʤ�

åɂ!ɗȬȲɒȻȫɓʦȑȄȐȂȏȊȆʧȿȬɕȧɑ_ȼȫɑɔɊȰȷʪƂiɏƐʚʤʟɸʅȾǩǰ
	ŌȭɕȧɑĳɑɔȽȣɓŜɃĦúȾʨCČƸÇʨ¼³ʨ£ŦɃŰGȨĝȱʨÉʢÛ

ʳÉ�Ⱦõ�ȲɓĦúȾȲʪÑßȾɎʨĪĦȨĸƛȮɔȽȣɊȲʪ�ʖɥ�

ɝɮ� ēăŕĖűħʦǴǾǷʧėēĦ�

Ȟǩǭ�DɂƂiȾĸƛȮɔȷɝɮɃʋʜɡʡĦʪėēĦɄʓɻɛɚȨȻȫȷȌȂȅǡȄȎȔǡ
ȅȊȑȆȂȑȆɃdƘʪò�ɂɄɝɮăŕĖűħȀȃȎȓȊȍȆǡȑȏȎȍȈȊȇȎȐȌǡȆȍȄȆȏȉȂȋȎȏȂȒȉȕǲǡǴǾǷȁȾ
ȲʪʧħĖɄɰɦʞʤʈʤɂǗ�ȰȽȣɊȲʪƂiɗɄȱɍʚʤʟɸʅ\lȾǩǨǨ�ǔ�

�ɃɝɮȨ®äȰʨǩǰ�ǔȨǴǾǷɂɐɒõ�ȰɊȰȷʪ®äœƩɄƂiȾɄǎ
ÝɃ
�ēɂĪŨ)ƶɃȷɍɂʨɝɮɏʆɹɯɃǍŤʨǞɁɀɗǙÌɂąȵɓş°ȨȢȺȷ

ȷɍȿšȥɑɔȽȣɊȲʪvĢnɦʟɜɹʉɞʝɼʣʖɪʊĦʦȓǵǻǶʧȿɃǇƴȨģɖɔ
ȽȣɊȲʪǡÑßȾɄǪǨǨǩ�ǱÛɂĸƛȮɔȽȣɊȲʪ�

ʁɪʨɼʛȗ
ʈʗʤʐʨ
ɷʤɵ�

ĘăŕĖűħ� Ȟ�

ʋʜɡʡĦȿʋʜɡʡɵʡʅɦʦPrPʧ�

ʣǡʋʜɡʡɵʡʅɦƥʦPrPʧȨSfɃĪĦɂ×ǆɗƑȲɓ�äĦ�

ʣǡȮɊȯɊɁĦ_

ʣǡɰɦʞɜʈʤĦS!Ȩʋʟɺɚʤɳ®W«ȾȢɓȬȿȧɑȟ

ȞʋʜɡʡĦɃSfɄɵʡʅɦƥȾȢɓȬȿȨƙÔȮɔȷȠ�

ʣǡʋʜɡʡɄŀɗƨȥȽ®äȲɓȠ�

ʣǡʆɹɯPrPscɗ`ɌűɃʎʔɩʁʤɼɗʐɝɰɂ¿ŀȲɓȿ

Ȟċ�Ýǆō500ÑȾʋʜɡʡĦɗĪħȲɓȠ

ʣǡȬɃʋʜɡʡĦɗĪħȰȷʐɝɰɃűɃʎʔɩʁʤɼɗ@Ƀʐɝɰ

Ȟɂ¿ŀȲɓȿȟċ�Ýǆ75ÑȾʋʜɡʡĦɗĪħȲɓȠ�

ʋʜɡʡĦȿʋʜɡʡɵʡʅɦʦPrPʧ�

ʣǡʋʜɡʡĦɗƧȬȲPrPƻ�~ɃvĢȨƒȻȧȺȷȠ

ʣǡvĢʋʜɡʡƻ�~ɗ�4ȰȷʐɝɰɄǟęȾʋʜɡʡ�

ȞĦɗ�ȩƧȬȲȠ�

ʣ PrPʂɸɦɚɝɼʐɝɰɄʋʜɡʡĦɂţ«ȾȢɓȠ�

ʣ PrPɄò�nȿĢ�nɃ�ȻɃǟñîƳɗȿɓȠ�

ʣǡPrPsc Ȩ PrPcȞȘȞPrPsc ɃvÁɗŻ�Ɨ}īɂ)ƶȲɓȠ�

ʣ PrPsc ɄβɮʤɼȨxȪȟɪʡʅɦɼɁîƳɗȿɒȟ:ǌȰɏȲȣȠ

ʣǡʋʜɡʡĦɃʓɢɿɱʒɗĪƒȰȷʋʝɮɾʤPuɄȟ

Ȟ1997�ɂʂʤʍʝĝĜ�ʣK�ƤɗWƤȰȷ�



ǩǭǧǨǯǧǪǯ�

ǭ�

Figure 4-8  Essential Cell Biology (© Garland Science 2010) 
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Figure 10-20  Molecular Biology of the Cell (© Garland Science 2008) 
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Question 16-2  Essential Cell Biology (© Garland Science 2010) 
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Figure 25-1  Molecular Biology of the Cell (© Garland Science 2008) 

Figure 25-2  Molecular Biology of the Cell (© Garland Science 2008) 
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Figure 25-3  Molecular Biology of the Cell (© Garland Science 2008) 
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Figure 25-6  Molecular Biology of the Cell (© Garland Science 2008) 
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Figure 25-7a  Molecular Biology of the Cell (© Garland Science 2008) 
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Figure 25-7b  Molecular Biology of the Cell (© Garland Science 2008) Figure 25-7c  Molecular Biology of the Cell (© Garland Science 2008) 

Figure 25-2  Molecular Biology of the Cell (© Garland Science 2008) 
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Figure 25-19  Molecular Biology of the Cell (© Garland Science 2008) 

Table 25-1  Molecular Biology of the Cell (© Garland Science 2008) 

¸!Ƀɬʊɦʛɰ�

Figure 25-21  Molecular Biology of the Cell (© Garland Science 2008) 
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Figure 25-23  Molecular Biology of the Cell (© Garland Science 2008) 
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THE ANTIBODY MOLECULE B CELLS PRODUCE ANTIBODIES

ANTIBODY SPECIFICITY

Antibodies are proteins
that bind very tightly to
their targets (antigens).
They are produced in
vertebrates as a defense
against infection. Each
antibody molecule is
made of two identical
light chains and two
identical heavy chains,
so the two antigen-
binding sites are
identical.

Antibodies are made by a class of white blood cells called B
lymphocytes, or B cells. Each resting B cell carries a different
membrane-bound antibody molecule on its surface that serves
as a receptor for recognizing a specific antigen. When antigen
binds to this receptor, the B cell is stimulated to divide and to
secrete large amounts of the same antibody in a soluble form.

RAISING ANTIBODIES IN ANIMALS
Antibodies can be made in the laboratory by injecting an animal
(usually a mouse, rabbit, sheep, or goat) with antigen A.

Repeated injections of the same antigen at intervals of several 
weeks stimulate specific B cells to secrete large amounts of 
anti-A antibodies into the bloodstream.

Because many different B cells are stimulated by antigen A, the
blood will contain a variety of anti-A antibodies, each of which
binds A in a slightly different way.
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An individual animal
can make billions of
different antibody
molecules, each with a
distinct antigen-binding
site. Each antibody
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THE ANTIBODY MOLECULE B CELLS PRODUCE ANTIBODIES

ANTIBODY SPECIFICITY

Antibodies are proteins
that bind very tightly to
their targets (antigens).
They are produced in
vertebrates as a defense
against infection. Each
antibody molecule is
made of two identical
light chains and two
identical heavy chains,
so the two antigen-
binding sites are
identical.

Antibodies are made by a class of white blood cells called B
lymphocytes, or B cells. Each resting B cell carries a different
membrane-bound antibody molecule on its surface that serves
as a receptor for recognizing a specific antigen. When antigen
binds to this receptor, the B cell is stimulated to divide and to
secrete large amounts of the same antibody in a soluble form.

RAISING ANTIBODIES IN ANIMALS
Antibodies can be made in the laboratory by injecting an animal
(usually a mouse, rabbit, sheep, or goat) with antigen A.

Repeated injections of the same antigen at intervals of several 
weeks stimulate specific B cells to secrete large amounts of 
anti-A antibodies into the bloodstream.

Because many different B cells are stimulated by antigen A, the
blood will contain a variety of anti-A antibodies, each of which
binds A in a slightly different way.
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Figure 25-43  Molecular Biology of the Cell (© Garland Science 2008) 
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USING ANTIBODIES TO PURIFY MOLECULES 

MONOCLONAL ANTIBODIES USING ANTIBODIES AS MOLECULAR TAGS
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