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Analysis of prolactin-modulated gene expression profiles during
the Nb2 cell cycle using differential screening techniques 
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Abstract

Background: Rat Nb2-11C lymphoma cells are dependent on prolactin for proliferation and are
widely used to study prolactin signaling pathways. To investigate the role of this hormone in
the transcriptional mechanisms that underlie prolactin-stimulated mitogenesis, five different
techniques were used to isolate differentially expressed transcripts: mRNA differential display,
representational difference analysis (RDA), subtractive suppressive hybridization (SSH), analysis of
weakly expressed candidate genes, and differential screening of an organized library.

Results: About 70 transcripts were found to be modulated in Nb2 cells following prolactin
treatment. Of these, approximately 20 represent unknown genes. All cDNAs were characterized
by northern blot analysis and categorized on the basis of their expression profiles and the
functions of the known genes. We compared our data with other cell-cycle-regulated transcripts
and found several new potential signaling molecules that may be involved in Nb2 cell growth. In
addition, abnormalities in the expression patterns of several transcripts were detected in Nb2
cells, including the constitutive expression of the immediate-early gene EGR-1. Finally, we
compared the differential screening techniques in terms of sensitivity, efficiency and occurrence of
false positives.

Conclusions: Using these techniques to determine which genes are differentially expressed in Nb2
lymphoma cells, we have obtained valuable insight into the potential functions of some of these genes
in the cell cycle. Although this information is preliminary, comparison with other eukaryotic models of
cell-cycle progression enables identification of expression abnormalities and proteins potentially
involved in signal transduction, which could indicate new directions for research.
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Results
Application of the different screening techniques to
Nb2 cells
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Figure 1
Cell-cycle analysis of synchronized Nb2 cells stimulated by
prolactin. Nb2 cells were serum deprived for 24 hours, then
incubated with no PRL or PRL at 20ng/ml before cells were
collected for analysis. DNA content (FL2-A) versus cell
number is presented in each panel. (a) Profiles obtained
with control cells; (b) profiles obtained with cells incubated
with PRL. From left to right, profiles correspond to cells in
apoptosis (Apo, area below 400 on the x axis), in G0/G1
(peak centered on 400 on the x axis), or in S/M phase (area
above 400 on the x axis).
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Putative signaling molecules potentially involved in
Nb2 cell survival and/or cell-cycle progression
;��	����	�6	��66����������	�,3������	��������3��	���	2���	��4

3�����	7���	�2<	����	��������3��	������2��	��	3��8����	��3����

=;�2�� <>-	;����	��66����������	�,3������	�����	���	2�	6����

��	��4���	���	 ���	 ��2�������	 ������	 ��	;�2�� <�	 ����������	 6��

�,�43���	 �����	 6��	 ����3����	 =����	��	 ���	3��������	 ����3���

9&(:�	���	;����	����3���	� �����	9&*:�	���	8���4��	?#	����3����

���	����42�,���	�<	���	���	3������������	�<	����3����	=���

3������	�������>>�	��������3����	6������	=���&	9*:�	� ��	9&B:�

I6,	 =���	3������	 �������>>�	 ���	;����	 ���8�8��	���	�3�3�����

4��������	 =
��&	 9&C:�	 
��<�	 
�,	 9<+:�	 ���<	 =���	 3������

�������>>-	��������	���	���	���������	4��������	���	���	�����

������	���������	��	���	��������3������	��8���	��	���	2�	��3����

��@��	 ����	 �����	 ����������	 6��4	 ���������4��������

��������3��	 ���	 ��8��8��	 ��	 �2<	 ���������	 3����������-	 ;���

��3�������	 ���4�	 ��	 2�	 ���6��4���	 ��	 7�	 ��8�	 6����	 ����

��8����	4��������	3��8������	������2��	��	�����������	��	�2<

�����	 ���	 �������	 2�	 ���������4��������	 ��������3��	 =6��

�,�43���	3���3����������������	#%�����	=��	#%�����>�	3���

3����3���	 ��&	 =�1��&>�	 ���	 6����	 ��������	 %�����	 =���>

3&<'>-	�����D�������	 ��	 ��	��43����	��	�3�������	����	��	 �����

��4�	 �6	 ���	 ���������4��������	 ��������3��	 4��	 ������

�����������	�6	�2<	����	3����6�������-	���	�,�43���	���	������

%�����	 3#B	 4����������8����	 3������	 %�����	 =3#B	  ��

%�����>�	7����	 ��������3�	 ��	 �������	 ��	�2<	�����	�3��	3��

������	���4�������	9<&:�	4��	2�	��8��8��	��	3���������������

���������	3���7���-	;���	��3�������	��	����6�����	2�	���	6���

����	 3#B	 ��	 %�����	 ���4�	 ��	 2�	 ��D�����	 6��	 ���	 �3��4��

����8�����	�6	;	 �����	2�	 ��������%��	 =�1>&<	���	 �1<	���	 6��

���	 ����������	�6	 ������	3���3����������	�6	�;�;	 ��������3

����	6������	9<<:-	;��	/?#	�����������	���������	7����	4���

����	���	3��3�������	�6	�?C'���������	�3�3�����	�������	��

��4���3������	�����	9<#:�	4��	����	2�	��8��8��	��	���	������

����	�6	���8�8��	���	�3�3�����	��	�2<	�����-	��	��	����	3����2��

����	 ����3�����	 ����	 ��	 ���	 3������������	 �<�	 ����42�,���

�<	���	8���4��	?#	����3�����	��������B	���	�?$'	���	�����

��������	4��	2�	��8��8��	��	���	���������	3���7���	��D�����

6��	�2<	����	���8�8��	���	3����6�������-

Functional classification of cell-cycle-regulated
transcripts
F�	������6���	*+	��66����������	�,3������	�����	��	3����6����

���	�2<	�����-	��������	����	��42��	��	���	�������2���	��	��	�6

������	 ���	 �,������8��	 ��	 ���	 ��42��	 �6	 �����	 ��8��8��	 ��

���������	4���6��������	�����	2�	��	����	��	��8����	�������-

E�7�8���	 ����4������	 �6	 ���	 ��42��	 �6	 �����	 4��������

�����	�����	3����6�������	���	���������	4������	����	��	�����

9<$<(:	 ��	 ��4��	 6�2��2�����	 9<*�<B:�	 ���	 �D�����	 ��4����-

F�	��43����	 �����	��66�����	4������	������	��7	 ��6��4�

����	 ���������	 6��4	 ����������	 ��66��������	 ���������	 ����

��D���	=4����������	���	?��	���3�>-	.�	���	2����	�6	 �����

���������	 �33��,�4�����	 *G	 �6	 ��������3��	 6��4	 �����	 =$&(

���	 �6	 (�<<+>	 ���	(G	 6��4	���4��	 ��4��	 6�2��2�����	 ='&*

���	 �6	 B�(++>	 ���3���	 �����������3������	 6�����������-	 ���

���	 �����	 ������������������	 ��������3��	 ���	 ����	 ��7�8���

���������	��	8����2������	���	���������-	

;����	 ��������3��	 7���	 ������6���	 ����	 &+	 ��66�����	 6���������

����������	��	���7�	��	;�2�� <�	����	�����	=�������	���	���������



4 Genome Biology Vol 1 No 4 
���������	������

Table 1

Differentially expressed transcripts found in Nb2 cells during cell-cycle progression using five different screening techniques

Identity Accession number Expression variations

Differential display

Unknown DD3 No EST Three transcripts (2, 2.8, 3.7 kb) 
expressed in G1 and G1/S, 
(>4-fold induction)

Representational difference analysis: G1/S–GA

ATP synthase � subunit M19044 Induced in G1/S, G2 (2-fold induction)

Aldehyde dehydrogenase U79118 Induced in late G1 (2-fold induction)

Enolase �1 NM012554 Induced in late G1 (2-fold induction)

Dynein heavy chain D13896 Induced in G1, G1/S (3-fold induction)

TCP-1 � D43950(h) Induced in G1/S, G2 (3-fold induction)

�COP (COPA) U24105 Induced in late G1 (2-fold induction)

Cdc21 homolog D26089 (m) Peaks in G1/S (>8-fold induction)

Ribosomal protein L26 AI716351 Induced in late G1 (2-fold induction)

Itm1 AI956728 (h) Induced in G1/S (2-fold induction)

Unknown T22 AI053031 (h) 6 kb, 2-fold induction in G1/S

Unknown T34 AI235326 2 kb, 2-fold induction in G1/S

Subtractive suppressive hybridization: G1–GA

Galectin-8 U09824 Induced in G1 (2-fold induction)

Hsp86 X16857 Induced in late G1 (>3-fold induction)

TCP-1 � AA900460 Induced in late G1 (2-fold induction)

Ribosomal protein L13A X68282 Induced in late G1 (2-fold induction)

Ribosomal protein L12 AA900142 Induced in late G1 (2-fold induction)

Ribosomal protein L3 AI687295 Induced in G1 (2-fold induction)

Y00441 Induced in G1 (2-fold induction)

�2-microglobulin D12771 Induced from late G1 to G2 (>5 fold induction)

Adenine nucleotide translocator ANT-2 NM011342 (m) Induced in G1 (2-fold induction)

Sec-22 NM012562 Induced in G1 (2-fold induction)

L-fucosidase U91538 Induced in G1/S (>3-fold induction)

CRM-1 homolog/exportin 1 X81839 Induced in G1/S (>3-fold induction)

Ubiquitin/ribosomal protein S27a A47416 Induced in G1/S (>3-fold induction)

Ubiquitin/ribosomal protein S30 (FAU) AF195142 (m) 3-fold induction in G1 (1.5 kb)

Unknown 4-2 (mouse selenoprotein R mRNA) H35219 2-fold induction in G1/S (2 and 4 kb)

Unknown 4-4 (human KIAA0081) No EST 2-fold induction in G1 (1 kb)

Unknown 4-11 AU035826 4-fold induction in G1 (1 and 1.5 kb)

Unknown 4-15 AF046001 4-fold induction in G1 (2.5 kb)

Unknown 4-16 (human ZNF207 or mouse Zep) No EST 3-fold induction in G1 (1.5 kb)

Unknown 4-20 AW435432 2-fold induction in G1

Unknown 4-27 (new ribosomal protein L15 type) AI121996 (m) 2-fold induction in G1

Unknown 4-49 AW246248 (h) 2-fold induction in G1

Unknown 4-58 (SH3, Rab GAP, TBC domain) No EST 2-fold induction in G1

Unknown 4-59

Subtractive suppressive hybridization: GA–G1

Spermidine/spermine N-acetyl transferase (SSAT) AA955996 Repressed transiently in G1

Leukocyte common antigen (alternative splicing) CD45 Y00065 Switch between two transcripts (one 
repressed, the other induced in G1)

ZFX X75171 Repressed transiently in G1 

Ribosomal protein S8 AA874997 Repressed transiently in G1 

Ribosomal protein S13 L01123 Repressed transiently in G1 
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Table 1 (continued)

Identity Accession number Expression variations

Unknown 6-2 No EST Repressed transiently in G1

Unknown 6-3 (hypothetical protein expressed in thymocytes) AJ237585 (m) Repressed transiently in G1

Unknown 6-4 No EST Repressed in G1

Unknown 6-9 No EST Repressed transiently in G1

Unknown 6-10 No EST Repressed transiently in G1

Unknown 6-12 (human protein KIAA0710) AB014610 (h) Repressed transiently in G1

Unknown 6-45 (homolog to mouse PARP-2) NM009632 (m) Repressed transiently in G1

Differential screening of a rat organized library: G2–GA

Prothymosin � M86564 Induced in G2

Cyclophilin M19533 Induced in G2

ATP synthase � subunit M19044 Induced in G1/S and G2

Tubulin �2 AA686718 Induced in G1/S and G2

GaPDH X02231 Induced in G2

Phosphoglycerate kinase M31788 Induced in G1/S and G2

MRG1 related protein U65093 Induced in G1/S and G2

Unknown BO1 No EST Induced in G2

Analysis of weakly expressed candidate genes: UN, GA, G1, G1/S, G2

Name Accession number Fold induction Kinetics

Ganglioside synthase (GD3) D84068 > 4 UN  GA G1 G1/S  G2
PI3 kinase D64045 > 3
Phospholipase C�1 M34667 > 3

Bax S76511 > 2 UN GA  G1 G1/S  G2
P53 X13058 > 2
FAKp125 AF020777 > 3
14-3-3 � M84416 > 2

14-3-3 � D17445 > 2 UN GA G1 G1/S G2
Vitamin D3 receptor J09838 3

Glycine transporter M88595 3 UN  GA  G1  G1/S  G2

Thromboxane A2 receptor D32080 2 UN GA G1 G1/S G2

Phosphatidylinositol transfer protein D17445 2 UN  GA G1 G1/S  G2

RexB/NSP U17604 > 2 UN  GA  G1 G1/S  G2

Glucocorticoid receptor M14053 2 UN GA G1G1/S  G2

Ga3PDH J04147 2 UN GA G1G1/S G2

Zif268 = EGR1 U75398 2 UN GA  G1  G1/S G2

Nb2 cells: UN, unsynchronized; GA, growth arrested; G1, G1 phase; G1/S, G1/S transition; G2, G2 phase. PC12, rat pheochromocytoma PC12 cells. 18S
and 28 S, ribosomal RNA. Whenever possible, rat accession numbers (GenBank) are written in the second column. When this sequence is not in known
for the rat, (h) or (m) indicates that the accession number corresponds, respectively, to a human and a mouse cDNA homologous to those of the rat.
‘No EST’ means that our rat sequence does not correspond to any previously described EST in mammals. For some of the unknown cDNAs, an
estimation of the size of the corresponding transcript(s) as well as the fold induction is given in the right column ‘Expression variations’, and for weakly
expressed candidate genes, the expression kinetics are shown.
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Table 2

Functional classification of cell-cycle-regulated transcripts found in Nb2 cells

Category Transcript

Cell cycle: cyclins and cell-cycle regulators

Transcripts that have a cell-cycle-modulated homolog in yeast Cyclin E1 [78], peaks in G1
EGR-1, immediate-early gene (constitutive expression in Nb2 cells)
Cdc5-like protein [79], peaks in M
Cdk2, Cdk5 [78], peak in G1

Cell-cycle-modulated transcripts with a yeast homolog (not modulated) Cyclin B1, peaks in G2/M

Cell-cycle-modulated transcripts with no yeast homolog Cyclin B2, peaks in G2
Cyclin D2 [8], peaks in G1
Cyclin D3 [8], peaks in G1

Nucleotide metabolism, DNA replication and repair Cdc21 homolog 
Spermidine/spermine N-acetyl transferase (SSAT)
Ornithine decarboxylase (ODC) [80]
S-adenosylmethionine decarboxylase [80]
Prothymosin �
PARP-2 (Unknown 6-45)

Chromatin structure Histones H2A, H2B, peak in S in mammals and in yeast

Cytoskeleton Myosin heavy chain
Tubulin �, �
�-actin [6]
Clone 15 = rNUDC [81]
FAK p125

Cell-surface antigens, adhesion molecules and signaling molecules
(involved in apoptosis, survival and/or proliferation)

Growth factor FGF-2 [82]

Surface molecules Prolactin receptor Nb2 form [16]
T-cell receptor � chain [17]
T-cell receptor � chain [17]
GnRH receptor [83]
Glucocorticoid receptor
Galectin-8
Leukocyte membrane glycoprotein, CD45 
Vitamin D3 receptor
Thromboxane A2 receptor
�2-microglobulin

Cytoplasmic and/or nuclear signaling molecules p38 Map kinase [21]
Pim-1 [9]
Gfi-1 [10]
Stathmin [84]
PI3 kinase p110 �
Phospholipase C�1
14-3-3 � and �
Bax
p53
RexB/NSP
Phosphatidylinositol transfer protein
� 4 phosphoprotein [79]

Transcription factors IRF-1 [7]
c-Myc [18]
c-Fos (not in Nb2 cells [18])
MRG1-related protein 
E2F-1 [78]
Zfx
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Table 2 (continued)

Category Transcript

Heat shock, stress response and chaperones Cyclophilin (B)
TCP-1 � and �
Hsp70 (not expressed in Nb2 cells)
Hsp70-like = Nb29 [41]
Hsp27
Hsp86
�-actin
�2-tubulin
Rdnuc (Golgi-associated protein) [11]
Myosin heavy chain
Focal adhesion kinase (FAK)

Metabolism (energy) Phosphoglycerate kinase
Enolase �
Aldehyde dehydrogenase
ATP synthase �� subunit

Protein and RNA synthesis, modifications and degradation

Ribosomal proteins L3, L12, L13A, new ribosomal protein L15 type (unknown 4-27)
S8, S13

Glycosylation factor Itm1

Elongation factor EF-2 [77]

Inter-compartment transport and trafficking CRM-1 = exportin 1
Sec-22
Glycine transporter
Unknown 4-58 (SH3, Rab GAP, TBC domain: putative nuclear pore protein)

Unknown function(s) FGF-responsive Non/p54nrb
Unknowns T22, T34, 4-2, 4-4, 4-11, 4-15, 4-20, 4-49, 4-59, BO1
Unknowns 6-2, 6-3, 6-4, 6-9, 6-10, 6-12
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Figure 2
Expression profiles of various known and unknown transcripts during Nb2 cell cycle progression. Samples of total RNA
(10 �g) were loaded per lane and blots were hybridized with the indicated cDNA probes. Ethidium bromide staining (EtBr) of
the gels is shown as a control (18S and 28S rRNA). (a) Cdc21 homolog; (b) Ant-2; (c) CRM-1; (d) CD45; (e) unknown
DD3; (f) unknown 4-16; (g) unknown 4-15; (h) unknown 6-4.
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Figure 3
Analysis of candidate gene expression. (a) General principles. Messenger RNAs from the different cell populations (cells A and B) are
reverse transcribed. Multiplex PCR is then performed using specific primer pairs to amplify the cDNAs of interest. The resulting mixture
of PCR products is radiolabeled and these complex probes are used to hybridize identical membranes spotted with the candidate gene
cDNA targets. After autoradiography, the intensities of the hybridization signals are compared and quantified. Arrows indicate the
positions of differentially expressed genes. The absence of hybridization (open circles) indicates that the candidate gene is not expressed.
(b) Efficiency of the technique and examples of differentially expressed genes. The expression of different candidate genes was compared
in either unsynchronized (UN), growth-arrested (GA), G1 phase (G1), G1/S transition (G1/S) or G2 phase (G2) cultures of Nb2 cells.
The efficiency of the technique was controlled using equivalent amounts of rabbit � and � globin cDNAs, which were included on the
nylon membranes along with the candidate gene targets. The two globin cDNAs were added in different amounts (50 or 150 ng) to each
cDNA population before co-amplification. For each population tested, filters were hybridized with both globin probes, but only
representative hybridization signals are shown, for either � (Panel A) or � (Panel B) globin. Numbers 1 and 3 represent the relative
amount of the control rabbit globin cDNAs added, and are reflected in the differences in the intensity of the hybridization signals. Thus, a
threefold difference in the quantity of a particular transcript in the initial population generates a clear difference in the intensity of the
corresponding hybridization signals. Rows C, D, E and F are examples of the results obtained with ganglioside synthase GD3, EGR-1, FAK
p125 and Stat3, respectively. Except for Stat3, which is not differentially expressed in probes UN, GA, G1, G1/S and G2, the three other
genes showed a clear differential expression. (c) Northern blot analysis showing the constitutive expression of EGR-1 during Nb2 cell-
cycle progression. Growth-arrested Nb2 cells were stimulated with ovine prolactin and collected after various periods of stimulation
corresponding to different stages of the cell cycle (G1, G1/S and G2). The expression of EGR-1 was evaluated by northern blot using
10 �g of total RNA from the various times following prolactin stimulation. Ethidium bromide (EtBr) staining of the gel is shown as a
control (18S and 28S rRNA).
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Figure 4
Schematic representation of rat candidate genes on a nylon filter. Squares with names and accession numbers represent the
places where the cDNAs were spotted. The solid gray boxes correspond to the controls (rabbit � and � globin). The boxes
enclosed in a thick black square represent differentially expressed genes in Nb2 cells; the boxes enclosed in a thin black
square represent genes that are repressed, but not differentially in Nb2 cells; and those enclosed in an oval correspond to
expression abnormalities in Nb2 cells.
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�?�	���	��E	���	2����	��	���	��4�	3�����3��-	;����	����

��D���	 ���	 ����	 ��	 ���	 ���	 ���2��	 ���	 ��3��	 ����������	 �6

�?�	 ��	 ��E	 ��2������8�	 ��2������-	 ;��	 3��3������	 �6	 6����

3�����8�	 �?���	 ���	2�	 ����	 ����	 &+G	 =���	����>�	 2��	 �6	 ���

��66�������	 2��7���	 ���	 �7�	 ��2������	 ���	 ���������	 ����

��42��	��	���������-	�?�	��	��E	�?��	������	������3���

��	��D������	3���������	��	���	4�����	3�������	�6	��������3��

=���������	������	�������>�	���	���	��D�������	�6	����	�?��

�����	���2���	�����	������6�������	����3��������	�6	���	4����

����-	 ;����	 ������D���	 ��8�	 �7�	 3�����3��	 �����8��������

����	 �7�	 ��66�����	 ��������3��4��	 ���	 2�	 ��43����	 ��	 ���

�,3���4����	 ���	 �����	 �33�������	 ���	 6��	 6��4	 2����

�,������8�-	��������	 ����	 ������	 6���������	 ���	���������	�6

��7��8��	 ��������3���	 ����	 ��	 �6���	 ���	 ���	 �����	 ��	 ���

�3��4��	 ����������	 �33���	 3��6����������	 ��	 ������	 �?���

������3������	��	������	�,3������	��������3��-

;��	���������	�6	��	������@��	��2����	���	2�	��43����	7���	���

���	�6	?��	�������	���	���	���������	�6	�	7���	�����	�6	��66��

������	 ��������3��-	 ;���	 �33�����	 �������������	 ����7�	 ���

���������	 �6	 ��������3��	 ������3������	 ��	 ��%��7�	 �����-

�����3�����8�	 �?���	 ���	 ������8���	 ����	 =&+<+G>	 �6	 ���

�4����	�6	?��	6�,��	��	���	�����������	�����	6������	��	��������

����������-	 ;��	 ���������	 ���������	 6��	 �����	 ������D����

��7�8���	����	���	����7	���	���������	�6	7��%��	�,3������	��6

6��������	��������3��	���	��4����	�	4�L��	��4�������-

;��	3�����3��	�6	 ���	��������	�6	7��%��	�,3������	���������

�����	��	����8��	6��4	����	�6	4����������-	��	����	�����	���

���������	���������	��	 ���������	2�	�	���3	�6	4�������	���

�43��6�������	6��	����	���������	����	��	���	��43��,	3��2���

2��	����7�	����	�	��4�D���������8�	���������	�6	��66����������

�,3������	���������	�����-	��������	��������	���	��������	��
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Cell-cycle-regulated transcripts in mammals
;�	6���������	���	��43�����8�	��������	�6	������������������

��������3���	7�	 ������6���	 ���4	 ����	 ���	��66�����	 6���������

����������	=;�2�� <>-	;���	������6�������	��	��	�����4���	7���

���	 ������	 �����	 �6	 ���7���������	 ��������3����	 6������-

�������	3�����8�	� ��	������	�����	���	��8��8��	��	���	����

������	 �3�3������	 ?��	 4���2����4	 ���	 ����4����	 ������

4���2����4	 ���	4����4��������	 ���������	 9*+:-	 ��8�����

�����	 ��	 ��������3������	 ����	 ����8�����	 ��	 ����2�����	 ������

6��4	�	��43��,	4����6��������	�� ���	���)� �����������	��	��

���������	��	���������	���	8������	��43������	�6	����	������

����	���	�6	3�����������3������	4���6��������	��	�,3����	���

������	�6	��66��������	�,3�������-

;��	 �������	 6���������	 ������6�������	 ��	 ���	 ���������8�	 ���

����	 ���	 ��%�	 ����	 �������	 ���	 ������������	 2��7���	 �����

6���������	����������-	���	�,�43���	 ���	����������	�6	3����

��������	���	����%���	4����	���	3�������	 ��	3�����������

��43��,-	 ;��	 ����������	 3��������	 ��8��8��	 �������	 ����

����3������	��������	�������	�,3���	���	�43���	�6	��������3��

���	 3��������	 ������������	 ��������%	 3���7���	 =E��*+

E�3*+>�	���	���	�2�D�����	���	3�������4�4�������	�����

������	�6	4���	���	3�������	9*&:-	��������������	��������3��

�6	4���	3�������	 ��8��8��	 ��	 �����	3��������	 =����	 ��	E�3

3��������	 �����������	 6�������	 ���	�� &>	7���	 6����	 ��	2�

�������	2�	3��������	��	�2<	�����	��	����	������	��	7���	��	��

�����	4�����-	 ����8���	���	�2���4��	��������%	���3����

������2��	��	�2<	�����	4��	3�����2	����	����������	���	��8�

�43������	�����D������	6��	��4��	3����������-

Comparison of cell-cycle regulated transcripts in yeast
and higher eukaryotes
?���	���	�����	���%���	6��	��	�,�����8�	��43������	�6	���������

4��������	��������3��	��	�����������	=�����>	���	4������������

�������4�	=�����������	4�44���>	���	6��	���������	�6	�8���

���������	 ������8��	 6�������-	 ��8����	 �����������	 ���	 2�

���7��	 ��7�8��-	 ��	 ��4���	 ���	 ���	 6���������	 ��2�������

��������	��	;�2�� <�	��4�������	3�������	���	���������	��	���

��������3������	��8��	��	2���	�����	���	4�44���-	���	�,�43���

���	�����	��������	���	3��������	��������	���	�����	4�44�����

��4�����	���	�������	���������	��	���	��4�	6������	������	���

����	 �����-	;����	�2���8������	��8�	2���	7���	����4�����	 ��

��4�����	 �������	 9*<:	 ���	 �������	 ����	 ���	 6��������	�6	 ���

������3������	3�������	���	���	����������	�6	�����	��������3��

���	 2���	 ������8��-	 �	 ����	 �6	 �����	 ������������������	 ����

����3��	 ����	 ��8�	 %��7�	 4�44�����	 ��4�����	 ���	 2���

����2������	9*#:-	��	����	�����	<(	���	�6	CC	�6	���	�����	���������

���������	 ��������3��	 ������3���	 ��	 3�������	 ��8��8��	 ��

����������	����������	?��	��3��������	���	��3���- F�����	���

�����%������	��2������	���	��������3��	6��	�����	 M.#	���	���

4�44�����	��4�����	4�����	�	���8�	������	2���	3��%	��	���

/<A 	3����	�6	���	����	������	7������	;!
#	���	4�44�����

��2���� � 3��%	 ��	 /&-	 ��������	 ��	 ��8����	 �������	 ���	 ��2

�������	 ��	 ���	 ��8�	 �����	 ��4�����-	 ���	 �,�43���	 N��������

4���������	 �,�����������	4����,	���	��������	 ���6���	��������O

���	�3���6��	��	4������������	�������4�-

;����	 ���	 ��4�����	 ��������	 ���	 3������������	 ��66�������

2��7���	�����	���	4������������	�������4��	���	��4�	�6	���

4��������	 ��8��������	 �2���8��	 4��	 ��6����	 �����	 ��66��

�����-	��	�����������	�������4�	���	���7��	3���������	���	��

3����6�����	��	����	��	������	���������	���	�8����2��-	��	���

������	 ��	4������������	�������4�	���	���������	�6	���	�����

��4	 ��	 3���4�����	 ���	 ����8�����	 ����	 2���8���	 ��	 ������

����������-	 ;����6���	 3����6�������	 ��	 2��������	 3����2�����

���	������	 ��	 �	 ����	 �������	����	 �6	 ���	 ��8����4���	 �����

���	 �33��3�����	 ��42�������	 �6	 �������	 ��	 �����%	 ���	 ���

���7������2�����	 4�������4�-	 ?��3���	 �����	 ��66��������

���������	����%3�����	 �������	L���	2�6���	���	��	���	���	�6

4������	���	���������	���	��4����	��	���	�������4�-	;����	�7�

��������	 ������	 ����	 ���	 ���	?��	���	 2���	 ���������	 ��3��

�����	2�6���	���	����	������	4������	���	����	���	���������

����4���4��	 ���	3��3����	 �������	��	 ���	��8�����	 �3�����

2�6���	 ���3����-	;����	 ���	 3�������	3����������	 ��8��8��	 ��

����	 ��������	 4��	 2�	 ���������	 ��4������	 6��4	 ������	 ��

���4���	���	3�����-

;��	 3������	 �����	 �����������	 ��7	 ����	 6��4	 8������	 �����

�����	 ��66��������	 ���������	 ��������	 ���	 2�	 ����������	 ����

�3���6��	 ���A��	���2��	2���������	 �������-	����	 ��43�������

�6	 ����	 �,3�������	 3��6����	 ���	 �6	 8����	 ��	 �������������

�������	�,3�������	3��6����	�6	���	��8�����	�����	���	��	�����@

���	��66�������	2��7���	�����������	���	4������������	�����

��4�-	 ;���	 ���	 ����	 ������6�	 ��7	 ���������	 4��������	 ���

�,3����	 ��7	 ��66�����	 �������	 ���	 ������������	 3���7���

�����	��������	 ���	3����6�������	�6	��66�����	����	 ��3��-	;���

���	���3	���������	���	6�������	�6	3��������	���	6������	����

���	������6�	�2���4��	3�������	�6	����	�,3�������	��	�����

6��4��	 ���	 ��4��	 �����-	 F���	 ���	 ����������	 �4����	 �6

��6��4�����	 2����	 ���������	 6��4	 4����������	 ���	 ?��

���3��	���	3��������	8����	�6	��43�����8�	��������	7���	2�	���

���	�������-

Materials and methods
Cell culture
���3������	 ��������	 �6	 ����������3������	 �2<&&�	 ��4

3��4�	�����	7���	���7�	��	�� �	&($+	4����4	����������

&+G	6����	���6	����4	=���>�	&+G	��������6���	�����	����4�

+-& 4 	 �4����3����������	 < 4 	 1�����4����	 ' 4 

E����	3E *-#�	���	3�������������3��4����	='+ �!A4�	���

'+ ��A4��	���3����8���>	��	#*P�	7���	'G	�.2-	��������	7���

��������	 D��������	 2�	 �����6������	 �����	 ����	 ����8�����

4����4	 =����	 �������	 �2���	 &-' � &+5 �����A4�>�	 ��6������	 ��

���	���	�4����3����������	6��	<$	�����-	!����	�����	���

��������	 �2���	 B+B'G	 �6	 ���	 �����	 7���	 ��������	 ��	 ���

/+A/&	 3����	 =������ &�>-	 .8���	 3��������	 =���4�>	 7��

�����	��	�	�������������	�6	<+	��A4�	��	����8�����	4����4

��	 ����������	 ���7��	 =������ &2>-	 �����	 7���	 ���������	 �6���

8������	3������	�6	3��������	���4�������	���	�����	���	7��

�,�������-	 !����������@��	 �2<	 �����	 7���	 ���������	 6��4

�����������	��������	=&+6 �����A4�>-
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RNA extraction, poly(A)+ RNA preparation, cDNA
synthesis, northern blot and reverse northern blot
analyses
���	����	����	3�3�������	��	2�	��43�����	���	7��	3��3����

2�	����	����������4�����������3�����������6��4	�,����

����	 9*$:	 ���	 3���=�>+ ���	 7��	 ��������	 �����	 4�������

������;	 =?���2�����	 ?����>-	 ?��2����������	 �?��	 7��

��������2��	 �����	 �	 ��44������	 %��	 =
���������>-	��������

2����	 7���	 3��6��4��	 �����	 ���	 6��4��������A6��4�4���

3��������	 ���	 ��8����	 ��������	 2����	 ��	 ������2��	 ��	 9*':-

;��	 )�������	 �����6��	 �����4	 =����4����>�	 �����	 6������

=E�2���	 �+�	 �4�����4>	 ���	 ���	 ��2����@�����	 ��������

=�,3����E�2�	 ��������>	 7���	 ����	 6����7���	 ���	 4���6��

�����O�	������������-	;��	�?���	7���	�������2����	�����	���

�����3��4�	%��	=�4�����4>-

mRNA differential display, representational difference
analysis (RDA), subtractive suppressive hybridization
(SSH) and organized library screening
;����	 ���	 �������	 7���	 ?����	 �	 7��	 3��3����	 6��4	 �2<

�����	�������	6��	+�	<�	$�	(�	B�	&<	��	<$ �	7���	3���������	���

����	��	4���	��66��������	���3���	�����	���	/��E�����	%��

=/���E�����	 ���3��������	 ;��	 !��>-	 ����=�>+ 4���

�,�������	6��4	�2<	�����	�������	7���	3��������	6��	&<	�	7��

����	 6��	 �?�	 ���������	 ��	 ���	 3�������	 ������2��	 ��	 9&#:-

��E	 9&$:	 7��	 3��6��4��	 �����	 3���=�>+ ���	 �2������	 2�

4�,���	 4���	 6��4	 �2<	 �����	 ���4������	 7���	 �8���	 3��

������	6��	<�	$�	(	���	B	�-	��	������@��	���	2����	��2����	7��

��������	��	������2��	��	9&':-

Preparation of complex probes, multiplex PCR and
differential screening of candidate genes
��	����	������D���	�����	6������	������	7���	���������	�����

���	 ��2����@��	7���	 ��43��,	 �?��	 3��2��	 6��4	 ��66�����

����	 3�3���������	 ��	 ��43���	 �,3�������	 ��8���	 =����	 6��

�,�43��	 9*(:>-	 .���������	 ��8���3��	 ���	 8��������	 2�

���.�����������	 =��3�2������	 ����>�	 ���	 �����	 6������

�������	 C&	 ���	 ���������	 �����	 =���	3�������>�	 ���������

���������	 4��������	 ���	 ��������3����	 6������	 =������ $>-

;����	 �?���	 7���	 ��������	 7���	 ���	 ����	 �6	 ��6�����	 �

3����	�6	�����	7����	�,3�������	 ��	 ��%���	 ��	2�	4��������

��	���3����	��	�	3����6�����8�	������-	;�	��������	���	�����

��8���	�6	���	�33������	���	4����	�6	��������	���	���43��

6���	 2�	 ��8����	 ��������3����	 3���4�����	 �����	 ��������

=�;���>�	 �����	 3��4���	 �3���6��	 6��	 ���	 C&	 ���������

�����	 =���	 4����3��,	 ���	 ���3>�	 2�6���	 �����	 ���	 ��

��2����@�����	3��2��	 =������ #�>-	!����	 �����	 �����������

4�������	���	�43��6�������	����7�	���	���������	�6	7��%��

�,3������	 �����	 ���	 ���	 �8��������	 �6	 �����	 ��66��������

�,3�������	 ��	 �	 ��4�D���������8�	 4�����-	 4����	 ���

�43��6���	 2�	 �;����	 ���	 ���	 ��42��	 �6	 ���	 ������	 ��

���3���	 ��	 �����	 ������8�	 �2�������	 ��	 ���	 3�3�������

������	=&(�	<&�	<$	��	<(	������	���	3��6��4��	6��	���	�����

����	�6	 ������8���	 �2�������	4���������	 �,3�������	7��%��

�,3������	 ���	 8���	 7��%��	 �,3������	 ��������3���	 ���3��

��8���>-	 ���	 ����	 ����	 3�3�������	 �����@���	 ���	 4����3��,

���	 3�������	 ���	 ����	 4�,���	 �������2����	 2�	 �����4
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