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Developing a luciferase reporter system for iden'fying therapeu'cs 
in a high‐throughput screen… 

                                                      …and a bunch of other stuff 





Drug discovery has contributed more to the progress of medicine than any 
other scien'fic approach. 

Biotechs and the larger pharmaceu'cal industry are interested in academia 
for its high quality science and also mainly because collabora'on increases 
efficiency and financial return.  Academia is interested in big pharma for 
their support of clinical trials.  

Such collabora'ons can be beneficial for academia but ul'mately it is also 
good for academia to maintain some independence from industry which is 
why many universi'es now have established their own compound screening 
facili'es. 

Drug discovery  



UCLA Compound Screening Core 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Molly’s Clones 



CpG Island? 



Bohol 

CPG Island 

Philippines  

CPG Island, named for  
Philippine president 
Carlos P. Garcia 

CAG Island? 
Contest…  fill in the blank:  Castro A. G_____ 



…other kinds of CpG islands are defined as regions of DNA 
exceeding 200 bp, having more than 50% C+G content and a CpG 
frequency at least 0.6 of that expected on the basis of C+G 
content of the region. Approximately half of the mammalian 
gene promoters are associated with one or more CpG islands. 



C+ 

Clone1 

Exon1 underlined 

CAG repeat 

Blue=reverse 
primer op'ons 
for intron 1 

= CpG * 

Ataxin 2 Upstream sequence‐5’UTR‐Exon1‐Intron1 
CpGs  and cloned fragments anotated 

Start Codon 

60 bp / line 



Extent of 
fragment ader 
AarI dele'on 

Exon25 underlined 

PolyA elements 

Blue=Forward 
primer op'ons 

Green=Reverse 
primer op'ons 

Ataxin 2 Intron24‐Exon25‐3’UTR‐PolyA‐Downstream sequence 

Stop Codon 

60 bp / line 



AgeI XhoI 

DsRed or LacZ  EcoRV XhoI 

EcoNI  SalI 

frag  AgeI‐SalI EcoNI 

Cloning pGL2‐5.A.3 and pDsRed‐5.A.3  (or pLacZ‐5.A.3) 

5’ UTR     .. .  C+  Luc  SV40 PolyA 

5’ UTR     .. .  C+  Luc 

SalI AgeI 

5’ UTR     .. . C+  Luc (CAG)n 

Atxn2 3’UTR  SalI AgeI 

Atxn2 3’UTR 

5’ UTR     .. . C+  (CAG)n  Atxn2 3’UTR 

ScaI  ScaI 

DsRed or LacZ 

Amplify with primers  
   AgeI‐A and Atxn‐B2 

                Obtain “frag” by  
annealing 48mer with 51mer  

SacI 

5’ UTR     .. .  C+  Luc 

(CAG)n  XhoI SacI 

XhoI 

Amplify with primers 
 SacI‐AA and XhoI‐BB or XhoI‐BB2 or XhoI‐BBn etc 

Must design XhoI and EcoRV primers for DsRed or LacZ 

5’ UTR     .. .  C+  Luc  frag 

XhoI  AgeI 

Luc 
Amplify Luc with primers  
   LucXhoIA and LucAgeIB 

Replace SV40 polyA with Luc stop codon‐AgeI‐SalI cassele 

Remove junk upstream of the luciferase gene 

Insert the atxn2 3’UTR 

Insert the atxn2 “exon1 op'on” 

Ligate into AgeI cut blunt and XhoI cut construct. 

Atxn2 3’UTR 

Swap Luc out for DsRed or LacZ 

Linearize in prepara'on to inject oocytes/ES cells 

pGL2.5 

pGL2a.5 

pGL2b.5 

pGL2b.5.3 

pGL2b.5.A.3 

pDsRed.5.A.3   or pLacZ.5.A.3 



Summary of all clones 

pGL2.5  

pGL2‐Enhancer 

pGL2.5’  

pGL2a.5  

pGL2b.5  

pGL2b.5.3  

*pGL2b.5.A.3  

pLacZ.5.A.3 pDsRed.5.A.3  

pGL2.5’.3S4 pGL2.5’.3S1  pGL2.5.3S1   pGL2.5.3S2   pGL2.5.3S4   pGL2.5.3S5  

pGL2.5.3S5α  

*pGL2.5.B.3S5α  

“Clone1 family”  “C+ family” 

Key: 
pGL2.5              5 denotes “C+” and 5’ denotes “clone1” 
pGL2a                lowercase lelers designate vector modifica'ons, changes to up or downstream sequence of the luc gene 
pGL2b.5.3       3 denotes atxn2 3’‐UTR  
pGL2.5.3S1     S number (S1..S5) denotes the primer set used to obtain different atxn2 3’‐UTRs 
pGL2b.5.A.3    uppercase lelers designate the form of the comple'on of the atxn2 Exon1 (with or without CAGn) 
                           A=includes 2nd ATG before the polyglutamine;  B=CAG22 
pGL2.5.3S5α    symbols indicate subsequent modifica'on to atxn2 3’UTRs 
pDsRed.5.A.3   pDsRed indicates that luciferase was swapped out of the pGL2 construct and replaced with DsRed from pDsRed 
pLacZ.5.A.3     pLacZ indicates that luciferase was swapped out of the pGL2 construct and replaced with LacZ from pLacZ 

*                        A red asetricks indicates that the construct and everything below it in the family has not yet been made 

*pGL2b.5.B.3  



Sequence boundaries in pGL2‐5 

pGL2.5  (known also as C+) 

SacI  SalI 

5’ UTR     .. .  C+  Luc  SV40 PolyA 

Boundaries confirmed by sequencing in September 2008 

This is pGL2‐Enhancer modified by Molly by the addi'on of a 5'UTR‐Exon1 
fragment of the Ataxin 2 (Atxn2) gene.  The insert consisted of a fragment 
amplified by PCR with a forward primer containing an addi'onal A to finish an 
AseI restric'on site that was cut and filled with T4 polymerase and ligated to the 
vector MCS SmaI site to result in the vector insert transi'on sequence 
(vector...ACCC/TAATTTTTAAAGGG...insert).  The reverse primer primed across the 
SacI site na've in Atxn2 which was cut and ligated into the vector MCS SacI site 
(insert…CCCGGCAGAGCTCTTACGCG…vector, SacI underlined).  The resul'ng 
fragment was named C+ by Molly. 

Half a SmaI – Filled AseI 



5’ UTR     .. .  C+  Luc  frag 

AgeI 

Sequence boundaries in pGL2a.5 

pGL2a.5 

pGL2a.5 is a modifica'on of pGL2.5 done with the purpose of elimina'ng unwanted 
SV40 polyA sequence while at the same 'me incorpora'ng a convenient AgeI useful for 
cloning the 3’UTR later on. The resul'ng clone has the luciferase gene followed by its 
regular stop codon then immediately followed by AgeI then a six bp spacer then SalI.   
EcoNI occurs upstream of the Luciferase stop codon so the fragment replaces this 
por'on of luciferase. 

To do this we made two oligos and annealed them.  The annealed oligo contains s'cky 
ends ready for liga'on into EcoNI SalI digested pGL2‐5.  The oligos are as follows: 

EcoNI  SalI 

5’-taaaggccaagaagggcggaaagtccaaattgtaaaccggtactgtag

3’--tttccggttcttcccgcctttcaggtttaacatttggccatgacatcagct


As purchased: 

Ader annealing: 

Final sequence through and around EcoNI‐‐‐SalI 
5’-gagagatcctcataaaggccaagaagggcggaaagtccaaattgtaaaccggtactgtagtcgaccgatgccct


EcoNI
 Stop
AgeI        SalI




Sequence boundaries in pGL2b.5 

pGL2b.5 

pGL2b.5 is a modifica'on of pGL2a.5 done with the purpose of elimina'ng unwanted 
sequence upstream of the luciferase gene.  This was done by amplifying luciferase with 
a forward primer with a XhoI site and reverse primer with AgeI site.  The resul'ng 5’ 
end of the luciferase gene is altered by having its start codon immediately ader XhoI 
while the remaining sequence is unaltered. 

The primers ordered to accomplish this were as follows: 

The resul'ng altera'on is shown here: 

Before (XhoI underlined and start codon in red): 
          5’‐gctagctcgagatctaagtaagclggcalccggtactglggtaaaatggaagacgc 
Ader:    
          5’‐gctagctcgagatggaagacgc 

*Note we could have gone from pGL2.5 to pGL2b.5 in one PCR step of the luciferase gene but the reverse AgeI‐SalI primer would 
have to have been very long 

5’ UTR     .. .  C+  Luc 

gcatctcgagatggaagacgccaaaaacata    LucXhoIA 
gcataccggltacaaltggacltccgccclct    LucAgeIB 

AgeI XhoI 



SalI AgeI 

Sequence boundaries in pGL2.5.3 

pGL2b.5.3 

5’ UTR     .. .  C+  Luc  Atxn2 3’UTR 

This a modifica'on of pGL2b.5 whereby the atxn2 3’UTR was amplified by AgeI and SalI 
primers and ligated between the AgeI and SalI sites of pGL2b‐5.  The primers used to 
amplify the 3’UTR are as follows: 

cgctaaccggtglgtaaggctgccctggagga                   AgeIA 
gctagtcgacagcclcatgccctctggalt                        Atxn‐B2 

The flanking sequences are described here:  

ccaaalgtaaaccggtglgtaaggctgccctggagga‐‐‐3’UTR‐‐‐aaatccagagggcatgaaggctgtcgaccgatgccct 

Luciferase 
         gene 

Luciferase 
         stop 
      codon 

AgeI  SalI 



SacI  XhoI 

Sequence boundaries in pGL2b.5.A.3 

pGL2b.5.A.3  (different clones with exon 1 modifica'ons designated by B, C, D, and so on.) 

This a modifica'on of pGL2b.5.3 to include addi'onal por'on of the exon 1 including just 
past the second ATG in Atxn2 but before the polyglutamine (actually includes the first CAG).  
The primers to make this modifica'on were the following: 

ggcagagctcgcctccctccgcctcagac  SacI‐AA   
cacactcgagctggggclcagcgacat  XhoI‐BB2 

The SacI‐AA primer annals across the SacI site na've in Atxn2 exon 1 and so diges'ng the 
amplicon and annealing with the pGL2b.5.3 SacI site recons'tutes the na've sequence 
shown here with the SacI site underlined:  

5’‐ccccctccctcccggcagagctcgcctccctccgcctcag‐3’ 

The resul'ng insert‐to‐luciferase boundary is as follows, with XhoI underlined: 

5’‐atgtcgctgaagccccagctcgagatggaagacgc 

And again with the frame shown: 

5’‐atg‐tcg‐ctg‐aag‐ccc‐cag‐ctc‐gag‐atg‐gaa‐gac‐gc 

5’ UTR     .. . C+  Luc (CAG)0  Atxn2 3’UTR 

Luciferase start codon shown in red 



SacI  XhoI 

Sequence boundaries in pGL2b.5.B.3 

pGL2b.5.B.3  (different clones with exon 1 modifica'ons designated by B, C, D, and so on.) 

This a modifica'on of pGL2b.5.3 to include addi'onal por'on of the exon 1. This 
modifica'on can be done over and over to prepare clones with different CAG lengths or 
other exon 1 types ending upstream of the CAG. To do so only a different reverse primer 
need be used.  The primers to make this modifica'on were the following: 

ggcagagctcgcctccctccgcctcagac  SacI‐AA   
gcatctcgagggccgaggacgaggagac  XhoI‐BB 

The SacI‐AA primer annals across the SacI site na've in Atxn2 exon 1 and so diges'ng the 
amplicon and annealing with the pGL2b.5.3 SacI site recons'tutes the na've sequence 
shown here with the SacI site underlined:  

5’‐ccccctccctcccggcagagctcgcctccctccgcctcag‐3’ 

The resul'ng insert‐to‐luciferase boundary is as follows, with XhoI underlined: 

5’‐gtctcctcgtcctcggccctcgagatggaagacgc 

And again with the frame shown: 

5’‐gtc‐tcc‐tcg‐tcc‐tcg‐gcc‐ctc‐gag‐atg‐gaa‐gac‐gc 

5’ UTR     .. . C+  Luc (CAG)n  Atxn2 3’UTR 

Luciferase start codon shown in red 



Update on cloning progress… 



Just some examples of our miniprep screening… 

KpnI in original plasmid 

KpnI only present in insert 



Summary of what we have cloned so far 



Real 'me PCR for Ataxin 2 



“Real Time PCR” only means detec'on of PCR products as they 
accumulate. 

Higuchi et al., 1992 originally described the real 'me PCR 
method whereby intercalated ethidium bromide was detected 
by UV excited fluorescence by a CCD camera. 

Higuchi, R., Dollinger, G., Walsh, P. S., and Griffith, R. 1992. 
Simultaneous amplifica'on and detec'on of specific DNA 
sequences.  Biotechnology 10:413–417 



5’‐agtcctgcatcgaacagagctgla             AtxnEx12‐A 
5’‐cctctgatclgaagcctggaatct              AtxnEx13‐B 

 455bp genomic 
 386 bp intron 
 69 bp amplicon from cDNA 

5’‐aatcagcccclglcagcatgt                   AtxnEx19‐A “old” 
5’‐aggactatagacatgaggatgctgaga         AtxnEx20‐B “old” 

 380 bp amplicon from genomic (actually last 6 bp in exon 19)  
 317 bp intron 
 63 bp amplicon from cDNA 

5’‐caacagcgcaltcccctatatga                AtxnEx24‐A 
5’‐cagggcagcclacaactgctgl               AtxnEx25‐B 

 910 bp amplicon from genomic 
 836 bp intron 
 74 bp amplicon from cDNA 

Three primer pairs designed 



aagatatggactccaglatgcaaa  Exon5‐A 
gctccaggtcclctctlgtgt     Exon6‐B 

 Annealing T = 50 
 Product Length = 96 bp 
 Product length with intron 5 = 27 kb 

gaacgtgaggggcacagcata     Exon8‐A 
ctggcccatacgcggtgaat     Exon9‐B 

 Annealing T = 53 
 Product Length = 117 bp 
 Product length with intron 8 = 1,568 bp 

glcccaaatcagccccttgtt   Exon19‐A 
gtgtgttggtggtgccatcatt   Exon20‐B 

 Annealing T = 53 
 Product Length=112 bp 
 Product length with intron 19 = 429 bp 

Three new primer pairs designed 

           Each of these amplify only human cDNA and not mouse 
               Both forward and reverse 3’ ends can not anneal mouse cDNA; 
               bases that are different in the mouse are underlined. 



54   56   58  60  62 
Approximate  C 

o 

18S‐rRNA 

No template control 

5’‐CGCCGTGCCTACCATGGTGAC     18S‐rRNA‐A 
5’‐CTTGGATGTGGTAGCCGTTTCTCA   18S‐rRNA‐B 

Previously used with  
annealing temp of 58C 

One control primer was included, designed previously: 

Template=Karsten’s cDNA #6 

88 bp amplicon  



Plate setup and reac'on condi'ons 

*=outlier removed 

2000 

200 

20 

2 

0.2 

0.02 

0.002 

0.0002 

ng standard in 20 ul reac'on  
(human fetal brain cDNA library) 

18S rRNA     Ex19/20         18S rRNA     Ex19/20           Primer set 

          Karsten’s cD
N
A
 #          ` 

Reac'on Condi'ons 
Template 
250 pmol each primer 
H20 to 10 ul 
10 ul SYBR green supermix 

6 

12 

Standards                          Unknowns 



“Run Informa'on” 



18S rRNA                                                                   Ex19/20  

Standard Curves 

1X cDNA #6 

Efficiency = 75.3 % Efficiency = 63.1 % 



Regular View (not log) 



18S rRNA                                                             Ex19/20  

Expression calcula'ons for unknowns 

0 
0.02 
0.04 
0.06 
0.08 

1X #6  1X #12 

SQ Ex19/20 
SQ 18S rRNA 

Rela've expression between cDNAs #s 6 & 12 

16 fold 

1 fold 

17 fold 

1 fold 



Melt Curve Analysis 



18S rRNA  Ex19/20 
Standard Curves 

18S rRNA  Ex19/20 

2000  0.0002  2000  0.0002 

1X      0.1X    0.01X  1X      0.1X    0.01X 
1X      0.1X    0.01X  1X      0.1X    0.01X 

cDNA #6  cDNA #6 
cDNA #12  cDNA #12 

Ex19/20 
No Template 

18S rRNA 
No Template 


