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Rule-to-Build-By: 
“To conduct multiple activities simultaneously, assign different functions to each space.” (Morris 
& Staudinger, 2012) 
 
What: 
Golgi apparatus is a membrane-structured organelle that concentrates the activity in specific 
compartments. Taichung Metropolitan Opera House in Taichung, Taiwan holds events where 
groups of people have similar activities similar to compartments in the Golgi apparatus. 
 
How: 
Golgi apparatus (GA) is the component of endomembrane system and exists in the cytoplasm. 
GA performs three major functions essential for growth, homeostasis and division of eukaryotic 
cells(Cooper, 2000).  Firstly, it processes and modifies proteins and lipids with carbohydrates 
while moving through the secretory pathway. Secondly, it works as a station for protein sorting 
and delivering it to the plasma membrane or other intracellular sites(Cooper, 2000). Finally, it 
acts as a membrane scaffold onto which signaling, sorting and cytoskeleton proteins attach. In 
particular, GA gets involved in the synthesis of polysaccharides in plant cells. Morphologically, 
GA is composed of stacks of membrane-bounded structures called cisternae and associated 
vesicles (Figure 1) (Cooper, 2000).  
 
GA has its distinct polarity in both structure and function. The Golgi apparatus cisterna is one of 
the basic components of GA and varies in number, shape, and organization in different cell types 
(Guo et al., 2008). Since processing and sorting events take place sequentially in various regions 
of the GA, it could be concluded that the Golgi consists of multiple different compartments. The 
typical diagram of three major cisternae (cis, medial, and trans) is actually a simplification. In 
general, GA is most commonly viewed as consisting of four functionally distinct regions: the cis 
Golgi network (CGN), the medial Golgi stack (MGS), the trans Golgi stack (TGS) and the trans 
Golgi network (TGN) (Guo et al., 2008). These networks have a more variable structure, 
including some cisterna-like regions and some vesicles. Each cisterna or region of the GA 
contains different protein modification enzymes, which undergo glycosylation, sulfation or 
phosphorylation. In order to generate and maintain the identity and structural integrity of these 
compartments, cross-linking proteins called Golgi Reassembly And Stacking Proteins (GRASP) 
are needed in Golgi stacking and ribbon formation(Martin, 2011). During GA assembly, newly 
forming cisternae at the cis layer of the GA are vertically tethered via long-range golgin-
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mediated attachment. This allows GRASP65 on both compartments to interact, resulting in 
cross-linking and stacking of the cisternae. Then, GRASP55 are responsible for cross-linking 
later cisternae in the stack of other layers. Latter Golgi stacks are connected to form Golgi 
ribbon. Here, cisternae are connected via golgins, leading to the trans-oligomerization of 
GRASP65 and GRASP55 at the rims of the cis and medial cisterna. This leads to membrane 
fusion between the cisternae and Golgi ribbon formation (Martin, 2011). 
 
The mechanism of cargo movement inside GA is undetermined. The Vesicular Transport Model 
(Figure 2) is one of the theories trying to explain the mechanism inside GA and can be explained 
by the processing of proteins. Firstly, proteins from the ER are transported to the ER-Golgi 
intermediate compartment. Then, they enter at its convex cis face, which is usually oriented 
toward the ER. Later, they get into the medial and trans compartments of the Golgi stack. Most 
metabolic activities of the Golgi apparatus take place in this compartment. Cargo proteins are 
modified by resident enzymes in local compartments, which may direct their destination of 
protein transportation. After that, the modified proteins move to the trans Golgi network that is 
the sorting and distribution center. At this point, cargo proteins exit from its concave trans face 
(exit face) and are directed to lysosomes, the plasma membrane, or the cell exterior via budding 
and molecular traffic (Connerly, 2000). 
 
The Taichung Metropolitan Opera House is located in the 7th Metropolitan area of Taichung, 
Taiwan (Hachethal, 2011). The theater is high 37.7 meters high and contains 2 underground 
levels and 6 floors above ground. The whole building is composed of caves and holes, which is 
analogous to the concepts of the primitive state of human life. The design of the open structure is 
created in such a way that its inside and outside are one continuous surface, in a similar manner 
to how bodies are connected to nature (outside) via orifices such as the mouth, nose and ears 
(Hachethal, 2011). The interior designed with a large theater (2014 guests), medium theater (800 
guests), and experimental stage (200 guests). Not only the main building but also the 
surroundings are designed to correspond with Sound Cave Curved Walls. Before entering one of 
the three theatres, the Sound Cave is perceived as a fascinating and flexible "acoustic space". 
This structure, by clustering activities of one kind into shared spaces, creates opportunities for 
various encounters between artists and visitors, stage and auditorium, interior and exterior. 
Moreover, the inner space of this house is divided by the walls and each compartment has its 
own function. In this case, the efficiency of each room is optimized (Hachethal, 2011).  
 
Why 
As mentioned above, Golgi enzymes are present in stacked compartments or cisternae. 
Compartmentalization of the GA promotes substrate sequential exposure with optimum enzyme 
levels, and creates distinct reaction environments. In this case, it ensures optimal conditions for 
biosynthetic processes. Despite the high flux of membrane, the busy traffic of protein and the 
accurate transfer of specific components between cisternae, Golgi compartmentalization is 
maintained (Alberts et al., 2010). Moreover, it is interesting to note that certain species lacking 
Golgi stacks have fewer glycosylases than relatives with a stacked Golgi, suggesting that a 
correlation between stacking and the extent of glycosylation may exist. Thus, stacking should 
improve efficiency of cargo sorting(Alberts et al., 2010). Another potential advantage of Golgi 
stacking is improved efficiency of trafficking between cisternae, which may be more obvious in 
larger cells. By holding cisternae together with cross-linking protein, there is short physical 
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distance for intra-Golgi vesicles to travel. Moreover, continual attachment to the matrix structure 
contributes to ensure efficient capture by preventing loss into the surrounding cytoplasm(Alberts 
et al., 2010). Additionally, stacking could offer a clue to regulate flux through the secretory 
pathway. It has been suggested that the loss of stacking can stimulate the rate of intra-Golgi 
vesicle formation, at least in vitro. By linking cisternae together, stacking helps to limit the 
membrane area available for incorporation into transport vesicles (Alberts et al., 2010). 
 
The Taichung Metropolitan Opera House is a fluid like and partially open building. Sound Cave 
structure provides a flexible acoustic space which works as a integrated network both 
horizontally and vertically and which connects the main areas: the ground-floor Arts Plaza, 
workshops, foyers, restaurants and terrace café with its adjoining roof garden, as well as the three 
theaters. In fact, it is intentionally labyrinthine. So that similar to cargos transported in GA, 
visitors who can go in through one of three entrances will walk around and beneath the arches. In 
this case, this plan helps to reduce the inner traffic of the visitors. Moreover, each room in the 
theater is assigned with specific function so that visitors can enjoy themselves without interfering 
with others (Turnbull, 2012).  
 
Figures: 
 

 
Figure 1: Golgi apparatus. Proteins and lipids from the ER enter the Golgi apparatus at 
its cis face (entry face) and exit at its trans face (exit face) (Figure from Cooper, 2000). 
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Figure 2: The vesicular transport model. Each cisterna remains stable with unchanging enzymes 
while proteins move forward through the stacks via vesicles that move content from cis face to 
trans face (Figure from Connerly, 2000). 
 
 

 
Figure 3: The inner compartments of Taichung Metropolitan Opera House. Each space is 
assigned with specific function (Figure from Turnbull, 2011).  
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Figure 4: A full-scale structural model of Taichung Metropolitan Opera House. This model 
simply demonstrates the integrity of the surfaces of the building. (Figure from Hachethal, 2011).  
 
References:  
Figure 1: 
Cooper GM. Figure 9.23 from The Cell: A Molecular Approach. 2nd edition. Sunderland (MA): 
Sinauer Associates; 2000. The Golgi Apparatus. Available from: 
http://www.ncbi.nlm.nih.gov/books/NBK9838/ on April 19, 2016 
 
Figure 2: 
Connerly, P. L. Figure 2b from How Do Proteins Move Through the Golgi Apparatus? 
Nature;2000. Available from  http://www.nature.com/scitable/topicpage/how-do-proteins-move-
through-the-golgi-14397318 on April 19, 2016 
 
Figure 3: 
Turnbull, J. Toyo Ito: Forces of nature. New York: Princeton University School of 
Architectural/Princeton Architectural Press. 2012.  
 
Figure 4:  
Hachethal, A. Toyo ito: Taichung metropolitan opera. 2010, March 23; Designboom; 
http://www.designboom.com/architecture/toyo-ito-taichung-metropolitan-opera/ on April 19, 
2016 
 
Work cited:  
Alberts B, Johnson A, Lewis J, et al. (2010) Molecular Biology of the Cell. 4th edition. New 
York: Garland Science;. Transport from the ER through the Golgi Apparatus. Available from: 
http://www.ncbi.nlm.nih.gov/books/NBK26941/ 
 
 



 6 

Connerly, P. L. (2000). How Do Proteins Move Through the Golgi Apparatus? Nature. Avaiable 
from  http://www.nature.com/scitable/topicpage/how-do-proteins-move-through-the-golgi-
14397318 on April 19, 2016 
 
Cooper GM. (2000)The Cell: A Molecular Approach. 2nd edition. Sunderland (MA): Sinauer 
Associates. The Golgi Apparatus. Available from: 
http://www.ncbi.nlm.nih.gov/books/NBK9838/ on April 19, 2016 
 
Guo, Y., Punj, V., Sengupta, D., & Linstedt, A. D. (2008) Coat-Tether Interaction in Golgi 
Organization. Molecular Biology of the Cell, 19(7), 2830–2843. Available from: 
http://doi.org/10.1091/mbc.E07-12-1236 
 
Hachethal, A. (2010, March 23). Toyo ito: Taichung metropolitan opera. Designboom. Available 
from: http://www.designboom.com/architecture/toyo-ito-taichung-metropolitan-opera/ on April 
19, 2016 
 
Martin L. (2011, February) Structural organization of the Golgi apparatus, Current Opinion in 
Cell Biology, Volume 23, Issue 1, Pages 85-93, ISSN 0955-0674, Available from: 
http://dx.doi.org/10.1016/j.ceb.2010.10.004. 
 
Morris R, Lane E. 2012. Rule to Build By #2. Living Architecture. Accessed online at 
http://acunix.wheatonma.edu/rmorris/la/la_rtbb2.html on 2 December 2012. Personal 
correspondence. 
 
Turnbull, J. (2012). Toyo Ito: Forces of nature. New York: Princeton University School of 
Architectural/Princeton Architectural Press. 
 
 
 
 


