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Dopamine Biosynthesis 

Neurotransmitters 

Neurotransmitters are small molecules that are liberated by a presynaptic neuron into the synaptic 

cleft and cause a change in the postsynaptic membrane potential. This change can be either a direct 

depolarization or hyperpolarization or the activation of second messengers that eventually lead to 

changes in firing rate. Neurotransmitters act on receptors, which are transmembrane proteins that 

have an extracellular site that binds the neurotransmitters and suffers some conformational change. 

Neurotransmitters are synthesized in the cell body and are transported to the terminal synaptic 

buttons of the axon where they are encapsulated into vesicles and stay close to the synaptic region of 

the button, when the action potential occurs, an influx of calcium ions induces the vesicles to fuse 

with the presynaptic membrane and its contents are poured into the synaptic cleft. 

Each neurotransmitters has a particular biosynthetic pathway, but can be divided into three principal 

classes, since they share some enzyme or metabolic pathway. The first class is made up of 

acetylcholine alone, second class are the biogenic amines that are molecules formed by an amino 

acid losing a hydroxyl or carboxyl group. The third class is made up of amino acids. There is also a 

specific chain of enzymatic reactions that decompose the transmitter, either for destruction or for 

recycling. This is important since a synaptic signal does not subdue until the transmitter is removed 

from the synaptic cleft. The transmitter can be degraded in the cleft, or absorbed by the postsynaptic 

neuron or a glial cell and the decomposed. 

Neurotransmitters can act as inhibitor or excitatory signals to the postansynaptic cell, by 

hyperpolarizing or depolarizing its membrane, although the same molecules can function as an 

inhibitor or an excitatory. This happens because there are a small number of neurotransmitters but a 

great variety of their receptors on different types of cells. Acetylcholine, for instance can acts an 

excitatory when it binds to one type of receptor, and as an inhibitor when bound on another kind, 

even if both types of receptors are present in the same cell.  

Dopamine acts both an excitatory and inhibitory function Dopamine comes under the group of amino 

acid derived neurotransmitter. They derived from tyrosine. The majority of tyrosine that does not get 

incorporated into proteins is catabolized for energy production. One other significant fate of tyrosine 
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is conversion to the catecholamines. The catecholamine neurotransmitters are Dopamine, 

Norepinephrine, and Epinephriene.  

Norepinephrine is the principal neurotransmitter of sympathetic postganglionic endings. Both 

norepnephrine and the methylated derivative epinephrine are stored in synaptic knobs of neurons. 

Tyrosine is transported into catecholamine secreting neurons and adrenal medullary cells where 

catechaolamine synthesis takes place. The first step in the process requires Tyrosine hydroxylase 

requires tetrahydrobiopterin as cofactor. The hydroxylation reaction generates DOPA (3,4-

dihydrophenylalanine). DOPA decarboxylase converts DOPA to Dopamine. Within the substantia 

nigra and some other regions of the brain, synthesis proceeds only to Dopamine. 

Regulation of dopamine plays a crucial role in our mental and physical health. Neurons containing 

the neurotransmitter dopamine are clustered in the midbrain in an area called the substantia nigra. 

In Parkinson's disease, the dopamine- transmitting neurons in this area die. As a result, the brains of 

people with Parkinson's disease contain almost no dopamine. To help relieve their symptoms, we 

give these people L-DOPA, a drug that can be converted in the brain to dopamine.  
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Structure Of Dopamine: - 

 

Dopamine Biosynthesis: -  
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pGT Yeast expression vector 

(Constructed by Mr.Thirupugal.G) 

 

   

    

pGT  Yeast expression vector 

    

    

pGTDopa Yeast expression Vector  
    

    



Primer Designing 

19.03.2004 

    

pGTDopa Yeast expression Vector  

 

Features: - 

1-1095   : Leu2 beta-isopropylmalate dehydrogenase (pFL36) 

1096-2682  : Rep origin (2 micron plasmid) (Derived from pCM190) 

2683-2958  : Cen VI (pFL36) 

2959-3508  : GAL1 Promotor 

3509-3857  : URA3 –I (pCS19) 

3858-5350  : Tyrosine hydroxylase 

5351-6796  : Dopamine decarboxylase 

6802-7226  : URA3-II 

    

    

1111 atgtctgccc ctaagaagat cgtcgttttg ccaggtgacc acgttggtca agaaatcaca  

61616161 gccgaagcca ttaaggttct taaagctatt tctgatgttc gttccaatgt caagttcgat  

121121121121 ttcgaaaatc atttaattgg tggtgctgct atcgatgcta caggtgtccc acttccagat  

181181181181 gaggcgctgg aagcctccaa gaaggttgat gccgttttgt taggtgctgt gggtggtcct  

241241241241 aaatggggta ccggtagtgt tagacctgaa caaggtttac taaaaatccg taaagaactt  

301301301301 caattgtacg ccaacttaag accatgtaac tttgcatccg actctctttt agacttatct  

361361361361 ccaatcaagc cacaatttgc taaaggtact gacttcgttg ttgtcagaga attagtggga  

421421421421 ggtatttact ttggtaagag aaaggaagac gatggtgatg gtgtcgcttg ggatagtgaa  

481481481481 caatacaccg ttccagaagt gcaaagaatc acaagaatgg ccgctttcat ggccctacaa  

541541541541 catgagccac cattgcctat ttggtccttg gataaagcta atgttttggc ctcttcaaga  

601601601601 ttatggagaa aaactgtgga ggaaaccatc aagaacgaat tccctacatt gaaggttcaa  

661661661661 catcaattga ttgattctgc cgccatgatc ctagttaaga acccaaccca cctaaatggt  

721721721721 attataatca ccagcaacat gtttggtgat atcatctccg atgaagcctc cgttatccca  

781781781781 ggttccttgg gtttgttgcc atctgcgtcc ttggcctctt tgccagacaa gaacaccgca  

841841841841 tttggtttgt acgaaccatg ccacggttct gctccagatt tgccaaagaa taaggtcaac  

901901901901 cctatcgcca ctatcttgtc tgctgcaatg atgttgaaat tgtcattgaa cttgcctgaa  

961961961961 gaaggtaagg ccattgaaga tgcagttaaa aaggttttgg atgcaggtat cagaactggt  

1021102110211021 gatttaggtg gttccaacag taccacggaa gtcggtgatg ctgtcgccga agaagttaag  

1081108110811081 aaaatccttg cttaaatcca atatcaaagg aaatgatagc attgaaggat gagactaatc  

1141114111411141 caattgagga gtggcagcat atagaacagc taaagggtag tgctgaagga agcatacgat  

1201120112011201 accccgcatg gaatgggata atatcacagg aggtactaga ctacctttca tcctacataa  

1261126112611261 atagacgcat ataagtacgc atttaagcat aaacacgcac tatgccgttc ttctcatgta  

1321132113211321 tatatatata caggcaacac gcagatatag gtgcgacgtg aacagtgagc tgtatgtgcg  

1381138113811381 cagctcgcgt tgcattttcg gaagcgctcg ttttcggaaa cgctttgaag ttcctattcc  

1441144114411441 gaagttccta ttctctagct agaaagtata ggaacttcag agcgcttttg aaaaccaaaa  

1501150115011501 gcgctctgaa gacgcacttt caaaaaacca aaaacgcacc ggactgtaac gagctactaa  
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1561156115611561 aatattgcga ataccgcttc cacaaacatt gctcaaaagt atctctttgc tatatatctc  

1621162116211621 tgtgctatat ccctatataa cctacccatc cacctttcgc tccttgaact tgcatctaaa  

1681168116811681 ctcgacctct acatttttta tgtttatctc tagtattact ctttagacaa aaaaattgta  

1741174117411741 gtaagaacta ttcatagagt gaatcgaaaa caatacgaaa atgtaaacat ttcctatacg  

1801180118011801 tagtatatag agacaaaata gaagaaaccg ttcataattt tctgaccaat gaagaatcat  

1861186118611861 caacgctatc actttctgtt cacaaagtat gcgcaatcca catcggtata gaatataatc  

1921192119211921 ggggatgcct ttatcttgaa aaaatgcacc cgcagcttcg ctagtaatca gtaaacgcgg  

1981198119811981 gaagtggagt caggcttttt ttatggaaga gaaaatagac accaaagtag ccttcttcta  

2041204120412041 accttaacgg acctacagtg caaaaagtta tcaagagact gcattataga gcgcacaaag  

2101210121012101 gagaaaaaaa gtaatctaag atgctttgtt agaaaaatag cgctctcggg atgcattttt  

2161216121612161 gtagaacaaa aaagaagtat agattctttg ttggtaaaat agcgctctcg cgttgcattt  

2221222122212221 ctgttctgta aaaatgcagc tcagattctt tgtttgaaaa attagcgctc tcgcgttgca  

2281228122812281 tttttgtttt acaaaaatga agcacagatt cttcgttggt aaaatagcgc tttcgcgttg  

2341234123412341 catttctgtt ctgtaaaaat gcagctcaga ttctttgttt gaaaaattag cgctctcgcg  

2401240124012401 ttgcattttt gttctacaaa atgaagcaca gatgcttcgt taacaaagat atgctattga  

2461246124612461 agtgcaagat ggaaacgcag aaaatgaacc ggggatgcga cgtgcaagat tacctatgca  

2521252125212521 atagatgcaa tagtttctcc aggaaccgaa atacatacat tgtcttccgt aaagcgctag  

2581258125812581 actatatatt attatacagg ttcaaatata ctatctgttt cagggaaaac tcccaggttc  

2641264126412641 ggatgttcaa aattcaatga tgggtaacaa gtacgatccg aaatggaaat tacgtacttt  

2701270127012701 caacgcaaga gcaagacaaa agaaagccta aaactgtctt ttcgtgtcgg tcgtccaata  

2761276127612761 tcatcgtaaa cgtgtgtaga gccttaaatt ctaatttcta actttaaatt ttttttgcta  

2821282128212821 ttataatact aatttctaac tttcaaccta ttttacatct tcggaaaaca aaaactattt  

2881288128812881 tttctttaat ttcttttttt actttctatt tttaatttat atatttatat taaaaaattt  

2941294129412941 aaattatatt atttttatta ttttttctgc tctgatgccg catagcccca ttatcttagc  

3001300130013001 ctaaaaaaac cttctctttg gaactttcag taatacgctt aactgctcat tgctatattg  

3061306130613061 aagtacggat tagaagccgc cgagcgggtg acagccctcc gaaggaagac tctcctccgt  

3121312131213121 gcgtcctcgt cttcaccggt cgcgttcctg aaacgcagat gtgcctcgcg ccgcactgct  

3181318131813181 ccgaacaata aagattctac aatactagct tttatggtta tgaagaggaa aaattggcag  

3241324132413241 taacctggcc ccacaaacct tcaaatgaac gaatcaaatt aacaaccata ggatgataat  

3301330133013301 gcgattagtt ttttagcctt atttctgggg taattaatca gcgaagcgat gatttttgat  

3361336133613361 ctattaacag atatataaat gcaaaaactg cataaccact ttaactaata ctttcaacat  

3421342134213421 tttcggtttg tattacttct tattcaaatg taataaaagt atcaacaaaa aattgttaat  

3481348134813481 atacctctat actttaacgt caaggggccg catcttctca aatatgcttc ccagcctgct  

3541354135413541 tttctgtaac gttcaccctc taccttagca tcccttccct ttgcaaatag tcctcttcca  

3601360136013601 acaataataa tgtcagatcc tgtagagacc acatcatcca cggttctata ctgttgaccc  

3661366136613661 aatgcgtctc ccttgtcatc taaacccaca ccgggtgtca taatcaacca atcgtaacct  

3721372137213721 tcatctcttc cacccatgtc tctttgagca ataaagccga taacaaaatc tttgtcgctc  

3781378137813781 ttcgcaatgt caacagtacc cttagtatat tctccagtag ctagggagcc cttgcatgac  

3841384138413841 aattctgcta acatcaaaag gcctatgcca actccagatg ctactactcc acaagctaaa  

3901390139013901 ggttttcgtc gtgctgtttc tgaactagat gctaaacaag ctgaagctat tatgtctcca  

3961396139613961 cgttttattg gtcgtcgtca atctctaatt gaagatgctc gtaaagaacg tgaagctgct  

4021402140214021 gttgctgctg ctgctgctgc tgttccatct gaaccaggtg atccactaga agctgttgct  

4081408140814081 tttgaagaaa aagaaggtaa agctgttcta aatctactat tttctccacg tgctactaaa  

4141414141414141 ccatctgctc tatctcgtgc tgttaaagtt tttgaaactt ttgaagctaa aattcatcat  

4201420142014201 ctagaaactc gtccagctca acgtccacgt gctggtggtc cacatctaga atattttgtt  
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4261426142614261 cgtctagaag ttcgtcgtgg tgatctagct gctctactat ctggtgttcg tcaagtttct  

4321432143214321 gaagatgttc gttctccagc tggtccaaaa gttccatggt ttccacgtaa agtttctgaa  

4381438143814381 ctagataaat gtcatcatct agttactaaa tttgatccag atctagatct agatcatcca  

4441444144414441 ggtttttctg atcaagttta tcgtcaacgt cgtaaactaa ttgctgaaat tgcttttcaa  

4501450145014501 tatcgtcatg gtgatccaat tccacgtgtt gaatatactg ctgaagaaat tgctacttgg  

4561456145614561 aaagaagttt atactactct aaaaggtcta tatgctactc atgcttgtgg tgaacatcta  

4621462146214621 gaagcttttg ctctactaga acgtttttct ggttatcgtg aagataatat tccacaacta  

4681468146814681 gaagatgttt ctcgttttct aaaagaacgt actggttttc aactacgtcc agttgctggt  

4741474147414741 ctactatctg ctcgtgattt tctagcttct ctagcttttc gtgtttttca atgtactcaa  

4801480148014801 tatattcgtc atgcttcttc tccaatgcat tctccagaac cagattgttg tcatgaacta  

4861486148614861 ctaggtcatg ttccaatgct agctgatcgt acttttgctc aattttctca agatattggt  

4921492149214921 ctagcttctc taggtgcttc tgatgaagaa attgaaaaac tatctactct atcttggttt  

4981498149814981 actgttgaat ttggtctatg taaacaaaat ggtgaagtta aagcttatgg tgctggtcta  

5041504150415041 ctatcttctt atggtgaact actacattgt ctatctgaag aaccagaaat tcgtgctttt  

5101510151015101 gatccagaag ctgctgctgt tcaaccatat caagatcaaa cttatcaatc tgtttatttt  

5161516151615161 gtttctgaat ctttttctga tgctaaagat aaactacgtt cttatgcttc tcgtattcaa  

5221522152215221 cgtccatttt ctgttaaatt tgatccatat actctagcta ttgatgttct agattctcca  

5281528152815281 caagctgttc gtcgttctct agaaggtgtt caagatgaac tagatactct agctcatgct  

5341534153415341 ctatctgcta ttggtaatga atgcttctga atttcgtcgt cgtggtaaag aaatggttga  

5401540154015401 ttatgttgct aattatatgg aaggtattga aggtcgtcaa gtttatccag atgttgaacc  

5461546154615461 aggttatcta cgtccactaa ttccagctgc tgctccacaa gaaccagata cttttgaaga  

5521552155215521 tattattaat gatgttgaaa aaattattat gccaggtgtt actcattggc attctccata  

5581558155815581 tttttttgct tattttccaa ctgcttcttc ttatccagct atgctagctg atatgctatg  

5641564156415641 tggtgctatt ggttgtattg gtttttcttg ggctgcttct ccagcttgta ctgaactaga  

5701570157015701 aactgttatg atggattggc taggtaaaat gctagaacta ccaaaagctt ttctaaatga  

5761576157615761 aaaagctggt gaaggtggtg gtgttattca aggttctgct tctgaagcta ctctagttgc  

5821582158215821 tctactagct gctcgtacta aagttattca tcgtctacaa gctgcttctc cagaactaac  

5881588158815881 tcaagctgct attatggaaa aactagttgc ttattcttct gatcaagctc attcttctgt  

5941594159415941 tgaacgtgct ggtctaattg gtggtgttaa actaaaagct attccatctg atggtaattt  

6001600160016001 tgctatgcgt gcttctgctc tacaagaagc tctagaacgt gataaagctg ctggtctaat  

6061606160616061 tccatttttt atggttgcta ctctaggtac tactacttgt tgttcttttg ataatctact  

6121612161216121 agaagttggt ccaatttgta ataaagaaga tatttggcta catgttgatg ctgcttatgc  

6181618161816181 tggttctgct tttatttgtc cagaatttcg tcatctacta aatggtgttg aatttgctga  

6241624162416241 ttcttttaat tttaatccac ataaatggct actagttaat tttgattgtt ctgctatgtg  

6301630163016301 ggttaaaaaa cgtactgatc taactggtgc ttttcgtcta gatccaactt atctaaaaca  

6361636163616361 ttctcatcaa gattctggtc taattactga ttatcgtcat tggcaaattc cactaggtcg  

6421642164216421 tcgttttcgt tctctaaaaa tgtggtttgt ttttcgtatg tatggtgtta aaggtctaca  

6481648164816481 agcttatatt cgtaaacatg ttcaactatc tcatgaattt gaatctctag ttcgtcaaga  

6541654165416541 tccacgtttt gaaatttgtg ttgaagttat tctaggtcta gtttgttttc gtctaaaagg  

6601660166016601 ttctaataaa gttaatgaag ctctactaca acgtattaat tctgctaaaa aaattcatct  

6661666166616661 agttccatgt catctacgtg ataaatttgt tctacgtttt gctatttgtt ctcgtactgt  

6721672167216721 tgaatctgct catgttcaac gtgcttggga acatattaaa gaactagctg ctgatgttct  

6781678167816781 acgtgctgaa cgtgaaaggc ctctaggttc ctttgttact tcttccgccg cctgcttcaa  

6841684168416841 accgctaaca atacctgggc ccaccacacc gtgtgcattc gtaatgtctg cccattctgc  

6901690169016901 tattctgtat acacccgcag agtactgcaa tttgactgta ttaccaatgt cagcaaattt  
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6961696169616961 tctgtcttcg aagagtaaaa aattgtactt ggcggataat gcctttagcg gcttaactgt  

7021702170217021 gccctccatg gaaaaatcag tcaagatatc cacatgtgtt tttagtaaac aaattttggg  

7081708170817081 acctaatgct tcaactaact ccagtaattc cttggtggta cgaacatcca atgaagcaca  

7141714171417141 caagtttgtt tgcttttcgt gcatgatatt aaatagcttg gcagcaacag gactaggatg  

7201720172017201 agtagcagca cgttccttat atgtag 

Primer Design Criteria    

Size  Ideal size: 20-25 nucleotides long  
Generally: 18-30 nucleotides long  

3' end base  should be a G or a C  
Melting temperatures 
(Tm)  50-65 degrees Celcius  

GC content  40-60%  

self-complementarity  
Should be avoided  
to minimize primer secondary structure and 
primer dimer formation  

Similarity   Should have 100% match with the template  

Sense primer Tyrosine hydroxylase  : 5’cctaggatgccaactccagatg 3’ 

Size  22 nucleotides long  
3' end base  Guanine  
Melting temperatures (Tm)  61.17 degrees Celcius  
GC content  54.55%  

self-complementarity  Dimer 1 (5’) 

Similarity   81 

Antisense primer Tyrosine hydroxylase : 5’cagctcagtaatggttatcgtc 3’ 

Size  22 nucleotides long  
3' end base  Cytosine 
Melting temperatures (Tm)  61.17 degrees Celcius  
GC content  54.83%  

self-complementarity  Dimer 1 (5’) 

Similarity   82 
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Sense primer Dopamine decarboxylase : 5’ ctcgagatgcttctgaatttc 3’ 

Size  21 nucleotides long  
3' end base  Cytosine 
Melting temperatures (Tm)  54.39 degrees Celcius  
GC content  42.86%  

self-complementarity  Dimer 3 (5’) 

Similarity   82 

Antisense Dopamine decarboxylase  : 5’ctgcaagtgtgcaagtcgtg 3’  

Size  20 nucleotides long  

3' end base  Guanine 

Melting temperatures (Tm)  55.95 degrees Celcius  
GC content  55%  

self-complementarity  Dimer 3 (5’) 

Similarity   80 

 

 

 


