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Abstract 

Obesity, nonalcoholic fatty liver disease (NAFLD) and type 2 diabetes mellitus 

(T2DM) are major metabolic disorders in both developed and developing countries in 

recent decades, due to excess energy intake and other obesogenic factors. Obesity 

increases risks of NAFLD, T2DM, cardiovascular disease and some cancers. More 

than 90% of obese patients and 70% of T2DM patients have NAFLD. NAFLD affects 

30-40% of the adult population, and about 2.4-12.8% of NAFLD patients with 

cirrhosis progress to NAFLD-associated hepatocellular carcinoma. Studies have 

associated these diseases with the worldwide spreading of the Western lifestyle. The 

abundant fatty acids absorbed in intestines can cause obesity, be accumulated in liver, 

skeletal muscle and fat tissue, lead to insulin resistance (IR) and contribute to the 

T2DM development. Meanwhile, hyperinsulinemia or hyperglycemia accelerate the 

deterioration of the NAFLD, thus create a óvicious circleô. Intestinal absorption may 

play a critical role in the disease progress, the mechanism underlying deterioration of 

metabolic disorder remains unknown and still lacks specific medication. 

Osteocalcin (OCN) is well-known as a bone matrix protein and bone-formation 

biomarker which mainly originates from osteoblast. In the last decade, it was 

demonstrated that the uncarboxylated OCN (ucOCN) can regulate glucose 

metabolism, energy expenditure, increase ɓ-cell proliferation, insulin expression and 

secretion, and improve insulin sensitivity in peripheral tissues in mice. Recently, 

studies have highlighted the decreased serum OCN negatively correlated with the 

liver functional enzyme and inflammatory markers. And, a few studies have 

investigated OCN effects on NAFLD development and progression in mice model. 

These studies have made OCN a potential target for metabolism disorders treatment 

and received considerable attention, but so far there is no more progress for OCN in 

this regard. 

Based on bioinformatic prediction and biological experiments, we have predicted 
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and confirmed a novel circulating peptide hormone derived from osteocalcin in the 

mouse. The new peptide hormone is nominated as Metabolitin, a contraction of 

metabolism, from Greek ñmetaboleò, meaning óchangeô, the conversion of food or 

fuel to energy to run cellular processes, metabolite; and ïin, word-forming element in 

chemistry, usually indicating a hormone, neural substance, antibiotic, or vitamin. In 

sera of mouse, we have detected MTL by high resolution Mass-Spectrometry analysis. 

We have also confirmed its interacting receptor and bioeffects in the murine 

obesity-NAFLD-T2DM model in which MTL can significantly improve 

hepatosteatosis and insulin resistance. More interestingly, possibly due to its intrinsic 

structure, enterally absorbed MTL shows similar biological effects and potency as i.p. 

injected MTL. When MTL interacts with GPRC6A expressed in intestine, the 

expression of neurotensin is inhibited, which in turn activates the adenosine 

5ô-monophosphate-activated protein (AMPK) pathway, then ultimately inhibits lipid 

absorption in the small intestine. Less absorption of fatty acids in the intestine and 

suppressed de novo lipid synthesis in the liver through the ACC pathway, together, 

MTL treatment improved NAFLD and insulin resistance in the mice. 

 

Key Words: hormone; metabolism; biofunction; oral peptide
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 1   

1.1  G Ể ᵩ 

1.1.1  G Ể ᵩ  

G Ẽ ᵣ(G protein-coupled receptors, GPCRs)ѿ ԍ

̆ ԍ Ҭ ҂ҩŬ Ӟ̆ ҹ҂

ᵣ(seven-transmembrane domain receptor, 7TM receptor)Ȃ 800ҩ

ԅ ҩ ᵣ ̆ ᵣҬҹ ᵞ׆̆ ⌠

Ӳꜚ ҩ № Ȃ ᵣӞ ̆ ᾣ

ȁ ȁ ȁ № ȁ ȁ ȁ № ׆̆

׃ ԅ ┬ ̆ ᵣ ȁ ȁף ȁ

ץ ҹ ⌠ ᵬ 1,2Ȃ 

GPCRs Ҭ ҂ҩ Ŭ ̆ ҂ҩ

ᵣ№◓ҹ N ȁ3ҩ ȁ3ҩ ῤ ῤ C 3Ȃ ̆

ӊױז ↓ ̆ ῒ N ᵣ Ȃ ױֲ

↓ ᵣ ᵌ ̆ GPCRs№ҹ 6 ̆ A - ᵣȁB -

№ ᵣȁC - ᵣȁD - ֜ Ḥ ᵣȁE -cAMP

ᵣȁF - (Frizzled, FZD) (Smoothened, SMO) ᵣ 4Ȃ A GPCRs

Ҭ̆ῤ ᵣ 7TM ᵣ ᵝ ≢Ȃ ԍ B GPCRs̆ ῒ ᵣ

7TM ≢Ȃ ԍ C GPCRs̆ ᵣ ᵝԍ

(extracellular domain, ECD)̆ ῒҬ (Venus flytrap, VFT) Ȃ F

GPCRsҬ̆SMO FZD ᵣ ΐ ѿҩ ECD̆ ECD

(cysteine-rich domain, CRD) ECD 5-7Ȃ ᵣ ̆

GPCRs ̆ ҍ GPCRs ῤ ҈ ᵣ G

̂GŬ̆ G Gɔ̃ȁG Ẽ ᵣ ̂GRK̃ arrestin Ҋ Ḥ № ̆

׆ Ḥ ⌠῀ ῤ 8Ȃ 
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װ  1.1.2 GPCRҿ  

GPCRs ȁ ȁף ȁ ץ ҹ ꜚҬ

ԅ ᵬ ̆ Ӟҍף ȁ ȁᾧ ҍ ȁ ҍ

℗ ῏Ȃ ̆GPCRs ҹԅ ╠ ҹ ᵬ

̆Ӟ ԍ Ҭ ⱳ ≢Ȃ ̆ ֲ

GPCRs ̆ 2017 7 ̆FDA

‰҉ Ҭҍ GPCRs ῏ ╕῍ 475 ̆ FDA ‰

34%̆ ᵬ ԍ῍ 108ҩ GPCR Ȃ GPCRs ῃ

ᴍ 27%̆ 2011-2015 ҹ 8900ַ ᾝȂ 3̆21 GPCRs

῀ҳ ̆ 2012-2017 5 GPCRs ⱳ №≢ҹ

78%(ѿ )ȁ39%(ԋ ) 29%(҈ )Ȃ GPCRs ḫ ҹ

Ҭҽ 9Ȃ 

̆ᾟ ̆GPCRs ӞҌᶛ ̆

Ȃ ҈̆ҩҺ GPCRs ̔

№ ̆GPCRsῤ ᵣ ᵝ ↓ ץ

└ ֓ ᵣ ᵣȂ ᾢ̆ ԍ GPCRsr ̆ғ № ᵣҹ

ᵣ̆ ῒ ȁ Ҭ̆ ᵥ ῀

Ḡ ῒ ̆ ᵥ Ҭ ץ GPCRs Ҭ ᵞ

GPCRs ⱴԅ ׆̆ ԅ ῒ Ȃ

ᵣ Ḥ ӎ └ԅ ԍ ᵣ ̆

ῒ ̆GPCRs Ҍ ֒ ̆Ҍ ֒ Ҍ Ḥ

Ȃ ̆ ֒ ΐ ᵣ ᵣ ᵝ ̆

ᵣ ₮ԅ Ȃ ҈̆ ԍ ֓ ᵣ № ῤ̆ ױ ᵣ

ᵝ Ҍ ┴ ̆ GPCRs ᶫΐ ȁ

῏ ᵝ ֟ ᵣ 10Ȃ ̆ GPCRs Ҭ̆ԅ

ᵣ ȁ ᵣ ȁ ᵣ ᵣ ԑᵬ ץ ᵣҍҊ Ḥ №

ԑᵬ № Ȃ 

  ̆ GPCRs ȁ ⇔ ̆ ֓
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Ӟ ⌠ԅ № ‗Ȃ ԍ ᵣ ̆ ֲ ῀

( T4 b562RIL)̆ ᵞԅ ᵣ (ICL3ȁICL2 N

) ׆̆ ᵣ Ȃ ̆ ᵣ Ӟ

ᵣ Ȃ ̆ ῀ ᵣ(stabilized receptor̆ StaR)

̆ ץ Ҋ ᵣ ̆ ⱴ ᵣ 11Ȃ ׂ

ҹ ̆ 127 ᵣ ҹ GPCRs̆ ᵣ GPCRs ѿ

№̆ᵖֽ 2017 ̆ 40ҩ GPCRs ᵣ Ȃ ֓ GPCRs

ԅ ↓̆ Ẓ ᵣ ≢ ᵝ ̆

ᵣ ץ GPCRs

12Ȃ ̆ ԍ҉ץḤ ₮ ᵣꜚⱬ № ȁ ᵣ

ᵣ ̂VLS̃̆ Ӟ ⱴ ԅ ᵣ Ȃ ԍ VLS

₃ҩ A GPCRs ᵣ ≢ Ҭ ⱳ Ҭ ׆ 20% ⌠ԅֲפ

70%11,13Ȃ ̆ ᴆ ⇔ ᵣ ᵣ

̆ ₮ Ḥ ̂cheminformatics methodologies̃ ҹ ׂ

GPCRs ᵬ №Ȃ ̆ Ḥ Ҭᶭ

̆ Ҭᶏ ҹ Ȃҍ ѿẊ

̆ ᵣ ȁ ȁ ῒזḤ ̆

ᶏ Ӟᴪ № Ӱ ץ ׆̆

ⱬ Ҋ Ȃ Olah ֲ ѿ ⌠̆ ℮

Ҭ ң № Ҍ ̆ WOBAT ҹ 8%14Ȃ

T̆iikkainen ֲӞ ѿ Ҭᵀ C̆hEMBLȁLiceptor WOBAT

Ҭ ᵣ №≢ҹ 5ȁ7 6%15Ȃ ̆

ᶏ ֲ ץ GPCRs ̆ ᶭ ‰

ᵣ№ ῏ ̂energy terms̃̆ └ԅ ֓

11Ȃ 

̆ ΐ ҹԅ ꜛ ⇔ Ҍ ̆

ᵖ ᴋᵥқ ץ ף ֲ Ȃҍ₃ ╠ ̆ ױ

GPCRs ȁⱳ ᵣ ԅ Ȃ ̆ Ḥ ׅ
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₮ ױ ̆ GPCRs ᾙ GPCRs ᵣḤ

Ȃ ױ ҬḠ ̆Ҍ ⱴ GPCRs ⱳ

Ȃ 

1.1.3  GPCRs  

ѿ ԍ 50-100 ѿ № Ȃ ᵣῤ

₃ ̆ ҍ ԅ ᵣῤ ҩ ᴧ ⱳ ̆ ᵣ

ῤ ῏ ̆ Ӟ̆ ᵣ ꜚ Ҍ

ҍ Ȃ ᵣ ȁⱳ ץꜚ Ȃ ѿ

ҹֲᵣ ץ ̆p ֲ̆ ᵣҺ

ץ Ȃ ֲᵣ └ ̆

Ӟҹ ᶏ ᶫԅ ᶭ 16Ȃ 

 1921 51ҩ - ׂ ῃ̆ ҉

80 ҩ̆ ῀ҳ Ȃ ԍ ַ҆

ῃ ̆ ᴍ Ҍ ̆2019 ҹ 700ַ ᾝ̆ᵖ׆

ѿ Ӟ̆ ΐ ҉ ̆ ғѿ֓

ῃ ̆ῒҬ ⌠ 10ַ ᾝ҉ץ ̔

̂teriparatidẽȁ ≠ ̂liraglutidẽ ȁ ᵣ

17Ȃ ╠ ҹ №

ץ̆ ῤ№ ҹ ֽ 10%Ȃ GPCRs ҹ ҉ ᵣ

̆ Ҭ̆GPCRs ҹԅ Һ ᵬ ̆ғ

ҳ Ҭ̆39% GPCRs̆ GLP-1 ᵣ GLP-2 ᵣȁ

4 ᵣȁ ᵣȁ ᵣȁ ᵣ Ỳ֟ ᵣ 18Ȃ 

ԍ № ᵣ ̆ ̆ ̆

̆ ̕ ԍ № ῒ̆ΐ ȁ ף ȁ

Ҍ Ҭ ȁ◐ᵬ ᵞ ᴨ ̆ ԍ ѿȁԋ ̆

̆ № Ӟ ᶏ̆

⌠ ̆ ῀⌠ Ȃ ̆Ҍ ԍ ֲ̆
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ңҩ ῏ ̆ ѿ ֲ Ҍ Һ̆

ҹῒ Ҭ ̆ Ӟ ץ ̕ ԋ

ӎ ⱬ̆ ԍ № ȁ ֪ ̆ᶏ

Ἕ № ̆ Ҍ ̆ ̆

ץ 19Ȃ ֲ Ҍ ̆p ᶭ ̆

2020 ֽ̆ ѿ ̂Rybelsus̆ GLP-1 ᵣ ꜚ╕̃ ‰Ȃ

̆ ╠ ̆ ȁ ⌠

ȁ ḱ ץ ֟ Ҭ

‗ Ȃ 

1.1.4  GPCRsғ  

῀ ̆

ṿ Ȃɒ ̆ ꜚ ῤ ( Ҍ )̆

ᾛ ̆ ץᴪױ ֲ ⌠ ∆ ᵣ Ȃ GPCRs

ҍ └ԅ Ȃ ױ ҍ ῀ ױ ӊ╠

ԅ̆ ҹ GPCRs ԅȂ GPCRs̆

ᵖ Ҍ ԍ ̆ ҹױזҌֽ№ ҉̆ № ҩ (GI)Ȃ

, ᵣȁ ᵣ ѿ֓ GPCRs ,

∆ ף Ạ₮ ׆, Ҭѿ֓

№ , (GIP)̆ -1 (GLP-1)ȁ (PYY)

(CCK)Ȃ ֓ GPCRs ̆ ȁ

ꜚ̆ Ҭ ᵬ ȂҊ ҹ ҍ⌠ Ҭ

GPCRs20,21Ȃ 
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1.1  GPCRs 

Figure 1.1 GPCRs regulate energy homeostasis21 

1.2  ɻ ש  

1.2.1   

ᵣף ᵣῤ ῒ ҈

׆̆ ֲᵣ ѿ ף Ȃҕ

̂WHÕ ‰ ᵣ ̂body mass index̆

BMĨ̆ ᵣ ̂kg̃ ץ ̂m2̃ ₮Ȃ  BMIÓ25kg/m2

ӈҹ ̆BMIÓ30kg/m2 ӈҹ 22Ȃ 

ѿ ȁ ȁ ҉ ץ 22̆ ҍ

ѿ ׂҕ ҈№ӊѿ҉ץ ֲ 23,24Ȃ ל Ҋ ̆⌠

2030 ̆ ῃ ֲҬ 38% 2̆0% 25Ȃ ̆

₮Ạל ̆⌠ 2030 ̆ 85% ֲ 26Ȃ
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ᵬҹῃ ̆ ԅ ̆ ╠

ҹ ֲ ̂ 127 Ȃ̃ ֲ ̆

ҍ ῏ ᾝף Ӱ Ȃ ᶏ Ҍ ᴰȁ Ῑ

ᴆҊ̆ 2 ̂Type 2 diabetes mellitus̆T2D

T2DM̃̆ ̂Non-alcoholic fatty liver diseasĕNAFLD̃ץ

̂cardiovascular disease, CVD̃ ף ῏ ⱴȂ 

1.1  WHO (BMI)  

( ) 

 

( )   

1992-2002 97.2% 1990  24.14% 3.01% 

2002-2010 å70% 2002  22.8% 7.1% 

- - 2010  30.6% 12.0% 

1.2.2   

ѿ ȁ ף ῒ̆Һ ԍᵣῤ ѿ

ᵞ ĺ 28Ȃ ̆Һ №

1 ̆2 ץ Ȃ1 Һ ԍ ⱳ Ӱ Ҧ

№ Ҍ Ȃ2 ⱳ ₮ ễף

̆p ᵣ Ҍ Ҍ Ȃ

₮ Ȃѿ ̆1 Һ ҹ ᴰ ̆ ̆ 2

⌠ 95%̆ ғ ҹ ̆ ̆ ף

Ӱ 29-31Ȃ 

̂IDF̃ ̆2019ῃ 20-79 ֲ

Ҭ ҹ 9.3%̆ ֲ 4.63ַ̆ Ҭ 2019 ֲ

ҹ 1.16ַ̆ ῃ ᵝȂIDFᵀ ⌠̆ 2030 Ҭ ֲ ⌠ 1.8

ַȂ2019 ̆ ῃ 7600ַ ᾝ̆ ῃ ₮ 10%Ȃ

⌠ 2030 ҍ̆ ῏ ῃ ⌠ 8247ַ ᾝ 32Ȃ

ҹ ȁ ӊ ױֲ ᵣẫ ҈ 4̆0%-50%
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̆30% ⱳ ̆50% ̆60% ҍῒ ῏̆

ᴪ ⱬ̂ 2 Ȃ̃ 

1.2  2015 33,34 

      

2015 
1.06  

5400  
9.42% 117  

193.91USD/

1200CNY 

179 USD/

1112

CNY 

҉ץ׆ ץ ₮ ѿҩ ғҌ ⱴ ῃ ̆ᴪ ᴪ

Ȃ Ҍֽֽ ѿҩ ẫ ̆ ᴪ ҩ

ΐᵣ ꜚȂ 

1.2.3   

№ ╠̆ ῏̆

ѿ ҍ ᴰ ℗ ῏ ף ᴴ̆ ῃ 1/4ֲ

ẫ 35Ȃῒ Һ ̆ ѿ ᴴȂ

NAFLD Һ ȁ ̂nonalcoholic steotohepatitis̆

NASH̃ ῏ ȂNAFLD ֲ Ҭ ᶛӞ ̂ 3̃̆

╠ Ҭ NAFLD ֽ ԍ ȂNAFLD

ῃҕ 2̆016 ֲNAFLD ֲ ҹ2.43ַ̆

ῒҬ NASHҹ 3261҆ᶛ̆ ҹ 109҆ᶛ̆ ҹ 7000ᶛ 36Ȃ 

1.3  NAFLD  

NAFLD  
NAFLD

 

 

 

 

 

  
 

  

17-33% 75-92% 20% 11.7% 15.35% 1.3% 
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NAFLD ҹΐ ẁ NASH ᶛ ̆ ѿ Ҭ

10-20%̂ 4 Ȃ̃Ҥ NASH ѿ

Ȃ 

1.4  NAFLD NASH 35,37,38 

NAFLD  NAFLD NASH %  

 3-16 

 5 

 10-20 

 37 

 40-55 

NAFLD ҍ ȁ2 ȁף ל ̆

ẫ Ҭ ҹ NAFLD̆ Ҍ Ȃ

NAFLD Ҍ ѿҩ ̆ ȁ ȁ2 ȁף ȁ

ȁ Ả ҍ NAFLD ῏ 39Ȃ ̆NAFLD ҍ

ף ȁ2 ȁꜚ

℗ ῏Ȃp ̆ ԍ ᴪ҉ ԅ Ҍ ̆ NAFLD

NASH Ҍ ̆ ҹ ӊѿ̕ ֲפ

̆ ᵞ ל 37,38,40Ȃ 

1.2.4   

̂Cardiovescular diseases, CVD̃ ѿ ̆

  ȁ ȁ ’̆ҍ ȁ ȁ

ȁ ץ ℗ ῏Ȃ WHO ̆ ╠  ῃ ֙

ѿ ̆ 1790ֲ҆ ̆ԓ№ӊ ֙

ᵬ Ҭ ̆ῒҬ҈№ӊѿ ֙ 70 Ҋץ ֲ ҬȂCVD Ҍ

̆p ᵬҹף ѿ ׅ̆ ῒḠ ῏ Ȃ 
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ש  1.3 ῗ  

ף ῃ ῤ ץ̆ ҹᶛ̆2019 ῃ

4.63ַ̆ ῒҬ 1/3Ȃῃ ̔ 2010

ֲ №≢ ⌠ԅ 30.6% 12.0%̕ 1.14ַ̆ῒҬ

93-95%ҹ T2DM Ȃ ԍ ȁT2DM NAFLD ף ׅ

ӎ ┴ ԅ ̆ ῤׅ ȁNAFLD ҳ Ȃҕ

ῤ ԍ Ҍ⁞̆p ԍ └ԅ ̆ ╠Һ

ȁ ȁ └ ȁ ᾧ

ȁ Ḃ ȁ⁞ ᵞ Ҍ ֓ Ȃ NAFLD

↕ׅ ԍ∆ ̆ ҹ NAFLD

ⱳ ᶫ Ȃ 

1.3.1  T2DM ғ  

2 ҹ ̆ 95%Ȃῒ

Ӟ ̆ ץ ȁҬ ȁ ȁ ץ

Ȃ ╠ ῏ ҹ̆2 Һ └ҹң

̆ѿҹ № ⁞ ̕ԋҹ ̂insulin resistance, IR̃̆

⁞ᵞ 41Ȃ҉ץ ᴪ Ҭ ̆ ץ

⁞ ̆ Ҭ ׆̆ ᵣ

Ȃ № ⁞ ҹ Ҭɓ ⱳ ԅ Ӱ̕

↕ ȂIR ף ̆ᶛ ȁ ȁף

ȁ ꜚ ȁ ȁ2 ֓ 1

ᶛȂ ᵣῤ IR ̆ Ḥ ᴰ ̆ ῀

ᶭ ⌠ Ȃ ╠ Ҍ IR ℗ ̆ᵖ

ױֲ ҹ ȁ ȁ ᵣ ȁER ץ ᵣⱳ

ҹῒҬ 42-44Ȃ ╠ ԍ ֲ̆ ױ ҹ / Ҭ ᴋ

ᵥ ץ Ḥ ᴰ ᴋᵥ ᴴ ᴪ ᵞ ᶭ

42Ȃ 



1    

11 

 

ץ ֲ̆ Һױ └ ̔

↓ ̂Ḇ № ȁ̃ ̂ ⱴ ≠

ȁ̃ └╕̂ └ ̃ ԋ ̂ ⱴ

̃ 45,46Ȃ Ҭ̆2 95%̆ ῒ

Һ Ḇ ɓ- № ץ ⱴ

̆p ֓ ҳ ◐ᵬ ᶭ Ȃ ↓ Ḇ №

ᵬ Ҍᶭ ᵞ̆ ᶏ ᴪ ɓ- ₮ ễף ȁ

̆ ȁ ȁ Ҍ ȁ ⱳ Ȃ └

, ᵞ , ⱴ ≠ ׆ , ̆

ᵖῒҌ ᵞ ῤ ̆ ᴪ ֟ Ӳ ̆ Ӳ Ҭ ̆ғ ȁ

ⱳ Ȃ ԋ Һ ↓ ↓ ῒ̆ҹ

ᵣ ᵣɔ̂ PPAR-ɔ̃ ץ ,╕ꜚ ̆ᵖᶏ

ⱴ̆ғ ֟ ̆ᵣ ⱴץ Ȃ 

̆ Ҍ ῒ̆

‗ ῒΐ ȁ ף ȁҌ Ҭ ȁ◐ᵬ ᵞ ᴧ ᴨ ̆ ῏

ҹ Ȃ ȁ ̆

̆ ȁ ȁ ῃ ȁ ⱳ ᴨ

⌠ԅᾟ№ Ȃ ╠ ̆ -1̂ GLP-1 ȁ̃

ץ GLP-1 ᵣ ꜚ╕ ≠ └╕҉ 47,48Ȃ

֓ ⌠ҳ ̆p ԍᵣῤ ᶏ

ᴇ ғ ̆ ̆ ԅ

Ȃ 

1.3.2  NAFLD ғ  

╠ҕ ῤ Һ Ȃ ֲ̆ ױ ₮ñ

₯̂two-hit̃ò NAFLD/NASH Ȃ ѿ ҹ̆

ѿ ₯ҹ ῒ̆ז ԋ ₯ NAFLD

ȂҌ ̆ ҩ ҹ Ȃ ῀̆
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№ ꜛԍNAFLD ̆ ױֲ ҌῬ NASH NAFLD

Ȃ ̆ Ҍ Ҭ̆ ꜚ Ҍ ῃ ̆ NAFLD

└ ױ ҳ ΐ 49Ȃ ̆῏ԍ NAFLD

ᶭ Ҍ ̔ ∆ ף ȁ ⱬ

₮ ԅ ׆̆ ῤ Ȃ ֓ ֙̆

Ҍ ̆ 50-52Ȃ ̆

Ҭ ԍ NAFLD ῏ Ȃ 

̂Free fatty acid, FFÃ NAFLD └ Ȃ

Ҭ ҈ № FFA ⌠ Ȃ Ҭ FFA

ѿҩҺ ׆ ̆ ᵩ ̆ ῒ

̆ ҹ Ȃ Ҭ ң Һ ף ᵣɓ

҈ Ȃ ҈ VLDL ῀ Ữ

ҬȂ ɓ ҈ ̆ ᴪḆ

׆̆ ῤ ȁ ᵣ Ȃ ֓ ԅ NASH

₮ ̆ ᴴȁ ȁ 53,54Ȃ

̆ ᵣ ף ̆ ꜛԍ NAFLD

Ȃ 
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1.2  NAFLD/NASH ҍ ӊ  

Figure 1.2  Association between pathogenesis of NAFLD/NASH and liver fat39 

ԍ ╠ ҳ ‰̆ⱴ҉ῃ

T2DM ⱴ̆NAFLD Һ Ȃ ׃

NAFLD ӊ╠̆ ׃ Ҋ ╠ NAFLD

ᵬ Ȃ ↓ ̆ᵬҹ ѿ ̆ῒ ҹ PPAR-ɔ̆ └

̆Ḇ ֟ ׆̆ Ȃ

ῒ T2DM ץ T2DM Ҭ ⁞ NAFLD

ץ Ȃᵖԋ ҹ ⱴ ̆ NAFLD

Ȃ ╠̆ ҳ ᴨ ᴪ Ṥ

(NASH) Ҭ ᶏ ↓ Ȃ ↓ ᵬ

ҹ ԋ ̆ΐ ◐ᵬ ̆ ᵣ ⱴ ̆ῒ

ᵌ ↓ Ӟ ◐ᵬ ₮ ҉ץ̆ ԅ ↓ ҳ

ᶏ 55Ȃ 
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NAFLD ╠ ̆ └ῒ ҳ ҉ ӎ

ȁ Ἕ ץ ̆ꜚ Ҍ ῃ ֲ ץ

ӎ ף ̆ Һ NAFLD └ ױֲ̆

ף └ԅ Ҍ ׆̆ Ҥ └ ԅ NAFLD Ȃ ╠

NAFLD/NASH Һ └ ȁ ȁ └ Ḥ

ȁ ᴴ׆ ⁞ ̆ └

ῒѿ ҩ ⌠ NAFLD/NASH Ȃ NAFLD ҍ

Һ  ̔ PPAR-ɔҹ ף Elafibranor ῀ҳ III ̆

ץ FXR ᵣҹ ꜚ╕ OCA ῀ҳ III Ȃ NASH

Һ ̔›֙Ḥ ף╕└ ̂SEL̃ ȁӘ A

└╕̂FIR ȁ̃ X ᵣ ꜚ╕̂CILÕץ ҉ץ ңң Ȃ 

 

1.3  NAFLD Ӏ  

Figure 1.3 The main target of NAFLD drug development39 

1.4  

ȁT2DM NAFLD ῏ ⌠ ̆ᵖῒҬ ᵬ └
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̆ № ȁ └ׅҌ ֟ Ȃᶛ ̆ ẫ ȁ

̂FFA ȁ̃ Ҍ ȁ ȁ ҍ ȁ

RNAs ҹ̆ ñ -T2DM-NAFLDòʟԅ ̆

Ӟ ԅ -T2DM-NAFLD ӊ ℗ Ȃ Nature56

Nature Medicine57 ҉ ₮̔ - ף ῏

ԍ ⌠ └ҍ ף - ף ῍ ῏ Ȃ 

ѿ̆ҩ Ҍ ӊ

ѿҩ ῒ̆ Ҍ Ȃ ᵣ

ⱳ ↕̆ ⱳ Ḡ ץ Ḡ ⱳ Ȃɒ ĞPCRs

G Ḥ ₮ ץ ⌠ 12ַ ╠̆ ȁ ꜚ ѿ׆

ҩ῍ ᾢ , ԅ Ḥ

58Ȃ ױ ԍ҉ץ ̆ ҍ ȁ ף ῏ ̆≠

Ḥ ̆ ‰ ̔ ᵣҹ GPCRs̕ ҹ

ΐ̕ Ḡ ᵝ Ҍ̕

ӊ ΐ ↓Ḡ ΐ̕ ⱳ ̕ɒ ᴆ ԋ

Ȃ ױ ₮ѿ ⱳ ̆ ԅῒᵬ ῒ

̆ ӊ ҹף ̆Metabolitin̂ MTL̃̆ ñmetaboliteò

ñmetaboleò̆ ñ ò̆ ҹ ץ̆ ף

̕ ñïinò Ҭ №̆ ȁ ȁ Ȃ 
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 2  ғ -ᵩῪ Metabolitin  

2.1 ғ  

2.1.1  

sp2/0 Ҭ ҉ Ҭ B̆alb/c

қ ꜚ Ҭ Ȃ ԍҬ ᾢ ꜚ

SPF ꜚ Ῑ̆ Ῑ 2̆2-26 ϊ#̆40%-70% 1̆2hr 

̆ ҍ Ȃ 

2.1.2 Ӏ ᴀ ғ  

Mini -PROTEAN® ̆ Biorad̆ ⱳ ת

̂CLARIOstar plate reader̆BMG Labtech, UK̃̆ ұ №  Triplêת

TOF 6600, AB SCIEX̃Ȃ 

2.1.3 ╛ғ  

Sephadex G-25M₀ ̆DTNB sigmă ̂KLH̃̆ 4-(N-

֒ ) -1- ֒ ̂SMCC̃ D̆SS̆ ᵞ ̂Low 

protein binding collection tubes̃tubes Thermŏ 10kD ȁ0.45 0.22ɛm 

PVDF milliporeȂ 

2.1.4  

2.1.4.1 ᾫ ᵩ┼  

2.1.4.1.1 ┼ Metabolitin ָ  

ҹ└ Metabolitin ῃ ᾥ ᵣȂ Metabolitin

ҍ ֒ KLH Ẽ └ ῃ Ȃ └ Metabolitin

ῃ ᾧ ̆ ҍ ᾥ ̆ ELISA

⌠ Ȃ 
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A. ֒ KLH Ẽ  

1) ѿ ֒ KLH ⱴ῀ 1 ml 20 mM ‖ ̂230 

mM NaCl̆ 2 mM EDTĂ 80 mM ̆pH 6.6̃̆ ֒

KLH ̆└ 5 mg/ml ̆ ᶏ ̕ 

2) 10ml Ẽ ‖ ̆└ ‖ ̂100 mM 

EDTĂ8.0 mM ̆pH 6.6̃̕ 

3) 4 mg 0.5 mlẼ ‖

Ҭ̆ 50ɛl ԍ Ẽ ̂ cys̃ ̆Ḡ

2-8 ϊC̕ 

4) ҍ ֒ KLH ῤ ̆ ̕ 

5) 2 2-8 х/ ̕ 

6) Ḡ 100 ɛlẼ ԍ Ẽ ̂ cys̃ Ȃ 

B. KLH Ẽ №  

1) ѿ PBS 1 L Ҭ̆ⱴ῀ 0.01% ̆ Ḡ ̕ 

2) Sephadex G-25M₀ ҉̕ 

3) Ҋ₀ ̆◄ ₀ ̆ ᵣ ₮̆ ῤ

ᵣ ̕ 

4) 30 ml PBS ₀ ̆ Ҍ ᶏ ₀ ҉Ҋ ̆

Ḡ 2-8 ϊC̕ 

5) ₀ ⱴ῀ ᵣ̆ Ҋ ₮ ᵣ̕ 

6) ᵣ 10 ml PBS ̆ ₮ ̆ ѿ 0. 5ml-1.0 ml̆

280 nmҊ ᾣ ṿ̕ 

7) ̆-20 ϊ#‟ Ȃ 

C. ‰  

1) ѿ DTNB ‖ ԍ 10 ml Ҭ̕ 

2) 5 mg DTNB ╕ 5 ml DTNB ‖ Ҭ̕ 

3) 32 mg L- ѿ ԍ 1 ml Ҭ̆

0.4-0.04 mg/ml̕  
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4) Ҭⱴ῀ ‰ 50 ɛl̆ ⱴ῀ 50 ɛl

̕ 

5) ῤⱴ῀ 0.1 ml 0̆.75 ml pH 8.0 DTNB ‖ ̆ ⱴ῀ 0.1 

ml DTNB ╕ ̆ᶏ ᵣ ҹ 1 ml̆ ̕ 

6) 412 nm ᾣ ṿ̆└ᵬ ‰ ̆ ҈ Ȃ 

D. Ẽ  

1) 50 ɛl ̂ cys̃ ⱴ῀ 0.1ml Ҭ̕ 

2) Ҋ↓ 50 ɛl ⱴ῀ Ҭ̔DTNB ‖ ̂ ȁ̃

̂ cys̆ KLH ȁ̃ -KLĤ cys̆ KLH ȁ̃

̂ cys̆ BSA ȁ̃ -BSÂ cys̆ BSA ̃̕  

3) ῤⱴ῀ 0.1 ml 0̆.75 ml pH 8.0 DTNB ‖ ̆

ⱴ῀ 0.1 ml DTNB ╕ ̆ ᵣ ҹ 1 ml̆ ̕ 

4) 412 nm ᾣ ṿ̆ ᾣ ṿ ԍ 1.4̆ ̕ 

5) Ὲ  % =( cys- cys)/ cysΤ100Ȃ 

2.1.4.1.2 Metabolitin ᾫ ᵩ ┼  

A. ꜚ ᾧ  

1) ᶛ 1Ҭ└ Metabolitin-KLH ᾧ ԍ BALB/c 

ᾧ ̆  60 ɛg / ̆ Ҋ∆ ᾧ 4  SPF Balb/c 

̆  ҹ̔1ȁ2ȁ3ȁ4̕ 

2) Ҋ ѿ ⱴ ᾧ ̆ᾧ ҹ 30 ɛg / ̕ 

3) Ҋ ԋ ⱴ ᾧ ̆ᾧ ҹ 30 ɛg / ̕ 

4) Ҋ ҈ ⱴ ᾧ ̆ᾧ ҹ 30 ɛg / ̕ 

5) Ҋ ⱴ ᾧ ̆ᾧ ҹ 30 ɛg / ̕ 

6) ̆ᶏ ELISA ᴇȂ NH2-BSĂ2 ɛg/ml̆4°C

̕2% ̆37°C 2 h̕ ׆ 200Ṑ 2Ṑ

̆ ̂blank̃ ҹ PBS̆ ̂negativẽ ҹ 200

Ṑ ̕ 
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7) ᴇ ‖₯#4 Ạ ̕ 

8) ᾧ 50 ɛğ ‖₯#4 Ȃ 

B.  

1) sp2/0 ׆ Ῑ ҉ Ҋ ̆ ῀⌠ 50ml

Ҭ̕ 

2) CO2 ̆ ̆ ῀ 75˿ Ҭ 5 

min̕ 

3) Ҭṕ῀ IMDM̆ ῤ ῀ ҬȂ

◄₴ Ҋ ̆ ⌠ ҉Ȃ ῤ

ᾟ№ ̆ ῀⌠ sp2/0 Ҭ̆ 1500 

rad/min̆ 5 min̕  

4) ◄₴ Ҋ ̆ Ȃ ῀ 15ml

Ҭ̆Ῥⱴ῀ 1ml HAT Ῑ ᾟ╕̆ Ҭ Ȃ 

5) ṕ̆ ҉ ̆ IMDM ̆

̂1500 rad/min̆ 5miñ ̕ 

6) ҉ ṕ Ȃ ᾟ№ ̆

῀ 37 ϊ# Ҭ̆ 1№ ῤ ⱴ῀ 1 ml PEĞ ⱴ ̆

Ҭ 1 minȂ 2 minῤ ⱴ῀ 2 ml IMDM̆ 2 min 

ῤ ⱴ῀ 8 ml IMDMȂ 1000 rad/min̆ 5 min̕  

7) ṕ ҉ ̆ⱴ῀ 10 ml ̆ ̆ṕ῀╠ ‰

ȂῬⱴ῀ 25 ml ᵣ Ῑ ̆ᾟ№ Ȃ

ṕ῀ 30ҩ Ῑ ҬȂ Ῑ ῀  Ҭ̆ ῀ Ҭ

ῙȂ 

C. ᾥ  

10 ×93 ҩ ᾥ ̆ Ῑԍ 96 Ῑ ̂Ԋᾢ

̆100 ɛl/Ȃ̃ 

D. ᾥ  

1) ñNH2-BSAò̆ ҹ2 ɛg/ml̆100 ɛl/̆4 ϊ#̆ ̕
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3 ̕ 

2) 2% ̆200 ɛl/̆37 ϊ# ̆2 h̕ 3

̕ 

3) ⱴ῀ѿ ̂ Ῑ҉ ȁ̃ ̂SP2/0 Ῑ҉ ȁ̃ ̂PBS̃ ȁ

̂ PBS 200Ṑ ̃̆ ҹ100 ɛl/3̆7 ϊ# 1̆ h̕

3 ̕ 

4) ⱴ῀ PBS 20000Ṑ ԋ ̆100 ɛl/̆37 ϊ# ̆1 h̕ ₮

3 ̕ 

5) ̆ 100 ɛl/̆ ҹ 5 min ̕ 

6) ⱴ῀50 ɛl ̕ 

7) ̂450̆ 630 nm̃ ᾣṿ̆ Ḡ Ȃ 

E. ᾥ ֒  

1)  100 mM PBŜ pH 7.4̃ ᵣ 0.5 ɛg/ml̆ ⱴ 0.1 ml̆  4 

ϊ#̆ ̕ 

2) PBS-T 2 ̆ ⱴ῀200 ɛl̆ 37 ϊ#  2 h̕ 

3) PBS-T 3 ̕ ⱴ῀100 ɛl֜ ҉ ̆37 ϊ#  1 h̕ 

4) PBS-T 3 ̕  1 1̔000(ə̆ɚ) 1 2̔000(ῒ )  HRP 

ᵣ 0.1 ml ̆№≢ⱴ῀ Ҭ̆37 ϊ# 1 h̕  

5) PBS-T 3 ̕ ⱴ50 ɛl ̆10-20 minῤԍ ̂450̆

630 nm̃ ᾣṿ̆ Ḡ Ȃ 

2.1.4.1.3 Metabolitin ᾫ ᵩ ᴍ ððELISA  

1) ̔ Metabolitin 2 ɛg/ml̆ⱴ῀ 96 ̆

100 ɛl̆4 ϊ# ῤ ̕ 

2) ̔ 0.05% -20 PBS ‖ ̆200 ɛl/̆

3 ̆5 min/ ̕ 

3) ̔ 1% BSA 96 2̆50 ɛl/3̆7 ϊ# ῤ 2 h̕  

4) ̔ ҉ ̕ 
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5) ѿ ̔ ᾮ ᾥ ᵣ 1 1̔000̆ 1 2̔000̆ 1 4̔000̆ 1 8̔000̆

1̔16000̆ 1̔32000 1̔64000 PBS ‖ ̆

̆100 ɛl/̆37 ϊ# ῤ 1 h̕  

6) ̔ ҉ ̕ 

7) ԋ ̔ HRP IgG ᵣ PBS ‖ 1̔5000

̆100 ɛl/̆37 ϊ# ῤ 1 h̕  

8) ̔ ҉ ̕ 

9) ⱴ ̔ TMB 100 ɛl/ⱴ῀ 96 3̆7 ϊ# ῤ ᾣ 20 min̕  

10) ̔ 2 M H2SO4 50 ɛl/ⱴ῀ 96 ̆ ת 450 

nm ᾣ ṿ̆OD /OD ̘2.1ҹ ᴇ∞ ‰Ȃ 

2.1.4.1.4 Metabolitin ᾫ ᵩ ⌡ ððWestern blot  

A. └ ̔ 

ⱴ῀ 0.1% BSA 0.9% NaCl

̆ ԋ ₮ ᶏ ̆ Ҭⱴ῀

‟ Ȃ 0.1% BSA 0.9% NaCl ̆

ԋ ddH2O‖ ‪̂3 ̃ Ȃ 

B. SDS-PAGE 

1) ‪ Ȃ └ № ⱴ῀ ̆

₮ ̆ⱴ῀ 1 ml ҉̆ᶏӊҍ ̆

№ԍ≠ץ ₀ Ȃ№ ̆ẁ₮ ̆

‖ ץ Ҙ ̆

ᵣȂ └ ̆ ῀№ ҉ ̆ ┴ ῀ ‪ ̆Ҍ

֟ ̆ ₀Ȃ 

2) ῃ ̆ⱴ῀ ‖ ̆ ₮ Ȃ └

҉ Ȃ ⱴ Ҭⱴ῀ 1Τ҉ ‖ Ȃץ

̆ Ҭ ҹ 80 V̆ ῀

№ 120 V̆ ⌠ ⌠ № ̆῏
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̆ Ҋ₀ Ȃ 

C. Western-blot 

1) ◄ ҍ₀ ѿ PVDF ̆

₀ ̆PVDF ᾢ 10 ̆ ‖ ̆

Ῥ ԍ Ҭ̕ 

ת (2 ̆ңᶷ ѿ ̆ ׆ ⌠

ᶭ ҹ -₀ -PVDF - ̆ ̆

῀ ̆ ̆ԍ— Ҭ 400 mA 1 h̕  

3) ԍ 5 % TBSTҬ 1 h̕  

4) ԍ Ṑ ѿ Ҭ 2-3 h̆ ԍ 4 ϊ# ̕ 

5) TBST ң ̕ 

6) ԍԋ Ҭ 1-2 h̆ ԍ 4 ϊ# ̕ 

7) TBST ң ̕ 

8) ҉ ᵩ №̆ ԍ ECL Ҭ 1 min ̆ ҉ №̆

ԍ₀ Ἕ̂תUniversal Hood IĬ BioRad̃ Ȃ 

2.1.4.2 ᾭ Metabolitin  

A. №  

20 ml ᵣ 30 min ̆1.2 × 104 g 10 

min̆ ҉ ᵣȂᶏ 10 kD ҉ ᵣῬ ̆

№ Ȃ 1.4 × 104 g 15min̆ Ҋ ᵣȂ 

B. ᵣẼ ̆└ ᾧ  

Protein A/G ᵣ ⱬҹ 1mg 550-850 ɛgᵣ̆

Ҭ ᵣ ҹ 2.2 mg/ml̆ ᶏ ҹ ᵣ̂60 ɛl̃̆ᶏῒ

Ȃ 

1) 50 ɛl̂0.5 mg̃ ⱴ῀ 1.5ml EP Ҭ̆ⱴ῀ 150 ɛl‖ ̆

̕ 

2) EP ῀ ⱬ Ҭ̆ ҉ ̕ 
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3) ⱴ῀ 1 ml ‖ ̆ ṕ ̆ ῀ ⱬ ̆ ҉ ̕ 

4) 30 ɛlrⱴ῀470 ɛl‖ ̆ ̕ 

5) ⱴ῀ Ҭ ̆ 1 h̕ 

6) ῀ ⱬ ̆ ҉ ̆ ⱴ῀500 ɛl‖ ң ̆ ‖ ̕ 

7) 2.5 mM DSS ̆18 ɛlⱴ῀32 ɛl‖ ̆ 1 h̆ ῀

ⱬ ̆ ҉ ̕ 

8) 50 ɛl‖ ң ̆ ‖ Ȃ 

C.  

1) ̆4 ̕ 

2) ῀ ⱬ Ҭ̆ ҉ ̆ ‖ ң ̕ 

3) ⱴ῀40 ɛl ̆5№ ̕ 

4) ⱴ῀20 ɛl Ῥ ̆5№ ̕ 

5) № ӊ╠ ‖ SDS-PAGEȂ 

2.1.4.3 MS/MS Msetabolitin ԓ Ҳ  

A.  

1) 1.0 mL Ә C18 SPE ̕ 

2) 0.5 mL 0.1% ҈ Ә ̂TFÃ ̆0.5mLῬ ѿ

̕ 

3) 0.2 mL 0.1-0.2% TFA ҉ ⌠ SPE ҉̆ SPEḠ  ̕  

4) 0.5 mL 0.1% TFA SPE ̆ Ḡ ̕ 

5) 0.2 mL 75̔ 25 ( 90̔ 10)Ҍ ᴋᵥ TFA Ә /

׆ SPE ҉ Ҋ ̕ 

6) ᶏ ̂ ᶏ ̆ⱴ Ҍ 30 ̃

10 ɛL̕ 

7) ⱴ῀ 190 ɛL 0.2%  0.01% TFA  5̔95 Ә / ̕  

8) ̆ — ҬȂ ԍ LCMS № Ȃ  

B. LC/MS/MS№  
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№ Ҭ Ҭ ´ ᵥ´

ꜛҊ ᶏ̆ ұ № ת̂ Triple TOF 6600̆  AB 

SCIEX̃ ׆ № ̆ ₮№ ҹ 771.88 ̆

ῒ proteinpilot ᴆ v.4.5̂ Ab-sciex̆  USÃ ̆

↓ ῤ̆ץ % 1 ҹ ⱳȂ 

2.2  

2.2.1  

ױ ↕̆ ׆ױ Ҭ ₮ԅ Ȃ

̂osteocalcin̆OCÑ Ӟ̆ ɔ ̂bone ɔ-carboxyglutamic acid 

containing protein̆ BGP̃ ̆ԍ 1975 № ̆№ ҹ 6kD

̆ Ҍ ̆ ↓ 46-50 Ȃῒ

№ ̆ Ҭ

59-61Ȃῒ ↓Ҭ ɔ ᵝ ̆ ҍ Ca2+ ԋᴇ ץ

̂Hydroxyapatitĕ HAp̃ ̆ ⱳ ץ ҹ

Ҭ Ȃ 

 



2   ҍ -ᵣῤ Metabolitin  

25 

 

 

2.1  Ҍ OCN ↓  

Figure. 2.1 Sequences alignment of OCN from different species  

MTL OC22№≢ MTL OC22 ↓Ȃ Ḡ ̆

ҹḠ ̆ ҌḠ Ȃɔ̆ ɔ- Ȃ 

MTL and OC22 indicated the mouse MTL or OC22 amino acid sequence, respectively. 

The red color indicates highly conserved residues, blue indicates less conserved ones, 

and the gray color indicates non conserved residues. ɾȟ ÇÁÍÍÁ-carboxyglutamic acid. 

↓ ̆ ױ OCNҬ ҈ Ḡ ̆ ѿ ҹ N 15

ҩ ̆ ̆ poly P ̆ ѿҩɔ- ᵝ ̆

OCNҬ ḱ ᵝ ̕ ԋ ҹҬ ̆22ҩ ̆ ңҩɔ-

ᵝ ̕ ѿ ҹ C ̆6-7ҩ Ȃ Ҭ ױ ԅ╠ң

ױ ⱳ Ȃ 
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2.2.2 MTL ᾫ ᵩ ᴍ  

Metabolitin ҍ ֒ KLH Ẽ └ ῃ ̆

└ Metabolitin-KLH Ҋ∆ ᾧ  4  SPF Balb/c ̆  

ҹ̔1ȁ2ȁ3ȁ4Ȃ 4 ᾧ ̆ ̆ ᴇȂ׆

Ҭ ױ 4 ᴇ ғ ҹ ῒז ṿӊ҉̆

ԍ ױ 4 Ạᾧ ‖₯̆ Ȃ 

2.1  

Ṑ  

200 400 800 1600 3200 6400 1280

0 

2560

0 

5120

0 

10240   

1  1.16

2 

1.13

9 

1.13

2 

0.88

9 

0.72

3 

0.57

7 

0.37

9 

0.26

4 

0.16

2 

0.119 0.03

6 

0.03

4 
2  1.25

3 

1.22

6 

1.18

6 

0.99

9 

0.81

3 

0.61

2 

0.40

9 

0.32

6 

0.19 0.116 0.03

7 

0.04

2 3  1.09

6 

1.25

3 

1.16

4 

1.07

5 

0.83

3 

0.59

3 

0.50

6 

0.34

7 

0.18

3 

0.139 0.03

3 

0.03

7 4  1.24 1.32

7 

1.18

9 

0.99

4 

0.92 0.63

4 

0.42

5 

0.30

6 

0.15

3 

0.111 0.02

8 

0.03

3 SP2/0ҍ ̆ ṕ῀ 30ҩ Ῑ Ҭ̆

10 ×93 ҩ ᾥ ̆ NH2-BSA ̆ ELISA

ױז ҉ ᾧ ץ ᾥ ̆ ₮ 17 

֒ ̆ ⌠ 12  IgG ֜ Ȃ 

2.2 ELISA  

 ᾧ  OD ṿ ֒  

8 0.427 G1 

12 0.372 G1 

13 0.384 G1 

21 0.566 G2a 

23 0.545 G2b 

24 0.588 G2b 

25 0.376 G1 

27 0.464 G2a 

28 0.319 G1 

31 0.328 G1 

32 0.388 G1 

35 0.634 G2a 

 0.036 

 

 0.027 

 

 0.594 
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̆ ԍ ᶏױ NH2-BSAҹᾧ ̆ ױ ᶏ western 

blot ҉ ≢ MTL Ȃ ԍ MTL № ֽ̆ҹ

1.5 kD̆ Hermann Schägger ᵬ 62̆ ᶏױ ԅ № Tricine-SDS₀

12 ҉ MTL Ȃ׆ Ҭ̆ ױ 21 2̆3 ̆

24 ̆27 ̆32 35 ҉ ΐ MTL ᾥ ᵣ̂ 2.2̃ Ȃ 

 

2.2  № ᾧ MTL ᾥ ᵣ  

Figure 2.2 Test the MTL monoclonal antibody specificity by small molecular Tricine-SDS 

western blot 

̆ҹԅ western blotҬ ₮ Ẋ ≢̆ ױ ₮

21 ᵣ̆ҹ western blot ѿ ̆ ᶏ Ҍ MTL ῒ

ᾧ ̆ ⱴ῀ OCN ᵣ-OCN ץ MTL ᵣ-OCN ᵬҹ

Ȃ׆ 2.3Ҭ̆ ױ ץ ₮ MTL ⁞ ̆ Ӟ ̆

7 ng MTLׅ western blot ≢̆ ץ ҹ 21 ҉ ΐ

≢MTL ⱬȂ ̆OCN Ӟ₮ ԅ ̆ MTL ᾥ ᵣ

≢ OCNȂ 
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