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Biophysical analysis of protein solubility and aggregation using 

short amino acid peptide tag 

㸦▷ࢻࢳࣉ࣌࠸⣔ࢡࣃࣥࢱࡓ࠸⏝ࢆࢢࢱ㉁ࡢ⁐ゎᛶཬࡧจ㞟ࡢ⏕≀≀⌮

Ꮫⓗゎᯒ㸧 

ㄽᩥせ᪨㸦2000Ꮠ⛬ᗘ㸧 

จ㞟ࠊࡣศᏊ⃰ࡢᗘࡀ⁐ゎ㝈⏺⃰ᗘ㸦௨ୗࠊ⁐ゎᗘ㸧௨ୖࡿ࡞㉳ࢱࠊࡾ࠶࡛㇟⌧ࡿࡁ

 Frokjaer S et)ࡿ࡞ၥ㢟ࡤࡋࡤࡋ࡚࠸࠾⏝ᴗ⏘ࡣจ㞟ࡢࢻࢳࣉ࣌ࡸ㉁ࢡࣃࣥ

al, Nat Rev D.D. 2005)ࡢࠎ✀ࠊ⚄⤒ኚᛶᝈࡢᅉ࡛ࡿ࠸࡚ࢀࡽ࠼⪄ࡿ࠶(Ross CA, 

Nature Med 2004)ࠋ⌧ᅾࢡࣃࣥࢱࡸࢻࢳࣉ࣌ࠊ㉁ࡢ⁐ゎᗘࡣᵓᡂࣀ࣑㓟ࡢぶỈᛶ࣭Ỉ

ᛶ࡛Ỵࡀࡢ࠺࠸ࡿࡲᐃㄝ࡛ࠊࡀࡿ࠶ᮏ᮶ࠊࡣࣝࢹࣔࡢࡇỈ⁐ᾮཬࡧ㠀ᴟᛶࡢ᭷ᶵ⁐፹

ᑐࡿࡍ┦ᑐⓗࡍ♧ࢆࠖࡉࡍࡸࡅ⁐ࠕ࡞⌮ㄽ࡛ࠊࡾ࠶Ỉ⁐ᾮ୰࡛ࡢ⁐ゎᗘࢆゎᯒࡢࡵࡓࡿࡍ

⌮ㄽ࡛ࠊࡓࡲࠋ࠸࡞ࡣ㧗⃰ᗘࡢศᏊࡢ⁐ゎᗘࢆṇ☜ࡘࠊ⌧ᛶࡃࡼ ᐃࡀࡇࡿࡍᴟࡵ

࡚ᅔ㞴࡛ࠊࡵࡓࡿ࠶Ỉᛶ࣭ぶỈᛶࡢ௦ࣀ࣑ࡿ࡞ࡾࢃ㓟ࠕࡢ⁐ゎᛶࠖࡢ┿ࡢᣦᶆࡲࡣ

ࡶࡢࡑゎᗘ⁐ࡢ㓟ࣀ࣑࠸ࡋ㞴ࡀᐃ ࡣ㧗⃰ᗘ࡛ࠊࡣᮏ༤ኈㄽᩥ࡛ࠋ࠸࡞࠸࡚ࢀࡉ㛤Ⓨࡔ

ゎ⁐ࠕ࡞ᑐⓗ┦ࡢỈ⁐ᾮ୰࡛ࡢ㓟ࣀ࣑ࠊ࡚ࡗࡼኚ␗యゎᯒࠊࡃ࡞ࡣ࡛ࡢࡿࡍᐃ ࢆࡢ

ᛶ 㸦ࠖ௨ୗࠊ⁐ゎഴྥᛶ㸧ࢆ ᐃࡿࡍᡭἲࢆ㛤Ⓨࠋࡿ࠸࡚ࡋ 

➨ ゎ⁐ࠋࡓࡋㄝ᫂ࢆᬒ⫼ࡢ✲◊ࡿࡍ㛵จ㞟ࡧゎᛶཬ⁐ࡢ㉁ࢡࣃࣥࢱࠊࡣㄽ࡛ࠖ⥴ࠕ❶1

ᛶ㛵ࡿࡍ≀⌮Ꮫⓗࠊ✲◊࡞ぶỈᛶ࣭Ỉᛶ⁐ゎᛶࡢ㛵ಀ㛵࡚ࡋヲࡃࡋ㏙ࠊᮏ

◊✲࡛ᑐ㇟ࡓࡋ⁐ゎഴྥᛶࡢᐃ⩏ࢡࣃࣥࢱࠊࡽࡉࠋࡓࡗ⾜ࢆ㉁ࡢจ㞟㛵㐃ࡿࡍ◊✲

ࠊḟࠋࡓࡋ⤂ࢆ✲◊ࡿࡼどⅬ࡞Ꮫⓗ⌮≀ࠊࡿ࠸࡚ࢀࡉ㛤Ⓨ࡛ࡲᅾ⌧ࠊࡋᴫㄝࢆ

ᵝ࡞ࠎኚ␗యゎᯒࢡࣃࣥࢱ࡚࠸࠾㉁⛉Ꮫ୍࡛⯡ⓗࢺࢫࢤࢺࢫ࣍ࡿࢀࡽ࠸⏝ἲࡸ⨨ࡢ

ຠᯝࡢຍ⟬ᛶ࡚࠸ࡘㄝ᫂᭱ࠋࡓࡗ⾜ࢆᚋࣀ࣑ࠊ㓟⨨ࢡࣃࣥࢱࡿࡼ㉁ࡢ⁐ゎᛶኚ

ࡢண ࡢࡇ࠺⾜ࢆព⩏࡚࠸ࡘ㏙ࡢ❶ྛࠊព⩏┠ⓗ࡚࠸ࡘ㏙ࠋࡓ 

 㢮୰✀20ࠊࡣ࡛❶2 ArgࠊIleࠊLysࠊSerࠊAspࠊAsnࠊGlnࠊGluࠊProࠊHisࡢ 10✀㢮ࡢ

㇟ゎᯒᑐࠊࡣᐃ࡛ ࡢゎഴྥᛶ⁐ࠋࡓࡋㄝ᫂ࢆᯝ⤖ࡢࡑᐃ ࡢゎഴྥᛶ⁐ࡢ㓟ࣀ࣑

ࢻࢳࣉ࣌‽ᇶࠕࠊࢆ㓟ࣀ࣑ࡿ࡞ ࠖ 5ಶຍࡓࡋኚ␗యࢆᵓ⠏ࠊࡋ⁐ゎᗘࢆ㐲ᚰศ㞳ἲࢆ

ࢆ㓟ࣀ࣑㸦ࡓࡋᐃ ࡚࠸⏝ 5ಶຍࠊࡣࡢࡿࡍ⌧ᅾࡢ࡛ࡲ◊✲࡛ 㓟ࣀ࣑ࡢ5ಶࠊ3ࠊ1

ゎഴྥ⁐ࠋ㸧ࡿ࠶࡛ࡵࡓࡓࡗ࠶ᐜ࡛᫆ࡶ᭱ࡀᐃ ࡢゎᗘኚ⁐ࡀࡢ5ಶࠊᯝ⤖ࡓࡋຍ

ᛶࠊࡣኚ␗యࢻࢳࣉ࣌ᇶ‽ࡢࢻࢳࣉ࣌⁐ゎᛶẚつᐃࠋࡓࡋ㐲ᚰศ㞳ἲࠊࡣⓑ⃮ࡀᑡࠎ

ぢࡿࢀࡽ≧ែࢆࣝࣉࣥࢧࡢ 20,000g࡛ 30ศ㛫㐲ᚰࠊྍࡋ ⁐ᛶ⏬ศṧ⃰ࢻࢳࣉ࣌ࡿᗘࢺࢆ



ࠊࡣ࡛✲◊ᮏࠋࡿࡍつᐃゎᛶ⁐ࡢࢻࢳࣉ࣌ࢆ್ࡢࡑࠊࡋᐃ ࡽ྾ගᗘࡢࣥࣇࢺࣉࣜ

⁐ゎഴྥᛶࢆ pH4.7 ࡢ8.7 ࡢࡘ2 pH࡛ ᐃࠊ࡛ࡇࡓࡋぶỈᛶ࣭Ỉᛶࣔࡣ࡛ࣝࢹ⪃៖

ࡓࡗ࡞࠸࡚ࢀࡉ pH౫Ꮡᛶࣀ࣑ࢆ㓟ࡢ⁐ゎഴྥᛶࡾྲྀ࡚ࡵึධࠋࡓࢀ 

➨ ⏝ࢆ㐲ᚰศ㞳ἲࡓࡋ๓❶࡛ㄝ᫂ࠊࡣจ㞟ᙧᡂ㏿ᗘࠋࡓㄪࢆᗘ㏿ࡢจ㞟ᙧᡂࠊࡣ࡛❶3

࡚ࡋゎ⁐ࢆࣝࣉࣥࢧࠊᡭ㡰࡛ࡓ࠸ 0ศ㹼96㛫⤒㐣ࡕࡢࡓࡋ⁐ゎᛶࢆ ᐃࡢࡑࠋࡓࡋ⤖

ᯝ⃰ࢻࢳࣉ࣌ࠊᗘࡾࡼ್࠸ࡁࡋࡿ࠶ࡀప࠸ሙྜࠊࡣจ㞟ࡣぢࠊࡎࢀࡽ⁐ゎᛶࡣኚ࡞ࡋ

ࠋ୍ࡓࡗ ᪉ࢻࢳࣉ࣌ࠊ㎰ᗘ್࠸ࡁࡋࡀ௨ୖࡢࣝࣉࣥࢧࡢ⁐ゎᗘࡣ㛫ࡀ⤒㐣ࠊ࡚ࢀࡘࡿࡍ

పୗ᭱ࠊࡋ⤊ⓗ್࠸ࡁࡋࡣ௨ୗ⃰ࡢᗘⴠࡣ್࠸ࡁࡋࠊࡽࡉࠋࡓ࠸╔ࡕຍ࣑ࡓࡋ

ࡽ᫂ࢆࡇ࠸㧗ࡀ㛵┦ゎഴྥᛶ⁐ࡢ㓟ࣀ࣑ྛࡓࡵ๓❶࡛ồࠊࡾ࡞␗࡚ࡗࡼ✀㓟ࣀ

㉁≉᭷ࢡࣃࣥࢱࡢࡑࠊࡣ㝿ࡿࡍ㧗⃰ᗘ࡛ྍ⁐ࢆ㉁ࢡࣃࣥࢱࠊࡽࡇࡢ௨ୖࠋࡓࡋ

ࡗ࡞ࡽ᫂ࡀࡇࡿಖ࡚㛗ᮇࢆែ≦ࡓࡋゎ⁐ࠊ࡛ࡇࡿࡍㄪᩚᗘ௨ୗ್⃰࠸ࡁࡋࡢ

࠶ᣦᶆ࡛࡞㔜せࠊ࡚࠸⟶㛗ᮇಖࡀᗘ್⃰࠸ࡁࡋࡢ㉁ࢡࣃࣥࢱࡢࢀࡒࢀࡑࠊⅭࡢࡑࠋࡓ

ᚲ㡲ࡀᙧᡂࡢ᰾ࡣจ㞟ᙧᡂࠊࡣᏑᅾࡢᗘ್⃰࠸ࡁࡋࠊࡣࡽほⅬ࡞ㄽⓗ⌮ࠊࡽࡉࠋࡿ

ࡣจ㞟ࠋࡿ࠸࡚ࡋ၀♧ࡃᙉࢆࡇࡿ࠶࡛ Oosawa & Kasai㸦1962㸧ࡀᥦၐࡓࡋ Helical 

Polymerization Modelᚑ࡚ࡗᡂ㛗ࠊࡿࡍ➨୍ḟ㏆ఝⓗࠋࡿࢀࡽ࠼⪄ 

➨ ❶2ࠊࡣ࡛❶4 3❶࡛ㄝ᫂ࡓࡋ⤖ᯝࢆ⥲ᣓࠋࡓࡋᚋࠊ 20✀㢮ࣀ࣑ࡢ㓟ࡢ⁐ゎഴ

ྥᛶࢆ ᐃࠊ࡛ࡇࡿࡍ௵ពࣀ࣑ࡢ㓟㓄ิࡢࢻࢳࣉ࣌ࡿ࡞ࡽ⁐ゎᛶࢆ pH౫Ꮡⓗண 

 ࠋࡓࡅㄽ⤖ࡿ࡞⬟ྍࡀࡇࡿࡍ

 



 

TITLE 
Analysis of protein aggregation kinetics using short amino acid 

peptide tag 

NAME Mohammed Monsur Alam Khan  

ABSTRACT 

Understanding protein solubility, and consequently protein aggregation, is an important 

issue both from an academic and a biotechnological application viewpoint. Here we 

report the effects of 10 representative amino acids on the aggregation kinetics of 

proteins (A, L, R, K). This effect was determined by measuring the solubility of a 

simplified bovine pancreatic trypsin inhibitor (BPTI) variant, to which a short artificial 

tags containing the amino acid of interest was added at its C-terminus. We first 

confirmed that the tags remained independent of the structure, thermal stability, and 

biochemical activity of the host protein. Then we determined the solubility as a 

function of incubation time (20 minutes to 48hours) and initial protein concentration 

ranging from 10ugr/ml to 100mgr/ml at higher (7.7) and lower 4.7) pH.  The 

influence of peptide tags on model protein solubility is attributable to the 

hydrophobicity of tagged amino acid. We observed, as anticipated, that proteins 

precipitated promptly when the initial concentration exceeded some critical value. 

However, when initial protein concentration was higher, the apparent solubility reached 

a concentration higher than the above critical value and decreased upon increasing 

incubation period. It has also been reported that there is a strong correlation in between 

the said critical solubility value and the apparently maximum solubility. The rate of 

protein aggregation was dependent on the type of amino acid composing the tags. The 

precipitation formation rate was quickest for C5Q and slowest for C5D. These 

observations were confirmed using a wild type lysozyme., and they clearly 

demonstrated that initial protein concentration and equilibrium time need to be 

considered while defining protein solubility and short poly amino acid tags can be an 

effective toll to gain insight into the complex phenomenon of protein aggregation.  
 


