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Figure 1.1. General overview of transcription. The PIC assembles over the TAT A box and initiator 
(Inr) region. Sequence-specific regulatory transcription factors (R) bind to their specific RE or 
enhancer sequences that lie upstream of the promoter (VAS) and regulate the rate of transcription by 
directly affecting the rate at which the PIC assembles, or indirectly via the co-activator complex (C). 
The "co-activator complex" has multiple functions, which include interacting with the PIC and 
chromatin-remodelling and -modifying activity. 
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Figure 1.3. Flow diagram of neural induction and regional patterning of the forebrain. 
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Figure 1.5. Flow diagram of the neural induction and differentiation pathway. After neural 
induction, the activity of proneural genes specify which cells in the ectoderm will adopt neural fates. 
Later in the pathway, the activity of neurogenic genes limit the number of cells that undergo 
differentiation into neurons. 
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Figure 1.6. Alignment of the amino acid sequences of the BF-l homologues. Shaded areas 
represent the following percentage homology: yellow (100%), pink (>75%) and blue (>50%). 
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Tris-HCI, 15mM (NH2nS04, 7mM MgCh, O.lmM EDTA, 10rnM 2-mercaptoethanol, 

O.02mglml BSA; pH8.8) containing 2U ofT4 DNA Polymerase and O.5mM of each dNTP. 

BF-l cDNA insert excised 
with Eco811 and StuI 

pBGT9 linearized with 
EcoRI and SmaI 

. + Purify from 1 % LMP agarose gel 

+ 
Blunt-end ligation of Stu I and SmaI ends 
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Filling-in of the 5' EcoRI and Eco81I overhangs 

+ Ligation of filled-in 5' EcoRI and Eco811 blunt ends 

+ Transfonnation of ligation reactions into E.coli XL-I Blue 

+ Colony PCR to screen transfonnants for inserts 

+ MiDi-prep DNA extraction and BgmBamHI digest to confirm orientation of insert 

+ Manual DNA sequencing of positives clones to confinn open reading frame is correct 

Figure 2.1. Outline of the strategy to subclone BF-l into pGBT9. 
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Figure 3.1. The Yeast Two hybrid system was used to search for proteins that interacted 
with BF-I. The BF-l "bait" protein was cloned in frame to the GAL4 DB, thereby 
creating a fusion protein; whereas a cDNA library was cloned in frame to the GAL4 AD, 
creating a library of fusion proteins. An interaction between the BF-I ''bait'' and a cDNA 
library fusion protein resulted in the GAL4 DNA Binding Domain (DB) and Activation 
domain (AD) being brought together at the promoter, resulting in the activation and 
expression of the HIS3 and lacZ reporter genes. The interaction is detected by assaying 
for ~-galactosidase activity. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

5500bp 

pGBT9 

5500bp 
pGaIDBDIBF-l 

G.4L4 DB BF-l eDNA 

B 6650bp 

pgadlO 

GAIA AD 

6951bp 

pBFI-IPl 

GAL4AD 

8041bp 

pBFj-IPZ 

GAIA AD 

763Zbp 

pBFdP3 

GAIA AD 

8101bp 

pBF1-IP4 

GAL4AD 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Construct BF-l "bait" Construct cDNA library of 
fusion protein (GAIA DB) fusion proteins (GAIA AD) 

\1.--_--. _---, 
Y 

transform into S.cerel'isiae Y190 

• assay HIS3 transformants for 
Lac Z reporter gene activity 

Sort clones to elimin~e duplicate positives 
and eliminate false positives 

quantitatively m.tsure the strength 
of the interaction 

Obtain DNA sequencet ror positive clones and 
search databases for homology to known sequences 

Figure 3.3. Outline of the Yeast Two Hybrid screening assay. 
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Figure 3.4. DNA sequencing autoradiograph of plasmid pGALDBDIBF-1(26-480aa). The DNA 
sequence of pGalDBDIBF-I(26-480aa) over the cloning site at the junction where the vector (black) 
and BF-l (blue) sequences are joined. The blue arrow shows the point of insertion of the BF-I 
cDNA sequence. The amino acid residues (green) encoded by the BF-l sequence are shown 
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Figure 3.5. Denaturing 1 % agarose gel electrophoresis of (A) total RNA 
and (B) rnRNA extracted from OP6 cells. 
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3.2.2.2. First and second strand cDNA synthesis 

The quality of the first and second strand cDNA synthesis was assayed by measuring the 

percentage incorporation of [a-32P]dCTP and running the products on a 1 % agarose gel. The 

percentage incorporation was used as a measure of the efficiency of cDN A synthesis. Although 

the control reaction had a higher incorporation with the random primers, the amount of 

incorporation with oligo dT primers was comparable with the OP6 cDNA synthesis (Table 3.1). 

The gels reflected the results from the percentage incorporation (Figure 3.6 A and B) and 

showed that synthesis of cDNA with the oligo(dT) primers was much better. For the OP6 

samples, the first strand cDNA appeared as a smear from about 300bp to 1.7kbp (Figure 3.6 A, 

lanes 1 and 2), whereas the second strand cDNA appeared as a smear from about 300bp to 

4.5kbp (Figure 3.6 B, lanes 1 and 2) . For the control samples, the first and second strand cDNA 

both appeared as smears from 200bp to greater than 11. 5 kbp (Figure 3.6 A, lanes 3 and 4) 

(Figure 3.6 B, lanes 3 and 4) . 

Table 3.1. Percentage Incorporation of [a_32P]_dCTP during First and Second Strand 

cDNA Synthesis. 

'. : ~ ~ ~ ~ ~;; ~ ~ ~ ~ ~ ~ j 11]]]: 1·i 
... , ....... . 

.. ::. ~:"::: ~ ~ ~: ~ ~ ~: ~:~ ~ 

OP6 First Strand Random p(dN)6 105065 117.5 1.12 

OP6 First Strand oligo (dT)25(dN) 975333 3395 3.48 

Control First Strand Random p( dN)6 91593 13980 15 .26 

Control First Strand oligo (dT)25( dN) 107150 4537.5 4.23 

OP6 Second Strand Random p( dN)6 14555 152.5 1.04 

OP6 Second Strand oligo (dT)25(dN) 11797.5 560 4.746 

Control Second Strand Random p( dN)6 14259 3057.5 21.456 

Control Second Strand oligo (dT)25( dN) 10027.5 532.5 5.31 
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(A) M 1 2 3 4 (B) 1 2 3 4 

Figure 3.6. 1% agarose gel electrophoresis of first and second strand cDNA synthesis. (A) Lane 
M contains A PstI marker~ lane 1 contains OP6 random primed 1st strand cDNA~ lane 2 contains 
OP6 oligo dT primed 1 st strand cDN A~ lane 3 contains control random primed 1st strand cDN A ~ 
and lane 4 contains control oligo dT primed 1 sl strand cDNA. (B) lane 1 contains OP6 random 
primed 2nd strand cDNA~ lane 2 contains OP6 oligo dT primed 2nd strand cDNA~ lane 3 
contains control random primed 2nd strand cDNA ~ and lane 4 contains control oligo dT primed 
2nd strand cDNA. 

(B) 234 
M 123 4 (A) 

Figure 3.7. 1 % agarose gel electrophoresis of size fractionated OP6 and control cDN A. (A) 
Fractions 1-10 were pooled and analyzed by gel electrophoresis. (B) autoradiograph of the gel. 
For both (A) and (B), lane M contains A PstI marker~ lanes 1 and 3 are blank~ lane 2 contains 
control cDNA ~ and lane 4 contains OP6 cDNA. 
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3.2.2.3.Adaptor Ligation, Phosphorylation and Size-fractionation 

The oligo(dT)- and random-primed cDNA reactions were pooled and the cDNA ends were 

successfully ligated with adaptors. The adaptor-ligated ds cDNA was phosphorylated and size 

fractionated, and fractions 1-10 were pooled for both the OP6 and control reactions. 3/l1 of the 

pooled fractions were analyzed by 1 % agarose gel electrophoresis and autoradiography (Figure 

3.7). The control cDNA synthesis gave a much higher yield than the OP6 cDNA as expected. 

The OP6 cDNA appeared as a faint smear from about 300bp to 4.5kbp (Figure 3.7A). The 

autoradiograph (Figure 3.7 B) showed that the OP6 cDNA had a reasonable range of sizes, 

comparable with that of the control cDNA. The concentration of the precipitated size­

fractionated adaptor-ligated ds cDNA was estimated to be approximately 300ng//l1 (Figure3.8) 

and the yield of the OP6 ds cDNA was approximated to be 2.4/lg. 

3.2.2.4. Ligation of ds cDNA into the pGADIO vector and Transformation of the library 

plasmid DNA into E.coli. 

A series of vector to insert ratios were ligated to determine the optimum for construction of the 

cDNA library. For vector to insert ratios of (i)1 to 1, (ii) 1 to 2 and (iii) 1 to 1.5, gave 1.66 X 

104,7.3 X 103 and 1.7 X 104 c.f.u. per ml respectively. The remaining cDNA was ligated into the 

pGAD 1 0 vector, using the vector to insert ratio of 1 to 1.5. 

3.2.2.5. Amplification, Titering and Quality control of the Plasmid Library 

The library contained 0.5 X 106 original clones which were amplified and harvested. The titer of 

the frozen amplified cDNA library was calculated to be 4.6 X 1013 c.f.u.!ml. The percentage of 

recombinant clones for the unamplified library was calculated to be approximately 40% (33 of 

the 87 colonies had inserts) and the size of the cDNA inserts ranged from 300bp to 1200bp. 
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Figure 3.8. Concentration of the size-fractionated OP6 ds cDNA. The cDNA was estimated to 
be approximately 300ng/!l1 as estimated by comparison to DNA standards spotted onto an 
ethidium bromide agarose gel. The numbers in the figure refer to concentrations of the DNA 
standards in !lg/!ll. 
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3.3. SCREENING THE OP6 eDNA TWO-HYBRID LmRARY FOR PROTEIN­

PROTEIN INTERACTIONS 

Transformation of the pGALDBD/BF-l(26-480aa) and BF-l interacting plasmids into the yeast cells 

was performed sequentially since simultaneous transformation gave ten fold lower 

transformation efficiencies (103 _104 c. fu./~g) than sequential transformation (105-106 c.fu./!lg). 

After 3-5 days incubation a background of small white colonies appeared that never grew 

greater than 2mm in diameter. These small white colonies did not turn pink as they aged, which 

strongly suggested that they were yeast mutants that had reverted to the wild type phenotype. 

The pink colour of the reporter yeast strain is due to the ade2-1 0 1 mutation. After 10-12 days of 

incubation at 30°C, a few large pink colonies appeared, which were screened for ~-galactosidase 

activity using the colony-lift filter assay of Breeden & Nasmyth (1985). A total of 1.32 XI06 

c.fu. of the OP6 cDNA Two Hybrid library were screened for interactions between the BF-l bait 

and library fusion proteins. Forty-four colonies turned blue in the original library screening 

(Figure 3.9 A) and were re-streaked from the master plate onto another SD-Leu/-Trp/-Hisl+3AT 

plate. In the secondary screening, 20 of the 44 colonies turned blue (Figure 3.9 B). Nine colonies 

turned blue within 60-100 minutes, whereas the remaining colonies turned blue within a 16 hour 

period (the reaction was run overnight). Yeast transformed with the positive control plasmids 

turned blue after approximately 30 minutes (pCLl) and 60 minutes (pV A3 + pTD1) as expected. 

The plasmid peL} encoded the wild type full-length GAL4 protein and plasmids pYA3 and 

pTO 1 served as a model of interacting proteins. 
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Figure 3.9. Colony lift l3-galactosidase Assays. (A) An example of a blue colony from the first 
two-hybrid screen. (B) 20 out of the 44 colonies turned blue in the secondary screen. (C) Control 
reactions of yeast transformed with pCLl (i and ii), pYA3 + pTDl (iii and iv), pGALDBDIBF-
1(26-480aa) only (v and vi) . 
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A B 

M123456 78 M M 1 2 3 4 5 6 7 M 

Figure 3.10. 1% agarose gel electrophoresis of the (A) peR amplified cDNA inserts of the 
BF1-interacting proteins. Lanes M contain A PstI marker; lane 1 contains peR product for the 
empty pGADI0 vector; lane 2 contains the peR water control; lanes 3-8 contain the amplified 
cDNA inserts for BF1-IP3 (lane 3); BFI-IPI (lane 4); BFI-IPS (lane S); BF1-IP6 (lane 6); BF r-IP2 
(lane 7); and BFI-IP4 (lane 8). (B) HapII digest of the peR amplified inserts. Lanes M contain a 
100bp ladder (promega); lanes 1-7 contain the HapII digest pattern for pGAD 1 0 (lane 1); BF 1-

IP3 (lane 2); BFr-IP1 (lane 3); BFI-IPS (lane 4); BF1-IP6 (lane S); BFI-IP2 (lane 6); and BFI-IP4 
(lane 7). 

M 123456 M 

Figure 3.11. Detennination of the cDNA insert Sizes. 1 % agarose gel electrophoresis of the 
EcoRi digests of the BF-1 interacting clones. Lanes M contain a 100bp ladder (promega); lanes 
1-6 contain the HapII digest pattern for BFr-IP3 (lane 1); BFr-IPI (lane 2); BFt-IPS (lane 3); 
BFI-IP6 (lane 4); BFI-IP2 (lane S); and BFI-IP4 (lane 6). 
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Figure 3.12. Quantitative liquid p-galactosidase assays to measure the relative strengths of 
the Two-Hybrid interactions. The plasmids used for each reaction is given as a legend below 
each bar in the graph. 
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1 

1 

61 

1 

121 

1 

181 

60 

241 

120 

301 

180 

361 

240 

421 

300 

481 

360 

541 

420 

601 

480 

661 

540 

721 

600 

781 

660 

841 

720 

901 

780 

961 

840 

1021 

900 

CTGTGGCAGAAACCCCTGACTTCTGCCCACCACCTCCCAGCCTCAGGATGCTCCCTTTTG 

CCTCCTGCCTCCCCGGGTCTTTGCTGCTCTGGGCGTTTCTGCTGTTGCTCTTGGGAGCAG 

CGTCCCCACAGGATCCCGAGGAGCCGGACAGCTACACGGAATGCACAGATGGCTATGAGT 
11111111111111111111111111111111111111111111111111111111111 

.GTCCCCACAGGATCCCGAGGAGCCGGACAGCTACACGGAATGCACAGATGGCTATGAGT 

GGGATGCAGACAGCCAGCACTGCCGGGATGTCAACGAGTGCCTGACCATCCCGGAGGCTT 
111111111111111111111111111111111111111111111111111111111111 
GGGATGCAGACAGCCAGCACTGCCGGGATGTCAACGAGTGCCTGACCATCCCGGAGGCTT 

GCAAGGGTGAGATGAAATGCATCAACCACTACGGGGGTTATTTGTGTCTGCCTCGCTCTG 
111111111111111111111111111111111111111111111111111111111111 
GCAAGGGTGAGATGAAATGCATCAACCACTACGGGGGTTATTTGTGTCTGCCTCGCTCTG 

CTGCCGTCATCAGTGATCTCCATGGTGAAGGACCTCCACCGCCAGCGGCCCATGCTCAAC 
111111111111111111111111111111111111111111111111111111111111 
CTGCCGTCATCAGTGATCTCCATGGTGAAGGACCTCCACCGCCAGCGGCCCATGCTCAAC 

AACCAAACCCTTGCCCGCAGGGCTACGAGCCTGATGAACAGGAGAGCTGTGTGGATGTGG 
111111111111111111111111111111111111111111111111111111111111 

AACCAAACCCTTGCCCGCAGGGCTACGAGCCTGATGAACAGGAGAGCTGTGTGGATGTGG 

ACGAGTGTACCCAGGCTTTGCATGACTGTCGCCCTAGTCAGGACTGCCATAACCTTCCTG 
111111111111111111111111111111111111111111111111111111111111 
ACGAGTGTACCCAGGCTTTGCATGACTGTCGCCCTAGTCAGGACTGCCATAACCTTCCTG 

GCTCCTACCAGTGCACCTGCCCTGATGGTTACCGAAAAATTGGACCCGAATGTGTGGACA 
111111111111111111111111111111111111111111111111111111111111 
GCTCCTACCAGTGCACCTGCCCTGATGGTTACCGAAAAATTGGACCCGAATGTGTGGACA 

TAGATGAGTGTCGTTACCGCTATTGCCAGCATCGATGTGTGAACCTGCCGGGCTCTTTTC 
111111111111111111111111111111111111111111111111111111111111 
TAGATGAGTGTCGTTACCGCTATTGCCAGCATCGATGTGTGAACCTGCCGGGCTCTTTTC 

GATGCCAGTGTGAGCCAGGCTTCCAGTTGGGACCTAACAACCGCTCTTGTGTGGATGTGA 
111111111111111111111111111111111111111111111111111111111111 
GATGCCAGTGTGAGCCAGGCTTCCAGTTGGGACCTAACAACCGCTCTTGTGTGGATGTGA 

ATGAGTGTGACATGGGAGCCCCATGTGAGCAGCGCTGCTTCAACTCCTATGGGACCTTCC 
111111111111111111111111111111111111111111111111111111111111 

ATGAGTGTGACATGGGAGCCCCATGTGAGCAGCGCTGCTTCAACTCCTATGGGACCTTCC 

TGTGTCGCTGTAACCAGGGCTATGAGCTGCACCGGGATGGCTTCTCCTGCAGCGATATCG 
111111111111111111111111111111111111111111111111111111111111 
TGTGTCGCTGTAACCAGGGCTATGAGCTGCACCGGGATGGCTTCTCCTGCAGCGATATCG 

ATGAGTGCGGCTACTCCAGTTACCTCTGCCAGTACCGCTGTGTCAACGAGCCAGGCCGAT 
111111111111111111111111111111111111111111111111111111111111 

ATGAGTGCGGCTACTCCAGTTACCTCTGCCAGTACCGCTGTGTCAACGAGCCAGGCCGAT 

TCTCCTGTCACTGCCCACAAGGCTACCAGCTGCTGGCTACAAGGCTCTGCCAAGATATTG 
111111111111111111111111111111111111111111111111111111111111 
TCTCCTGTCACTGCCCACAAGGCTACCAGCTGCTGGCTACAAGGCTCTGCCAAGATATTG 

ACGAGTGTGAAACAGGTGCACACCAATGTTCTGAGGCCCAAACCTGTGTCAACTTCCATG 
111111111111111111111111111111111111111111111111111111111111 

ACGAGTGTGAAACAGGTGCACACCAATGTTCTGAGGCCCAAACCTGTGTCAACTTCCATG 

GGGGTTACCGCTGTGTGGACACCAACCGTTGTGTGGAGCCCTATGTCCAAGTGTCAGACA 
111111111111111111111111111111111111111111111111111111111111 
GGGGTTACCGCTGTGTGGACACCAACCGTTGTGTGGAGCCCTATGTCCAAGTGTCAGACA 

ACCGCTGCCTCTGCCCTGCCTCCAATCCCCTTTGTCGAGAGCAGCCTTCATCCATTGTGC 
111111111111111111111111111111111111111111111111111111111111 
ACCGCTGCCTCTGCCCTGCCTCCAATCCCCTTTGTCGAGAGCAGCCTTCATCCATTGTGC 
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1081 ACCGCTACATGAGCATCACCTCAGAGCGAAGTGTGCCTGCTGACGTGTTTCAGATCCAGG 
11111 I I I 111111 I I I 111111 I I I 1111111111 I I I I I I I I I III I II I I 

960 ACCGCTACATGAGCATCACCTCAGAGCGAAGTGTGCCTGCTGACGTGTTTCAGATCCAGG 

1141 CAACCTCTGTCTACCCTGGTGCCTACAATGCCTTTCAGATCCGTTCTGGAAACACACAGG 
III 111111111111111111111111111111111111111111111111111 

1020 CAACCTCTGTCTACCCTGGTGCCTACAATGCCTTTCAGATCCGTTCTGGAAACACACAGG 

1201 GGGACTTCTACATTAGGCAAATCAACAATGTCAGCGCCATGCTGGTCCTCGCCAGGCCAG 
111111111111111111111111111111111111111111111111111111111111 

1080 GGGACTTCTACATTAGGCAAATCAACAATGTCAGCGCCATGCTGGTCCTCGCCAGGCCAG 

1261 TGACGGGACCCCGGGAGTACGTGCTGGACCTGGAGATGGTCACCATGAATTCCCTTATGA 
111111111111111111111111111111111111111111111111111111111111 

1140 TGACGGGACCCCGGGAGTACGTGCTGGACCTGGAGATGGTCACCATGAATTCCCTTATGA 

1321 GCTACCGGGCCAGCTCTGTACTGAGACTCACGGTCTTTGTGGGAGCCTATACCTTCTGAA 
I I II I I I I I I I I II II I I I I I I I I I I I I I I I I I I I I II I I II I I I I I I II II I I II II I I 

1200 GCTACCGGGCCAGCTCTGTACTGAGACTCACGGTCTTTGTGGGAGCCTATACCTTCTGAA 

13B1 GACCCTCAGGGAAGGGCCATGTGGGGGCCCCTTCCCCCTCCCATAGCTTAAGCAGCCCCG 
I I II I I I I I I I I I 1 1 1 1 1 1 1 1 1 1 II II II II I I I I II I II II I I I I II I I 

1260 GACCCTCAGGGAAGGGCCATGTGGGGGCCCCTTCCCCCTCCCATAGCTTAAGCAGCCCCG 

1441 GGGGCCTAGGGATGACCGTTCTGCTTAAAGGAACTATGATGTGAAGGACAATAAAGGGAG 
'III" 111111111111111111111 111111111111111111111111111 

1320 GGGGCCTAGGGATGACCGTTCTGCTTAAAGGAACTATGATGTGAAGGACAATAAAGGGAG 

1501 AAAGAAGGAAAA 
III 11111 

1380 AAAGAAGGAAAA 
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1 AAAAAAAGAGATCTCTCGAGGATCCGr\ATTCGCGGCCGCGTCGACGTCCCCACAGGATCC 
1 K K E I S R G S E F A A A S T S P Q 0 P 

61 CGAOOAGCCGGACAGCTACACGGAATGCACAGATGGCTATGAGTGGGATGCAGACAGCCA 
21 g E P 0 S Y T E C TOG YEW 0 ADS Q 

121 GCACTGCCGGGATGTCAACGAGTGCCTGACCATCCCGGAGGCTTGCAAGGGTGAGATGAA 
41 B C R 0 V N E C L TIP E A C K GEM K 

181 ATGCATCAACCACTACGGGGGTTATTTGTGTCTGCCTCGCTCTGCTGCCGTCATCAGTGA 
61 C I N B Y G G Y L C L P R S A A V ISO 

241 TCTCCATGGTGAAGGACCTCCACCGCCAGCGGCCCATGCTCAACAACCAAACCCTTGCCC 
81 L B G E G P P P P A A H A Q Q P N PCP 

301 GCAGGGCTACGAGCCTGATGAACAGGAGAGCTGTGTGGATGTGGACGAGTGTACCCAGGC 
101 Q G YEP 0 E Q ESC V 0 V 0 E C T Q A 

361 TTTGCATGACTGTCGCCCTAGTCAGGACTGCCATAACCTTCCTGGCTCCTACCAGTGCAC 
121 L HOC R P S Q 0 C H N LPG S Y Q C T 

421 CTGCCCTGATGGTTACCGAAAAATTGGACCCGAATGTGTGGACATAGATGAGTGTCGTTA 
141 CPO G Y R K I G P E C V 0 109 CRY 

481 CCGCTATTGCCAGCATCGATGTGTGAACCTGCCGGGCTCTTTTCGATGCCAGTGTGAGCC 
161 R Y C Q H R C V N LPG S F R C Q C E P 

541 AGGCTTCCAGTTGGGACCTAACAACCGCTCTTGTGTGGATGTGAATGAGTGTGACATGGG 
181 G F Q L G P N N R S C V 0 V N E COM G 

601 AGCCCCATGTGAGCAGCGCTGCTTCAACTCCTATGGGACCTTCCTGTGTCGCTGTAACCA 
201 A P CEQ R C F N S Y G T F L C R C N Q 

661 GGGCTATGAGCTGCACCGGGATGGCTTCTCCTGCAGCGATATCGATGAGTGCGGCTACTC 
221 G Y E L H R 0 G F S C SOl 0 E C G Y S 

721 CAGTTACCTCTGCCAGTACCGCTGTGTCAACGAGCCAGGCCGATTCTCCTGTCACTGCCC 
241 S Y L C Q Y R C V N E P G R F S C B C P 

781 ACAAGGCTACCAGCTGCTGGCTACAAGGCTCTGCCAAGATATTGACGAGTGTGAAACAGG 
261 Q G Y Q L L A T R L C Q 0 109 C g T G 

841 TGCACACCAATGTTCTGAGGCCCAAACCTGTGTCAACTTCCATGGGGGTTACCGCTGTGT 
281 A B Q C S g A Q T C V N F B G G Y R C V 

901 GGACACCAACCGTTGTGTGGAGCCCTATGTCCAAGTGTCAGACAACCGCTGCCTCTGCCC 
301 o T NRC V E P Y v Q v SON R C L C P 

961 TGCCTCCAATCCCCTTTGTCGAGAGCAGCCTTCATCCATTGTGCACCGCTACATGAGCAT 
321 A S N P L C R g Q P S S I V B R Y M S I 

1021 CACCTCAGAGCGAAGTGTGCCTGCTGACGTGTTTCAGATCCAGGCAACCTCTGTCTACCC 
341 T S g R S V PAD V F Q I QAT S V Y P 

1081 TGGTGCCTACAATGCCTTTCAGATCCGTTCTGGAAACACACAGGGGGACTTCTACATTAG 
361 GAY N A F Q IRS G N T Q G 0 FYI R 

1141 GCAAATCAACAATGTCAGCGCCATGCTGGTCCTCGCCAGGCCAGTGACGGGACCCCGGGA 
381 Q INN V SAM L V L A R P V T G P R g 

1201 GTACGTGCTGGACCTGGAGATGGTCACCATGAATTCCCTTATGAGCTACCGGGCCAGCTC 
401 Y V L 0 L E M V T H N S L H S Y R ASS 

1261 TGTACTGAGACTCACGGTCTTTGTGGGAGCCTATACCTTCTGAAGACCCTCAGGGAAGGG 
421 V L R LTV F V GAY T F * 

1321 CCATGTGGGGGCCCCTTCCCCCTCCCATAGCTTAAGCAGCCCCGGGGGCCTAGGGATGAC 
1381 CGTTCTGCTTAAAGGAACTATGATGTGAAGGACAATAAAGGGAGAAAGAAGGAAAAGTCG 
1441 ACGCGGGCCGCGAATTCCAGATCTATGAATCGTAGATACTGAAAAAC 

Figure 4.3. DNA sequence (upper line) and translation (lower line) of BF \-IP2. The 
amino acid sequence ofBF1-IP2 is continuous with the open reading frame of the GAL4 
Activation Domain. The end of the GAL4 Activation domain sequence is in black, the 
vector sequence is in dark blue, the adaptor sequence is in blue, the coding region of the 
BF\-IP2 insert is in red, and the untranslated 3' end of the insert is in green. 
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MLPFASCLPGSLLLWAFLLLLLGAASPQDPEEPDSYTECTDGYEWDADSQHCRDVNECLT 
111111111 111111111111 11111111 

1 ......................... SPQDPEEPDSYTECTDGYEWDADSQHCRDVNECLT 

61 IPEACKGEMKCINHYGGYLCLPRSAAVISDLHGEGPPPPAABAQQPNPCPQGYEPDEQES 
111111111111111111111111111 I 11111111111111 1111111111111 

36 I PEACKGEMKCINHYGGYLCLPRSAAVISDLBGEGPPPPAABAQQPNPCPQGYEPDEQES 

121 CVDVDECTQALHDCRPSQDCBNLPGSYQCTCPDGYRKI GPECVD IDEqRYRYCQHRCVNL 
11111 11111 11111 II! 111111 1111111111111 111111111111111 II 

96 CVDVDECTQALHDCRPSQDCBNLPGSYQCTCPDGYRKIGPECVDIDECRYRYCQHRCVNL 

181 PGSFRCQCEPGFQLGPNNRSCVDVNECDMGAPCEQRCFNSYGTFLCRCNQGYELHRDGFS 
1111111111111111 1111111111111 1111111111111111 1111111 

156 PGSFRCQCEPGFQLGPNNRSCVDVNECDMGAPCEQRCFNSYGTFLCRCNQGYELBRDGFS 

241 CSDIDECGYSSYLCQYRCVNEPGRFSCHCPQGYQLLATRLCQDIDECETGAHQCSEAQTC 
111111111111 111111111111111111111111111111111 1111111111111 

216 CSDIDECGYSSYLCQYRCVNEPGRFSCHCPQGYQLLATRLCQDIDECETGAHQCSEAQTC 

301 VNFBGGYRCVDTNRCVEPYVQVSDNRCLCPASNPLCREQPSSIVHRYMSITSERSVPADV 
111II1 11111111111111111111111111111111 111111111111111111 

276 VNFHGGYRCVDTNRCVEPYVQVSDNRCLCPASNPLCREQPSSIVHRYMSITSERSVPADV 

361 FQlQATSVYPGAYNAFQIRSGNTQGDFYIRQINNVSAMLVLARPVTGPREYVLDLEMVTM 
111111111111111111 1111111111 II 111111 111111 111111111 

336 FQlQATSVYPGAYNAFQIRSGNTQGDFYIRQINNVSAMLVLARPVTGPRKYVLDLBMVTM 

421 NSLMSYRASSVLRLTVFVGAYTF 
111111111111 111111111 

396 NSLMSYRASSVLRLTVFVGAYTF 
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* * * ** 
1 S PQDPEEPDS YTECTDGYEW DADSQHCRDV NECLT IPEAC KGEHKCINHY GGYLCLPRSA 

* * * 
61 AVISDLHGEG PPPPAABAQQ PNPCPQGYEP DEQES CVDVD ECTQALHDCR PSQDCHNLPG 

* * ** * * 
121 SYQCTCPDGY RKI GPECVDI DECRYRYCQH RCVNL PGSFR CQCEPGFQLG PNNRSCVDVN 

* * * * * 
181 ECDHGAPCEQ RCFNSYGTFL CRCNQGYELH RDGFSCSDID ECGYSSYLCQ YRCVNEPGRF 

* * * * 
241 S CHCPQGYQL LATRLCQDID ECETGAHQCS EAQTCVNFHG GYRCVDTNRC VEPYVQVSDN 

* * * * 
301 RCLCPASNPL CREQPSSIVH RYMSITSERS VPADVFQlQA TSVY PGAYNA FQIRSGNTQG 

* * 
361 DFYIRQINNV SAMLVLARPV TGPREYVLDL EMVTMNSLMS YRASSVLRLT VFVGAYTFRP 

421 SGKGHVGAPS PSHSLSSPGG LGMTVLLKGT MHRTIKGERR K 

Figure 4.5. Protein motifs within the BF 1-IP2 amino acid sequence. A coloured asterix above a 
coloured residue denotes the following modification sites: Asparagine glycosylation (pink), 
Protein Kinase C (dark blue) and Calcium kinase n (green) phosphorylation, myristolation (red), 
aspartic acid and asparagine hydroxylation (turquoise). The Epithelial Growth Factor- like 
domains (purple text) and calcium binding EGF-like domains (teal blue text) are underlined 
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1141 AACAATACCTGCTGCAAACTCAATTCTGGGGACTGGGGCTGCTGTCCCATCCCAGAGGCT 
I I I I I I I I I I I 1 1 1 1 1 1 1 I I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I I I I I I I I I I II I I II II 1 1 

1 . CAATACCTGCTGCAAACTCAATTCTGGGGACTGGGGCTGCTGTCCCATCCCAGAGGCT 

1201 GTCTGCTGCTCAGACAACCAGCATTGCTCCGCTCAGGGCTTCACATGTCTGGCTCAGGGG 
111111111111111111111111111111111111 1111111111111111 II 

59 GTCTGCTGCTCAGACAACCAGCATTGCTCCGCTCAGGGCTTCACATGTCTOOCTCAGGGG 

1261 TACTGTCAGAAGGGAGACACAATGGTOOCTOOCCTGGAGAAGATACCTGCCCGCCAGACA 
111111111111 11111111111111111111111111111111 1111111111 

119 TACTGTCAGAAGGGAGACACAATGGTGGCTGGCCTGGAGAAGATACCTGCCCGCCAGACA 

1321 ACCCCGCTCCAAATTGGAGATATCGGTTGTGACCAGCATACCAGCTGCCCAGTAGGGCAA 
1111111111111111111 111111111111111111111111111111 111111 

179 ACCCCGCTCCAAATTGGAGATATCGGTTGTGACCAGCATACCAGCTGCCCAGTAGGGCAA 

1381 ACCTGCTGCCCAAGCCTCAA~GTTGGGCCTGCTGCCAGCTGCCCCATGCTGTGTGC 

1111111111 1111111111111111 11111111111 II 1111111111111 
239 ACCTGCTGCCCAAGCCTCAA~GTTGGGCCTGCTGCCAGCTGCCCCATGCTGTGTGC 

1441 TGTGAGGACCOOCAGCACTGTTGCCCOOCCGGGTACACCTGCAATGTGAAGGCGAGGACC 
I 1111111111111 1111111111111 11111111111111111111111 

299 TGTGAGGACCGGCAGCACTGTTGCCCOOCCGGGTACACCTGCAATGTGAAGGCGAGGACC 

1501 TGTGAGAAGGATGTCGATTTTATCCAGCCTCCCGTGCTCCTGACCCTCOOCCCTAAGGTT 
1111111111 111111111111 11111111111111 11111111111111 

359 TGTGAGAAGGATGTCGATTTTATCCAGCCTCCCGTGCTCCTGACCCTCOOCCCTAAGGTT 

1561 GGGAATGTGGAGTGTGGAGAAGGGCATTTCTGCCATGATAACCAGACCTGTTGTAAAGAC 
111111111111111 11111111111111 1111111111111111111111111 

419 GGGAATGTGGAGTGTGGAGAAGGGCATTTCTGCCATGATAACCAGACCTGTTGTAAAGAC 

1621 AGTGCAGGAGTCTGGGCCTGCTGTCCCTACCTAAAGGGTGTCTGCTGTAGAGATGGACGT 
11111111 1111111111111 1111111111111111111111111111111 II 

479 AGTGCAGGAGTCTGGGCCTGCTGTCCCTACCTAAAGGGTGTCTGCTGTAGAGATGGACGT 

1681 CACTGTTGCCCCGGTOOCTTCCACTGTTCAGC~CCAAGTGTTTGCGAAAGAAG 

1111111111111 111111111111111111111111111111111111111111111 
539 CACTGTTGCCCCGGTGGCTTCCACTGTTCAGCCAGGGGAACCAAGTGTTTGCGAAAGAAG 

1741 ATTCCTCGCTGGGACATGTTTTTGAGGGATCCGGTCCCAAGACCGCTACTGTAAGGAAGG 
11111 111111111111111111111111111111111111111111111 III 

599 ATTCCTCGCTGGGACATGTTTTTGAGGGATCCGGTCCCAAGACCGCTACTGTAAGGAAGG 

1801 GCTACAGACTTAAGGAACTCCACAGTCCTGGGAACCCTGTTCCGAGGGTACCCACTACTC 
111111111111 111I1111111111111111111111111111111111111111111 

659 GCTACAGACTTAAGGAACTCCACAGTCCTGGGAACCCTGTTCCGAGGGTACCCACTACTC 

1861 AGGCCTCCCTAGCGCCTCCTCCCCTAACGTGTCCCCGGCCTACTCATCCTGAGTCACCCT 
1111 11111111111111111111111111111111111111111111111111111 

719 AGGCCTCCCTAGCGCCTCCTCCCCTAACGTGTCCCCGGCCTACTCATCCTGAGTCACCCT 

1921 ATCACCATGGGAGGTGGAGCCTCAAACTAAAACCTTCTTTTATGGAAAGAAGGCTGTGGC 
111111111 1111I111111111111111111111111111111111111111111111 

779 ATCACCATGGGAGGTGGAGCCTCAAACTAAAACCTTCTTTTATGGAAAGAAGGCTGTOOC 

1981 AAAAGCCCCGTATCAAACTGCCATTTCTTCCGGTTTCTGTGGACCTTGTGGCCAGGTGCT 
II 11111111111111111111111111111111111111111111 1111111 

839 AAAAGCCCCGTATCAAACTGCCATTTCTTCCGGTTTCTGTGGACCTTGTGGCCAGGTGCT 

2041 CTTCCCGAGCCACAGGTGTTCTGTGAGCTTGCTTGTGTGTGTGTGCGCGTGTGCGTGTGT 
1 II I I I I I I I I I I I II II I I I I I I II II II I I I I I II 1 II II 1 I 1 II I 1 I I I I 1 1 I II I 

899 CTTCCCGAGCCACAGGTGTTCTGTGAGCTTGCTTGTGTGTGTGTGCGCGTGTGCGTGTGT 

2101 TGCTCCAATAAAGTTTGTACACTTT 
II I I 1 I I I I I 1 I II I I I I I II II I 

959 TGCTCCAATAAAGTTTGTACACTTT 



Univ
ers

ity
 of

 C
ap

e T
ow

n

1 AAAAAAGAGATCTCTCGAGGATCCGAATTCGCGGCCGCGTCGACCAATACCTGCTGCAAA 
1 K K E I S R G S E F A A A S T NT C C K 

61 CTCAATTCTGGGGACTGGGGCTGCTGTCCCATCCCAGAGGCTGTCTGCTGCTCAGACAAC 
21 L N S G D W G C C PIP E A V C C S D N 

121 CAGCATTGCTCCGCTCAGGGCTTCACATGTCTGGCTCAGGGGTACTGTCAGAAGGGAGAC 
41 Q H C S A Q G FTC L A Q G Y C Q K G D 

181 ACAATGGTGGCTGGCCTGGAGAAGATACCTGCCCGCCAGACAACCCCGCTCCAAATTGGA 
61 T H V A G L E KIP A R Q T T P L Q I G 

241 GATATCGGTTGTGACCAGCATACCAGCTGCCCAGTAGGGCAAACCTGCTGCCCAAGCCTC 
81 DIG C D Q H T S C P V G Q T C CPS L 

301 AAGGGAAGTTGGGCCTGCTGCCAGCTGCCCCATGCTGTGTGCTGTGAGGACCGGCAGCAC 
101 K G S WAC C Q L P R A V C C E D R Q H 

361 TGTTGCCCGGCCGGGTACACCTGCAATGTGAAGGCGAGGACCTGTGAGAAGGATGTCGAT 
121 C CPA G Y T C N V K ART C E K D V D 

421 TTTATCCAGCCTCCCGTGCTCCTGACCCTCGGCCCTAAGGTTGGGAATGTGGAGTGTGGA 
141 F I Q P P V L L T L G P K V G N V E C G 

481 GAAGGGCATTTCTGCCATGATAACCAGACCTGTTGTAAAGACAGTGCAOOAGTCTGGGCC 
161 E G H F C H D N Q T C C K D SAG V W A 

541 TGCTGTCCCTACCTAAAGGGTGTCTGCTGTAGAGATGGACGTCACTGTTGCCCCGGTGGC 
181 C C P Y L K G V C C R D G R H C C P G G 

601 TTCCACTGTTCAGCCAGGGGAACCAAGTGTTTGCGJ!>_lI~~TTCCTCGCTGGGACATG 

201 F H C S A R G T K C L R K KIP R W D H 

661 TTTTTGAGGGATCCGGTCCCAAGACCGCTACTGTAAGGAAGGGCTACAGACTTAAGGAAC 
221 F L R D P V P R P L L * 

721 TCCACAGTCCTGGGAACCCTGTTCCGAGGGTACCCACTACTCAGGCCTCCCTAGCGCCTC 

781 CTCCCCTAACGTGTCCCCGGCCTACTCATCCTGAGTCACCCTATCACCATGGGAGGTGGA 

841 GCCTCAAACTAAAACCTTCTTTTATGGAAAGAAGGCTGTGGCAAAAGCCCCGTATCAAAC 

901 TGCCATTTCTTCCGGTTTCTGTGGACCTTGTGGCCAGGTGCTCTTCCCGAGCCACAGGTG 

961 TTCTGTGAGCTTGCTTGTGTGTGTGTGCGCGTGTGCGTGTGTTGCTCCAATAAAGTTTGT 

1021 ACACTTTCT~~~~AAAA~~~AAAA~'TCGACGCGGCCGCGAATTCCAGATC 

1081 TATGAATCGTAGATAC 

Figure 4.7. DNA sequence (upper line) and translation (lower line) of BFI-IP3. The 
amino acid sequence ofBFI-IP3 is continuous with the open reading frame of the GAlA 
Activation Domain. The end of the GAL4 activation domain sequence is in black, the 
vector sequence is in dark blue, the adaptor sequence is in blue, the coding region of the 
BF I-IP3 insert is in red, and the untranslated 3' end of the insert is in green. 
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361 DTPCDDFTRCPTNNTCCKLNSGDWGCCPIPEAVCCSDNQHCSAQGFTCLAQGYCQKGDTM 

11111111111111111111111111111111111111111111111 
1 ............. NTCCKLNSGDWGCCPIPEAVCCSDNQHCSAQGFTCLAQGYCQKGDTH 

421 VAGLEKIPARQTTPLQIGDIGCDQHTSCPVGQTCCPSLKGSWACCQLPHAVCCEDRQHCC 

111111111111111111111111111111111111111111111111111111111111 
48 VAGLEKIPARQTTPLQIGDIGCDQHTSCPVGQTCCPSLKGSWACCQLPHAVCCEDRQHCC 

481 PAGYTCNVKARTCEKDVDFIQPPVLLTLGPKVGNVECGEGHFCHDNQTCCKDSAGVWACC 

111111111111111111111111111111111111111111111111111111111111 
108 PAGYTCNVKARTCEKDVDFIQPPVLLTLGPKVGNVECGEGHFCHDNQTCCKDSAGVWACC 

541 PYLKGVCCRDGRHCCPGGFHCSARGTKCLRKKIPRWDHFLRDPVPRPLL 

1111111111111111111111111111111111111111111111111 
168 PYLKGVCCRDGRHCCPGGFHCSARGTKCLRKKIPRWDHFLRDPVPRPLL 

Figure 4.8. Alignment of amino acid sequences of acrogranin (upper line) and 
BF 1-IP3 (lower line). Amino acid values for each sequence is given on the left. 

1 NTCCKLNSGD WGCCPIPEAV CCSDNQHCSA QGFTCLAQGY CQKGDTHVAG LEKIPARQTT 

* * 
61 PLQIGDIGCD QHTSCPVGQT CCPSLKGSWA CCQLPHAVCC EDRQHCCPAG YTCNVKARTC 

* * * 
121 EKDVDFIQPP VLLTLGPKVG NVECGEGHFC HDNQTCCKDS AGVWACCPYL KGVCCRDGRH 

** * 
181 CCPGGFHCSA RGTKCLRKKI PRWDHFLRDP VPRPLL 

Figure 4.9. Protein motifs within the BF I-IP3 amino acid sequence. A coloured asterix 
above a coloured residue denotes the following modification sites: asparagme 
glycosylation (pink), Protein Kinase C (dark blue) phosphorylation and myristolation 
(red). The granulin domains (green text) is underlined. 
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2581 ACTGTGTGGACATCAACGAATGCACATCGTTACTGGAGCCTTGCCGCTCAGGGTTCAGCT 
1111111111 11111 

1 GCCTTGCCGCTCAGGGTTCAGCT 

2641 GCATCAACACAGTGGGCTCCTACACCTGTCAGAGGAACCCACTGGTCTGCGGTCGCGGTT 
I 1111 I 11111111 1 1111 1 1111111111111111 I I 1111111111 I I 

26 GCATCAACACAGTGGGCTCCTACACCTGTCAGAGGAACCCACTGGTCTGCGGTCGCGGTT 

2701 ACCATGCTAACGAGGAGGGCTCTGAATGTGTGGATGTGAATGAGTGTGAGACAGGTGTGC 
111111111111111111111111111111111111111111111111111111111111 

86 ACCATGCTAACGAGGAGGGCTCTGAATGTGTGGATGTGAATGAGTGTGAGACAGGTGTGC 

2761 ATCGCTGTGGCGAGGGCCAACTGTGCTATAACCTCCCTGGATCCTACCGCTGTGACTGCA 
11111111111111111111111111111 I 111111111111 1111111111 

146 ATCGCTGTGGCGAGGGCCAACTGTGCTATAACCTCCCTGGATCCTACCGCTGTGACTGCA 

2821 AGCCCGGCTTCCAGAGGGATGCATTCGGCAGGACTTGCATTGATGTGAACGAATGCTGGG 
III 11111111 111111111111111111111111111111111111111111 

206 AGCCCGGCTTCCAGAGGGATGCATTCGGCAGGACTTGCATTGATGTGAACGAATGCTGGG 

2881 TCTCGCCGGGCCGCCTGTGCCAGCACACATGTGAGAACACACCGGGCTCCTACCGCTGCT 
I I I I I I I I I I I I I I I I I I I I I II I II I I I I I I I I I I I I I I I I I I I I I I I I II I II 1 1 I I I 

266 TCTCGCCGGGCCGCCTGTGCCAGCACACATGTGAGAACACACCGGGCTCCTACCGCTGCT 

2941 CCTGCGCTGCTGGCTTCCTTTTGGCCGCAGATGGCAAACATTGTGAAGATGTGAACGAGT 
111111111111111111111111 11111111111 11111 

326 CCTGCGCTGCTGGCTTCCTTTTGGCCGCAGATGGCAMCATTGTGAAGATGTGAACGAGT 

3001 GCGAGACTCGGCGCTGCAGCCAGGAATGTGCCAACATCTATGGCTCCTATCAGTGCTACT 
1111111 11111111111111111111111111111111111111111111111 

386 GCGAGACTCGGCGCTGCAGCCAGGAATGTGCCAACATCTATGGCTCCTATCAGTGCTACT 

3061 GCCGTCAGGGCTACCAGCTGGCAGAGGATGGGCATACCTGCACAGACATCGATGAGTGTG 
111111111111111111111111111111111111111111111111111111111111 

446 GCCGTCAGGGCTACCAGCTGGCAGAGGATGGGCATACCTGCACAGACATCGATGAGTGTG 

3121 CACAGGGCGCGGGCATTCTCTGTACCTTCCGCTGTGTCAACGTGCCTGGGAGCTACCAGT 
1111111111111111111111111111111111111 1111111 111111 

506 CACAGGGCGCGGGCATTCTCTGTACCTTCCGCTGTGTCAACGTGCCTGGGAGCTACCAGT 

3181 GTGCATGCCCAGA.GCAAGGGATACAATGATGGCCAACGGGAGGTCCTGCAAGGACCTGG 
III 1111 1111111111111111111111111111111111111111111 

566 GTGCATGCCCAGAGCAAGGGTATACAATGATGGCCAACGGGAGGTCCTGCAAGGACCTGG 

3241 ATGAGTGTGCACTGGGCACCCACAACTGCTCTGAGGCTGAGACCTGCCACAATATCCAGG 
111111111111111111111111111111111111111111111111111111111111 

626 ATGAGTGTGCACTGGGCACCCACAACTGCTCTGAGGCTGAGACCTGCCACAATATCCAGG 

3301 GGAGTTTCCGCTGCCTGCGCTTTGATTGTCCACCCAACTATGTCCGTGTCTCACAAACGA 
1111111111111111111111111111111111 1111111111111111111 

686 GGAGTTTCCGCTGCCTGCGCTTTGATTGTCCACCCAACTATGTCCGTGTCTCACAAACGA 

3361 AGTGCGAGCGCACCACATGCCAGGATATCACGGAATGTCAAACCTCACCAGCTCGCATCA 
III 

3421 CGCACTACCAGCTCAATTTCCAGACAGGCCTACTGGTACCTGCACATATCTTCCGCATCG 

806 

3481 GCCCTGCTCCCGCCTTTGCTGGGGACACCATCTCCCTGACCATCACGAAGGGCAATGAGG 
1111111111111111111111111111 I 11111111111111 I 

866 XXX:XX:X:XTCCCGCCTTTGCTGGGGACACCATCTCCCTGACCATCACGAAGGGCAATGAGG 

3541 AGGGCTACTTCGTCACACGCAGACTCAATGCCTACACTGGTGTGGTATCCCTGCAGCGGT 
III 1 1111111111111111111111111111111111111111111111111111 

926 AGGGCTACTTCGTCACACGCAGACTCAATGCCTACACTGGTGTGGTATCCCTGCAGCGGT 

3601 CTGTTCTGGAGCCGCGGGACTTTGCCCTAGATGTGGAGATGAAGCTTTGGCGCCAGGGCT 
1111111I11111111111111111111111111111111111111111111111111I1 

986 CTGTTCTGGAGCCGCGGGACTTTGCCCTAGATGTGGAGATGAAGCTTTGGCGCCAGGGCT 
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3661 CTGTCACTACC'I'TCC'I'GGCCAAGA.TGTACATCTTCTTCACCACTTTTGCCCCATGA.GGTG 

111111111 11111111111111 1111111111111111 111111111111111 
1046 CTGTCACTACCl'TCCTGGCC1IAGATGTACATCTTCTTCACCACTTTTGCCCCATGAGGTG 

3721 ACATGTCAGGCAATCCCTCCAGGTGA.TGCC'I'GGGCGGTGGGCAGCTGCGCCACCC'I'AAG 
111111111111111111111111111111111111111111111111111111111111 

1106 ACATGTCAGGCAATCCCTCCAGGTGA.TGCC'I'GGGCGGTGGGCAGCTGCGCCACTCCTAAG 

3781 TGGCTTTTTGCTGTGA.CTCTGTAACTTAACTTAATCATGCTGAGCTGGTTGGTCTTGAGT 

II I I I I I I I I I I I II I I I II I I I I II II I I " II I I I I I I I I II II I I I I I I I I I I I I I I 
1166 TGGCTTTTTGCTGTGACTCTGTAACTTAACTTAATCATGCTGAGCTGGTTGGTCTTGAGT 

3841 CTCTACCCTAGAGGGAGGGAGATGCACCCCAGCAGGCAC'l'GAACAGGCCAGGGTCACC 
I 1111111111111111111111111111111111111111111 1111111 

1226 CTCTACCCTAGAGGGAGGGAGATGC:ACCCCAGCAGGCGAGTACAGGCCAGGGTCACC 

3901 CGAGGCTAGATGGTGACCTGCAAACTGGAAACAGCCATAGGGGGCTTCTGAACTCCACTC 

IIII 11111111111111111111111111111111 11111111111111 I II 
1286 CGAGGCTAGATGGTCACCTGClIAACTGGAAACAGCCATAGGGGGCTTCTGAACTCCACTC 

3961 CTCAACTATGGCTACAGCTGACATTCCATTCCTTCATCCACTGTGTTCC'I'CAATTAAAAA 

1111111 111111111111 II 111111111111111 111111111111111 
1346 CTCAACTATGGCTACAGCTGACATTCCATTCC'I'TCATCCACTGTGTTCCTCAATTAAAAA 

4021 AAAAAATCAGCTGTGCATGGTAGCACAGACCTTTAATCCTAGCACTGGGGAGGCAGAGGT 

1 I I I 1 1 I III" III I It I III III I 11111111 1 1 I I I " I II I III II 1 1 I I I I I II 
1406 AAAAAATCAGCTGTGCATGGTAGCACACACCTTTAATCC'I'AGCACTGGGGAGGCAGAGGT 

4081 AGGTAGATCTCTGAGTTCCAGGCCAGCCTGGTCTACACTGGGAGTTCTAACCAGCCAGAG 

III II I I 1 I I II I 111111 I 1 I 1 I 1 11111 I 1111 I 1 I I I I I 111111 I I I I I I II I I I 
1466 AGGTAGATCTCTGAGTTCCAGGCCAGCCTGGTCTACACTGGGAGTTCTAACCAGCCAGAG 

4141 CTACATAGAGAGACCCTATCTCAACAA~TCTCTGTGAGTTCCAG 

1111111111111111 1111111111 
1526 CTACATAGAGAGACCCTATCTCAACAAG 

4201 GCCAGCCTGGTCTACGCTGGGAGTTCTAACCAGCCAGAGCTACATAGAGAGATCC'I'ATCT 

4261 ~TGAAAGAAATCATTTTAAAAGGTTTTTTTTTTTGCTGTTGTTGTTTA 

4321 ATGATAAGAGTAGCACATATACATTATTAAAAATGA.TCAAATAGCACAGAAAGGTTA 
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1 AAAAAAGAGATCTCTCGAGGATCCGAATTCGCGGCCGCGTCGACGCCTTGCCGCTCAGGG 
1 K K E I S R G S E F A A A S T P C R S G 

61 TTCAGCTGCATCAACACAGTGGGCTCCTACACCTGTCAGAGGAACCCACTGGTCTGCGGT 
21 F SCI N T V G S Y T C Q R N P L V C G 

121 CGCGGTTACCATGCTAACGAGGAGGGCTCTGAATGTGTGGATGTGAATGAGTGTGAGACA 
41 R G Y BAN E E G SEC V D V N E C E T 

181 GGTGTGCATCGCTGTGGCGAGGGCCAACTGTGCTATAACCTCCCTGGATCCTACCGCTGT 
61 G V H R C G E G Q L C Y N LPG S Y R C 

241 GACTGCAAGCCCGGCTTCCAGAGGGATGCATTCGGCAGGACTTGCATTGATGTGAACGAA 
81 D C K P G F Q R D A F G R T C I D V N E 

301 TGCTGGGTCTCGCCGGGCCGCCTGTGCCAGCACACATGTGAGAACACACCGGGCTCCTAC 
101 C W v S P G R L C Q H T C E N T P G S Y 

361 CGCTGCTCCTGCGCTGCTGGCTTCCTTTTGGCCGCAGATGGCAAACATTGTGAAGATGTG 
121 R C S C A A G F L L A A D G K B C E D V 

421 AACGAGTGCGAGACTCGGCGCTGCAGCCAGGAATGTGCCAACATCTATGGCTCCTATCAG 
141 N E C E T R R C S Q E CAN I Y G S Y Q 

481 TGCTACTGCCGTCAGGGCTACCAGCTGGCAGAGGATGGGCATACCTGCACAGACATCGAT 
161 C Y C R Q G Y Q L A E D G H T C T DID 

541 GAGTGTGCACAGGGCGCGGGCATTCTCTGTACCTTCCGCTGTGTCAACGTGCCTGGGAGC 
181 E C A Q GAG I L C T F R C V N V P G S 

601 TACCAGTGTGCATGCCCAGAGCAAGGGTATACAATGATGGCCAACGOOAGGTCCTGCAAG 
201 Y Q C A C P E Q G Y T M MAN G R S C K 

661 GACCTGGATGAGTGTGCACTGGGCACCCACAACTGCTCTGAGGCTGAGACCTGCCACAAT 
221 D L DEC A L G T B N C SEA ETC H N 

721 ATCCAGGGGAGTTTCCGCTGCCTGCGCTTTGATTGTCCACCCAACTATGTCCGTGTCTCA 
241 I Q G S F R C L R F D C P P N Y V R V S 

781 CAAACGAAGTGC~~OO~XXXX~OO~XXXX~OO~XXXX~~OOXXXXXX 

261 Q T K C X X X X X X X X X X X X X X X X 

841 
281 X X X X X X X X X X X X X X X X X X X X 

901 XXXXXXXXXXXXXXTCCCGCCTTTGCTGGGGACACCATCTCCCTGACCATCACGAAGGGC 
301 X X X X X P A FAG D TIS L TIT K G 

961 AATGAGGAGGGCTACTTCGTCACACGCAGACTCAATGCCTACACTGGTGTGGTATCCCTG 
321 NEE G Y F V T R R L NAY T G V V S L 

1021 CAGCGGTCTGTTCTGGAGCCGCGGGACTTTGCCCTAGATGTGGAGATGAAGCTTTGGCGC 
341 Q R S V L E P R D F A L D V E M K L W R 

1081 CAGGGCTCTGTCACTACCTTCCTGGCCAAGATGTACATCTTCTTCACCACTTTTGCCCCA 
361 Q G S V T T F L A K M Y IFF T T F A P 

1141 TGAGGTGACATGTCAGGCAATCCCTCCAGGTGATGCCTGGGCGGTGGGCAGCTGCGCCAC 

381 * 
1201 TCCTAAGTGGCTTTTTGCTGTGACTCTGTAACTTAACTTAATCATGCTGAGCTGGTTGGT 
1261 CTTGAGTCTCTACCCTAGAGGGAGGGAGATGCACCCCAGCAGGCACTGAGTACAGGCCAG 
1321 GGTCACCCGAGGCTAGATGGTGACCTGCAAACTGGAAACAGCCATAGGGGGCTTCTGAAC 
1381 TCCACTCCTCAACTATGGCTACAGCTGACATTCCATTCCTTCATCCACTGTGTTCCTCAA 
1441 TTAAAAAAAAAAATCAGCTGTGCATGGTAGCACAGACCTTTAATCCTAGCACTGGGGAGG 
1501 CAGAGGTAGGTAGATCTCTGAGTTCCAGGCCAGCCTGGTCTACACTGGGAGTTCTAACCA 
1561 GCCAGAGCTACATAGAGAGACCCTATCTCAACAAGGTCGACGCGGCCGCGAATTCCAGAT 
1621 CTATGAATCGTAGATACT 

Figure 4.11. BFJ-IP4 DNA sequence and translation. The amino acid sequence ofBFJ-
IP4 is continuous with the open reading frame of the GAL4 Activation Domain. The end 
of GAL4 activation domain sequence is in black, the vector sequence is in dark blue, the 
adaptor sequence is in blue, the coding region of the BF )-IP4 insert is in red, and the 
untranslated 3' end of the insert is in green. 
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841 PEGNCVDlNECTSLLEPCRSGFSCINTVGSYTCQRNPLVCGRGYHANEEGSECVDVNECE 
111111 I I 11111111 I I II III 11111111111 I I 

1 PCRSGFSCINTVGSYTCQRNPLVCGRGYHANEEGSECVDVNECE 

901 TGVBRCGEGQLCYNLPGSYRCOCKPGFQRDAFGRTCIDVNECWVSPGRLCQBTCENTPGS 
II 11111111111111111111111111111 11111111111111111111111 

46 TGVBRCGEGQLCYNLPGSYRCOCKPGFQRDAFGRTCIDVNECWVSPGRLCQHTCENTPGS 

961 YRCSCAAGFLLAADGKHCEDVNECETRRCSQECANIYGSYQCYCRQGYQLAEDGHTCTDI 
111111111111 I 1111111111111111111111111111111111111111111 

106 YRCSCAAGFLLAADGKBCEDVNECETRRCSQECANIYGSYQCYCRQGYQLAEDGHTCTDI 

1021 DECAQGAGILCTFRCVNVPGSYQCACPEQGYTMMANGRSCEDLDECALGTHNCSEAETCH 
11111111 1111111111111111111111111111111111111111111111 I 

166 DECAQGAGILCTFRCVNVPGSYQCACPEQGYTMMANGRSCKDLDECALGTHNCSEAETCH 

1081 NIQGSFRCLRFDCPPNYVRVSQTKCERTTCQDITECQTSPARITHYQLNFQTGLLVPAHI 
111111111111111111111111 

226 NIQGSFRCLRFDCPPNYVRVSQTK.CX~OO~XXXX~OO~XXXX~OO~~XXX 

1141 FRIGPAPAFAGDTISLTITKGNEEGYFVTRRLNAYTGVVSLQRSVLEPRDFALDVEMKLW 
111111111111111111111111111111111111111111111111111111 

286 XXXXXXPAFAGDTI SLTITKGNEEGYFVTRRLNAYTGVVSLQRSVLEPRDFALDVEMKLW 

1201 RQGSVTTFLAKMYIFFTTFAP 
I I 1 I I I I I I II I I I I I II II I 

346 RQGSVTTFLAKMYIFFTTFAP 
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* * * 
1 PCRSGFSCI NTVGSYTCQR NPLVCGRGYH ANEEGSECVD VNECETGVHR CGEGQI,CYNL 

** * * ** 
61 PGS YRCOCKP GFQRDAFGRT C IDVNECWVS PGRLCQHTCE NT PGS YRCSC AAGFLLAADG 

* * * * * * * 
121 ~EDVNECE TRRC QECAN I YGSYQCYCR QGYQLAEDGH TCTD I DECAQ GAGILCTFRC 

* * * * * * ** 
181 VNVPGS YQCA CPEQGYTHMA NGRSCKDLDE CALGTHNCS E AETCHNIQGS FRCLRFDCPP 

241 NYVRVSQTKC ..................... sequence outstanding for 42 amino acids ...... .................. .. . 

* * * * 
292 PAFAGDTISL TITKGNEEGY FVTRRLNAYT GVVSLQRSVL EPRDFALDVE MKLWRQGSVT 

352 TFLAKMYIFF TTFAP 

Figure 4.13. Protein motifs within the BF\-IP4 amino acid sequence. A coloured asterix 
above a coloured residue denotes the following modification sites: asparagine 
glycosylation (pink), Protein Kinase C (dark blue) and Calcium kinase IT (green) 
phosphorylation, myristolation (red), aspartic acid and asparagine hydroxylation 
(turquoise). The Epithelial Growth Factor- like domains (purple text) and calcium 
binding EGF-like domains (teal blue text) are underlined. 
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A 

1 AAAAAAGAGATCTCTCGAGGATCCGAATTCGCOOCCGTCGACACGTGCTGCAAGAATCGC 
1 KKEI SRGSEFAAVD TCCKNR 

61 AACTGTTGTAGTTGCTGTTGTTGTTGTTGCTGCTGCTGCTGCTGCTGCTGCTGCTGCTGA 
21 N C C S C C C C C C C C C C C C C C C * 

121 AAGGCAGAGGAGAGCTGGAGTCTCTGCTGAGGAAGGCTTTGCTCAGGTCTGTTCTCAGCA 

181 GAGCCAAGCTGAGACAACACGGCTGCCTGTGACTGGGGAAAGCCTCCTACTCCAGTAAGG 

241 TTAATAACGGCAGCTTGCTGAGCAGTTAAGGCCTGTTCCTGCGCAGTTAACCCTTGTTCA 

301 GAACCCTGCTCCTCTGGCTGTTGGGAACCGGAAGCTGCAGGCTGCGTCGACGCGGCCGCG 

361 AATTCCAGATCTATGAATCGTAGATACTGAAAAACCCCGCAAGTTCACTTCAACTGTGCA 

B 

EF, -IP1 ... . ...... . . TCCKNRNCCSCCCCccCCCCCCCCC* 25 
HOUSE WAF . ..... . .. . DRECSGNHKCCNVDCVHTCTPPVP. . . .. . .. ... . . 129 
HOUSE WDNHl PROTEIN . . .. . ... . . DGSCSGNHKCCSNGCGHACKPPVF 74 
RAT WDNHl PROTEIN . .. . .. . ... DQSCPNIQKCCSNGCGHVCKSPVF 74 
ZEBRAFISH KAL-1 .. ...... . . DRECSGVKKCCSNGCGHTCQSPAN. . ... ... . .. . . 187 
HOUSE ALK1 ... . ...... DGQCDGKYKCCEGICGKVCLPPH 131 
BOVINE TRAPPIN-6 .. .. .. . ... DAHCPGAKKCCEGFCGKTCHNPR 96 
WART HOG TRAPPIN-2 . .. . ... .. . DAQCPGVKKCCEGFCGKECLNPR 139 
CONSENSUS SEQUENCE C CC C C 

Figure 4.14. (A) Translation of BF I-IPI. The amino acid sequence of BF I-IPI is continuous 
with the open reading frame of the GAIA Activation Domain. The GAL4 Activation domain 
sequence is in black, the vector sequence is in dark blue, the adaptor sequence used to clone the 
insert is in blue, the coding region of the BFI-IPI insert is in red, and the untranslated 3' end of 
the insert is in green. (B) The amino acid sequence contains a potential 4-disulpihide core 
domain (red) and a cysteine string (blue) domain. Alignment of the BF I-IPI and other proteins 
containing a 4-disulpihide core domain . The conserved cysteine residues of the consensus 
sequence are highlighted in red. 
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A Amino acid Num %mo l/mo l %w/w 
A Al a 0 0.00 0 . 0 0 
C Cys 19 70 . 37 68.4 8 
0 As p 1 3.70 3 . 96 
E Glu 0 0. 0 0 0 . 00 
F Phe 0 0. 0 0 0 . 0 0 
G Gly 0 0 . 0 0 0. 00 
H Hi s 0 0.0 0 0. 00 
I Ile 0 0.00 0 . 00 
K Lys 3.70 4.35 
L Le u 0 0.00 0. 00 
M MET 0 0.00 0.00 
N As n 2 7.4 1 7. 86 
P Pro 0 0.00 0 .00 
Q GI n 0 0. 00 0. 0 0 
R ALg 1 3.70 5 . 1 8 
S Se c 1 3 .70 3. 13 
T Th r 1 3 .70 3. 5 4 
V Va l 1 3.70 3 .49 
W Trp 0 0.00 0 . 00 
y Tyr 0 0 .00 0.00 

B 1 EFAAVDTCCK NRNCCS,::CCC CCCCCCCCC C 

Figure 4.15. (A) Amino Acid Composition of the BFt-IPI Amino Acid Sequence. (B) 
The amino acids highlighted in blue were analysed. 

1 K K E I S R G S E F A A V D Tee K N R 
2 1 Nee sec C C C C C C C C C C C C C * 

5 
4 r-

3 I-

.~ 2 I- r/ u 
l) 

~ 0 
.Q a p., 

~/ 0 -1 I--l3 
>. -2 I-::r: 

-3 I-

-4 f-

-5 
4 11 18 25 31 

Figure 4.16. The hydrophobicity plot ofBFt-IPI based on the method Kyte and Doolittle 
(1982). The amino acids highlighted in blue were analysed. 
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1 K K E I S R G S E F A A V 0 Tee K N R 

21 Nee sec C C C C C C C C C C C C C * 

10 
9 ~ -Helices 

-Strands 8 I-

~ 
7 f- - Coils 

;.;I 6 I-
.0 .5 <d I-
.0 
0 4 f-.... 

p.. 
3 
2 
1 
~ ---- /' 

0 I 

1 7 14 21 27 

Prediction accucacy= 83 .32 % 
Structure Probability Table 

Pos aa STR HELIX STRAND COIL 
1 V Coil 0.09 0.02 0.89 
2 0 Coil 0 . 09 0.03 0.88 
3 T Coil 0 . 07 0.04 0.89 
4 C Coil 0 .11 0.07 0 . 82 
5 C Coil 0.09 0.09 0 . 83 
6 K Coil 0 . 11 0. 07 0.82 
7 N Coil 0 . 11 0.07 0 . 82 
8 R Coil 0.11 0 .07 0.82 
9 N Coil 0 . 09 0.09 0 . 83 

10 C Coil 0 . 06 0.09 0 . 85 
11 C Coil 0.06 0.12 0.82 
12 S Coil 0.03 0.10 0 . 87 
13 C Coil 0 . 0 3 0 . 10 0 . 87 
1 4 C Coil 0.03 0.10 0 . 87 
15 C Coil 0 . 03 0.10 0 . 87 
16 C Coil 0.03 0.10 0.87 
17 C Coil 0.03 0.1 0 0 . 87 
18 C Co i l 0.03 0. 10 0 . 87 
19 C Coil 0 . 03 0.10 0 . 87 
20 C Coil 0.03 0 .1 0 0.87 
21 C Coil 0.03 0.10 0 . 87 
22 C Coil 0.03 0 . 10 0.87 
23 C Coil 0.03 0 . 10 0.87 
24 C Coil 0.03 0 . 10 0.87 
25 C Coil 0.03 0.10 0 . 87 
26 C Coil 0.03 0 . 10 0 . 87 
27 C Coil 0.09 0 . 09 0.83 

Figure 4.17. The predicted secondary structure of the amino acid sequence (highlighted 
in blue) for BFJ-IP1was based on the DSC method of King and Sterngberg (1996) . 
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A 
1 ACGTGCTGCA AGAATCGCAA CTGTTGTAGT TGCTGTTGTT GTTGTTGCTG CTGCTGCTGC 
61 TGCTGCTGCT GCTGCTGAAA GGCAGAGGAG AGCTGGAGTC TCTGCTGAOO AAGGCTTTGC 
121 TCAGGTCTGT TCTCAGCAGA GCCAAGCTGA GACAACACGG CTGCCTGTGA CTGGGGAAAG 
181 CCTCCTACTC CAGTAAGGTT AATAACGGCA GCTTGCTGAG CAGTTAAGGC CTGTTCCTGC 
241 GCAGTTAACC CTTGTTCAGA ACCCTGCTCC TCTGGCTGTT GGGAACCGGA AGCTGCAGGC 
301 TGC 

B 
BFcIP1: 2 tgctgcaagaatcgcaa 18 

11111111111111111 
p38IP: 2314 tgctgcaagaatcgcaa 2298 

BFcIP1: 2 tgctgcaagaatcgcaa 18 
11111111111111111 

HumanTF: 2404 tgctgcaagaatcgcaa 2388 

Figure 4.18. (A) DNA Sequence of BFt-IPI and (B) BLAST Results. The DNA stop codon is 
highlighted in red and the untranslated region is in green. The sequence that matched 100% to a 
region in p38IP and a human transcription factor is highlighted in blue. 
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BF, -IP2 
BF, -IP4 

BF, -IP2 
BF, -IP4 

BF, -IP2 
BF, -IP4 

BF, -IP2 
BF, -IP4 

BF, -IP2 
BF, -IP4 

BF, -IP2 
BF, -IP4 

, 
BF, -IP2 
BF, -IP4 

BF, -IP2 
BF, -IP4 

BF, -IP2 
BF, -IP4 

BF, -IP2 
BF, -IP4 

BF, -IP2 
BF, -IP4 

BF,-IP2 
BF, -IP4 

SPQDPEEPDS YTECTDGYEW DADSQHCRDV NECLTIPEAC KGEMKCINHY 

GGYLCLPRSA AVISDLHGEG PPPPAAHAQQ PNPCPQGYEP DEQESCVDVD 
· . . . . ... LP CRSGFSCINT VGSYTCQRNP LVCGRGYHAN EEGSECVDVN 

ECTQALHDCR PSQDCHNLPG SYQCTCPDGY RKIGPECVDI DECRYRY . . . 
ECETGVHRCG EGQLCYNLPG SYRCDCKPGF QRDAFGRTCI DVNECWVSPG 

· . CQBRCVNL PGSFRCQCEP GFQLGPNNRS CVDVNECDMG APCEQRCFNS 
RLCQHTCENT PGSYRCSCAA GFLLAADGKH CEDVNECETR RCSQECANI . 

YGTFLCRCNQ GYELBRDGFS CSDIDECGYS SY.LCQYRCV NEPGRFSCHC 
YGSYQCYCRQ GYQLAEDGHT CTD IDECAQG AGILCTFRCV NVPGSYQCAC 

P.QGYQLLAT RLCQDI.DEC ETGAHQCSEA QTCVNFHGGY RCVDTNRCVE 
PEQGYTMMAN GRSCKDLDEC ALGTHNCSEA ETCHNIQGSF RCLRFDCPPN 

PYVQVSDNRC LCPASNPLCR EQPSSIVBRY MSITSERSVP ADVFQIQATS 
· YVRVSQTKC XXXXXXXXXX XXXXXXXXXX XXXXXXXXXX XXXXXXXXXX 

VYPGAYNAFQ IRS . . GNTQG DFYIRQINNV SAMLVLARPV TGPREYVLDL 
XPAFAGDTIS LTITKGNEEG YFVTRRLNAY TGVVSLQRSV LEPRDFALDV 

EMVTMNSLMS YRASSVLRLT VFVGAYTFRP SGKGHVGAPS PSHSLSSPGG 
EMKLWRQG.. . .. . SVTTFL AKMYIFFTTF APGDMSGNPS RCLGGGQLRH 

LGMTVLLKGT MMRTIKGERR K ... . .... . ..... . . . . . .... . . . . . . 
SVAFCCDSVT LNHAELVGLE SLPREGDAPQ QALSTGQGHP RLDGDLQTGN 

SBRGLLNSTP QLWLQLTFHS FIHCVPQLKK KISCAWBRPL ILALGRQRVD 

LVPGQPGLHW EFPARATRDP 1ST 

Figure 4.19. Alignment of the Amino Acid sequences for BFJ-IP2 and BFJ-IP4. The 
Calcium binding EGF-like domains are indicated by bold teal text. The EGF like 
domains are shown in bold purple text. 
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