[image: image4.jpg]MANCHESTER
o)

‘)',97“



                                                            Metabolik yolaklar – Öğretmen notları                            Sayfa | 1     

                    ----------------------------------------------------------------------------------------------------------------------

Metabolik yolaklar: Pigmentasyonun biyolojisi ve kimyasının araştırılması 

1. Giriş
Kaynak, GCSE’deki en iyi öğrencilere meydan okumak (challenge) için kullanılabilecek bazı kavramlarla birlikte, A düzeyindeki öğrencileri (İngiltere sistemi; 16-18 yaş) hedeflemektedir. Örnek olarak pigment üretimini kullanan kaynak; enzim işlevi ve enzimatik/metabolik yollar, gen işlevi, verilerin veya sonuçların yorumlanması ve evrimin temel kavramlarını kapsar. 

1.1. Derse genel bakış
Kaynak, insan deri rengi olgusu, koyu ve açık deri renginin avantajları ve dezavantajları ile başlar, bu da neden Dünya’ya farklı şekillerde dağıldıklarını açıklayabilir. By identifying melanin as the pigment responsible, the lesson raises the question of how such complex organic molecules can be produced, leading over to enzymes, and enzymatic/metabolic pathways. Bu yolların temel prensipleri açıklanmış, ve daha sonra, genetik ve biyokimyanın, metabolik yolakların aydınlatılmasında kombinasyon halinde nasıl kullanıldığını göstermek için bir örnek olarak Drosophila göz pigmentasyonu kullanılmıştır. Bunun için öğrencilere, göz renklerinde değişiklik gösteren ve ilgili mutasonlardan etkilenen enzimleri işleyen normal ve mutant sineklerin kromatografi sonuçları verilir. Bu bilgi, insan deri pigmentasyonunun ilk (initial) sorusuyla ilişkilidir: (1) önce sinek gözü ve insan deri pigmentlerinin metabolik yolaklarını karşılaştırmak,  daha sonra (2) cilt tonunun, metabolik yolağın genetik değişikliklerinin sonucu nasıl değiştirilebileceğini anlamak ve, sonuç olarak, (3) how evolutionary selection processes can explain the different distribution of skin colour across the globe. This resource is accompanied by a worksheet for the chromatography analysis and a homework task recapitulating some areas of the lesson and beyond, but also helping students revise and consolidate knowledge from several areas.

1.2. Müfredatın ele alınan özellikleri (specification)
· Enzyme action 
· Genetik çeşitlilik ve adaptasyon
· Evrim ve doğal seçilim 

· Transkripsiyon ve translasyonun düzenlenmesi
· Bileşikleri tanımlama ve ayırma tekniği olarak kromatografi 
· Refer to the specifications document for curriculum points 

1.3. Öğrenme hedefleri 

· Biyokimyasal yolların madde üretimindeki rolünü anlamak
· Bir gen-bir enzim/polipeptid hipotezini hatırlamak
· Kağıt kromatografisinden elde edilen verileri analiz etmek 

· Fenotip ve genotip arasındaki bağlantıyı anlamak 

· Mutasyonların biyolojik süreçler ve organizmaların fenotipleri üzerindeki etkisini kavramak ve tahmin etmek 
· Meyve sineği Drosophila gibi model organizmaların insan biyolojisine kavramamızda bize nasıl yardımcı olduğunu anlamak 

· Mutasyon, varyasyon ve evrim fikirlerini birbirine bağlamak 

1.4. Gerekli kaynaklar
· Kromatografi aktivite kağıdı (renkli basılmış)
· Cetveller 
· Hesap makineleri 
· Göz rengi mutanları fotoğrafları(PowerPoint sunumunun bir bölümü) veya:
· Çiftler halinde çalışmak için mikroskoplar
· Dish mounted with fly specimens in the following order – brown245, white1118, sepia166 wildtype (all available from flystocks.bio.indiana.edu, or request from: Sanjai.Patel@manchester,ac.uk)
· Her öğenci için basılmış ödev kağıdı 
1.5. Risk değerlendirmesi
Bu ders için risk değerlendirmesi “MetabolicYolaklarRiskDeğerlendirmesi.pdf" belgesinde verilmiştir.  
2. Ders içeriği
More detailed explanations including all images and animations are available online and can be used for lesson preparation, revision and homework tasks:  droso4schools.wordpress.com/l4-enzymes.
2.1. Neden insanlarda farklı cilt tonları var? (5 dakika)

Bu bölümde cilt pigmentasyonu ve ciltteki pigmentlerin nedenleri tanıtılmaktadır. Öğrenciler, farklı cilt tonlarının coğrafi dağılımının güneş ışığına maruz kalmanın riskleri ve faydaları ile ilişkili olduğunu öğrenir. Öğrenciler cilt tonu pigmentasyonundan sorumlu melanin hakkında bilgi edinirler. Öğrenciler, aminoasit tirozinden türediği için melaninin bir protein olduğunu zannedebilirler, ancak  but should be reminded of the peptide bonds typical of proteins which clearly differ from the structure of melanin. Students should realise that such an organic molecule has to be the product of enzymatic function.

· For more information see sections 1 and 2 of the webpage [LINK].
2.2. Enzim fonksiyonu ve metabolik yolakları anlama (10 dakika) 

This section furthers the understanding of enzyme activity that students should know from their GCSE level contents, such as the "lock-and-key" model, the "one-gene-one-enzyme" hypothesis, "induced-fit" model, feedback inhibition and different forms of metabolic pathways. To extend on this, the online resource also explains the concept and classification of co-enzymes.
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The above concepts are explained via simple animations which are looped, so that they can be viewed repeatedly and explained in parallel. After this section, students are equipped to understand the principle ideas behind metabolic pathways that mediate, for example, the production of melanin. 

· Refer to Section 3 of the webpage for more information [LINK].
Pupils are next introduced to principle strategies that can be used to study metabolic pathways, in particular the principles of genetic analysis of enzymatic pathways. A first question also aims at reminding pupils of the use of chromatography (which should be known to them) to detect the presence or absence of chemical substances, but this will be discussed in greater detail later on.

· More details can be found in Fig, 7 in Section 4 of the web resource [LINK]
2.3. Bir biyokimyasal yolak örneği olarak Drosophila göz pigmentasyonu (10 dakika)

Before explaining the regulation of melanin in humans, the pigments in the Drosophila eye are used as an example for concrete metabolic pathways. These can be studied using mutations of the genes which encode transporter proteins or enzymes involved in pigment production, and these mutations cause changes in eye colour that can be easily seen and understood by pupils.
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Drosophila has compound eyes which are very different from human eyes, as is illustrated in the diagram provided in the resource. The diagram also highlights the pigment cells which contain the pigment granules where the pigments are produced and stored. Pigment cells surround ommatidia to make sure that the light that enters a particular lens is restricted to the photoreceptor cells of that same ommatidium. 
Drosophila eye colour is comprised of two pigment classes – Ommochromes (brown) and Pteridines (red). The metabolic pathways of both pigment classes require two major steps; (1) specific precursor substrates are imported into pigment granules via transporter proteins; (2) branched chains of enzymes produce several final pigments from that single precursor; this lesson will focus on the various Pteridine pigments (Biopterin, Drosopterin, Sepiapterin) which are all made from GTP as common precursor. As an example to illustrate how components of these pathways affect eye colour, the examples of the transporter protein components Brown and Scarlet are given: taking out the brown transporter gene eliminates GTP import and, in turn, removes the red colour component, so that eyes appear brown (and vice versa for scarlet which eliminates Tryptophan import). 
· For more information, refer to Fig. 12 in Section 5 of the webpage [LINK].

2.4. Metabolik yolakların genetik incelemesi (20 dakika)
Students are first reminded of the principles of paper chromatography: the chromatography set-up, the theory of separation by affinity, and the calculation of the retardation factor Rf to identify specific compounds.
· More details can be found in Fig. 11 in Section 5 of the web resource [LINK]
Next, the students use information from chromatograms of different eye colour mutants and perform microscopy (or use provided images) to analyse their eye colours. Then they combine this information to determine which enzyme or transporter protein is non-functional in each case. Details of this activity are given in the accompanying worksheet (“ChromatographyActivitySheet.pdf") to be handed out to students during the lesson. 
· The resolution of the experiment is explained in Fig. 12 of Section 5 of the web resource [LINK]
Students should work though the worksheet to identify which enzyme is non-functional in each of the mutants.

1. Students calculate the Rf values of the three pigment dots and compare their results with values in the table to identify which pigments the dots contain.  This provides opportunity to remind students of the procedures and revive GCSE knowledge.

2. Students fill in the fly A (wildtype) column of the table with the pigments they identified, which can be displayed step-by-step on the board. 
3. Students compare the identified pigments in fly A with fly B and C to identify which pigments are missing, and fill this into the table.

4. Students describe the eye colour of the flies: (i) dark brown (sepia), (ii) white, (iii) normal red. 

5. Students match the eye colours with the chromatograms and enter results in the table (Fly A to iii, B to i, C to ii).
6. Finally students work out the enzyme or transport protein which is non-functional in each fly and cross it out in the diagram of the activity sheet. The PowerPoint presentation guides through the answers.  The solutions are as follows: in fly B there is no red pigment (Drospterin) therefore enzyme 2 which produces it must be non-functional and is crossed out and labelled as "fly B". Fly A is the wildtype with no pigment missing, and fly C is a white mutant with no pigment present. Speculate with students how this can happen; the only possibility is loss of the function of the channel protein 2 (the white gene).
2.5. Apply what was learned about eye pigmentation to human skin tone (10 minutes)
Genetic dissection of metabolic pathways can also be used to understand different skin tones in humans, thus linking back to the initial question raised at the start of the lesson. The diagram provided in the resource shows the pathway for production of two types of melanin, and it is explained that it is the type and concentration of melanin which determines the skin tone.
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Ask students how differences in skin tones could be produced. They should come up with the idea of mutations in enzymes, but perhaps also the idea that some enzymes become more efficient or are more abundant - in each case achieving a shift in the balance between the different types of melanin. You may want to ask how the abundance of certain enzymes could be changed, guiding them towards the idea of "differential gene expression" including transcriptional or translational regulation.
This leads over to the Melanocortin Receptor 1 (MC1R) which controls the balance within the metabolic pathway of melanin and is under the hormonal control of MSH and ASIP.

· Detail in Fig. 14 in Section 6 of the web resource [LINK] 

This knowledge can then be used to speculate about the mechanisms that may explain the phenomenon of the geographical distribution of skin tones across the globe, posed at start of the lesson. Students should speculate about evolution and selection for advantages provided through changes in gene regulation or protein function. 

· Details in Fig. 14 and accompanying text in Section 6 of the web resource [LINK] 
A final example is intended to make students re-think the learning outcome, by confronting them with an apparent exception to the rule: indigenous inhabitants of the artic have dark skin despite living in low UV conditions in the arctic (due to low solar elevation and high ozone content which absorbs the UV). Students should realise that more factors may come to play. In this case, the conundrum can be explained through the consumption of fish as the predominant food source which is rich in vitamin D and makes the benefit of sun-light obsolete.
Dallanmış metabolik yolakların temel özelliklerini tanımlayın!


Dallanmış metabolik yolaklar birkaç farklı enzime ihtiyaç duyar. 


Bir ortak öncüden birden fazla ürün üretilebilir. 


Eğer bir enzim doğrusal bir yolakta işlevsel değilse ürün oluşmaz; eğer enzim dallanmış bir metabolic yolağın sadece bir dalını etkilerse, sadece bu spesifik ürün etkilenir. 








Compare and contrast a fly's compound eye and a human lens eye!


Benzerlikler


Both use lenses 


Both have light-receptive cells


Both send information through an optic nerve


Farklılıklar 


Compound eyes are composed of hundreds of ommatidia (small groups of photoreceptor cells that share a small lens)


Lens eyes have all photoreceptors in one undivided retina, all sharing one common lens





Compare and contrast human and Drosophila pigment synthesis?


Similarities 


Branched pathways: multiple products from common precursors 


Colour is produced form colourless precursors


Both occur in pigment cells  


Differences 


Melanin has only 2 products and Pteridines have 3


The pigments have different colours/ structures 


One happens in the eye the other in the skin 


.   











