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Figure 18: BRCT domain purification 

 

 

 

 

Coomassie stained gel of fractions from the purification of the GST-BRCT fusion 
protein. A portion of the pellet remaining from extract preparation was 
solubilized in SDS sample buffer and loaded onto gel. I also loaded a portion of 
the extract or onput (OP), flow through (FT), glutathione beads boiled in SDS 
sample buffer to see what remained on the column (beads) and elution fractions 
1-7 (E1-E7). Most of the purified protein eluted in fractions E2 and E3. 



 

70 

 

 

Figure 19: BRCT domain binds to phosphorylated ScSpt4 peptides 

 

 

Figure 20: BRCT domain binds to phosphorylated HsSpt4 peptides 

 BRCT domain binding to both phosphorylated and unphosphorylated ScSpt4 
sequences. Onput (OP), flowthrough (FT), and washes (W1, W2) show how the 
column was loaded. For the unphorsphorylated peptide (top panel), all of the GST-
BRCT fusion protein comes off in the FT and washes. For the phosphorylated 
peptide, fusion protein remains bound to the column even through a 300 mM NaCL 
wash and does not elute until a 1M NaCl wash is added. 

 Same as Figure 19, except column contains the HsSpt4 peptide sequence. Again, 
BRCT domain does not bind the unphosphorylated Spt4 sequence, but binds 
strongly to the phosphorylated Spt4 sequence, remaining bound through a 300 mM 
NaCl wash and only eluting in 1 M NaCl. 
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Because the sequence of the potential BRCT binding domain in Saccharomyces 

cerevisiae Spt4 I (TSPSF) is very similar to the canonical RNAPII CTD repeat sequence 

(TSPSYSP), one might expect the CTD peptide phosphorylated at the analogous Ser 

residue (the Ser5 position on the CTD) would also bind the BRCT domain peptide. 

Therefore, we tested binding of the BRCT domain to CTD peptides that are 

phosphorylated on either Ser2 (2P), Ser5 (5P) or both Ser2 and Ser5 (2,5P) of each repeat 

for three total CTD repeats. However, as shown in Figure 21, the BRCT domain is not 

able to bind any of these CTD peptides, including the ones that are phosphorylated on 

the Ser2 position. Thus, having the conserved phenylalanine in the Spt4 peptides is very 

important, and it cannot even be substituted with a tyrosine. Further examination of 

structural studies published on the BRCT binding domain suggest that there may not be 

room for the hydroxyl on a tyrosine in the tight pocket where the phenylalanine binds to 

the canonical BRCT binding domain is (Williams et al., 2004; Botuyan et al., 2004). This 

would explain the ability of the BRCT binding domain to bind the Spt4 peptide but not 

any of the CTD peptides and suggests that while BRCA1 may associate with the 

transcription complex via Spt4, it does not associated with RNAPII via binding to the 

RNAPII CTD. 
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Figure 21: BRCT domain does not bind CTD peptide columns 

 

 

 

GST-BRCT domain was tested for binding to CTD peptide columns with 
various phosphorylation patterns. Fusion protein did not bind to any of the 
3-CTD repeat peptide columns. (M, Marker; OP, onput; FT, flowthrough; 
W1, wash 1; W2, wash2; 300mM NaCl, low salt elution; 1M NaCl, high salt 
elution) 
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To determine if Spt4 was phosphorylated in vivo as we predicted, and to study 

this phosphorylation further, we had antibodies generated to phosphorylated peptides 

from both Sc Spt4 and Hs Spt 4 in collaboration with Active Motif. While further testing 

still needs to be done, initial results suggest that antibodies may have resulted that will 

allow us to look at phosphorylated forms of Spt4 in both yeast and human cells. 

 

A.4 Discussion 
Further research must be done to establish a connection between BRCA1 and the 

DSIF complex in human cells. However, the data I have presented in this section 

including in vitro binding of the BRCT domain of Spt4 and western blotting showing 

that several potential forms of the protein exist in vivo, are consistent with such a 

connection.  Since BRCA1 is thought to associate with a processive RNAPII complex 

during elongation (Lane, 2004), having it associate via Spt4 binding makes a lot of sense. 

I propose a model that would account for my data, literature reports that BRCA1 

associates with the elongating form of RNAPII, and the screen by Bennett et al (2008) 

that found deletion of either spt4 or ctk1 suppresses lethality of BRCA1 expression in 

yeast. In my model, a version of Spt4 phosphorylated by CDK12 (the mammalian 

homolog of Ctk1) recruits BRCA1 to the elongating form of RNAPII where it fulfills a 

role in DNA damage recognition and/or response. This model simply and elegantly 

explains all of the previously described data. However, much needs to be done to prove 

such a model. First, in vivo association of Spt4 and the BRCT domain of BRCA1 must be 

established. Furthermore, as Spt4 is known to be important for processivity and 

transcription of long genes, it must be shown that spt4∆ doesn’t suppress BRCA1 

lethality simply because it reduces BRCA1 expression. This possibility was examined 
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briefly in Bennett et al (2008), but it may be wise to revisit it more robustly. Finally, 

Ctk1/CDK12 must be show to phosphorylate Spt4 at the relevant position. Although 

much remains to be done to prove a connection between Spt4 and BRCT domain of 

BRCA1, the preliminary evidence is intriguing and warrants more research. 
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Appendix B: Yeast Strains Used 
Table 4: Yeast Strains Used 

Strain Genotype Origin 
BY4743 MAT a/α  his3∆1/his3∆1  leu2∆0/leu2∆0  

lys2∆0/LYS2  MET15/met15∆0  ura3∆0/ura3∆0 
yeast deletion 
collection 

BY4743 set2∆ MAT a/α  his3∆1/his3∆1  leu2∆0/leu2∆0  
lys2∆0/LYS2  MET15/met15∆0  ura3∆0/ura3∆0  
set2∆::KanMX/set2∆::KanMX 

yeast deletion 
collection 

BY4743 set2∆SRI MAT a/α  his3∆1/his3∆1  leu2∆0/leu2∆0  
lys2∆0/LYS2  MET15/met15∆0  ura3∆0/ura3∆0  
set2∆::KanMX/set2∆SRI::KanMX 

haploids used in 
construction 
from 
Brian Strahl 

BY4743 SET2/set2∆ 
(WT SET2 strain in 
Chapter 3) 

MAT a/α  his3∆1/his3∆1  leu2∆0/leu2∆0  
lys2∆0/LYS2  MET15/met15∆0  ura3∆0/ura3∆0  
set2∆::KanMX/SET2 

haploids used in 
construction 
from 
Brian Strahl 

LRY1443/LRY1444 MAT a/α  ade2-1/ade2-1  can1-100/can1-100  his3-
11/his3-11  leu2-3,112/leu2-3,112  myc-SUM1/myc-
SUM1  trp1-1/trp1-1  ura3-1/ura3-1 pGAS2 -HIS3/ pGAS2 -
HIS3   hht1-hhf1∆::NatMX  hht2-hhf2::HygMX 

haploids used in 
construction 
from 
Laura Rusche 

M7/M53 WT 
recombination strain 

MAT a/α   lys2-2 /lys2-1  tyr1-2/tyr1-1 his7-1/his7-2  
CAN1/can^r ura3-1/ura3-13  cyh2^r/CYH2  
ADE5/ade5  ade2-1/ade2-1 ade6/ADE6  leu1-c/leu1-12  
trp5-c/trp5-d  met13c*/met13-d 

haploid used in 
construction 
made by 
Robert Malone 

M7/M53 ctk1∆ MAT a/α   lys2-2 /lys2-1  tyr1-2/tyr1-1 his7-1/his7-2  
CAN1/can^r ura3-1/ura3-13  cyh2^r/CYH2  
ADE5/ade5  ade2-1/ade2-1 ade6/ADE6  leu1-c/leu1-12  
trp5-c/trp5-d  met13c*/met13-d  
ctk1∆::KanMX/ctk1∆::KanMX 

derived from 
M7/M53 

M7/M53 rvs161∆ MAT a/α   lys2-2 /lys2-1  tyr1-2/tyr1-1 his7-1/his7-2  
CAN1/can^r ura3-1/ura3-13  cyh2^r/CYH2  
ADE5/ade5  ade2-1/ade2-1 ade6/ADE6  leu1-c/leu1-12  
trp5-c/trp5-d  met13c*/met13-d  
rvs161∆::KanMX/rvs161∆::KanMX 

derived from 
M7/M53 

M7/M53 set2∆ MAT a/α   lys2-2 /lys2-1  tyr1-2/tyr1-1 his7-1/his7-2  
CAN1/can^r ura3-1/ura3-13  cyh2^r/CYH2  
ADE5/ade5  ade2-1/ade2-1 ade6/ADE6  leu1-c/leu1-12  
trp5-c/trp5-d  met13c*/met13-d  
set2∆::KanMX/set2∆::KanMX 

derived from 
M7/M53 

 FY2205 Spt4-Flag Mat α  his4-912δ lys2-128 δ  leu2∆ ura3-52 trp1∆63 
RPB3-HA::LEU2 SPT4-3XFLAG::KANMX	
  

Fred Winston 

All other deletion strains mentioned are diploids from the yeast deletion 
collection and of the BY4743 background. Therefore, they are isogenic to BY4743 as 
listed above except the gene of interest is eliminated from both alleles using the 
KanMX marker. 
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Appendix C: List of Abbreviations Used 
 

Table 5: Abbreviations Used 

Abbreviation Meaning 
4NQO 4-Nitroquinoline 1-oxide 
BRCT domain BRCA1 C Terminus domain 
CAR CTD Associating DNA damage Response 
CM complete media 
CTD Carboxy-terminal Domain of RNAPII 
CTDK-I CTD Kinase-I 
cytoCTD cytoplasmically expressed ß-

Galactosidase-CTD fusion protein 
DSB Double Strand Break 
DSIF DRB sensitivity-inducing factor 
DX doxorubicin 
HR Homologous Recombination 
HU Hydroxy Urea 
IR Ionizing Radiation 
IR Ionizing Radiation 
LOH Loss of Heterozygosity 
MMS methyl methanesulfonate 
NER Nucleotide Excision Repair 
nucCTD nuclearly expressed ß-Galactosidase-CTD 

fusion protein  
PCAP Phospho-CTD Associated Protein 
PCTD Phosphorylated CTD 
RNAPII RNA Polymerase II 
SRI domain Set2-Rpb1 Interacting domain 
SL Synthetic Lethal 
TC-NER Transcription coupled-NER 
UV Ultra Violet Radiation 
WT Wild Type 
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