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TCGGGATGCCTTGTTTATGGTGCCTTCTTTATGCCGGTCGCTCTTCGAATTGGAATTACA 
M L E M L Y S H 

GAAAGTAGAGGGAGGAGGACTAAGTGGTCTGCGGTGTCTCCTGGGCTTGGGGCTGCCTGA 
Q V H L N P l' K H I Q Q A Q R H 
AACCTTGCTATGCTGGAAATGCTAGAATACAGTCACTACCAGGTGCAGACCCACCTGGAA 

V K A A Q S 

o GGCGACCATGCCATGCCACCAGTGCCGGGGAGCAGCGCACCCAACAGCCCTATGGCTATG 
Q A E E M 

1 GCAGAGAGTGAGTGCCCAGGTATGAACACGCACTCTCGAGCGTCGTGCATGCAGATGGAT 
I L M DAM A N P V 

4 GATGTAATTGATGACATCATCAGCCTGGAATCAAGTTATAATGAAGAAATTTTGGGCTTG 
I QGL P G 1'1 

SEA 
66 CTTCCCAACA'fAAAAAGGGAGCTCACAGCGTGTATTTTCCCCACAGAGTCTGAAGCAAGA 

1 Gl,CA TGCGGTGGAACAAGGGAACCATTCTCAAGGCCTCTGTGGACTACATCCGGAAGTTG 
L A HLL VQ LE M 

CAACGGGAACAGCAACGAGCTAAGGACCTTGAAAACCGACAGAAGAAGCTGGAGCATGCG 
IPS G L C S P 

v 
TCCCTTATCCCATCCACCGGTCTCTGCTCGCCTGATCTGGTGAATCGGATCATCAAGCAA 
H L TT T T1TF 

108 GAACCAGTTCTTGAGAACTGCAGCCAGGAACTTGTACAGCACCAGGCAGACCTGACATGT 
NNL 'rMP SP IP M 

ACGACAACTCTGGATCTCACGGACGGTACCATCACCTTTACCAACAACCTCGGCACCATG 
L M V 

T H A 
CCAGGAGCTTCAAAAACAAGCAGCCGGAGGAGCAGTATGAGCGCAGAAGAAACGGAGCAT 

AGACTTTATAATTTACCTGAAGAGGTTTTCTTGATAATTTTCCTTTAATATGAAATTTTC 
GTGCTTTATCAGTAGCCCTGCATATATTTTATTTTTAGAATTTTGTGAGCCAGACTTGTA 
TATTCTATTTTACAACTACAAAGGCCTCCTAAGTATTGTACCTTCAGCGTGCAGTATCTG 
TGAACTGATTTCTCCAAGTGTGAGCTTTCTGAGCAAGGGGATTTTTTTGCTTCAGAGAAG 
TAAGTGTCTGTCCGTTTTCATTCAGGGGAAAACTTGGTGTGAGCTTTGTCTGTCTGTGAC 
CTCC'f'rTGAAATTAACATGTAAAGTTTAATTACACGAATGTAAAGCAACCAAAAGAAGAA 
AACAAAGAAGATGATGATTATGATAGAAGAAGGAGAAGAGGAGGAAGAGGAAGAGGAGGA 

1 1. GGAAGAGGAGGAAGAAAGATGGTGGGAAAGACATCCAAGACTTTCTCGCTTTCTAATACG 
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Fig. 3.1. Restriction enzyme mapping of clone M156. (a) DNA gel electrophoresis of clone M156 
digested with various restriction enzymes (A: A val; B: Bamlll; E: EcoRI; K: Kpnl; P: Pst!; S: SmaI; X: 
Xhof) and electrophoresed on a 0.8% agarose gel. "uc" is uncut eDNA, "M26" was an additional putative 
chicken microphthalmia eDNA, and "mi" is the mouse Mit[ cDNA used as a positive control. The 
molecular weight marker (M) is PoxlEcoRI (kb). (b) Autoradiograph of plasmid Southern blot. The 
Southern blot was probed with a radiolabelled 1.3 kb mouse MiifcDNA fragment. The letters correspond 
to the restriction enzyme fragments shown in (a). Arrows indicate the positively hybridising fragments 
obtained with the restriction enzyme digests. (c) peR of clone M156 using universal vector primers. One 
product of 2.6 kb is indicated with an arrow. The molecular weight marker (M) is PoxlEcoRI (kb). 
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products. Despite extensive studies and analysis, the anomalies could not be explained; these are 

further discussed in Chapter Four. However, subsequent sequencing of clone M156 (see below) 

definitively demonstrated that the anomalies do not lie in the insert and, as a result, they only 

gave rise to difficulties while attempting to excise the insert for cloning into RCAS BP(A) for the 

purposes of in vitro studies (see section 3.5.1.1). 

3.2 Nucleotide and amino acid sequence analysis of clone M156 

Two different methods were employed for the sequencing of clone M156. The coding region 

was sequenced manually using a combination of universal vector primers and custom designed 

internal primers, and the 3' untranslated region (UTR) was sequenced with vector and internal 

primers using automated sequencing technology. The results are described in the following four 

sections. In all sections the analyses and discussion are restricted to microphthalmia cDNA 

sequences expressed in pigmented cells reported from two vertebrate classes (Aves and 

Mammalia) and three species (chicken, human, and mouse). 

3.2.1 Clone M156 encodes a chicken microphthalmia cDNA 

The nucleotide (nt) and predicted amino acid (aa) sequence of the clone M156 coding region is 

presented in Figure 3.2, and the salient features of the clone are summarised under Table 3.1. 

The sequence consists of 34 bp of 5' UTR followed by an open reading frame (ORF) of 1158 

nts. This ORF begins with an A TG codon (nts 35-37) and ends with a TAG translation 

termination codon (nts 1191-1193). FASTA (GCG) homology searches reveal that clone M156 

shares extensive nt sequence identities with orthologous microphthalmia cDNAs from other 

species. Clone M156 shares 80.9%, 83.4%, and 98.6% nt sequence identity with the previously 

reported full-length mouse (Hodgkinson et ai., 1993), human (T achibana et ai., 1994), and chicken 

(cmi9; Mochii et ai., 1998a) microphthalmia sequences, respectively (Table 3.2). 

The M 156 ORF encodes a polypeptide of 385 amino acids with a predicted molecular weight of 

44 kDa. The protein encoded by clone M156 shares, respectively, 88.3%,91.9%, and 96.8% aa 

sequence identity with the mouse (Hodgkinson et ai., 1993), human (T achibana et ai., 1994), and 

chicken (cmi9; Mochii et at., 1998a) Microphthalmia proteins (Table 3.2). Taken together, the 

high nt and aa sequence identity observed between clone M156 and previously reported 

microphthalmia cDNA sequences, demonstrates that a chicken homologue of the 

microphthalmia gene has been isolated. 
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TTATCAGGTGCAGACTCACCTTGAGAATCCAACCAAATACCATATTCAGCAAGCTCAGCG 
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Exon 2 I Exon 4 
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Y G N Q S M P P P G L N I S N S CPA N 

Exon 5 I EXOD 6b 
TCTTCCTAATATAAAAAGGGAGCTCACAGAGTCAGAAGCGAGAGCACTGGCTAAGGAGAG 
LPN I K R E L T ESE A R A LAKER 

Exon 6b I EXOD 7 
GCAAAAGAAAGACAATCACAACTTGATTGAACGAAGAAGAAGATTTAATATTAATGACCG 

.N . R R >r 
EXOD 7 I Exon 8 

TATAAAAGAACTGGGCACCTTGATACCCAAATCAAACGACCCGGATATGCGCTGGAATAA 
I P K S N D P D M R W N K 

GGGAACTATTCTAAAAGCATCAGTGGACTACATCCGTAAGCTGCAAAGAGAGCAGCAACG 
Q Q Q R 

CACGAAGGAACTTGAGAACAGACAGAAGAAATTGGAACACGCCAACAGGCACCTGCTGCT 
T K E LEN R Q K K L E HAN R H L L L 

EXOD 8 I EXOD 9 
CAGAATACAGGAACTTGAGATGCAAGCTCGGGCACATGGACTGTCCCTTGTTCCATCCAC 

R I Q E L E M Q A R A H G L S L V PST 

AGGCATTTGCTCCCCTGATATGGTCAACAGGGTCATCAAACAAGAACCTGTGCTGGACAA 
G I C S P D M V N R V I K Q E P V L D N 

CTGCAACCAAGACCTCATGCCGCACCACACAGACCTGTCTTGCACTACCACCCTTGATCT 
C N Q D L MPH H T D L S C T TTL D L 

CACTGATGGTACCATCACCTTCAGTGACAACCTCGGAAATGTGACTGAACCAACTGGCAC 
T D G TIT F S D N L G N V T E P T G T 

TTACAGTGTTCCTGCAAAAATGGGATCCAAACTGGAAGACATCTTGATGGACGATACCCT 
Y S V P A K M G S K LED I L M DDT L 

CTCCCCCGTAGGAGTAACTGACCCACTGCTTTCCTCTGTGTCTCCTGGAGCATCGAAAAC 
S P V G V T D P L L S S V S P GAS K T 

GAGTAGCAGGCGGAGCAGCGTGAGCATGGAGGACACTGATCATGCTTGTTAG 
S S R R S S V S M EDT D HAC * 

3-4 

Figure 3.2. Nucleotide and deduced amino acid sequence of the clone M156. The predicted 385-residue protein sequence 
contains an acidic domain (underlined), a basic domain (lightly shaded), and two helical domains (darkly shaded) connected by a 
loop (underlined). The bold-faced leucines, spaced seven amino acids apart, conform to the prediction of a leucine zipper 
domain. The stop codon is marked with an asterisk. Exonlintron boundaries are indicated according to human (T assabehji et al., 
1994; Udono et a/., 2000) and mouse (Hillsson et al., 2000) genomic sequences. The nucleotide sequence shown here has been 
deposited in the GenBank database and assigned the accession number AF145751. 
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---------- ---------- ---------- ---------- --------MQ 
---------- ---------- ---------- ---------- --------MQ 
---------- ---------- ---------- ---------- --------MQ 

Exon A I Exon Blb ---------- ---------- ---------- ---------- ----------

MITF-A SESGIVPDFE VGEEFHEEPK TYYELKSQPL KSSSSAEHPG ASKPPISSSS 
Mitf-a SESGIVPDFE VGEEFHEEPK TYYELKSQPL KSSSSAEHPG ASKPPISSSS 
cMI-a SESGIVADFE VGEEFHEEPK TYYELKSQPL KSSSSAEHSG ASKPPLSSSS 

MITF-M 
Mitf-m 
M156 
MITF-A MTSRILLRQQ LMREQMQEQE RREQQQKLQA AQFMQQRVPV SQTPAINVSV 
Mitf-a MTSRILLRQQ LMREQMQEQE RREQQQKLQA AQFMQQRVAV SQTPAINVSV 
cMI-a MTSR 
cmi9 MTSRILLRQQ LMREQMQEQE RREQQQKQQA AQFMQQRVPV SQTPAINVSV 

Exon 2a 
MITF-M r-:7::-=":':-;--=:'::-:':~ QTH LENPTKYHIQ QAQRQQVKQY LSTTLANKHA 
Mi tf -m QTH LENPTKYHIQ QAQRHQVKQY LSTTLANKHA 
M156 QTH LENPTKYHIQ QAQRQQVKQY LSTTLANKHA 
MITF-A PTTLPSATQV PMEVLKVQTH LENPTKYHIQ QAQRQQVKQY LSTTLANKHA 
Mitf-a PTTLPSATQV PMEVLKVQ-- ---------- ---------- -------- - ­
cmi9 PASLPPATQV PMEVLKVQTH LENPTKYHIQ QAQRQQVKQY LSTTLANKHA 

MITF-M NQVLSLPCPN QPGDHVMPPV PGSSAPNSPM AMLTLNSNCE KEGFYKFEEQ 
Mitf-m SQVLSSPCPN QPGDHAMPPV PGSSAPNSPM AMLTLNSNCE KEAFYKFEEQ 
M156 NQALSLPCPN QPGDHVMPPG TGSSAPNSPM AMLTLNSNCE KE .. . .... . 
MITF-A NQVLSLPCPN QPGDHVMPPV PGSSAPNSPM AMLTLNSNCE KEGFYKFEEQ 
cmi9 NQALSLPCPN QPGDHVMPPG TGSSAPNSPM AMLTLNSNCE KEGFYKFEEQ 

MITF-M NRAESECPGM NTHSRASCMQ MDDVIDDIIS LESSYNEEIL GLMDPALQMA 
Mitf-m SRAESECPGM NTHSRASCMQ MDDVIDDIIS LESSYNEEIL GLMDPALQMA 
M156 . . ... . .............. MDDVIDDIIS LESSYNEEIL GLMDPALQMA 
MITF-A NRAESECPGM NTHSRASCMQ MDDVIDDIIS LESSYNEEIL GLMDPALQMA 
cmi9 SRVESECPAL NTHSRASCMQ MDDVIDDIIS LESSYNEEIL GLMDPALQMA 

MITF-M NTLPVSGNLI DLYGNQGLPP PGLTISNSCP ANLPNIKREL TACIFPTESE 
Mitf-m NTLPVSGNLI DLYSNQGLPP PGLTISNSCP ANLPNIKREL TACIFPTESE 
M156 NTLPVSGNLI DLYGNQSMPP PGLNISNSCP ANLPNIKREL ...... TESE 
MITF-A NTLPVSGNLI DLYGNQGLPP PGLTISNSCP ANLPNIKREL ...... TESE 
cmi9 NTLPVSGNLI DLYGNQSMPP PGLNISNSCP ANLPNIKREL TACIFPTESE 

MITF-M 
Mitf-m 
M156 
MITF-A 
cmi9 ~~~l!lIlIlIliliii~!I:~if~:~IK ELGTLIPKSN DPDMRWNKGT 

ELGTLIPKSN DPDMRWNKGT 
ELGTLIPKSN DPDMRWNKGT 
ELGTLIPKSN DPDMRWNKGT 
ELGTLIPKSN DPDMRWNKGT 

3-8 

Fig. 3.3. Alignment of deduced amino acid sequences of the 5' termini of the human 
(MITF-M; Tachibana et al., 1994), mouse (Mitf-m; Hodgkinson et aI., 1993) and chicken 
(M156; this study) melanocyte-type Microphthalmia isoforms with the human (MITF-A; 
Amae et al., 1998), partial mouse (Mitf-a; Amae et al., 1998) and partial chicken (here 
referred to as cMI-a; Mochii et al., 1998a) RPE-type Microphthalmia isoforms. The 
boundaries for exons A, B 1 b, M (boxed) and 2 are indicated according to Hallsson et al. 
(2000). For orientation purposes the basic domain is indicated (shaded). 
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Mitf-m 

Chapter lbree - Results 

---------- ---------- ---------- ---------- --------MQ 
---------- ---------- ---------- ---------- --------MQ 
---------- ---------- ---------- ---------- --------MQ 

CMI-m ---------- ---------- ---------- ---------- ----------
MITF-A SESGIVPDFE VGEEFHEEPK TYYELKSQPL KSSSSAEHPG ASKPPISSSS 
Mitf-a SESGIVPDFE VGEEFHEEPK TYYELKSQPL KSSSSAEHPG ASKPPISSSS 
cMI-a SESGIVPDFE VGEEFHEEPK TYYELKSQPL KSSSSAEHPG ASKPPISSSS 
cmi9 

Charged domain (CH) 

MITF-M ---------- ---------- ---------- ---------- ----------
Mitf-m 
cMI-m 
MITF-A 
Mitf-a 
cMI-a 
cmi9 

MITF-M 
Mitf-m 
cMI-m 
MITF-A 
Mitf-a 
cmi9 

MITF-M 
Mitf-m 
cMI-m 
MITF-A 
cmi9 

MITF-M 
Mitf-m 
cMI-m 
MITF-A 
cmi9 

MITF-M 
Mitf-m 
cMI-m 
MITF-A 
cmi9 

MITF-M 
Mitf-m 
cMI-m 
MITF-A 
cmi9 

SQTPAINVSV 
SQTPAINVSV 

SQTPAINVSV 

C~ Q~B~====_~, 
-----MLEML EYNHYQVQTa L~P~KYHIQ QAQRQQVKQY L~TTLANKHA 
-----MLEML EYSHYQVPTHL~PXKYHIQ QAQRH9VKQY LSTTLANKHA 
-----MLEML EYNHYQVPTH L~PFKYHIQ QAQ~QQYKOY I4TTLANKHA 
PTTLPSATQV PMEVLKV~ -~P~KYHIQ ~RQQV¥Q¥. LSTTLANKHA 

PTTLPSATQV PMEVLKVQ-- ---------- ---------- ----------
PASLPPATQV PMEVLI<VQ.Tl{ LJruPTKYH Q . g8QROQYJS,QY ;"'Lq.TTLANKHA 

NQVLSLPCPN QPGDHVMPPV 
SQVLSSPCPN QPGDHAMPPV 
NQALSLPCPN QPGDHVMPPG 
NQVLSLPCPN QPGDHVMPPV 
NQALSLPCPN QPGDHVMPPG 

NRAESECPGM NTHSRASCMQ 

MAPK C~ 
PGSSAPNSPM AMLTLN~N~ 
PGSSAPNSPM AMLTLNSNCB 
TGSSAPNSPM AMLTLN~~ 
PGSSApNSPM AMLTLN@~~ 
TGSS~ AMLTLN~ 

AD 

SRVESECPAL NTHSRASCMQ ~~~~~= 

NTLPVSGNLI DLYGNQGLPP PGLTISNSCP ANLPNIKREL 
NTLPVSGNLI DLYSNQGLPP PGLTISNSCP ANLPNIKREL 
NTLPVSGNLI DLYGNQSMPP PGLNISNSCP ANLPNIKREL 
NTLPVSGNLI DLYGNQGLPP PGLTISNSCP ANLPNIKREL 
NTLPVSGNLI DLYGNQSMPP PGLNISNSCP ANLPNIKREL 

KEGFYKFEEQ 
KEAFYKFEEQ 
KE ....... . 
KEGFYKFEEQ 
KEGFYKFEEQ 

GLMDPALQMA 
GLMDPALQMA 
GLMDPALQMA 
GLMDPALQMA 
GLMDPALQMA 

CK2 
TACIFPTlrSE 
TACIFPTESE 
...... ns~ 
TACIFPTBS~ 
...... ns§ 

I Fig. 3.4. See following page for the remainder of the alignment and figure legend. 

3-9a 
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CSPDMVNRVI 
CSPDMVNRVI 
CSPDMVNRVI 
CSPDMVNRVI 
CSPDMVNRVI 

QELEMQARAH 
QELEMQARAH 
QELEMQARAH 
QELEMQARAH 
QELEMQARAH 

KQEPVLDNCN QDLMPHHTDL SCTTTLDLTD 
KQEPVLDNCN QDLMPHHTDL SCTTTLDLTD 
KQEPVLDNCN QDLMPHHTDL SCTTTLDLTD 
KQEPVLDNCN QDLMPHHTDL SCTTTLDLTD 
KQEPVLDNCN QDLMPHHTDL SCTTTLDLTD 

S 
GTITFSDNLG NVTEPTGTYS VPAKMGSKLE DILMDDTLSP VGVTpPLLS:S 
GTITFSDNLG NVTEPTGTYS VPAKMGSKLE DILMDDTLSP VGVTDPLLSS 
GTITFSDNLG NVTEPTGTYS VPAKMGSKLE DILMDDTLSP VGVTDPLLSS 
GTITFSDNLG NVTEPTGTYS VPAKMGSKLE DILMDDTLSP VGVTDPLLSS 
GTITFSDNLG NVTEPTGTYS VPAKMGSKLE DILMDDTLSP VGVT' PLLSS 

orcGMP 

3-9b 

Fig. 3.4. Alignment of deduced amino acid sequences of the human (MITF-M; Tachibana et al., 
1994), mouse (Mid-m; Hodgkinson et al., 1993), and chicken (cMI-m; this study) melanocyte­
type microphthalmia isoforms with the human (MITF-A; Amae et al., 1998), partial mouse (Mitf­
aj Amae et al., 1998), partial chicken (cMI-a; Mochii et al., 1998a) RPE-type microphthalmia 
isoforms with the chicken cmi9 (Mochii et al., 1998a) isoform. The characteristic basic, helix, 
loop, and leucine residues are absolutely conserved, as is the activational acidic domain (AD). In 
addition there is conservation of casein kinase II (CK2) phosphorylation motifs, a glutamine-rich 
basic region (QB), a mitogen-activated protein kinase (MAPK) phosphorylation motif, a cyclic 
nucleotide-dependent protein kinase (cAMP or cGMP) phosphorylation motif, and a serine-rich 
(5) domain. The charged domain (CH) is only present in the RPE-type and cmi9 isoforms. 
Termination codons are indicated with asterisks. The deletion of exon 3 and exon 6a is shown in 
cMI-m. 
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cMlm Qcaaatactt ggcacgcctt tcataaactg ctttggttct tgatcagtag attaaatatt 
cmi9 Qcaaatactt ggcacgcctt tcataaactg ctttggttct tgatcagtag attaaatatt 

cMlm ttgccttttg tagaattttt ttgattttt ttttcttgtg cttcatcggt agcc~t 
cmi9 ttgccttttg tagaattttt ttgatttttl ttttcttgtg cttcatcggt agcc~t 

cMlm gtgcgtgtgt gtatatatta tatatatagg atttttttta gaatttttgt gaagaaactt 
cmi9 gtgcgtgtgt gtatatatta tatatatagg atttttttta gaatttttgt gaagaaactt 

cMlm gtaaattcta ttttaaaact accaatgcct ccaattatat tgtacagcat atgtacagta 
cmi9 gtaaattcta ttttaaaact accaatgcct ccaattatat tgtacagcat atgtacagta 

cMlm tctgtgaact ggattcgaca agaactttga actggtcaaa tctactcaaa gcaatagaat 
cmi9 tctgtgaact ggattcgaca agaactttga actggtcaaa tctactcaaa gcaatagaat 

cMlm tacaaatgaa gagtctgctt ctatttgggg gglaaggggga atcatagaat tgtaaatgca 
cmi9 tacaaatgaa gagtctgctt ctatttgggg gg aaggggga atcatagaat tgtaaatgca 

cMlm acctatttac gtggagacaa aatgtaaagt tacagaatgllt aaagatacca aaaaagaagt 
cmi9 acctatttac gtggagacaa aatgtaaagt tacagaatg t aaagatacca aaaaagaagt 

cMlm ccaatttgta attgtattga tttaatagtg ctgccttaaa gatacagtgt ctctcaaact 
cmi9 ccaatttgta attgtattga tttaatagtg ctgccttaaa gatacagtgt ctctcaaact 

cMlm ttgatcctta tagacaagtg! tttagggaag aaaaaaagca aaccactccg ttcclttcag 
cmi9 ttgatcctta tagacaagtg tttagggaag aaaaaaagca aaccactccg ttcc ttcag 

cMlm aataccagta atgacaaaag tgttaagaaa tcctctttgt gttgatggtg atataaaaag 
cmi9 aataccagta atgacaaaag tgttaagaaa tcctctttgt gttgatggtg atataaaaag 

cMlm ctcttgctga aaatgaaata gaaattgcag ggagatgcga gtcccttcct cagagtgctc 
cmi9 ctcttgctga aaatgaaata gaaattgcag ggagatgcga gtcccttcct cagagtgctc 

cMlm tttgatttta ctctgagctg att gggttt tccttttgat catggtacaa ctttctttta 
cmi9 tttgatttta ctctgagctg attlgggttt tccttttgat catggtacaa ctttctttta 

cMlm ggctt agtt ttgttttgta acagacgttg atggcttgcc Iccaataaac cgagaaagga 
cmi9 ggcttlagtt ttgttttgta acagacgttg atggcttgcc ccaataaac cgagaaagga 

cMlm gcactatagg ttggtatgca ctctttggac gataataatc gataggtttt aacagctggg 
cmi9 gcactatagg ttggtatgca ctctttggac gataataatc gataggtttt aacagctggg 

cMlm cacatgacgt tgtacatatc taattggctt tatttttttt ttlaattgcat tgtacagttt 
cmi9 cacatgacgt tgtacatatc taattggctt tatttttttt tt aattgcat tgtacagttt 

cMlm attctgattt gcatgggttc ctcagttacc ttcagccttt cgttttaaat atatttgtat 
cmi9 attctgattt gcatgggttc ctcagttacc ttcagccttt cgttttaaat atatttgtat 

cMlm ttcctttgta agaatttgcc tcttaatatt gcagcatttc tttttgacat tttaaaaact 
cmi9 ttcctttgta agaatttgcc tcttaatatt gcagcatttc tttttgacat tttaaaaact 

cMlm cattggaagt tttctgcgtt ctttgtaaac acttgaaagg aagcttttat gctggttct 
cmi9 cattggaagt tttctgcgtt ctttgtaaac acttgaaagg aagcttttat gc ggttct 

cMlm gtgttttaag agagattctg agaatatttt gtatattaca gtctcacttt gaaaatgttt 
cmi9 gtgttttaag agagattctg agaatatttt gtatattaca gtctcacttt gaaaatgttt 

cMlm ttaaacacgt ttaaggtaga gttcaaatgt agattaggta ataaaacgac ttgtagagaa 
cmi9 ttaaacacgt ttaaggtaga gttcaaatgt agattaggta ataaaacgac ttgtagagaa 

cMlm actgaactta catatttatt tttagtgata cagaagaaat agtgatatgc ttggaaacat 
cmi9 actgaactta catatttatt tttagtgata cagaagaaat agtgatatgc ttggaaacat 

cMlm aactatgtag tagatatacc cgtcatagta atttgtgttt tatttcagca ctggcgctga 
cmi9 aactatgtag tagatatacc cgtcatagta atttgtgttt tatttcagca ctggcgctga 

cMlm cataaaaaaa aaaaaaaaaal 
cmi9 cataaaaaaa aaaaaaaaaa 

Fig. 3.5. The 3' untranslated region (UTR) nucleotide sequence of clone cM/·m (this study) and clone cmi9 (Mochii et ai., 1998a). 
Sequences begin with the G nucleotide (bold face and underlined) of the TAG termination codon of the coding region of each 
clone. The 3' UTR of cM/·m spans 1341 bPi cmi9 spans 1339 bp. Both COntain three putative polyadenylation signals (AAUAAA, 
A UU AAA) (bold and underlined), five CA YUG recognition elements (underlined), and one poly (A +) tail. The eleven nucleotide 
differences are highlighted. 
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W B W B W 
BamHI XhoI XhoI PvuII Pvull 
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B W B W 
KpnI KpnI feoRl feoRl 

Fig. 3.7. Genomic Southern blot hybridisation analysis of the chicken cMIlocus in Black Australorp (B) 
and White Plymouth Rock x Pile Game c:w'J chicken embryos. Genomic DNA (20 f.tg) prepared from 10 
day-old B and W embryos was digested with BamHI, XhoI, PvuII, KpnI, and EcoRI and subjected to 
Southern blot hybridisation using a radiolabeled 1.1 kb BamHI chicken cMJ cDNA probe. The molecular 
weight (kb) marker (MW) is AI Hindill. Arrows indicate the positively hybridising bands obtained with 
each restriction enzyme. 
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isoform? Will such a comparison allow for predictions of a relationship between structure and 

function? 

To specifically elucidate which tissues express which isoform(s) of microphthalmia, different 

tissues were analysed by reverse transcription/polymerase chain reactions [R T-PCR] using three 

sets of specifically designed primers. The first set amplifies the unique amino terminus of cMJ-m, 

the second set amplifies the unique first exon of cmi9, while the third set of primers amplifies the 

conserved hI-ll.H-Zip domain (hereafter called the hHLH-Zip primer pair) of all microphthalmia 

isoforms. 

A number of different tissues were assessed for microphthalmia transcripts. Total RNA was 

extracted from the heart, brain, skin, total eye, and gastrointestinal tracts of 6 day- and 10 day-old 

Black Australorp and White Plymouth Rock x Pile Game chicken embryos. Using bHLH-Zip 

primer pair, microphthalmia transcripts were detected in all tissues following 40 PCR cycles (Fig. 

3.8). This result is the same as those of Mochii et. al who showed that microphthalmia transcripts 

are present in a variety of developing chicken tissues (brain, neural retina, liver, heart and 

gizzard) following 35 PCR cycles (Mochii et al., 1998a). These results are somewhat surprising, 

because in situ hybridisation analyses show that chicken microphthalmia transcripts are restricted 

to tissues known to require microphthalmia for differentiation (i.e. RPE) (Mochii et al., 1998a). 

The simplest explanation is that the high PCR cycle numbers result in the detection of 

"illegitimate" transcripts of microphthalmia. 

To explore this possibility, semi-quantitative RT-PCR was carried out to determine whether it is 

possible to distinguish between transcripts in non-pigmented cells and pigmented cells. Four 

chicken RN As (skin, eye, brain and cultured fibroblasts) were amplified by R T-PCR and samples 

analysed at 20, 25 or 30 PCR cycles using the bHLH-Zip primer pair. For the two pigmented 

tissues (eye and skin), transcripts were detected after 25 PCR cycles (Fig. 3.9.a and 3.9.b) while 

for non-pigmented tissues (brain and fibroblasts) 30 PCR cycles were necessary before 

transcripts were detected (Fig. 3.9.c and 3.9.d). These results were obtained at least thrice, are in 

agreement with a subsequent study performed in this laboratory G. Key, personal 

communication), and show that at 25 peR cycles, it is possible to distinguish between levels of 

expression of microphthalmia in pigmented tissues versus non-pigmented tissues, and that the 

levels of expression in pigmented tissues is higher than that in non-pigmented tissues 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Chapter Three - Results 3-17 

(a) 6-day old embryos 

ws wbr wh 

.0 kb 

.0 kb 

(b) 10-day old embryos 

1.0 kb 

Fig. 3.8. Expression of the chicken cMJ gene in (a) 6-day old chicken embryos and (b) 10 
day-old chicken embryos. R T-peR analysis was performed on pigmented and non­
pigmented tissues from White Plymouth Rock x Pile Game (w) and Black Australorp (b) 
chicken embryos. 1 /-Lg of total RNA from heart (h), brain (br), skin (s), eye (e), and 
gastrointestinal tract (g) was subjected to one-tube R T-peR using a primer pair 
(cMIF3/ cMIR2) that will amplify the conserved bHLH-Zip domains of all 
microphthalmia isoforms. Transcripts were detected following 40 peR cycles by 
ethidium bromide staining. c: H 20 negative control in which no RNA was added. The 
lack of a product in the (wg) lane of 10 day-old embryos reflects a failed reaction; the 
tissue does express eMf. The molecular weight marker (M) is Pox/ EcoRI and the 1.0 kb 
fragment is indicated in each figure. 
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1.0 kb-. 

(b) Skin RNA 
M 20 25 

(c) Brain RNA 

1.0 kb 

(d) Fibroblast RNA M 20 25 
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30 

30 
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+ 

30 

30 

30 

Fig. 3.9. Expression of cMIin embryonic chicken pigmented and non-pigmented tissues. Shown 
are the products of two-step RT-PCR of chicken (a) eye, (b) skin, (c) brain, and (d) fibroblast 
RNA subjected to reverse transcription and 20,25, or 30 PCR cycles using the cMIF3/ cMIR2 
(bHLH-Zip) primer pair. Numbers above each lane indicate the numbers of PCR cycles used. 
(+) indicates the presence of RNA or RT enzyme in each sample and (-) indicates the absence of 
RNA or R T enzyme in each sample; this legend is shown only for the eye products but the same 
applies to each lane of the skin, brain and fibroblast products. The molecular weight marker (M) 
is Pox/ EcoRI and the 1.0 kb fragment is indicated in each case. 
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3.4.1 Endogenous expression of cMI-m and cmi9 in pigmented tissues 

The next question addressed was whether the transcripts detected in the eye and the skin 

represents the cMI-m and/or the cmi9 isoforms. This is an important question because other 

investigators have shown that some isoforms are preferentially expressed in some tissues, and it 

is postulated that these might have functional implications. Experiments were performed as 

previously described using 20-30 PCR cycles, except that specific primer pairs used were those 

that amplified either the unique first exon of cMI-m or the unique first exon of cmi9. In this 

section of the present study, RPE RNA was used instead of total eye RNA. This allowed for the 

exclusion of eye choroidal cells, and hence a clean and more meaningful comparison of 

expression patterns in chicken neuroepithelial-derived pigmented cells (RPE) and neural crest­

derived me1anocytes (skin) would be obtained. As a control for the tissue-specificity of the cMJ-m 

and cmi9 transcripts, chicken fibroblast RNA was used. 

Fig. 3.1O.a demonstrates that cMI-m expression was detected in the skin RNA after 25 cycles, 

whereas cmi9 expression was not detected, even following 30 cycles. Fig. 3.10. b demonstrates 

that, in contrast, cmi9 expression was detected in RPE RNA following 25 cycles, but that cMJ-rn 

expression was not detected in RPE RNA, even following 30 cycles. These results suggest that 

the expression of cMI-rn and cmi9 are restricted to skin me1anocytes and RPE, respectively. 

A surprising result was obtained with the putative negative control cell line: In Fig 3.10.c it can 

be seen that cMJ-rn mRNA, but not cmi9 mRNA, expression was detected in fibroblasts following 

30 PCR cycles. This suggests that cM/-rn may be the source of transcripts in chicken fibroblasts; 

this result is somewhat surprising, as other researchers have demonstrated that expression of the 

mammalian melanocyte-type isoform is restricted to pigmented cells. However, more recent 

reports have also suggested the presence of the melanocyte-type isoform in non-pigmented cells 

(as detailed in Chapter One). It was therefore important to determine whether the transcripts 

here amplified from chicken embryonic fibroblasts are indeed microphthalmia transcripts. To do 

this, the transcripts amplified by RT-PCR were subjected to automated sequencing using a 

primer (cMIFS) that will anneal to the melanocyte-type first exon. As illustrated in the ABI 

PRISM automated sequencer output shown on the following page and the BLAST aligment 

shown in Fig. 3.11, sequencing demonstrates that the transcripts amplified from chicken 

embryonic fibroblasts are those encoding for the melanocyte-type microphthalmia isoform. The 

transcripts are missing both exon 3 and 6a. 
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Fig. 3.10. Expression of cMJ.m and cmi9 in embryonic chicken pigmented and non-pigmented tissues. Shown are the 
products of two-step RT-PCR of (a) skin, (b) RPE, or (c) fibroblast RNA subjected to reverse transcription and 
PCR using 20, 25, or 30 cycles. The cMI-m primers refer to the primer pair that will amplify the unique first exon of 
cMI-mj the cmi9 primers refer to the primer pair that will amplify the unique first exon of cmi9. ( + ) indicates the 
presence of RNA or RT enzyme in each sample and (-) indicates the absence of RNA or RT enzyme in each 
sample. Numbers above each lane indicate the numbers of PCR cycles used. The final lane in each figure is a 
positive plasmid cDNA control for PCR amplification. In the case of cMI-m primer amplification, RCAS/ cMI-m was 
used; in the case of cmi9 primer amplification, RCAS/ cmi9was used. The molecular weight marker (M) is Pox! EcoRI 
and the 1.0 kb fragment is mdicated with an asterisk (*) in each case. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Model 3700 
Version 3.4.1 

Be 1.3.0.0 

D021022_ G03_020.ab 1 
Pitha-KP 

lane 20 Points 4020 19904 Pk 4020 

all 
Oct 2002 8:09 PM 

Tue, Ocl 22, 2002 4:25 PM 
<::n",l""inn' 11.91 {11.91} 

G li CJ(; A( TCA(( MKCAJl(CMATKCAT ATTCAGCMG TCAGCGGCAGCAGG TAMGCAG TACCTC TC TCTAG CMATAMCACGCCMCCAAGCCC TG 
10 20 3121 4121 5121 6121 7121 8121 100 11121 12121 

iGC TTGC CA TG Te (MAC CAGCCCGG TG ATCATG TCATGCCGC CTGGAKTGGAt(;CAG TGCGCCCMCAG TCCG ATGGCT ATGC TO(( 
130 14121 150 16121 17121 8121 19121 210121 210 

'GTGa:;J( TACATCCG TMG CTGlIMt(; AG AGCAGC MCGC KG AAG G MCTTG tcNAtC tU::AC AGAiXN\AATTGG GCCMCAGG GCTGCTCAGAA TAC 
630 64121 65121 6610 67121 68121 10 2 7 



Univ
ers

ity
 of

 C
ap

e T
ow

n

: 4 

Query: 

64 

120 

184 

o 

04 

o 

64 

420 

424 

80 

Query 6 

75 gctgctcagaatac 

423 



Univ
ers

ity
 of

 C
ap

e T
ow

n

are 

mouse common to 

cross-reacts 

western 

a 

SIzes 

an two minutes 

are 

SIze IS -



Univ
ers

ity
 of

 C
ap

e T
ow

n

(a) 5" exposure 

80.9 -

63.8 -

49.5 -

37.4-

(b) 30" exposure 

80.9 -

63.8 -

49.5 -

37.4-

(c) 2' exposure 

80.9 -

63.8 -

49.5 -

37.4-

Chapter 1bree- Results 3-23 

1 2 3 4 5 

B16 HeLa Fibroblast B16 RPE 

.-.... 

2 3 4 5 
.-----------------------------------------~ 

B16 HeLa Fibroblast B16 RPE 

2 3 4 5 

B16 . HeLa Fibroblast 1316 RPE 

Figure 3.12. Western blotting demonstrating that the mouse anti-Mitf antibody cross-reacts with the chicken 
Microphthalmia protein. (a) A five-second exposure produces the previously described 60-65 kDa melanocyte­
type Microphthalmia protein doublet (Takemoto et ai, 2002) in mouse B 16 melanoma cells Oanes 1 and 4), a 
doublet of ~ 65-69 kDa in human HeLa cells Oane 2), no protein in chicken embryonic fibroblasts Oane 3), and 
a doublet of - 65-69 kDa in chicken RPE cells Oane 5) . (b) A thirty second exposure produces a very faint 
doublet (indicated with arrow) of ~ 65-69 kDa in chicken embryonic fibroblasts Oane 3). (c) A two minute 
exposure intensifies the bands in chicken embryonic fibroblasts Oane 3). The molecular weight marker sizes 
(kDa; BenchMark Prestained Protein Ladder, Invitrogen) are shown on the left-hand side. 
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previously described - 60-65 kDa melanocyte-type doublet (Takemoto et at., 2002) is detected in 

B16 cells, and bands of - 65-69 kDa are detected in HeLa and fibroblast cells, although the 

bands detected in HeLa cells are much stronger than those in fibroblasts. 

3.4.3 Diversity in the 3'-UTR region of endogenous microphthalmia 

transcripts 

As described in Section 3.2.4, the length of the eMl·m eDNA 3'-UTR differs substantially from 

the lengths reported for mouse and human eDNA 3'-UTRs, but is very similar to that reported 

for the emi9 eDNA. Thus the question arises: are these two chicken eDNA 3'-UTRs 

representative of the 3'-UTR of chicken microphthalmia mRNAs present in cells? 

As a start to investigating this in a pigmented tissue, RT-PCR was carried out on total eye RNA 

using a primer that anneals from nts 998-1020 of the eM/·m coding region, and an oligo dT 15 

primer. In theory, based on known sequencing results, PCR with this primer pair should amplify 

a transcript of 1.5 kb (160 bp of the coding region and the 1341 bp 3'-UTR). However, two 

transcripts are amplified: Products of 1.3 kb and 0.90 kb are amplified from Black Australorp 

total eye RNA, while products of 1.3 kb and 1.0 kb are amplified from White Plymouth Rock x 

Pile Game total eye RNA (Fig. 3.13). These results suggest that the 3'-UTR of microphthalmia 

transcripts is subjected to alternative polyadenylation, a concept further discussed in Chapter 

Four. 

3.5 Expression and functional analyses of chicken microphthalmia 

cDNAs in transfected cells. 

Having established the general and tissue-specific expression patterns of eM/·m and emi9 

isoforms of chicken microphthalmia, the next series of experiments were designed to 

functionally analyse these two microphthalmia proteins by assessing the ability of each to 

transactivate the chicken tyrosinase gene promoter in pigmented and non-pigmented cell lines. 

In order to carry out these experiments, it was first necessary to clone the cMJ·m insert into a 

suitable expression vector and establish that mRNA is transcribed and further translated into 

proteins from the cMJ-m and emi9 cDNAs. The following sections describe the cloning of 

RCAS/ eM/-m into RCAS BP(A) as well as the existing RCAS BP(A)/ emi9 eDNA. 
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Fig. 3.13. Expression of the 3' UTR of eM! in total eye. Shown are products of one-tu be R T­
peR of total eye (e) extracted from Black Australorp (b) and White Plymouth Rock x Pile Game 
(w) chicken embryos. The peR products obtained with each sample are indicated, along with the 
sizes of each. The molecular weight marker (M) is PoxlEeoRl and the sizes (kb) of the marker 
fragments are indicated on the left hand side. 
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M RCAS/ cMl-mr RCAS/cMI-m RCAS BP(A) 

Fig. 3.15. KpnI restriction enzyme digestion of R CAS/ cMl-mr and RCAS/ cMI-m to confirm the 
orientation of each insert relative to the genome of the retroviral vector. Arrows indicate the 
different insert sizes obtained with KpnI. These predicted insert sizes were based on a 
combination of computer-aided restriction enzyme mapping of RCAS BP(A) and that of the 
chicken microphthalmia eDNA. The final lane is RCAS BP(A) restriction enzyme digested with 
CIaI, which willlinearise at 11.599 kb, as a control for the vector size. The molecular weight 
marker (M) is Pox/ EcoRI. 
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Figure 3.16. (a) Schematic representation of the cloning of the coding region of the chicken cJyf] eDNA isolated in the present 
study into the retroviral vector RCAS BP(A). The coding region (ATG - TAG) was inserted both in the cfuection of viral genome 
transcription (RCAS BP(A)! aWJ-m) and in the opposite direction to that of viral genome transcription (RCAS B P(A)/ cM1-m" in 
the CIa! restriction site (boxed). LTR, long tem1inal repeat; SA, splice acceptor; SD, splice donor. (b) Three RNA variants result, 
with the splicing indicated. Stop refers to the presence of a stop codon. Open bars beneath each mRNA indicate the precursor 
proteins encoded by each. In most cases the transcript carrying the foreign gene (In this case aWJ-m) makes up about 2(}...3(J'/o of 
the virally encoded RNAs. CA, capsid; IN, integrase; MA, matrix; NC, nucleoprotein; PH, protease; RT, reverse transcriptasc; SU, 
surface (receptor binding); 1M, tmnsmembrane. Nomenclature according to Leis .1 a/. (1988). Adapted from Morgan and Fekete 
(19%). 
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M a b c d M e f 

Fig. 3.17. Plasmid DNA interferes with the detection of cMJ-m and cmi9 transcripts in transfected 
fibroblasts. Shown are the products of two-step RT-PCR of chicken fibroblast RNA amplified 
using the primer pair that amplifies the conserved bHLH-ZIP domains of all microphthalmia 
transcripts. Lane (a): amplification of untransfected fibroblast RNA in the presence of both 
RNA and MuMLV RTj Lane (b): amplification of untransfected fibroblast RNA in the presence 
of RNA but in the absence of MuML V R Tj Lane (c): amplifiction of RNA extracted from 
fibroblasts transfected with RCAS/ cMI-m in the presence of both RNA and MuMLV RTj Lane 
(d): amplification of RNA extracted from fibroblasts transfected with RCAS/ cMI-m in the 
presence of RNA but in the absence of MuMLV RTj Lane (e): amplification of RNA extracted 
from fibroblasts transfected with RCAS/cmi9 in the presence of both RNA and MuMLV RTj 
Lane (Q: amplification of RNA extracted from fibroblasts transfected with RCAS/ cmi9 in the 
presence of RNA but in the absence of MuMLV RT. In all cases, reactions were subjected to 30 
PCR cycles. The molecular weight marker (M) is Pox/ EcoRI. 
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shows that the amplification products are not the result of genomic DNA contamination. Lane 

(c) and lane (e) show microphthalmia products in fibroblasts transfected with RCAS/ cMl-m or 

RCAS/ cmi9, respectively. However, the presence of products in the transfected control samples 

without RT ("mock reverse transcribed") in lanes (d) and (f) demonstrate that in these samples 

the amplification products are the result of contaminating plasmid DNA (because these products 

are not amplified from the mock reverse transcribed sample ofthe non-transfected fibroblasts, 

and because the primer pair used crosses more than one intron/exon boundary, the source of 

the contaminating DNA cannot be genomic, but must rather be the plasmid DNA used in the 

transfections) . 

Therefore, another approach was needed to determine whether the mRNA is transcribed from 

the two RCAS constructs. Two additional tactics were necessary: First, a method was required to 

remove the contaminating plasmid DNA from the transfected fibroblast RNA samples. 

Secondly, a semi-quantitative and 5' termini-specific PCR approach was crucial in order to 

distinguish between the endogenous microphthalmia transcripts (previously shown to be cMJ-m 

transcripts detectable at 30 PCR cycles) and the exogenously expressed transcripts. 

With this in mind, experiments were repeated and total RNA was extracted from non­

transfected fibroblasts and fibroblasts transfected with RCAS/ eM/-m or RCAS/ cmi9. In an 

attempt to eliminate the contaminating plasmid DNA, RNA samples were treated with DNAse 

(promega) at 3rc for 15 minutes prior to reverse transcription. The first strand cDNAs were 

then subjected to 20, 25, or 30 PCR cycles using a primer pair that will amplify the unique first 

exon of cMJ-m, or a primer pair that will amplify the unique first exon of cmi9. 

Fig. 3.18.a illustrates the results obtained in fibroblasts transfected with RCAS/ cMI-m. 

Microphthalmia transcripts, specific for the 5' terminus of cMJ-m, were detected after only 20 

PCR cycles. Compare this to Fig. 3.18.b, which shows that in untransfected cells, an additional 

10 PCR cycles are required to detect cMJ-m transcripts. In both cases the results represent 

mRNA and not plasmid DNA, as products are not amplified from the mock reverse transcribed 

samples Oanes d-f in both cases). Thus the DNAse treatment was successful at eliminating 

plasmid DNA from RNA samples_ 

In fibroblasts transfected with RCAS/ cmi9, 30 PCR cycles are required to detect cmi9-specific 

transcripts (Fig. 3.19.a). In untransfected cells, cmi9-specific transcripts are not detectable at these 

cycle numbers (Fig. 3.19. b), therefore demonstrating that the transcripts are generated as a result 
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Fig. 3.18. RCAS/ cMI-m transfected fibroblasts express cMI-m transcripts following 20 PCR 
cycles. Shown are the products of two-step RT-PCR of RNA extracted from (a) fibroblasts 
transfected with RCAS/ cMI-m or (b) untransfected fibroblasts. RNA was subjected to reverse 
transcription or mock reverse transcription, followed by 20-30 PCR cycles using the primer pair 
that amplifies the unique first exon of cMI-m. (+ ) indicates the presence of RNA or R T enzyme 
in each sample and (-) indicates the absence of RNA or RT enzyme in each sample. Numbers 
above each lane mdicate the number of peR cycles used. The molecular weight marker (M) is 
Pox/ EcoRI and the 1.0 kb fragment is indicated with an asterisk (*) in each case. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

(a) 

(b) 

Chapter Three - Results 

RCAS/cmi9 transfected fibroblasts (cmi9 primers) 

RNA 
RT (MuMLV) 
PCR cycles M 

+ 
+ 

20 

+ 
+ 
25 

+ 
+ 
30 

+ + + 

20 25 30 

Untransfected fibroblasts (cmi9 primers) 

RNA 
RT (MuMLV) 
PCR cycles M 

+ 
+ 

20 

~!!! 

+ 
+ 
25 

+ 
+ 
30 

+ 

20 

+ + 

25 30 

3-35 

Fig. 3.19. RCAS/ cmi9 transfected fibroblasts express cmi9 transcripts following 30 PCR cycles. 
Shown are the products of two-step RT-PCR of RNA extracted from (a) fibroblasts transfected 
with RCAS/ cmi9 or (b) untransfected fibroblasts. RNA was subjected to reverse transcription or 
mock reverse transcription, followed by 20-30 PCR cycles using the primer pair that amplifies 
the unique first exon of cmi9. (+) indicates the presence of RNA or RT enzyme in each sample 
and (-) indicates the absence of RNA or RT enzyme in each sample. Numbers above each lane 
indicate the number of PCR cycles used. The molecular weight marker (M) is Pox! EcoRl and the 
1.0 kb fragment is indicated with an asterisk (*) in each case. 
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Fig. 3.20. Western blotting of HeLa cellular proteins following transient transfection of four 
different amounts (5, 6, 7, and 0 rg) of (a) RCAS/cMl-m or (b) RCAS/cmi9. Cellular 
proteins from B 16 cells are shown in the first lane of each western blot and are included for 
a more precise molecular weight determination than that allowed by a pre-stained molecular 
weight maker alone. Both western blots were exposed for - 30 seconds. Approximately equal 
levels of protein are detected in celllysates following transfection with 6 rg ofRCAS/cMI-m 
and 6 rg of RCA S/cmi9. The estimated sizes of each protein - as assessed by the molecular 
weight maker used (kDa; Benchmark Prestained Protein Ladder, InvItrogen) and 
comparisons with the known molecular weight ofB16 proteins (Takemoto et ai., 2002) - are 
indicated. 
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the over-expression of eMI - be it cMI-m or cmi9 - is not conducive to continued cell viability; 

this is further discussed in Chapter Four. 

To shed more light on the results obtained in HeLa cells, transfections were next carried out in 

chicken embryonic fibroblasts (shown to express very low levels of Microphthalmia; Fig. 3.12). 

In these experiments, fibroblasts were "double" transfected to increase expression levels as 

follows: Fibroblasts were transfected with (i) 6 ~ ofRCAS/eMl-m or (ii) 6 ~ ofRCAS/emi9, the 

transfections were allowed to proceed overnight, and then cells were again transfected with an 

additional (i) 6 ~ ofRCAS/eM/-m or (ii) 6 fg ofRCAS/emi9 and the transfections allowed to 

proceed for an additional 12 hours. The results are shown in Fig. 3.21.a and demonstrate that a 

protein doublet of - 65-69 kDa is translated from RCAS/ cmi9 Oane 2), a protein doublet of - 56-

63 is translated from RCAS/ cMJ-m Oane 3). No protein was detected in mock-transfected or 

untreated fibroblast cells Oanes 4 and 5, respectively) at this level of exposure. These results 

confirm that both RCAS/ eM/-m and RCAS/ cmi9 are translated into Microphthalmia proteins 

when expressed in Hela cells and fibroblasts, and that approximately the same levels of protein 

are translated from 6 ~ of each construct. 

Finally, the question of why the endogenous HeLa MITF expression was inhibited when cells 

were transfected with RCAS/ eM/-m was addressed. After considering a number of lines of 

thought, it was hypothesised that the inhibition might be the result of the transfection procedure 

itself (and not the result of the expression of exogenous cMI). A comparison of endogenous 

MITF expression in mock transfected (transfection reagent only) versus vector transfected (6 ~ 

of RCAS/emi9; or 6 fg of RCAS/cMJ-m) HeLa cells was therefore carried out. An additional 

control was cells in medium only. The results are shown in Fig. 3.21.b. When cells are 

transfected with RCAS/ emi9 Oane 1) a doublet of - 65-69 kDa is again detected and the same 

bands are seen in mock-transfected Oane 3) and untreated Oane 4) cells. Of note is the fact that 

the vector transfected cells contain higher levels of protein than mock transfected cells. When 

cells are transfected with RCAS/ cMJ-m Oane 2) one doublet of - 56-63 kDa is detected. These 

results demonstrate that the loss of endogenous MITF is not due to the transfection procedure 

or reagent, and suggest that the inhibition is due to the over-expression of exogenous cMI. This 

is a very intriguing and surprising result and most certainly warrants further investigation. Due to 

time constraints on the present study, this has not been further investigated, although it is 

discussed in Chapter Four. 
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Figure 3.21. Western blotting of (a) B16 cellular proteins Gane 1); chicken embryonic 
fibroblast cellular proteins following transfection with 6 f.g ofRCAS/cmi9 Oane 2); 6 f.g of 
RCAS/ cMI-m Gane 3); mock transfection with PolyFect Gane 4); or no treatment Gane 5) and 
(b) HeLa cellular proteins following transfection with 6 f.g ofRCAS/cmi9 Oane 1); 6 f.g of 
RCAS/ cMI-m Gane 2); mock transfection with PolyFect Gane 3); or no treatment Gane 4); 
and B16 cellular proteins Gane 5). Both western blots were exposed for - 30 seconds. The 
estimated sizes of each protein - as assessed by the molecular weight marker used (kDa; 
Benchmark Prestained Protein Ladder, Invitrogen) and comparisons with the known 
molecular weight of B16 proteins (Takemoto et at., 2002) - are indicated. 
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To summarise, the 5 fg of the two microphthalmia constructs (RCAS/cMl-m and RCAS/cmi9) 

used in the present study generate neither equal levels of transcripts nor equal levels of protein 

when transiently transfected into non-pigmented cells. This is further discussed in Chapter Four. 

In any case, at this point of the study it has now been shown that 6 f.g of RCAS/cMi-m or 6 f.g 

of RCAS/ cmi9 produce the same levels of protein in transfected HeLa cells. Thus, for further co­

transfections with ty rosinase reporter promoter constructs, it was decided that 6 fp; of each 

microphthalmia construct would be used. 

3.6 Activity of the chicken tyrosinase gene promoter in transiently 

transfected B 16 and HeLa cells 

To test and compare the transactivational activities of the cMI-m and cmi9 proteins, 

cotransfectionss with the RCAS/ cMI-m and RCAS/ cmi9 plasmids together with tyrosinase 

promoter-luci/erase constructs were carried out. 

Transfections were carried out in B16 mouse melanoma cells (a pigmented cell line; known to 

express high levels of Mitf-m as assessed by western blotting in the present study), and two non­

pigmented cell lines (human HeLa cells - shown to express moderate levels of MITF as assessed 

by western blotting in the present study - and chicken embryonic fibroblasts, shown to express 

very low levels of cMI as assessed by western blotting in the present study). Previous 

investigators have used B16 and HeLa cells in similar co-transfections experiments (to those 

described below) with mammalian Microphthalmia protein and tyrosinase gene promoter 

constructs (Yasumoto et al., 1997; Takemoto et al., 2002; Takeda et al., 2002). 

3.6.1 The chicken tyrosinase gene promoter reporter constructs 

A 2.1-kb chicken tyrosinase gene promoter and two deletion constructs were previously cloned 

upstream of the luci/erase reporter gene (Ferguson, Ph.D. Thesis, 1996). These constructs have 

been tested for tissue-specific activity by transfection into a variety of pigmented and non­

pigmented cell types. Higher levels of activity in pigmented cells such as RPE and mouse melan­

a cells (Clarke, M.Sc. Thesis, 2000) and lower levels of activity in HepG2 non-pigmented cells 

(Clarke, M.Sc. Thesis, 2000) indicated that the full-length promoter was tissue specific in its 

activity. Clarke's results obtained with the two deletion constructs were less definitive, probably 

because of low transfection efficiencies in previous studies. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

16 

to 

constructs were were 

as a 

UH\"U'c" were as a mean ± 

construct was 

two constructs. m 

in B 

are m a m 

prOlll0lcer constructs m 

HUO 

111 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Results 



Univ
ers

ity
 of

 C
ap

e T
ow

n

were at 

raw 

were 

In IS 

Increase to 

were 6 

IS 

IS 

6 

IS to 

IS 

111 

co-

or 

1-

a mean 

Hlcreases 

a 



Univ
ers

ity
 of

 C
ap

e T
ow

n

21 cMJ-m cmi9 1.1 cMI-m cmi9 0.5 cMl-m cmi9 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Illcrease 

Illcreases 

mean 

Increases 

m 

mean 

Increases 

constructs III B 

Illcrease 

a 

B 

a mean ...,a.;,\-uu\..-

a 

to 

inB IS 

a 

were co·· 

are 

IS 

construct: a 

a 

toa 

or 6 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Results 

2.1 cMI-m cmi9 1.1 cMI-m cmi9 0.5 cMI-m cmi9 



Univ
ers

ity
 of

 C
ap

e T
ow

n

no 

In 

to 

mcrease 



Univ
ers

ity
 of

 C
ap

e T
ow

n

4- 1 

41 

not 

at one or more 

are 



Univ
ers

ity
 of

 C
ap

e T
ow

n

not 

insert 

mouse m!!lanC1CYTe"wpe 

exons IS a 

as 

structure or 

It IS not 

~~Uk"~' an 

,"U.'-'""UL," a 



Univ
ers

ity
 of

 C
ap

e T
ow

n

UU","UF. exon 3 

exon 3, 3' 

1996), 

1.3 

3.5 and 

exon 

are consensus 

most common 

4- 3 

exon3 occurs m 

111 

dT Is 

are from 

3'-

111 

nts 



Univ
ers

ity
 of

 C
ap

e T
ow

n
a common 

same '~"h"L as seen 111 

aelceCleu 111 

a 

an extent 



Univ
ers

ity
 of

 C
ap

e T
ow

n

4- 5 

aa nt 

nt 



Univ
ers

ity
 of

 C
ap

e T
ow

n

6 

amount 

as 

case to Co.mt>eI,lsal:e 

ill a ;n~.u"' .. u',,-u 

IS one 



Univ
ers

ity
 of

 C
ap

e T
ow

n

SIze 

onem 

mterest to more 

deIllloIl5tr;;lted m 

l'.'-.uvu.u,,- structure 

4· 7 

maXlmum 

a 

are 



Univ
ers

ity
 of

 C
ap

e T
ow

n

4-

a start to 

at two 

to were 



Univ
ers

ity
 of

 C
ap

e T
ow

n

m pl~:mcemea 

anse a 

mi~lanCICY1:e-t)rpe Ofonl0rer smce 

exon 



Univ
ers

ity
 of

 C
ap

e T
ow

n

mast cells 

et 

too 

van ant not 

m 

to ll1crease 

into account 

to 

in contrast to 

(as is likely the case 

et 

4- 10 

m mouse 

was 

at -

two 

lI1 

carries an amino terminus 

exon 

rl"'rpl~r/"(l m 

to 



Univ
ers

ity
 of

 C
ap

e T
ow

n
et 

are 

1t 

was 

4-11 

not 

an 

IS 



Univ
ers

ity
 of

 C
ap

e T
ow

n

western m 

Interest m 

summartse, It 1S now 

to 

to 

are two 

a 

termml 

same manner as 

U(JIUJLldJLllL' .... mcreases 

It 

1t to 

It was 

constructs. 

common to 

m 

as it 



Univ
ers

ity
 of

 C
ap

e T
ow

n

et 

course 

it is common 

are 

4· 13 

ltiS 

exon3 

exon 

ma 

III 

IS an mcrease 



Univ
ers

ity
 of

 C
ap

e T
ow

n

own OnDI1101Cer 

to 

assess 

m 

It IS 

to 

IS 

IJJ.\.JL'-"U. The 

to 

more recent PY,l ITI 01,." 

own 

pULH.;UIJ:Ha are 

",r.Tnf"rn IS 

act to 

nC1"pr1rprllnto 

at 8 IS 



Univ
ers

ity
 of

 C
ap

e T
ow

n

4- 15 

to pV'ln,,'nr 111 

but have not in actual cell 

or to 

cross-react 

111 

et 

a 

current 

are a 

. . 
not a III transIent 



Univ
ers

ity
 of

 C
ap

e T
ow

n

same same 

core 



Univ
ers

ity
 of

 C
ap

e T
ow

n

are are rp~T""n 

mutant construct 

U1J'U.lL". 111 pl~~enltea 



Univ
ers

ity
 of

 C
ap

e T
ow

n

constructs were 

environment 

m 

lflcrease 

are not 

IS 

two constructs to 

at ill IlUll-l.ll!;;.lU':Ul.C:U 

4-18 

constructs 

aVlan 

to 

to 

two 



Univ
ers

ity
 of

 C
ap

e T
ow

n

1S 

lLl.W_"H;) are 

mutant construct 

Of()mlotIEl ""r'lr,rr','y constructs most 

IS 

m 

In 

4-

to 

exon. 

III 

as 



Univ
ers

ity
 of

 C
ap

e T
ow

n

1$ 

constructs 

to 

to mcrease 

et 

constructs in 

transacnvate 

mcreases 

is not uneXDel:::tea 

it was 

m contrast to 

not a 

construct in 

4· 20 

m 

et 

r1J>IIJ>T1nn construc1:S 



Univ
ers

ity
 of

 C
ap

e T
ow

n

case: 

on 

next 

m 

more 

4- 21 

to increase u".ua.;,<- oro Inciter ,..",r,,,,..l',,, .. constructs 

to 

m not 

current m 

to answer a llU' .. UIU\.,. 

ntt~na~oto 

areas 

an 

gellormc structure 

to a 

.;"'.UVU1JL .... structure 



Univ
ers

ity
 of

 C
ap

e T
ow

n

22 

as Ul:>\.,U,):>cu m '-".''''1-''.''' a some "'Ul'U'.;" 

to IS an 

to III 

aVlan or not <CU'-'-J'-'" "I>JL'"!\",~-

IS 

n'<'UI-.IU' et 

a more 

m 

an assessment 

when 6 tg 

m 5'- 3'-

two constructs, 



Univ
ers

ity
 of

 C
ap

e T
ow

n

aVlans IS 

are 

are 

termInI 

~l'L1vu~ultwasnotnelcessar 

constructs 

eMI construct 

10 

iU,U1JlHl""> 0 r 

same 10 aVlanS 

10 

ammo 



Univ
ers

ity
 of

 C
ap

e T
ow

n

a 



Univ
ers

ity
 of

 C
ap

e T
ow

n

are 

on 

cases warrant 

out 

IJU"J;;.'LU.UU vectors ill 

can 



Univ
ers

ity
 of

 C
ap

e T
ow

n

anse 

to some extent 

extraneous 

extensIve 

to 

amount 

extraneous 

are 

can 

or 

SIzes 

"A .... "UU.l.-U as 

most common means 

seem to 

to 



Univ
ers

ity
 of

 C
ap

e T
ow

n

sarcoma ViruS 

aVlan sarcoma 

.. u.u.u,!UU to 

SIzeS were 

In same test 

sarcoma VIrus IS In 

carnes src, a 

a In 



Univ
ers

ity
 of

 C
ap

e T
ow

n

(a) 

(b) 

Appendix A - Analyses of Technical Problems Encountered 

CluI tag 

"'" cMIF 5 > 

ATG chicken eM! coding region 
I 

A-4 

ClaI tag 

<cMIRv 

I 
TAG 

peR product (-1.3 kb) A-tailed and ligated with pGEM T-Easy (3.0 kb) 

(c) 

MA BCD E F M M G H 1 J 

Fig. A.1. (a) Schematic of the peR strategy used in attempts to clone the coding region of the 
chicken microphthalmia cDNA into pGEM-T Easy. Primers cMIFS and cMIR4 amplify from 
the A TG initiation codon and the TAG termination codon of eM/-m, respectively. The peR 
product was A-tail ligated with pGEM T-Easy and subjected to restriction enzyme digestion. 
(b) ClaI digestion of six "mini-preps" of ligation product from (a). Lanes A-F demonstrate 
that the cDNA was linearising at - 4.0 kb Oane B is a failed digestion) (c) Lanes I and J: EeoRI 
digestion of two "mini-preps" of ligation product from (a). Asterisks indicate the presence of 
a - 1.3 kb insert. Lanes G and H are undigested samples of the same "mini-preps". The 
molecular weight marker (M) is Pox/ EeoRI. 
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Appendix C - Additional Transient Transfections C-3 

(a) Tyrosinase primers 

Fibroblast RNA + + 
Total eye RNA + 
RT (MuMLV) + + 
PCR cycles M 35 35 35 

(b) Dct primers 

Fibroblast RNA + + 
Total eye RNA + 
RT (MuMLV) + + 
PCR cycles M 35 35 35 

Fig. C.l. Chicken embryonic fibroblasts do not express tyrosinase or Dct. Shown are the products 
from two-step RT-PCR of chicken fibroblast RNA and chicken total eye RNA using (a) primers 
specific for the chicken tyrosinase gene, or (b) primers specific for the chicken Dct gene. (+) 
indicates the presence of RNA or RT in each sample and (-) indicates the absence of RNA or RT 
in each sample. Numbers above each lane indicate the number of PCR cycles used. Arrows 
indicate the amplification products. The molecular weight marker (M) is Pox/ EcoRI. 
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Appendix C - Additional Transient Transfections C-6 

250 
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-50 RPE 

Fig. C.2. Activity of the three chicken tyrosinase gene promoter constructs in fibroblasts, melan­
a cells, and RPE cells. Bars represent transfections with Tyr2.1-1uc (2.1); Tyr1.1-1uc (1.1); and 
TyrO.S-luc (0.5). Data are shown as the means of individual experiments. Standard deviations 
were calculated using the Excel (Microsoft Corporation) standard deviation function. In all cases, 
results are expressed as a relative luciferase activity (RLA) normalised with respect to Renilla 
activity in the same cell extract and expressed as a percentage of the luciferase activity obtained 
with the positive control vector, pGL2-control. Protein concentrations in all cell extracts were 
normalised using the BioRad Assay. 
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Appendix C - Additional Transient Transfections C-9 

Fibroblasts 

35 

- 30 
~ 
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:t::: 
CJ 10 :::l 

..J 
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> 5 .-
n3 
Q) 

c:: 0 

-5 
Tyr2.1-1uc Tyr1.1-1uc TyrO.5-1uc 

(a) (b) (c) 

Fig. C.3. Activity of (a) Tyr2.1-luc, (b) Tyr1.1-luc, and (c) TyrO.5-luc in fibroblasts following co­
transfections with RCAS/ cMJ-m {cMI-m)i RCAS/ cMJ-mr {cMI-mr)i or RCAS/ cmi9 (cmi9) . Bars 
represent co-transfections with Tyr2.1-luc (2.1)i Tyr1.1-luc (1.1)i and TyrO.s-luc (0.5). The 
baseline activity of each promoter construct (first bar in each series) is from Fig. C.2 and is 
included for comparative purposes. Data are shown as the means of individual experiments. 
Standard deviations were calculated using the Excel (Microsoft Corporation) standard deviation 
function . In all cases, results are expressed as a relative luciferase activity (RLA) normalised with 
respect to Renilla activity in the same cell extract and expressed as a percentage of the luciferase 
activity obtained with the positive control vector, pGL2-control. Protein concentrations in all 
cell extracts were normalised using the BioRad Assay. 



Univ
ers

ity
 of

 C
ap

e T
ow

n
m mamean 

a mean 

1 to a mean 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Appendix C - Additional Transient Transfections C-ll 

Melan-a 
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180 -« 160 ....J a:: -
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~ 80 (,) 
::s 

....J 
Q) 60 > :;; 
C'O 40 Q) 

a:: 
20 

0 
2.1 cMl-m cmi9 1.1 cMI-m cmi9 0.5 cMI-m cmi9 

Tvr2.1-1uc Tvr1.1-1uc TvrO.5-1uc 

(a) (b) (c) 

Fig. CA. Activity of (a) Tyr2.1-luc, (b) Tyr1.1-luc, and (c) TyrO.5-luc in mel an-a cells following 
co-transfections with RCAS/ cMI-m (cMI-m); or RCAS/ cmi9 (cmi9). Bars represent co­
transfections with Tyr2.1-luc (2.1); Tyr1.1-luc (1.1); TyrO.5-luc (0.5). The baseline activity of each 
promoter construct (first bar in each series) is from Fig. C.2 and is included for comparative 
purposes. Data are shown as the means of individual experiments. Standard deviations were 
calculated using the Excel (Microsoft Corporation) standard deviation function. In all cases, 
results are expressed as a relative luciferase activity (RLA) normalised with respect to Renilla 
activity in the same cell extract and expressed as a percentage of the luciferase activity obtained 
with the positive control vector, pGL2-control. Protein concentrations in all cell extracts were 
normalised using the BioRad Assay. 
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Appendix C - Additional Transient T ransfections Cl3 

RPE 

250 

-
~ 200 -
~ '> 
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co 50 Q) 

0::: 

0 
2.1 cMl-m cmi9 1.1 cMI-m cmi9 0.5 cMI-m cmi9 

Tyr2_1-1uc Tyr1.1-1uc TyrO.5-1uc 

(a) (b) (c) 

Fig_ CoS. Activity of (a) Tyr2.1-luc, (b) Tyr1.1-luc, and (c) TyrO.5-luc in RPE cells following co­
transfections with RCAS/ cMI-m (cMI-m); or RCAS/ cmi9 (cmi9). Bars represent co-transfections 
with Tyr2.1-1uc (2.1); Tyr1.1-1uc (1.1); and TyrO.5-1uc (0.5). The baseline activity of each 
promoter construct (first bar in each series) is from Fig. Co2 and is included for comparative 
purposes. Data are shown as the means of individual experiments. Standard deviations were 
calculated using the Excel (M.:icrosoft Corporation) standard deviation function. In all cases, 
results are expressed as a relative luciferase activity (RLA) normalised with respect to Renilla 
activity in the same cell extract and expressed as a percentage of the luciferase activity obtained 
with the positive control vector, pGLl-control. Protein concentrations in all cell extracts were 
normalised using the BioRad Assay. 
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