
CH-313 (Autumn 2023: Instructor: Prof. Yimon Aye; PhD-student teaching fellow: Song Chen)  
In-class Problem Set (Lecture 5-6) Students may do only one problem (either Q1 or Q2) out of the two. If you attempt them 
both, well done as usual, and we will grade them all, but we will only take the grade from the problem with a better score.  

 

  
Q1 (18 points). You discover a new microorganism living deep in ocean vents in Europa, a moon of Jupiter. You are tasked 
with studying this unusual organism. This organism shows a traditional cell cycle, and with a doubling time of 34 hours. It 
has a double helical DNA structure made up of A, T, C and G, but the proteins it uses are very different from those we 
find on earth, with several amino acids that do not exist on earth either. Fortunately, you can culture this organism and 
transfect it efficiently. 
(i) In a flow cytometry analysis, show how the data should look like when growing cells from this microorganism 
are stained with propidium iodide to measure amount of DNA per cell. Label the different phases and axes of the plot. (2 
points) 
 
 
 
 
 
 
 
 
(ii) You are asked to examine the response of these cells to DNA damage. You thus stress the cells with one of the 
viable DNA-damaging conditions for 2 hours, and immediately afterwards, execute standard work flow for propidium 
iodide staining-based flow-cytometry analysis. You found that this does not change the cell cycle distribution significantly. 
Given what you are told in the introduction in question, is this expected? Circle the correct answer (1 point) 
 

YES    NO 
 
(iii) Design an experiment (i.e., show a schematic workflow) to test whether or not DNA synthesis, specifically in S-
phase, is affected in cells treated with DNA-damaging conditions for 2 hours. For full credit, include in your workflow the 
time parameter and consider choice of reagents carefully. There is more than one correct answer/set of reagents (3 
points) 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(iv) In the two 2-D plots below, show the anticipated data output if DNA-synthesis were inhibited (right) against 
control (left). For full credit, first fill out the missing Y-axis label, and label the phases of cell cycles, against relevant cell 
populations (4 points) 
 
Note: Absolute values on the axes do not matter but relative positioning of cell populations within a given plot and across 
the two plots do matter. 

 
Control sample: no treatment    Experiment sample: S-phase inhibited 
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(v)  By searching the genome, you notice that this organism indeed has no protein similar to canonical DNA damage 

proteins that are known in eukaryotes, archaea, or prokaryotes. You use a chemical biology method to ID DNA 
damage recruitment proteins, i.e., iPOND. Using this technique, you discover 4 proteins, called A, B, C and D that 
are recruited to replicating DNA, following replication stress. You want to measure kinetics of A, B, C and D 
recruitment to sites of DNA damage in these alien cells. One classic way to do this uses BrdU-incorporation into 
DNA, followed by shining a fine laser across a specific stretch of the nucleus to create localized DNA damage (by 
laser-induced fragmentation of the carbon-bromine bond in BrdU), and measuring recruitment of the specific 
proteins to the sites of damage in real time. To do this, you would need to generate fluorescent protein tagged 
A, B, C, and D. Outline (1) how you would do this, including expected outcomes, and (2) what you would see if 
DNA damage is repaid by the cell; and (3) controls you could use.  
 
Please limit your answer to space below. Answers written elsewhere will not be graded (5 points) 

 
Experimental steps/workflow: 
 
 
 
 
Expected observation if recruitment occurs: 
 
 
 
Expected observation should the DNA-damage be repaired post recruitment: 
 
 
 
Two most relevant/important functional controls: 
 
 
(vi) Other researchers working on this organism have suggested that a specific RNA (endogenous to this organism) 

is involved in DNA damage response in this organism, being recruited to damaged DNA. Outline how you could 
develop a similar live cell reporter assay for recruitment of the specific RNA to DNA damage in these cells. (3 
points) 

 
Name of technology:  
 
Workflow: 
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In-class exercise:

EdU

BrdU

Comparison of EdU detection with BrdU by flow cytometry. (A) Standard antibody method. Dual parameter plot of 

Jurkat (human T cell leukemia) cells labeled with anti-BrdU Alexa Fluor 488 conjugate, and 7-amino actinomycin D (7-

AAD). Jurkat cells were treated with 10 μM BrdU for 1 h and tested using the acid denaturation method for BrdU

detection, co-labeled with 7-AAD. BrdU-incorporated cells were alcohol-fixed for 3 days at 4°C, washed twice with 

BSA/PBS buffer, treated with 4N HCl for 20 min, washed twice with a citrate phosphate buffer, resuspended in buffer 

before staining with anti-BrdU Alexa Fluor 488 dye, and washed again with buffer before staining of DNA content with 

7-AAD. The dual parameter plot shows DNA content labeling with the labeling of proliferating cells that have 

incorporated BrdU; co-positive cells give 36% proliferating cells. (B) New EdU click method. Dual parameter plot of 

Jurkat cells labeled with Click-iT Alexa Fluor 488 azide and 7-AAD. Jurkat cells were treated with 10 μM EdU for 1 h. 

EdU-incorporated cells were fixed with paraformaldehyde for 15 min, washed once with BSA/PBS buffer, permeabilized 

with a saponin-based buffer for 30 min, washed once, treated with the click-reaction mixture for 30 min, washed once, 

and resuspended in buffer before staining of DNA content with 7-AAD. Cells were analyzed on the LSRII Flow 

Cytometer. The dual parameter plot shows DNA content labeling with the labeling of proliferating cells that have 

incorporated EdU; co-positive cells give 35% proliferating cells. 

Note: 7-AAD is a DNA intercalator (similar to PI, fluoresces upon binding to DNA)

Q: suggest a possible reason
why maximum fluorescence signal on 
Y-axis is higher for EdU

G1G1

S

G2/MG2/M

S 36%
35%
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In-class exercise:

EdU

BrdU

Comparison of EdU detection with BrdU by flow cytometry. (A) Standard antibody method. Dual parameter plot of 

Jurkat (human T cell leukemia) cells labeled with anti-BrdU Alexa Fluor 488 conjugate, and 7-amino actinomycin D (7-

AAD). Jurkat cells were treated with 10 μM BrdU for 1 h and tested using the acid denaturation method for BrdU

detection, co-labeled with 7-AAD. BrdU-incorporated cells were alcohol-fixed for 3 days at 4°C, washed twice with 

BSA/PBS buffer, treated with 4N HCl for 20 min, washed twice with a citrate phosphate buffer, resuspended in buffer 

before staining with anti-BrdU Alexa Fluor 488 dye, and washed again with buffer before staining of DNA content with 

7-AAD. The dual parameter plot shows DNA content labeling with the labeling of proliferating cells that have 

incorporated BrdU; co-positive cells give 36% proliferating cells. (B) New EdU click method. Dual parameter plot of 

Jurkat cells labeled with Click-iT Alexa Fluor 488 azide and 7-AAD. Jurkat cells were treated with 10 μM EdU for 1 h. 

EdU-incorporated cells were fixed with paraformaldehyde for 15 min, washed once with BSA/PBS buffer, permeabilized 

with a saponin-based buffer for 30 min, washed once, treated with the click-reaction mixture for 30 min, washed once, 

and resuspended in buffer before staining of DNA content with 7-AAD. Cells were analyzed on the LSRII Flow 

Cytometer. The dual parameter plot shows DNA content labeling with the labeling of proliferating cells that have 

incorporated EdU; co-positive cells give 35% proliferating cells. 

Note: 7-AAD is a DNA intercalator (similar to PI, fluoresces upon binding to DNA)

Q: suggest a possible reason
why maximum fluorescence signal on 
Y-axis is higher for EdU

G1G1

S

G2/MG2/M

S 36%
35%

G1

S

G2/M

"ENCHMARKS

CFDBVTF�UIF�DFMMT�BSF�GJYFE�BOE�QFSNFB�
CJMJ[FE�CFGPSF�UIF�EFUFDUJPO�SFBDUJPO�JT�
QFSGPSNFE��*G�NVMUJQMFYFE�TUBJOJOH�PG�
DFMM�TVSGBDF�NBSLFST�JT�EFTJSFE
�MBCFMFE�
BOUJCPEJFT�PG�JOUFSFTU�DBO�CF�BEEFE�BT�
QFS�TUBOEBSE�QSPUPDPMT�CFGPSF�UIF�DFMM�
GJYBUJPO� TUFQ�� 'MVPSFTDFODF� SFBEPVU�
DBO� CF� QFSGPSNFE� VTJOH� WBSJPVT�
NFUIPET� TVDI�BT� GMPX�DZUPNFUSZ�BOE�
GMVPSFTDFODF� NJDSPTDPQZ�� 4JEF�CZ�
TJEF�DPNQBSJTPO�PG�UIF�OFX�&E6�BOE�
TUBOEBSE� #SE6� BTTBZT� EFNPOTUSBUFT�
UIBU� UIF�OFX�DMJDL�&E6�NFUIPEPMPHZ�
QSPWJEFT� UIF� DPNQBSBCMF� TFOTJUJWJUZ�
PG�EFUFDUJPO�BT�UIBU�PCUBJOFE�GSPN�UIF�
#SE6�QSPUPDPMT� 	'JHVSF��
��"MUIPVHI�
UIF�DPNQBSBUJWF�FGGJDJFODJFT�PG� JOUSB�
DFMMVMBS�&E6�BOE�#SE6�BT�QIPTQIPSZ�
MBUJPO�BOE�QPMZNFSBTF�TVCTUSBUFT�IBWF�
OPU� CFFO� EJSFDUMZ� EFUFSNJOFE
� UIF�
GBDU� UIBU� UIF� MPBEJOH� EPTFT� BOE� UIF�
GJOBM� BTTBZ� TFOTJUJWJUJFT� VTJOH� FBDI�
OVDMFPTJEF� BSF�EJSFDUMZ�QSPQPSUJPOBUF�
TVHHFTUT� UIBU� UIFZ� BSF� FRVJWBMFOUMZ�
QSPDFTTFE�JO�WJWP�

,FZ�UP�UIF�MPX�CBDLHSPVOE�BOE�IJHI�
TFOTJUJWJUZ�PG�UIF�&E6�BTTBZ�JT�UIF�DMJDL�
SFBDUJPO
�XIJDI� JOWPMWFT� UIF�DPVQMJOH�
PG� BO� B[JEF�MBCFMFE� DPNQPVOE� BOE� B�
UFSNJOBM� BMLZOF�MBCFMFE� DPNQPVOE�
JO�UIF�QSFTFODF�PG�DPQQFS	*
�UP�GPSN�B�
TUBCMF�DPWBMFOU�USJB[PMF�SJOH�DPOKVHBUF��
#FDBVTF�UIF�DMJDL�SFBDUJPO�DPNQPOFOUT�
BSF� OPU� OPSNBMMZ� GPVOE� JO� CJPMPHJDBM�
TZTUFNT
�UIF�SFBDUJPO�JT�CJPPSUIPHPOBM�
BOE� DBO� QSPDFFE� JO� UIF� QSFTFODF� PG�
DPNQMFY�CJPMPHJDBM�NJYUVSFT
�SFTVMUJOH�
JO�IJHI�TFMFDUJWJUZ�BOE�MPX�CBDLHSPVOE�
JO�UIF�EFUFDUJPO�SFBDUJPO��5IF�DPQQFS	*
�
SFRVJSFE� UP� DBUBMZ[F� UIF� SFBDUJPO� DBO�
CF� HFOFSBUFE� WJB� UIF� SFEVDUJPO� PG�
DPQQFS	**
� UP� DPQQFS	*
� JO� TJUV� VTJOH�
WBSJPVT�SFEVDJOH�BHFOUT�PS�BMUFSOBUJWFMZ
�
DPQQFS	*
� DBO� CF� BEEFE� EJSFDUMZ� JOUP�
UIF�SFBDUJPO�NJY�JO�UIF�GPSN�PG�DPQQFS�
CSPNJEF� 	$V#S
� PS� DPQQFS� XJSF� 	�
��
$PQQFS�DIFMBUPST�BOE�MJHBOET�IBWF�CFFO�
VTFE�JO�BUUFNQUT�UP�QSPUFDU�QSPUFJOT�BOE�
WJSVT� QBSUJDMFT� GSPN� EBNBHF� DBVTFE�
CZ� DPQQFS� UPYJDJUZ� 	�
��
��3FHBSEMFTT�
PG�UIF�NFUIPET�VTFE
�FYQPTVSF�PG�MJWF�
DFMMT�UP�DPQQFS	*
�PS�DPQQFS	**

�XJUI�PS�
XJUIPVU�DIFMBUPST�PS�MJHBOET
�SFTVMUT�JO�
NBSLFE�DFMM�EFBUI�JO�B�TIPSU�QFSJPE�PG�
UJNF��'PS� UIF�&E6�BTTBZ
�FYQPTVSF�PG�
DPQQFS�UP�DFMMT�PDDVST�BGUFS�GJYBUJPO�BOE�
QFSNFBCJMJ[BUJPO�BOE�UIFSFGPSF�IBT�OP�
FGGFDU�PO�DFMM�WJBCJMJUZ�

'JHVSF����$PNQBSJTPO�PG�&E6�EFUFDUJPO�XJUI�#SE6�CZ�GMPX�DZUPNFUSZ��	"
�4UBOEBSE�BOUJCPEZ�
NFUIPE�	��
��%VBM�QBSBNFUFS�QMPU�PG�+VSLBU�	IVNBO�5�DFMM�MFVLFNJB
�DFMMT�MBCFMFE�XJUI�BOUJ�#SE6�
"MFYB�'MVPS�����DPOKVHBUF�BOE���BNJOP�BDUJOPNZDJO�%�	��""%
��+VSLBU�DFMMT�XFSF�USFBUFE�XJUI����
N.�#SE6�GPS���I�BOE�UFTUFE�VTJOH�UIF�BDJE�EFOBUVSBUJPO�NFUIPE�GPS�#SE6�EFUFDUJPO
�DP�MBCFMFE�XJUI�
��""%��#SE6�JODPSQPSBUFE�DFMMT�XFSF�BMDPIPM�GJYFE�GPS���EBZT�BU��p$
�XBTIFE�UXJDF�XJUI�#4"�1#4�
CVGGFS
�USFBUFE�XJUI��/�)$M�GPS����NJO
�XBTIFE�UXJDF�XJUI�B�DJUSBUF�QIPTQIBUF�CVGGFS
�SFTVTQFOEFE�
JO�CVGGFS�CFGPSF�TUBJOJOH�XJUI�BOUJ�#SE6�"MFYB�'MVPS�����EZF
�BOE�XBTIFE�BHBJO�XJUI�CVGGFS�CFGPSF�
TUBJOJOH�PG�%/"�DPOUFOU�XJUI���""%��5IF�EVBM�QBSBNFUFS�QMPU�TIPXT�%/"�DPOUFOU�MBCFMJOH�XJUI�UIF�
MBCFMJOH�PG�QSPMJGFSBUJOH�DFMMT�UIBU�IBWF�JODPSQPSBUFE�#SE6��DP�QPTJUJWF�DFMMT�HJWF�����QSPMJGFSBUJOH�
DFMMT��	#
 /FX�DMJDL�NFUIPE��%VBM�QBSBNFUFS�QMPU�PG�+VSLBU�DFMMT�MBCFMFE�XJUI�$MJDL�J5�"MFYB�'MVPS�
����B[JEF�BOE���""%��+VSLBU�DFMMT�XFSF�USFBUFE�XJUI����N.�&E6�GPS���I��&E6�JODPSQPSBUFE�DFMMT�XFSF�
GJYFE�XJUI�QBSBGPSNBMEFIZEF�GPS����NJO
�XBTIFE�PODF�XJUI�#4"�1#4�CVGGFS
�QFSNFBCJMJ[FE�XJUI�B�
TBQPOJO�CBTFE�CVGGFS�GPS����NJO
�XBTIFE�PODF
�USFBUFE�XJUI�UIF�DMJDL�SFBDUJPO�NJYUVSF�GPS����NJO
�
XBTIFE�PODF
�BOE�SFTVTQFOEFE�JO�CVGGFS�CFGPSF�TUBJOJOH�PG�%/"�DPOUFOU�XJUI���""%��$FMMT�XFSF�
BOBMZ[FE�PO�UIF�-43**�'MPX�$ZUPNFUFS�	#%�#JPTDJFODFT
�4BO�+PTF
�$"
�64"
��5IF�EVBM�QBSBNFUFS�
QMPU�TIPXT�%/"�DPOUFOU�MBCFMJOH�XJUI�UIF�MBCFMJOH�PG�QSPMJGFSBUJOH�DFMMT�UIBU�IBWF�JODPSQPSBUFE�&E6��
DP�QPTJUJWF�DFMMT�HJWF�����QSPMJGFSBUJOH�DFMMT�
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In-class exercise:

EdU

BrdU

Comparison of EdU detection with BrdU by flow cytometry. (A) Standard antibody method. Dual parameter plot of 

Jurkat (human T cell leukemia) cells labeled with anti-BrdU Alexa Fluor 488 conjugate, and 7-amino actinomycin D (7-

AAD). Jurkat cells were treated with 10 μM BrdU for 1 h and tested using the acid denaturation method for BrdU

detection, co-labeled with 7-AAD. BrdU-incorporated cells were alcohol-fixed for 3 days at 4°C, washed twice with 

BSA/PBS buffer, treated with 4N HCl for 20 min, washed twice with a citrate phosphate buffer, resuspended in buffer 

before staining with anti-BrdU Alexa Fluor 488 dye, and washed again with buffer before staining of DNA content with 

7-AAD. The dual parameter plot shows DNA content labeling with the labeling of proliferating cells that have 

incorporated BrdU; co-positive cells give 36% proliferating cells. (B) New EdU click method. Dual parameter plot of 

Jurkat cells labeled with Click-iT Alexa Fluor 488 azide and 7-AAD. Jurkat cells were treated with 10 μM EdU for 1 h. 

EdU-incorporated cells were fixed with paraformaldehyde for 15 min, washed once with BSA/PBS buffer, permeabilized 

with a saponin-based buffer for 30 min, washed once, treated with the click-reaction mixture for 30 min, washed once, 

and resuspended in buffer before staining of DNA content with 7-AAD. Cells were analyzed on the LSRII Flow 

Cytometer. The dual parameter plot shows DNA content labeling with the labeling of proliferating cells that have 

incorporated EdU; co-positive cells give 35% proliferating cells. 

Note: 7-AAD is a DNA intercalator (similar to PI, fluoresces upon binding to DNA)

Q: suggest a possible reason
why maximum fluorescence signal on 
Y-axis is higher for EdU

G1G1

S

G2/MG2/M

S 36%
35%

G1 S G2/M

200 200 200

"ENCHMARKS

CFDBVTF�UIF�DFMMT�BSF�GJYFE�BOE�QFSNFB�
CJMJ[FE�CFGPSF�UIF�EFUFDUJPO�SFBDUJPO�JT�
QFSGPSNFE��*G�NVMUJQMFYFE�TUBJOJOH�PG�
DFMM�TVSGBDF�NBSLFST�JT�EFTJSFE
�MBCFMFE�
BOUJCPEJFT�PG�JOUFSFTU�DBO�CF�BEEFE�BT�
QFS�TUBOEBSE�QSPUPDPMT�CFGPSF�UIF�DFMM�
GJYBUJPO� TUFQ�� 'MVPSFTDFODF� SFBEPVU�
DBO� CF� QFSGPSNFE� VTJOH� WBSJPVT�
NFUIPET� TVDI�BT� GMPX�DZUPNFUSZ�BOE�
GMVPSFTDFODF� NJDSPTDPQZ�� 4JEF�CZ�
TJEF�DPNQBSJTPO�PG�UIF�OFX�&E6�BOE�
TUBOEBSE� #SE6� BTTBZT� EFNPOTUSBUFT�
UIBU� UIF�OFX�DMJDL�&E6�NFUIPEPMPHZ�
QSPWJEFT� UIF� DPNQBSBCMF� TFOTJUJWJUZ�
PG�EFUFDUJPO�BT�UIBU�PCUBJOFE�GSPN�UIF�
#SE6�QSPUPDPMT� 	'JHVSF��
��"MUIPVHI�
UIF�DPNQBSBUJWF�FGGJDJFODJFT�PG� JOUSB�
DFMMVMBS�&E6�BOE�#SE6�BT�QIPTQIPSZ�
MBUJPO�BOE�QPMZNFSBTF�TVCTUSBUFT�IBWF�
OPU� CFFO� EJSFDUMZ� EFUFSNJOFE
� UIF�
GBDU� UIBU� UIF� MPBEJOH� EPTFT� BOE� UIF�
GJOBM� BTTBZ� TFOTJUJWJUJFT� VTJOH� FBDI�
OVDMFPTJEF� BSF�EJSFDUMZ�QSPQPSUJPOBUF�
TVHHFTUT� UIBU� UIFZ� BSF� FRVJWBMFOUMZ�
QSPDFTTFE�JO�WJWP�

,FZ�UP�UIF�MPX�CBDLHSPVOE�BOE�IJHI�
TFOTJUJWJUZ�PG�UIF�&E6�BTTBZ�JT�UIF�DMJDL�
SFBDUJPO
�XIJDI� JOWPMWFT� UIF�DPVQMJOH�
PG� BO� B[JEF�MBCFMFE� DPNQPVOE� BOE� B�
UFSNJOBM� BMLZOF�MBCFMFE� DPNQPVOE�
JO�UIF�QSFTFODF�PG�DPQQFS	*
�UP�GPSN�B�
TUBCMF�DPWBMFOU�USJB[PMF�SJOH�DPOKVHBUF��
#FDBVTF�UIF�DMJDL�SFBDUJPO�DPNQPOFOUT�
BSF� OPU� OPSNBMMZ� GPVOE� JO� CJPMPHJDBM�
TZTUFNT
�UIF�SFBDUJPO�JT�CJPPSUIPHPOBM�
BOE� DBO� QSPDFFE� JO� UIF� QSFTFODF� PG�
DPNQMFY�CJPMPHJDBM�NJYUVSFT
�SFTVMUJOH�
JO�IJHI�TFMFDUJWJUZ�BOE�MPX�CBDLHSPVOE�
JO�UIF�EFUFDUJPO�SFBDUJPO��5IF�DPQQFS	*
�
SFRVJSFE� UP� DBUBMZ[F� UIF� SFBDUJPO� DBO�
CF� HFOFSBUFE� WJB� UIF� SFEVDUJPO� PG�
DPQQFS	**
� UP� DPQQFS	*
� JO� TJUV� VTJOH�
WBSJPVT�SFEVDJOH�BHFOUT�PS�BMUFSOBUJWFMZ
�
DPQQFS	*
� DBO� CF� BEEFE� EJSFDUMZ� JOUP�
UIF�SFBDUJPO�NJY�JO�UIF�GPSN�PG�DPQQFS�
CSPNJEF� 	$V#S
� PS� DPQQFS� XJSF� 	�
��
$PQQFS�DIFMBUPST�BOE�MJHBOET�IBWF�CFFO�
VTFE�JO�BUUFNQUT�UP�QSPUFDU�QSPUFJOT�BOE�
WJSVT� QBSUJDMFT� GSPN� EBNBHF� DBVTFE�
CZ� DPQQFS� UPYJDJUZ� 	�
��
��3FHBSEMFTT�
PG�UIF�NFUIPET�VTFE
�FYQPTVSF�PG�MJWF�
DFMMT�UP�DPQQFS	*
�PS�DPQQFS	**

�XJUI�PS�
XJUIPVU�DIFMBUPST�PS�MJHBOET
�SFTVMUT�JO�
NBSLFE�DFMM�EFBUI�JO�B�TIPSU�QFSJPE�PG�
UJNF��'PS� UIF�&E6�BTTBZ
�FYQPTVSF�PG�
DPQQFS�UP�DFMMT�PDDVST�BGUFS�GJYBUJPO�BOE�
QFSNFBCJMJ[BUJPO�BOE�UIFSFGPSF�IBT�OP�
FGGFDU�PO�DFMM�WJBCJMJUZ�

'JHVSF����$PNQBSJTPO�PG�&E6�EFUFDUJPO�XJUI�#SE6�CZ�GMPX�DZUPNFUSZ��	"
�4UBOEBSE�BOUJCPEZ�
NFUIPE�	��
��%VBM�QBSBNFUFS�QMPU�PG�+VSLBU�	IVNBO�5�DFMM�MFVLFNJB
�DFMMT�MBCFMFE�XJUI�BOUJ�#SE6�
"MFYB�'MVPS�����DPOKVHBUF�BOE���BNJOP�BDUJOPNZDJO�%�	��""%
��+VSLBU�DFMMT�XFSF�USFBUFE�XJUI����
N.�#SE6�GPS���I�BOE�UFTUFE�VTJOH�UIF�BDJE�EFOBUVSBUJPO�NFUIPE�GPS�#SE6�EFUFDUJPO
�DP�MBCFMFE�XJUI�
��""%��#SE6�JODPSQPSBUFE�DFMMT�XFSF�BMDPIPM�GJYFE�GPS���EBZT�BU��p$
�XBTIFE�UXJDF�XJUI�#4"�1#4�
CVGGFS
�USFBUFE�XJUI��/�)$M�GPS����NJO
�XBTIFE�UXJDF�XJUI�B�DJUSBUF�QIPTQIBUF�CVGGFS
�SFTVTQFOEFE�
JO�CVGGFS�CFGPSF�TUBJOJOH�XJUI�BOUJ�#SE6�"MFYB�'MVPS�����EZF
�BOE�XBTIFE�BHBJO�XJUI�CVGGFS�CFGPSF�
TUBJOJOH�PG�%/"�DPOUFOU�XJUI���""%��5IF�EVBM�QBSBNFUFS�QMPU�TIPXT�%/"�DPOUFOU�MBCFMJOH�XJUI�UIF�
MBCFMJOH�PG�QSPMJGFSBUJOH�DFMMT�UIBU�IBWF�JODPSQPSBUFE�#SE6��DP�QPTJUJWF�DFMMT�HJWF�����QSPMJGFSBUJOH�
DFMMT��	#
 /FX�DMJDL�NFUIPE��%VBM�QBSBNFUFS�QMPU�PG�+VSLBU�DFMMT�MBCFMFE�XJUI�$MJDL�J5�"MFYB�'MVPS�
����B[JEF�BOE���""%��+VSLBU�DFMMT�XFSF�USFBUFE�XJUI����N.�&E6�GPS���I��&E6�JODPSQPSBUFE�DFMMT�XFSF�
GJYFE�XJUI�QBSBGPSNBMEFIZEF�GPS����NJO
�XBTIFE�PODF�XJUI�#4"�1#4�CVGGFS
�QFSNFBCJMJ[FE�XJUI�B�
TBQPOJO�CBTFE�CVGGFS�GPS����NJO
�XBTIFE�PODF
�USFBUFE�XJUI�UIF�DMJDL�SFBDUJPO�NJYUVSF�GPS����NJO
�
XBTIFE�PODF
�BOE�SFTVTQFOEFE�JO�CVGGFS�CFGPSF�TUBJOJOH�PG�%/"�DPOUFOU�XJUI���""%��$FMMT�XFSF�
BOBMZ[FE�PO�UIF�-43**�'MPX�$ZUPNFUFS�	#%�#JPTDJFODFT
�4BO�+PTF
�$"
�64"
��5IF�EVBM�QBSBNFUFS�
QMPU�TIPXT�%/"�DPOUFOU�MBCFMJOH�XJUI�UIF�MBCFMJOH�PG�QSPMJGFSBUJOH�DFMMT�UIBU�IBWF�JODPSQPSBUFE�&E6��
DP�QPTJUJWF�DFMMT�HJWF�����QSPMJGFSBUJOH�DFMMT�
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In-class exercise:

EdU

BrdU

Comparison of EdU detection with BrdU by flow cytometry. (A) Standard antibody method. Dual parameter plot of 

Jurkat (human T cell leukemia) cells labeled with anti-BrdU Alexa Fluor 488 conjugate, and 7-amino actinomycin D (7-

AAD). Jurkat cells were treated with 10 μM BrdU for 1 h and tested using the acid denaturation method for BrdU

detection, co-labeled with 7-AAD. BrdU-incorporated cells were alcohol-fixed for 3 days at 4°C, washed twice with 

BSA/PBS buffer, treated with 4N HCl for 20 min, washed twice with a citrate phosphate buffer, resuspended in buffer 

before staining with anti-BrdU Alexa Fluor 488 dye, and washed again with buffer before staining of DNA content with 

7-AAD. The dual parameter plot shows DNA content labeling with the labeling of proliferating cells that have 

incorporated BrdU; co-positive cells give 36% proliferating cells. (B) New EdU click method. Dual parameter plot of 

Jurkat cells labeled with Click-iT Alexa Fluor 488 azide and 7-AAD. Jurkat cells were treated with 10 μM EdU for 1 h. 

EdU-incorporated cells were fixed with paraformaldehyde for 15 min, washed once with BSA/PBS buffer, permeabilized 

with a saponin-based buffer for 30 min, washed once, treated with the click-reaction mixture for 30 min, washed once, 

and resuspended in buffer before staining of DNA content with 7-AAD. Cells were analyzed on the LSRII Flow 

Cytometer. The dual parameter plot shows DNA content labeling with the labeling of proliferating cells that have 

incorporated EdU; co-positive cells give 35% proliferating cells. 

Note: 7-AAD is a DNA intercalator (similar to PI, fluoresces upon binding to DNA)

Q: suggest a possible reason
why maximum fluorescence signal on 
Y-axis is higher for EdU

G1G1

S

G2/MG2/M

S 36%
35%

"ENCHMARKS

CFDBVTF�UIF�DFMMT�BSF�GJYFE�BOE�QFSNFB�
CJMJ[FE�CFGPSF�UIF�EFUFDUJPO�SFBDUJPO�JT�
QFSGPSNFE��*G�NVMUJQMFYFE�TUBJOJOH�PG�
DFMM�TVSGBDF�NBSLFST�JT�EFTJSFE
�MBCFMFE�
BOUJCPEJFT�PG�JOUFSFTU�DBO�CF�BEEFE�BT�
QFS�TUBOEBSE�QSPUPDPMT�CFGPSF�UIF�DFMM�
GJYBUJPO� TUFQ�� 'MVPSFTDFODF� SFBEPVU�
DBO� CF� QFSGPSNFE� VTJOH� WBSJPVT�
NFUIPET� TVDI�BT� GMPX�DZUPNFUSZ�BOE�
GMVPSFTDFODF� NJDSPTDPQZ�� 4JEF�CZ�
TJEF�DPNQBSJTPO�PG�UIF�OFX�&E6�BOE�
TUBOEBSE� #SE6� BTTBZT� EFNPOTUSBUFT�
UIBU� UIF�OFX�DMJDL�&E6�NFUIPEPMPHZ�
QSPWJEFT� UIF� DPNQBSBCMF� TFOTJUJWJUZ�
PG�EFUFDUJPO�BT�UIBU�PCUBJOFE�GSPN�UIF�
#SE6�QSPUPDPMT� 	'JHVSF��
��"MUIPVHI�
UIF�DPNQBSBUJWF�FGGJDJFODJFT�PG� JOUSB�
DFMMVMBS�&E6�BOE�#SE6�BT�QIPTQIPSZ�
MBUJPO�BOE�QPMZNFSBTF�TVCTUSBUFT�IBWF�
OPU� CFFO� EJSFDUMZ� EFUFSNJOFE
� UIF�
GBDU� UIBU� UIF� MPBEJOH� EPTFT� BOE� UIF�
GJOBM� BTTBZ� TFOTJUJWJUJFT� VTJOH� FBDI�
OVDMFPTJEF� BSF�EJSFDUMZ�QSPQPSUJPOBUF�
TVHHFTUT� UIBU� UIFZ� BSF� FRVJWBMFOUMZ�
QSPDFTTFE�JO�WJWP�

,FZ�UP�UIF�MPX�CBDLHSPVOE�BOE�IJHI�
TFOTJUJWJUZ�PG�UIF�&E6�BTTBZ�JT�UIF�DMJDL�
SFBDUJPO
�XIJDI� JOWPMWFT� UIF�DPVQMJOH�
PG� BO� B[JEF�MBCFMFE� DPNQPVOE� BOE� B�
UFSNJOBM� BMLZOF�MBCFMFE� DPNQPVOE�
JO�UIF�QSFTFODF�PG�DPQQFS	*
�UP�GPSN�B�
TUBCMF�DPWBMFOU�USJB[PMF�SJOH�DPOKVHBUF��
#FDBVTF�UIF�DMJDL�SFBDUJPO�DPNQPOFOUT�
BSF� OPU� OPSNBMMZ� GPVOE� JO� CJPMPHJDBM�
TZTUFNT
�UIF�SFBDUJPO�JT�CJPPSUIPHPOBM�
BOE� DBO� QSPDFFE� JO� UIF� QSFTFODF� PG�
DPNQMFY�CJPMPHJDBM�NJYUVSFT
�SFTVMUJOH�
JO�IJHI�TFMFDUJWJUZ�BOE�MPX�CBDLHSPVOE�
JO�UIF�EFUFDUJPO�SFBDUJPO��5IF�DPQQFS	*
�
SFRVJSFE� UP� DBUBMZ[F� UIF� SFBDUJPO� DBO�
CF� HFOFSBUFE� WJB� UIF� SFEVDUJPO� PG�
DPQQFS	**
� UP� DPQQFS	*
� JO� TJUV� VTJOH�
WBSJPVT�SFEVDJOH�BHFOUT�PS�BMUFSOBUJWFMZ
�
DPQQFS	*
� DBO� CF� BEEFE� EJSFDUMZ� JOUP�
UIF�SFBDUJPO�NJY�JO�UIF�GPSN�PG�DPQQFS�
CSPNJEF� 	$V#S
� PS� DPQQFS� XJSF� 	�
��
$PQQFS�DIFMBUPST�BOE�MJHBOET�IBWF�CFFO�
VTFE�JO�BUUFNQUT�UP�QSPUFDU�QSPUFJOT�BOE�
WJSVT� QBSUJDMFT� GSPN� EBNBHF� DBVTFE�
CZ� DPQQFS� UPYJDJUZ� 	�
��
��3FHBSEMFTT�
PG�UIF�NFUIPET�VTFE
�FYQPTVSF�PG�MJWF�
DFMMT�UP�DPQQFS	*
�PS�DPQQFS	**

�XJUI�PS�
XJUIPVU�DIFMBUPST�PS�MJHBOET
�SFTVMUT�JO�
NBSLFE�DFMM�EFBUI�JO�B�TIPSU�QFSJPE�PG�
UJNF��'PS� UIF�&E6�BTTBZ
�FYQPTVSF�PG�
DPQQFS�UP�DFMMT�PDDVST�BGUFS�GJYBUJPO�BOE�
QFSNFBCJMJ[BUJPO�BOE�UIFSFGPSF�IBT�OP�
FGGFDU�PO�DFMM�WJBCJMJUZ�

'JHVSF����$PNQBSJTPO�PG�&E6�EFUFDUJPO�XJUI�#SE6�CZ�GMPX�DZUPNFUSZ��	"
�4UBOEBSE�BOUJCPEZ�
NFUIPE�	��
��%VBM�QBSBNFUFS�QMPU�PG�+VSLBU�	IVNBO�5�DFMM�MFVLFNJB
�DFMMT�MBCFMFE�XJUI�BOUJ�#SE6�
"MFYB�'MVPS�����DPOKVHBUF�BOE���BNJOP�BDUJOPNZDJO�%�	��""%
��+VSLBU�DFMMT�XFSF�USFBUFE�XJUI����
N.�#SE6�GPS���I�BOE�UFTUFE�VTJOH�UIF�BDJE�EFOBUVSBUJPO�NFUIPE�GPS�#SE6�EFUFDUJPO
�DP�MBCFMFE�XJUI�
��""%��#SE6�JODPSQPSBUFE�DFMMT�XFSF�BMDPIPM�GJYFE�GPS���EBZT�BU��p$
�XBTIFE�UXJDF�XJUI�#4"�1#4�
CVGGFS
�USFBUFE�XJUI��/�)$M�GPS����NJO
�XBTIFE�UXJDF�XJUI�B�DJUSBUF�QIPTQIBUF�CVGGFS
�SFTVTQFOEFE�
JO�CVGGFS�CFGPSF�TUBJOJOH�XJUI�BOUJ�#SE6�"MFYB�'MVPS�����EZF
�BOE�XBTIFE�BHBJO�XJUI�CVGGFS�CFGPSF�
TUBJOJOH�PG�%/"�DPOUFOU�XJUI���""%��5IF�EVBM�QBSBNFUFS�QMPU�TIPXT�%/"�DPOUFOU�MBCFMJOH�XJUI�UIF�
MBCFMJOH�PG�QSPMJGFSBUJOH�DFMMT�UIBU�IBWF�JODPSQPSBUFE�#SE6��DP�QPTJUJWF�DFMMT�HJWF�����QSPMJGFSBUJOH�
DFMMT��	#
 /FX�DMJDL�NFUIPE��%VBM�QBSBNFUFS�QMPU�PG�+VSLBU�DFMMT�MBCFMFE�XJUI�$MJDL�J5�"MFYB�'MVPS�
����B[JEF�BOE���""%��+VSLBU�DFMMT�XFSF�USFBUFE�XJUI����N.�&E6�GPS���I��&E6�JODPSQPSBUFE�DFMMT�XFSF�
GJYFE�XJUI�QBSBGPSNBMEFIZEF�GPS����NJO
�XBTIFE�PODF�XJUI�#4"�1#4�CVGGFS
�QFSNFBCJMJ[FE�XJUI�B�
TBQPOJO�CBTFE�CVGGFS�GPS����NJO
�XBTIFE�PODF
�USFBUFE�XJUI�UIF�DMJDL�SFBDUJPO�NJYUVSF�GPS����NJO
�
XBTIFE�PODF
�BOE�SFTVTQFOEFE�JO�CVGGFS�CFGPSF�TUBJOJOH�PG�%/"�DPOUFOU�XJUI���""%��$FMMT�XFSF�
BOBMZ[FE�PO�UIF�-43**�'MPX�$ZUPNFUFS�	#%�#JPTDJFODFT
�4BO�+PTF
�$"
�64"
��5IF�EVBM�QBSBNFUFS�
QMPU�TIPXT�%/"�DPOUFOU�MBCFMJOH�XJUI�UIF�MBCFMJOH�PG�QSPMJGFSBUJOH�DFMMT�UIBU�IBWF�JODPSQPSBUFE�&E6��
DP�QPTJUJWF�DFMMT�HJWF�����QSPMJGFSBUJOH�DFMMT�
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In-class exercise:

EdU

BrdU

Comparison of EdU detection with BrdU by flow cytometry. (A) Standard antibody method. Dual parameter plot of 

Jurkat (human T cell leukemia) cells labeled with anti-BrdU Alexa Fluor 488 conjugate, and 7-amino actinomycin D (7-

AAD). Jurkat cells were treated with 10 μM BrdU for 1 h and tested using the acid denaturation method for BrdU

detection, co-labeled with 7-AAD. BrdU-incorporated cells were alcohol-fixed for 3 days at 4°C, washed twice with 

BSA/PBS buffer, treated with 4N HCl for 20 min, washed twice with a citrate phosphate buffer, resuspended in buffer 

before staining with anti-BrdU Alexa Fluor 488 dye, and washed again with buffer before staining of DNA content with 

7-AAD. The dual parameter plot shows DNA content labeling with the labeling of proliferating cells that have 

incorporated BrdU; co-positive cells give 36% proliferating cells. (B) New EdU click method. Dual parameter plot of 

Jurkat cells labeled with Click-iT Alexa Fluor 488 azide and 7-AAD. Jurkat cells were treated with 10 μM EdU for 1 h. 

EdU-incorporated cells were fixed with paraformaldehyde for 15 min, washed once with BSA/PBS buffer, permeabilized 

with a saponin-based buffer for 30 min, washed once, treated with the click-reaction mixture for 30 min, washed once, 

and resuspended in buffer before staining of DNA content with 7-AAD. Cells were analyzed on the LSRII Flow 

Cytometer. The dual parameter plot shows DNA content labeling with the labeling of proliferating cells that have 

incorporated EdU; co-positive cells give 35% proliferating cells. 

Note: 7-AAD is a DNA intercalator (similar to PI, fluoresces upon binding to DNA)

Q: suggest a possible reason
why maximum fluorescence signal on 
Y-axis is higher for EdU

G1G1

S

G2/MG2/M

S 36%
35%

G1

S

G2/M

"ENCHMARKS

CFDBVTF�UIF�DFMMT�BSF�GJYFE�BOE�QFSNFB�
CJMJ[FE�CFGPSF�UIF�EFUFDUJPO�SFBDUJPO�JT�
QFSGPSNFE��*G�NVMUJQMFYFE�TUBJOJOH�PG�
DFMM�TVSGBDF�NBSLFST�JT�EFTJSFE
�MBCFMFE�
BOUJCPEJFT�PG�JOUFSFTU�DBO�CF�BEEFE�BT�
QFS�TUBOEBSE�QSPUPDPMT�CFGPSF�UIF�DFMM�
GJYBUJPO� TUFQ�� 'MVPSFTDFODF� SFBEPVU�
DBO� CF� QFSGPSNFE� VTJOH� WBSJPVT�
NFUIPET� TVDI�BT� GMPX�DZUPNFUSZ�BOE�
GMVPSFTDFODF� NJDSPTDPQZ�� 4JEF�CZ�
TJEF�DPNQBSJTPO�PG�UIF�OFX�&E6�BOE�
TUBOEBSE� #SE6� BTTBZT� EFNPOTUSBUFT�
UIBU� UIF�OFX�DMJDL�&E6�NFUIPEPMPHZ�
QSPWJEFT� UIF� DPNQBSBCMF� TFOTJUJWJUZ�
PG�EFUFDUJPO�BT�UIBU�PCUBJOFE�GSPN�UIF�
#SE6�QSPUPDPMT� 	'JHVSF��
��"MUIPVHI�
UIF�DPNQBSBUJWF�FGGJDJFODJFT�PG� JOUSB�
DFMMVMBS�&E6�BOE�#SE6�BT�QIPTQIPSZ�
MBUJPO�BOE�QPMZNFSBTF�TVCTUSBUFT�IBWF�
OPU� CFFO� EJSFDUMZ� EFUFSNJOFE
� UIF�
GBDU� UIBU� UIF� MPBEJOH� EPTFT� BOE� UIF�
GJOBM� BTTBZ� TFOTJUJWJUJFT� VTJOH� FBDI�
OVDMFPTJEF� BSF�EJSFDUMZ�QSPQPSUJPOBUF�
TVHHFTUT� UIBU� UIFZ� BSF� FRVJWBMFOUMZ�
QSPDFTTFE�JO�WJWP�

,FZ�UP�UIF�MPX�CBDLHSPVOE�BOE�IJHI�
TFOTJUJWJUZ�PG�UIF�&E6�BTTBZ�JT�UIF�DMJDL�
SFBDUJPO
�XIJDI� JOWPMWFT� UIF�DPVQMJOH�
PG� BO� B[JEF�MBCFMFE� DPNQPVOE� BOE� B�
UFSNJOBM� BMLZOF�MBCFMFE� DPNQPVOE�
JO�UIF�QSFTFODF�PG�DPQQFS	*
�UP�GPSN�B�
TUBCMF�DPWBMFOU�USJB[PMF�SJOH�DPOKVHBUF��
#FDBVTF�UIF�DMJDL�SFBDUJPO�DPNQPOFOUT�
BSF� OPU� OPSNBMMZ� GPVOE� JO� CJPMPHJDBM�
TZTUFNT
�UIF�SFBDUJPO�JT�CJPPSUIPHPOBM�
BOE� DBO� QSPDFFE� JO� UIF� QSFTFODF� PG�
DPNQMFY�CJPMPHJDBM�NJYUVSFT
�SFTVMUJOH�
JO�IJHI�TFMFDUJWJUZ�BOE�MPX�CBDLHSPVOE�
JO�UIF�EFUFDUJPO�SFBDUJPO��5IF�DPQQFS	*
�
SFRVJSFE� UP� DBUBMZ[F� UIF� SFBDUJPO� DBO�
CF� HFOFSBUFE� WJB� UIF� SFEVDUJPO� PG�
DPQQFS	**
� UP� DPQQFS	*
� JO� TJUV� VTJOH�
WBSJPVT�SFEVDJOH�BHFOUT�PS�BMUFSOBUJWFMZ
�
DPQQFS	*
� DBO� CF� BEEFE� EJSFDUMZ� JOUP�
UIF�SFBDUJPO�NJY�JO�UIF�GPSN�PG�DPQQFS�
CSPNJEF� 	$V#S
� PS� DPQQFS� XJSF� 	�
��
$PQQFS�DIFMBUPST�BOE�MJHBOET�IBWF�CFFO�
VTFE�JO�BUUFNQUT�UP�QSPUFDU�QSPUFJOT�BOE�
WJSVT� QBSUJDMFT� GSPN� EBNBHF� DBVTFE�
CZ� DPQQFS� UPYJDJUZ� 	�
��
��3FHBSEMFTT�
PG�UIF�NFUIPET�VTFE
�FYQPTVSF�PG�MJWF�
DFMMT�UP�DPQQFS	*
�PS�DPQQFS	**

�XJUI�PS�
XJUIPVU�DIFMBUPST�PS�MJHBOET
�SFTVMUT�JO�
NBSLFE�DFMM�EFBUI�JO�B�TIPSU�QFSJPE�PG�
UJNF��'PS� UIF�&E6�BTTBZ
�FYQPTVSF�PG�
DPQQFS�UP�DFMMT�PDDVST�BGUFS�GJYBUJPO�BOE�
QFSNFBCJMJ[BUJPO�BOE�UIFSFGPSF�IBT�OP�
FGGFDU�PO�DFMM�WJBCJMJUZ�

'JHVSF����$PNQBSJTPO�PG�&E6�EFUFDUJPO�XJUI�#SE6�CZ�GMPX�DZUPNFUSZ��	"
�4UBOEBSE�BOUJCPEZ�
NFUIPE�	��
��%VBM�QBSBNFUFS�QMPU�PG�+VSLBU�	IVNBO�5�DFMM�MFVLFNJB
�DFMMT�MBCFMFE�XJUI�BOUJ�#SE6�
"MFYB�'MVPS�����DPOKVHBUF�BOE���BNJOP�BDUJOPNZDJO�%�	��""%
��+VSLBU�DFMMT�XFSF�USFBUFE�XJUI����
N.�#SE6�GPS���I�BOE�UFTUFE�VTJOH�UIF�BDJE�EFOBUVSBUJPO�NFUIPE�GPS�#SE6�EFUFDUJPO
�DP�MBCFMFE�XJUI�
��""%��#SE6�JODPSQPSBUFE�DFMMT�XFSF�BMDPIPM�GJYFE�GPS���EBZT�BU��p$
�XBTIFE�UXJDF�XJUI�#4"�1#4�
CVGGFS
�USFBUFE�XJUI��/�)$M�GPS����NJO
�XBTIFE�UXJDF�XJUI�B�DJUSBUF�QIPTQIBUF�CVGGFS
�SFTVTQFOEFE�
JO�CVGGFS�CFGPSF�TUBJOJOH�XJUI�BOUJ�#SE6�"MFYB�'MVPS�����EZF
�BOE�XBTIFE�BHBJO�XJUI�CVGGFS�CFGPSF�
TUBJOJOH�PG�%/"�DPOUFOU�XJUI���""%��5IF�EVBM�QBSBNFUFS�QMPU�TIPXT�%/"�DPOUFOU�MBCFMJOH�XJUI�UIF�
MBCFMJOH�PG�QSPMJGFSBUJOH�DFMMT�UIBU�IBWF�JODPSQPSBUFE�#SE6��DP�QPTJUJWF�DFMMT�HJWF�����QSPMJGFSBUJOH�
DFMMT��	#
 /FX�DMJDL�NFUIPE��%VBM�QBSBNFUFS�QMPU�PG�+VSLBU�DFMMT�MBCFMFE�XJUI�$MJDL�J5�"MFYB�'MVPS�
����B[JEF�BOE���""%��+VSLBU�DFMMT�XFSF�USFBUFE�XJUI����N.�&E6�GPS���I��&E6�JODPSQPSBUFE�DFMMT�XFSF�
GJYFE�XJUI�QBSBGPSNBMEFIZEF�GPS����NJO
�XBTIFE�PODF�XJUI�#4"�1#4�CVGGFS
�QFSNFBCJMJ[FE�XJUI�B�
TBQPOJO�CBTFE�CVGGFS�GPS����NJO
�XBTIFE�PODF
�USFBUFE�XJUI�UIF�DMJDL�SFBDUJPO�NJYUVSF�GPS����NJO
�
XBTIFE�PODF
�BOE�SFTVTQFOEFE�JO�CVGGFS�CFGPSF�TUBJOJOH�PG�%/"�DPOUFOU�XJUI���""%��$FMMT�XFSF�
BOBMZ[FE�PO�UIF�-43**�'MPX�$ZUPNFUFS�	#%�#JPTDJFODFT
�4BO�+PTF
�$"
�64"
��5IF�EVBM�QBSBNFUFS�
QMPU�TIPXT�%/"�DPOUFOU�MBCFMJOH�XJUI�UIF�MBCFMJOH�PG�QSPMJGFSBUJOH�DFMMT�UIBU�IBWF�JODPSQPSBUFE�&E6��
DP�QPTJUJWF�DFMMT�HJWF�����QSPMJGFSBUJOH�DFMMT�
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In-class exercise:

EdU

BrdU

Comparison of EdU detection with BrdU by flow cytometry. (A) Standard antibody method. Dual parameter plot of 

Jurkat (human T cell leukemia) cells labeled with anti-BrdU Alexa Fluor 488 conjugate, and 7-amino actinomycin D (7-

AAD). Jurkat cells were treated with 10 μM BrdU for 1 h and tested using the acid denaturation method for BrdU

detection, co-labeled with 7-AAD. BrdU-incorporated cells were alcohol-fixed for 3 days at 4°C, washed twice with 

BSA/PBS buffer, treated with 4N HCl for 20 min, washed twice with a citrate phosphate buffer, resuspended in buffer 

before staining with anti-BrdU Alexa Fluor 488 dye, and washed again with buffer before staining of DNA content with 

7-AAD. The dual parameter plot shows DNA content labeling with the labeling of proliferating cells that have 

incorporated BrdU; co-positive cells give 36% proliferating cells. (B) New EdU click method. Dual parameter plot of 

Jurkat cells labeled with Click-iT Alexa Fluor 488 azide and 7-AAD. Jurkat cells were treated with 10 μM EdU for 1 h. 

EdU-incorporated cells were fixed with paraformaldehyde for 15 min, washed once with BSA/PBS buffer, permeabilized 

with a saponin-based buffer for 30 min, washed once, treated with the click-reaction mixture for 30 min, washed once, 

and resuspended in buffer before staining of DNA content with 7-AAD. Cells were analyzed on the LSRII Flow 

Cytometer. The dual parameter plot shows DNA content labeling with the labeling of proliferating cells that have 

incorporated EdU; co-positive cells give 35% proliferating cells. 

Note: 7-AAD is a DNA intercalator (similar to PI, fluoresces upon binding to DNA)

Q: suggest a possible reason
why maximum fluorescence signal on 
Y-axis is higher for EdU

G1G1

S

G2/MG2/M

S 36%
35%

G1 S G2/M

200 200 200
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Q2 (18 points). We came across in class RNA Spinach aptamers, the GFP mimic of RNA. This problem 
concerns application of another “RNA Mango” aptamer, which fluoresces upon binding to TO (thiazole 
orange, see structure below, instead of DHFBI), under 644 nm excitation wavelength (instead of 488 
nm in the case of GFP/DHFBI), resulting in orange/red fluorescence, as opposed to green.  

(i) You are tasked to characterize novel intercellular protein complexes in humans that can bind and 
recognize a specific viral RNA of interest, known as ROI, that originates from a new flu virus strain. Design an experiment 
that will enable you to identify these novel human proteins that target this viral ROI. Illustrate (i.e., please kindly sketch 
out, instead of writing out loads of texts) your proposed experimental workflow schematically in the space below (instead 
of a long answer in text). Hints: Assume that you have ready access to human cell culture/virus infection model, i.e., you 
have a means to infect human cells with relevant viruses encoding any engineered RNAs and the latter will be ultimately 
present inside your cultured infected human cells. You also have access to beads coated with Streptavidin and all the 
reagents/modern instruments necessary. Key Hint: this experiment needs you to map proteins’ identities. (8 points) 
 

 

 

 

 

 

 

 

In the space below,  state one major concern in using this approach above to identify the ROI-interacting proteins: (2 
points) 

         

(ii) From a bunch of newly-identified targets, one top-ranked protein target that consistently appears in multiple replicate 
experiments that you perform above, is a protein known as NRBP (Novel RNA-binding protein). You set about validating 
the binding between NRBP and ROI using an in-gel fluorescence analysis and obtain the following data (see figure labeled 
A). Answer the questions below: 

(a) What is “?” ? (2 points) 

        

(b) Which molecular species do X and Y report, 
respectively? Write out corresponding excitation 
wavelengths. (2 points) 

X:     (excitation at       nm) 

Y:    (excitation at       nm) 

 

(c) In one single phrase, explain the observed gel shift between 1st and 2nd lane from the left, for Y. (2 points) 

      

(d) NTPs = nucleotide triphosphates. In one sentence, interpret the effect(s) of addition of NTPs and Magnesium Chloride, 
based on the gel data. (2 points) 


