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新機制哲學為生物學發現提供許多重要的指引策略，其中一個是機制模

組組裝，在此架構下，機制模組是研究的起點。本文選取著名的睡衣實驗為

研究案例，論證生物學家在未使用特定模組的情況下，會先操作探索型實驗，

將實驗現象之規律性表徵為資料模組，再由資料模組發展為資料模型，進而

轉化為新穎的機制模型來表徵現象的起因機制。如此一來，機制模組不再是

研究起點，而是研究成果。透過案例研究，不僅揭示探索實驗所得之資料模

組如何被建構為新機制模型，並且顯示新機制哲學未詳釋從實驗探索新模組

的發現策略。 
 

關鍵詞：實驗探索、模組組裝、資料模組、睡衣實驗、乳糖操控組 
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 (material manipulation)

 (data mining) 

(confirmatory)  (Boem & Ratti, 2017/2020: 147)  

(exploratory)  (Boem & Ratti, 

2017/2020: 147)  

 (R. Burian) 

 (Burian, 1997, 2007; Franklin, 2005; Waters, 2007; 

Elliott, 2007; O’Mally, 2007)
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 (L. Darden)  (C. Craver) 

 (Craver & Darden, 2001, 2013; Darden, 2006; 

Darden & Craver, 2002)

 

(Darden, 1991)

(invoke a theory type) 2012: 558

 (selection type theories) 

 (Darden & Cain, 1989)

 

(Weber, 2005: 85)

 (Waters, 2008)

 

──  (the PaJaMa experiment) 

──
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 (Yeh & Chen, 2017) 

 

 

 (PaJaMo experiment)  

(A. Pardee)  (F. Jacob)  (J. Monod) 

 (M. 

Morange) 1940

(Morange, 2000: 159) 

 (K. 

Schaffner)  (M. Weber)
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(diauxic growth) 

1  

 

1 

 

1940

 (Karström, 1938)

酶 (enzymatic adaptation) 
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酶

酶 酶 (constitutive enzymes)

酶

酶 (adaptive 

enzymes) β- 苷酶 β- 苷酶

 

酶 (positive enzymatic 

adaptation) 酶 (negative enzymatic adaptaion) 酶

酶 酶 酶

酶 酶 酶

(enzyme induction) 酶 1950

(template) 

酶

酶  

 (M. Cohn) 

(the generalized induction theory)

酶 酶 酶

酶



 153 

 

(endogenous 

inducer) 酶 酶

酶

酶 酶  

酶

酶

酶 酶

 (Monod, 1958: 584)

 (H. Vogel)

(  “ inhibition” or “depression” effect)

 

酶 i

[induce] y 酶 z

β- 苷酶

酶

 

 

酶

酶

酶

酶 酶
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i

 

i

i+ 酶

酶 i

酶 酶 i

酶 酶

i

酶 酶 酶

i i-

酶 酶

酶 酶

酶 酶 z z z+

β- 苷酶 z z-

β- 苷酶 y y

y+ 苷 酶

y y- (Pardee, Jacob, & Monod, 1959: 

165)  

i+ z+

i+z+ β- 苷酶

i+

酶 β- 苷酶

i+z+ → i

z i- z

β- 苷酶 i-z+ → 
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i z i z z

β- 苷酶

β- 苷酶 i-z- → i+z- → 

 

(1) i+z+ →  

(2) i-z+ →  

(3) i-z-  →  

(4) i+z- →  

i+ i-

 (E1) i+ z+

i- z-  

E1: i+z+ / i-z-  

i+ z-

β- 苷酶 β- 苷酶  (4) 

β- 苷酶

z+ i-

 (2) i+

i- i-  

i- z- i+ z+

 

E2: i-z- / i+z+  

E1 i-
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i+

β- 苷酶 β- 苷酶

E1 E2

i+ E2

β- 苷酶 i+

 (Pardee et al., 1959: 172-174)  

i+ i- E1

i+ z+ i- z-

E1

 

E3: i+z+ / i-z-  

i+z+ i-z-

β- 苷酶

2  

 

2 
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z+ i-

酶 i- z

β- 苷酶

 (2) i+

酶 i+

β- 苷酶

i-z+ → i+

i+z+ → 

酶

β- 苷酶 2  

E3 i+ i-

 (Pardee et al., 1959: 174-175)

E1~E3

 

酶

 (L. 

Szilard)

 

 (the repressor model) 酶
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i z y

β- 苷酶

z y β- 苷酶 酶

 

(the inducer model) 酶

i

酶 酶 i

酶

酶  

i 酶

酶

 (Monod & Cohen-Bazire, 1953)

酶

Jacob & Monod, 1961: 324

1

β- 苷酶 3

3

(Jacob & Monod, 1961: 328) 
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3 

 

z β- 苷酶

i i+ i-

i+ 酶 i-

酶 i+ 酶

β- 苷酶

i-

β- 苷酶 z+ i-

i- 酶

i+

i+ i- i+ i+

酶

β-

苷酶 β-

苷酶 z+
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i- i-

β- 苷酶

i+ i+ i- i+ 酶

β- 苷酶  

 (Pardee et al., 1959: 176-177)  

酶

z

β- 苷酶 z

z z β- 苷酶

酶

E3 β- 苷酶

 

-32 z

 (structural gene) β- 苷酶

RNA

i

z  
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i, y, z i+, z+, y+ i-, z-, y-

i

z y

酶 (one-gene one enzyme) i

(regulator gene) z y z y

(structural gene) 酶 β-

苷酶

 

 

z β- 苷酶

β- 苷酶  

operator

o o+

o-

(operator gene) (Jacob & Monod, 1961: 

342)

 



162  (12, 2023) 

 

 

1  

β- 苷酶 4  

2

β- 苷酶

4  

1 2

1 2

酶

(operon) (Jacob 

& Monod, 1961: 345)  
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4   

 

RNA 

1 2

2

 (RNA) RNA RNA

RNA

 (Jacob & Monod, 1961: 346)

酶

酶 β- 苷酶

E3

酶  (Jacob & Monod, 1961: 

346)  
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1

z+ z- β-

苷酶

酶 z+

 

1  (structural messenger)  

2

 

2

-32

 (Riley, Pardee, Jacob, & Monod, 1960)

2

 (Jacob & Monod, 1961: 

348)  

苷

DNA RNA

RNA messenger RNA “M-RNA”

mRNA  

 

E3
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1959

(ad hoc)  (arbitrary) 

(double bluff) 

 (genetic rules)

酶 (Pardee 

et al., 1959: 176) 

 (simpler)

酶

酶

酶  (Pardee et 

al., 1959: 176)

β- 苷酶
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1961  

就是由結構基因、調控基因、操縱基因、操縱組、和抑制子所組

成的模型。結構基因決定蛋白質的分子結構，透過結構訊息者轉

錄基因訊息合成蛋白質。…由 DNA 片段上的一個特定點啟動，

是操縱子。這些基因組成「操縱組」。操縱子傾向和特定 RNA

結合阻礙轉錄，也就是阻礙結構基因。抑制子由調控基因合成，

抑制子在誘導系統傾向與某個特定的小分子結合，如此操縱組可

以活化運作。抑制子在抑制系統傾向與操縱子結合，導致操縱組

抑制無法運作。結構訊息者是不穩定分子，會在訊息傳遞時被摧

毀。訊息者合成的速度影響蛋白質合成速度。(Jacob & Monod, 

1961: 352) 

RNA (M-RNA)

酶 酶
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RNA  

 

 

 (hypothetico-deductive) 

(unitary logic)

 (meta-theoretical) 
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 (inductive simplicity)  (biological unity) 

(Schaffner, 1974: 350)

 

酶

酶

1959 1961

(Weber, 2005: 62)  

 

DNA

 (nonformal patterns) 

 (cascade) 
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──

(Machamer, Darden, & Craver, 

2000: 3) ──  

(mechanism 

sketches or schemata)

 (instantiation) 

 (Darden & 

Craver, 2002; Darden, 2006)

(testing) 

Craver, 2022; Craver & Darden, 2001, 2013; 

2020, 2021; Darden & Craver, 2002

Craver, 2022; 2021  

酶 RNA 

(mRNA) 
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酶

(Craver & Darden, 2013: 140)  

 

 

 (I. Hacking) 
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 (R. Burian)  (L. Franklin)

 (M. O’Malley)  (K. Elliott) 

(exploratory 

experimentation) (Burian, 1997, 2007; Franklin, 2005; O’Mally, 2007)  

 (K. Waters) 

(theory-directed) (thoery-informed) 

(Franklin, 2005)

 (Waters, 2007: 276-277)
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 Elliott, 2007; 2021  

 

 

 

2022  
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酶

1959

E3 i

E3

2 Pardee et al., 1959

 

(Waters, 2004, 2008)

 

 (E3)
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3 Jacob & Monod, 1961

 (Chen, 2013)  

酶 Jacob & Monod, 1961: 324 1  

4 Jacob & Monod, 1961: 332

RNA 

(M-RNA)

 

i i 酶



 175 

 

RNA

酶

RNA

 

酶

 

 



176  (12, 2023) 

 

 

 

 (cobstruction of theories)  (discoveries of 

mechanisms)  (discoveries of phenoemenon) 

 (Yeh & Chen, 2017)

5

5 i

5

5

5  
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  (①)

 (②)

 (③)

 (④)
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2022
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Exploring a New Model in Biology:  
From the PaJaMa Experiment to the Lactose Operon 

Hsiao-Fan Yeh 

Abstract 

The new mechanical philosophy has been developing many important guiding 
strategies for biological discovery, one of which is modular subassembly. It explicates 
how biologists use a given and available mechanistic schemata from the background 
knowledge to design and evaluate  experimental data. Under this framework, the 
mechanistic module is the starting point of biological research, but what will 
biologists do if there is no available module at first? This paper presents a case study 
involving exploratory experimentation. This case study will show that traditional and 
new-mechanistic framework overly focuses on analyzing experiments as the tool 
serving a particular theory or mechanistic model. As a consequence, it pays less 
attention to the parts of exploration and experimental data used by biologists. By 
reconstructing their modeling process, I will present the exploratory character of the 
practice and argue that the biologists mostly use exploratory practice to push the 
modeling process. I carefully examine the process of biologists arranging, presenting 
and constructing new mechanism models, and explore the rationality of exploration 
and mechanism reasoning. This process is better because, on the one hand, it reveals 
that the data modules obtained from exploration experiments can be used as the 
composition of constructing new mechanism models; on the other hand, the 
complete new mechanism philosophy does not see the discovery strategies arising 
from experimental exploration.  

 
Keywords: experimental exploration, modular assembling, data modular, the 

PaJaMa experiment, the lactose operon 
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