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Table S1: Conserved eukaryotic cleavage and polyadenylation related factors* 
Factors 
(mammalian/yeast) 

Subunits 
(mammalian/yeast) 

Factors   
(plants) 

Subunits 
(Arabidopsis) 

Arabidopsis 
gene IDs 

 
CPSF/CPF CPSF-160/Yhh1p CPSF AtCPSF160 At5g51660 
CPSF/CPF CPSF-100/Ydh1p CPSF AtCPSF100 At5g23880 
CPSF/CPF CPSF-73/Ysh1p CPSF AtCPSF73-I At1g61010 
unknown/none RC-68/none CPSF AtCPSF73-II At2g01730 
CPSF/CPF CPSF-30/Yth1p CPSF AtCPSF30 At1g30460 
CPSF/CPF hFip1/Fip1p CPSF AtFIP5 At5g58040 
unknown/CPF hPfs2/Pfs2 CPSF AtFY At5g13480 
     
CstF/CF IA CstF-77/Rna14p CstF AtCstF77 At1g17760 
CstF/CF IA CstF-64/Rna15p CstF AtCstF64 At1g71800 
CstF/none CstF-50/None CstF AtCstF50 At5g60940 
CstF/none CFIm-25/None  None  
CstF/none CFIm-68/None  None  
     
CF IIm/CF IA hPcf11/Pcf11p Unknown AtPCFS1 At1g66500 
   AtPCFS4 At4g04885 
   AtPCFS5 At5g43620 
CF IIm/CF IA hClp1/Clp1p Unknown AtCLPS3 At3g04680 
   AtCLPS5 At5g39930 
     
unknown/CPF Symplekin/Pta1p Unknown AtSYM5 At5g01400 
     
*Note: Factors that are not discussed in this paper, such as poly(A) polymerase (PAP),  

RNA polymerase II C-terminal domain (Pol II CTD), and poly(A) binding protein II 
(PABP II), are not listed in this table. For a detailed list of eukaryotic cleavage and 
polyadenylation factors, please refer to Mandel et. al., 2008. 
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Table S3. Polyadenylation-related proteins purified via TAP-fused AtCPSF and AtCLPS3 
 

Identified proteins Locus ID Functions 
From TAP-vector purified plant 
proteins 
None   
From TAP-AtCPSF30 purified plant 
proteins 
 
AtCPSF30 [1], [2] At1g30460 The 30 kDa subunit of cleavage and 

polyadenylation specificity factor (CPSF); 
interacts with itself and with calmodulin; 
binding to RNA is inhibited by calmodulin 
in a calcium-dependent fashion (Delaney et 
al., 2006; Addepalli and Hunt, 2007; Hunt 
et al., 2008) 

AtFIPS5 [1], [3] At5g58040 A subunit of the polyadenylation apparatus 
that interacts with and stimulates the 
activity of poly(A) polymerase;  RNA-
binding protein; interacts with several 
polyadenylation factor subunits and 
coordinates a number of polyadenylation 
factor subunits with PAP and RNA (Forbes 
et al., 2006; Hunt et al., 2008) 

From TAP-AtCPSF73-I purified 
plant proteins 
 
AtCPSF73-I [1], [2] At1g61010 The 73 kDa subunit of CPSF; contains 

RNA-metabolizing domain (metallo-beta-
lactamase) (Ryan et al., 2004; Dominski et 
al., 2005; Mandel et al., 2006; Xu et al., 
2006; Hunt et al., 2008) 

AtCPSF100 [1], [2] At5g23880 The 100 kDa of CPSF; localized in 
nucleus; potentially functions in protein 
and DNA binding (Herr et al., 2006; Hunt 
et al., 2008; Mandel et al., 2008) 

AtCPSF160 [2] At5g51660 The 160 kDa subunit of CPSF; localized in 
nucleus; has nucleic acid binding activity 
(Hunt et al., 2008; Mandel et al., 2008) 

AtFY  [2] At5g13480 A protein with similarity to yeast Pfs2p; an 
mRNA processing factor; involved in 
regulation of flowering time; affects FCA 
mRNA processing; has protein binding 
domains (Herr et al., 2006; Hunt et al., 
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2008) 
AtCLPS3 [1] At2g06480 pre-mRNA cleavage family complex 

protein (Hunt et al., 2008; Xing et al., 
2008a) 

From TAP-AtCPSF73-II purified 
plant proteins 
 
AtCPSF30 [1] At1g30460 The same as described above 
AtCPSF73-II [1] , [3] At2g01730 A homolog of AtCPSF73-I that plays an 

essential role in the development of female 
gametophyte and embryo (Hunt et al., 
2008) 

AtCPSF100 [2] At5g23880 The same as described above 
AtCPSF160 [2] At5g51660 The same as described above 
AtFY [2] At5g13480 The same as described above 
 
From TAP-AtCPSF100 purified plant proteins 
 
CPSF100 [1] At5g23880 The same as described above 
CPSF160 [1] At5g51660 The same as described above 
From TAP-AtCLPS3 purified plant proteins 
 
AtCLPS3 [1], [2] At3g04680 The same as described above 
AtPCFS4 [1] , [3] At4g04885 A homolog of yeast polyadenylation factor Protein 1 of 

Cleavage Factor (Pcf11p); involves in mRNA 
polyadenylation; regulates FCA (AT4G16280) mRNA 
polyadenylation; promotes flowering time (Herr et al., 2006; 
Hunt et al., 2008; Xing et al., 2008b) 

AtSYM5 [1] , [3] At5g01400 A subunit of CPSF; Symplekin/Pta1 homologue that has 
potential to interact with either ESP1 or AtCstF64; involves 
in posttranscriptional gene silencing by RNA and RNA 
processing (Herr et al., 2006) 

From TAP-AtFY purified plant proteins 
 
AtFY [1], [2] At5g13480 The same as described above 
AtCPSF73-II [1] , [3] At2g01730 The same as described above 
AtCPSF100 [1], [2] At5g23880 The same as described above 
AtCPSF160 [2] At5g51660 The same as described above 
Note: 
[1]. Polyadenylation-related proteins identified by mass-spectrometry 
[2]. Polyadenylation-related proteins identified by antibodies 
[3]. Antibody not available 
 



Bait protein Interacting protein identified by MS Sequence coverage (%) 
AtCPSF30 AtCPSF30 26 

Bait protein Interacting protein identified by MS Sequence coverage (%) 
AtCPSF30 AtFIPS5 1 
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Table S4. Sequence information of MS identified polyadenylation related protein 
factors.  
The peptides high-lighted in red were confidently identified by MS.  
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Bait protein Interacting protein identified by MS Sequence coverage (%) 
AtCPSF73-I AtCPSF73-I 50 

Bait protein Interacting protein identified by MS Sequence coverage (%) 
AtCPSF73-I AtCLPS3 19 

Bait protein Interacting protein identified by MS Sequence coverage (%) 
AtCPSF73-I AtCPSF100 6 

5 



Bait protein Interacting protein identified by MS Sequence coverage (%) 
AtCPSF73-II AtCPSF30 10 

Bait protein Interacting protein identified by MS Sequence coverage (%) 
AtCPSF73-II AtCPSF73-II 35 

6 



Bait protein Interacting protein identified by MS Sequence coverage (%) 
AtCPSF100 AtCPSF100 40 

Bait protein Interacting protein identified by MS Sequence coverage (%) 
AtCPSF100 AtCPSF160 30 

7 



Bait protein Interacting protein identified by MS Sequence coverage (%) 
AtCPSF100 AtFY 20 

Bait protein Interacting protein identified by MS Sequence coverage (%) 
AtCLPS3 AtCLPS3 37 

Bait protein Interacting protein identified by MS Sequence coverage (%) 
AtCLPS3 AtPCFS4 16 

8 



Bait protein Interacting protein identified by MS Sequence coverage (%) 
AtCLPS3 AtSYM5 3 

Bait protein Interacting protein identified by MS Sequence coverage (%) 
AtFY AtFY 2 

9 



Bait protein Interacting protein identified by MS Sequence coverage (%) 
AtFY AtCPSF100 8 

Bait protein Interacting protein identified by MS Sequence coverage (%) 
AtFY AtCPSF73-II 2 

Bait protein Interacting protein identified by MS Sequence coverage (%) 
AtFY AtCLPS3 5 

10 
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Constructions of fusion proteins 
The Gateway system (Invitrogen Inc.) was used for the cloning of the Arabidopsis 

CPSF cDNA sequences (Xu et al., 2006) into the TAP tag containing binary vectors 

(TAPi; Rohila et al., 2004; a gift from Dr. Michael Fromm, University of Nebraska). 

Briefly, the PCR-amplified CPSF cDNA sequences were first cloned into the pENTR 

clones, as described by the manufacturer. After being confirmed by sequencing, the 

CPSF cDNAs were fused to the binary vectors through LR recombination reactions. 

After fusion, the TAPi tag sequences were either located at the C-terminus of the protein 

coding sequences, such as AtCPSF30, AtCPSF73-I, AtCLPS3, and AtFY, or at the N-

terminus, as in the case of AtCPSF73-II and AtCPSF100 (Fig. 1). The cloning of 

AtCLPS3 and AtFY was described in Xing et al. (2008a and b). Plasmids containing the 

insertions encoding the TAP-fused proteins were transformed into the Agrobacterium 

strain GV3505 by electroporation (Xu and Li, 2008).  

Cell culture conditions 
Arabidopsis thaliana cell culture (MM1 from Landsberg erecta, a gift from Dr. Chris 

Makaroff, Miami University) was maintained and transformed as described by Menges 

and Murray (2004), with modifications. Briefly, wild-type or transgenic cell cultures 

were maintained in 250 ml flasks containing 50 ml MS medium (pH 5.7, 4.5 g Murashige 

Skoog basal salt mixture, 0.112 g vitamin B5, 30 g sucrose, 0.5 mg alpha-Naphthylacetic 

acid (NAA), and 0.05 mg kinetin, per liter). The cell cultures were rotated on a shaker at 

130 rpm (23 ℃; 16/8 hr photoperiod). The cells were sub-cultured every 7 days by 

transferring 10% (5 ml) of old cell culture into fresh media. The system can be scaled up 

to 1000 ml cell culture in 5-liter flasks when large amounts of cells are needed for 

proteomic study. 

Transformation of Arabidopsis cell cultures 
To stably introduce the TAP-fused CPSF constructs into Arabidopsis suspension cell 

cultures, a modified Agrobacterium-mediated transformation method was used (Menges 

and Murray, 2004). For each transformation, 10 ml of an early stationary phase cell 
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culture (seven days after fresh sub-culturing) was sub-cultured in 50 ml MS medium for 

two days. Ten ml of this exponentially growing cell culture was again sub-cultured into 

50 ml fresh MS medium and was used for transformation. The day before transformation, 

Agrobacterium was prepared by inoculating into Luria-Bertani (LB) media containing 40 

µg/ml of tetracycline and shaken overnight at 28℃. The next day, 100 µl of 

Agrobacterium was washed three times with 1 ml MS medium (by centrifugation and re-

suspension) and re-suspended in 900 µl MS medium. 

For each transformation, 100 µl washed Agrobacterium and 100 µl (50 mM) 

acetosyringone (3', 5'-dimethoxy-4'-hydroxyacetophenone, final concentration 100 µM; 

Acros Organic Inc.) were added to the two-day-old fresh sub-culture mentioned above, 

and the mixture was co-incubated at 23°C for two days. Two days later, the infected cell 

culture was transferred into a 50-ml Falcon tube and centrifuged for 5 min at 387 rpm, 

without applying brake force. The cells were then gently washed 3 times with MS 

medium and cultured in 20 ml of MS medium, supplemented with Cefotaxime (Bioplus 

Inc.; 100 µg/ml final concentration), which eliminates remaining Agrobacterium. After 3 

days, the culture was washed with MS medium three times and re-suspended in 10 ml 

fresh MS medium. Then, 2.5 ml cell culture was spread on a MS plate containing 0.8% 

(W/V) agar, 100 µg/ml cefotaxime and 800 µg/ml glufosinate ammonium (Sigma Inc.). 

Plates were kept under light for 2 to 3 weeks. When calli were about the diameter of 0.5 

centimeters, a single callus from each transformation was selected, crunched by sterilized 

pipette tips, and cultured with 10 ml of MS medium containing 100 µg/ml cefotaxime 

and 800 µg/ml glufosinate ammonium. The expressions of the TAP-fused proteins were 

detected by Western blotting using an antibody specifically against the TAP tag 

(peroxidise anti-peroxidase soluble complex antibody, Sigma 1291). For each assay, cells 

from a 1 ml cell culture were collected by spinning. About 20 to 50 µl of 1X SDS-PAGE 

loading buffer was added to the pellet and boiled at 100 oC for 5 min. The samples were 

separated on a 12% SDS-PAGE gel. The proteins were transferred to a polyvinylidene 

fluoride (PVDF) membrane for detection, as described below. 

TAP purification 
TAP purification was done as described by Rohila et al. (2004), with slight 

modification. About 100 grams of cells (fresh weight) were used for a typical mass 
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spectrometry identification. Briefly, cells were ground in liquid nitrogen with acid 

washed quartz (Sigma Inc.) to fine powder. About 150 ml of extraction buffer (20mM 

Tris/HCl, pH8.0, 150 mM NaCl, 0.1% NP-40 [Igepal CA-630, Sigma Inc.], 2.5 mM 

EDTA, 10 mM β-mercaptoethanol, 1 mM phenylmethylsulphonyl fluoride (PMSF), 2 

mM Benzamide, 20 mM NaF, and 0.1% [V/V] of protease inhibitors cocktail [Sigma 

Inc.]) was added to the ground cells and mixed by stirring for about 20 min on ice. The 

mixture was spun at 10,000xg for 40 min at 4 oC. The supernatant was transferred to a 

pre-chilled tube and incubated with 100 µl (bed volume) IgG beads (Immunoglobulin G; 

GE Health Inc.) at 4°C for 2-4 h. The IgG beads were then collected by passing through a 

mini column (Bio-Rad Inc.), where the beads were first washed with 10 ml immuno-

precipitation-150 (IPP-150) buffer (10mM Tris/HCl, pH8.0, 150mM NaCl, 0.1% NP40, 1 

mM PMSF and 1/1000 protease inhibitor cocktail) 3 times, followed by 10 ml tobacco 

etch viral protease (TEV) cleavage buffer (10mM Tris/HCl, pH8.0, 150mM NaCl, 0.1% 

NP40, 0.5mM EDTA, 1mM DTT, 1 mM PMSF and 1/1000 protease inhibitor cocktail) 

once. After the washes, 1 ml TEV cleavage buffer, 10 µl 0.1 M DTT, and 10 µl (100 

units) of TEV (Invitrogen Inc.) were added to the same mini column. After mixing by 

gentle flicks, the column was incubated at 4°C overnight with gentle rocking. The next 

day, the TEV-digested mixture was passed through the mini column, and the flow-

through was collected into a new mini column. 

 One hundred µl (bed volume) calmodulin affinity beads (Invitrogen Inc.) were 

prepared by equilibrating with 3 ml of calmodulin binding buffer (10 mM Tris/HCl, 150 

mM NaCl, 1 mM Mg-acetate, 1 mM imidazole, 2 mM CaCl2, 0.1% NP40 [V/V], 10 mM 

β-mercaptoethanol, 1 mM PMSF and 1/1000 protease inhibitor cocktail, pH 8.0) 3 times 

prior to calcium-dependent binding. Three ml of calmodulin binding buffer and 3 µl of 

1M CaCl2 were added to the flow-through collected from the previous step (IgG binding). 

The column was incubated at 4°C for 1 h. After incubation, the column was drained, and 

the beads were washed with 10 ml of IPP 150 three times. Finally, the proteins were 

eluted with 1 to 1.5 ml of elution buffer (10 mM Tris/HCl, 150 mM NaCl, 1 mM Mg-

acetate, 1 mM imidazole, 2 mM ethylene glycol tetraacetic acid (EGTA), 0.1 % NP40 

(V/V), 10 mM β-mercaptoethanol, 1 mM PMSF and 1/1000 protease inhibitor cocktail, 
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pH 8.0) into the desired number of fractions, which were monitored by absorbance at 280 

nm.  

Eluted proteins were precipitated by trichloroacetic acid (TCA) and sodium 

deoxycholate (DOC) before loading onto a SDS-PAGE gel. To each volume of proteins, 

1/100 volume of 2% DOC was added and incubated on ice for 30 min. One hundred 

percent TCA was added to 6% of the final volume, and the mixture was kept on ice for 1 

hour. The tubes were then centrifuged at 2,500 g for 45 min at 4ºC. After decanting the 

supernatant, the pellets were washed with cold 100% acetone and spun at 2,500 g for 

another 45 min at 4°C. The pellets were dried by a SpecVac for 1 min and dissolved in 10 

to 20 µl (depending on the desired concentration) SDS-PAGE loading buffer before 

being separated by 12 % SDS-PAGE gels. The proteins on the gels were then transferred 

to a PVDF membrane and detected by antibodies, or analyzed by mass spectrometry as 

described below. 

Trypsin digestion and MS analysis 
After being separated by SDS-PAGE and stained by Coomassie blue R-250 (Sigma 

Inc.), the desired bands were cut from the gel and chopped into small fragments before 

being transferred into 1.5 ml Eppendorf tubes. Gel fragments were washed with 300 µl 

50% methanol (V/V) by vortexing 15 min at room temperature. The supernatant was 

decanted by spinning. The washing was repeated once. Three hundred µl 50% 

acetonitrile (ACN; Sigma Inc.)/50mM NH4HCO3 (V/V; pH 9.0) was added and vortexed 

for 30 min. The supernatant was decanted after spinning. Three hundred µl 50% 

ACN/10mM NH4HCO3 (V/V) was added and vortexed for 30 min again. The supernatant 

was decanted after spinning. Five hundred µl 100% ACN was added and vortexed for 10 

min. The supernatant was decanted after spinning. Then the tubes were dried in a 

SpecVac for 10 min. The dried gel can be stored at -20 °C for the next step.  

The second day, 100 µl 10 mM DTT/25 mM NH4HCO3 was added to the dried gel 

and incubated at 56°C for 1 hour. The DTT/ NH4HCO3 solution was then removed, and 

55 mM iodoacetamide (Sigma Inc.) was added to merge the gel (ca. 25 µl). The samples 

were incubated in the dark for 45 min at room temperature. Then iodoacetamide was 

removed, and the samples were washed with 500 µl 25 mM NH4HCO3 by vortexing for 

10 min. Finally, the liquid was removed, and the gel was dehydrated by adding 100 µl 
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100% ACN and vortexing 5 min. After drying in a SpecVac for 5 min, the samples were 

ready for Trypsin digestion.  

The digestion was started by adding 250 µl 10mM NH4HCO3 (pH 9.0) and 0.5 µg 

sequence grade Trypsin (Promega Inc.) to the gel. The samples were kept at 37°C 

overnight. The next day, the solution containing the digested proteins was separated from 

the gel by transferring to a new tube where final digestion products were pooled. Two 

hundred and fifty µl 0.1% trifluoric acid (TFA)/water was added to the tubes containing 

the gels, and the tubes were shaken for 30 min. The liquid was transferred to the tubes 

where they were pooled. Two hundred and fifty µl 0.1% TFA/30% ACN (V/V) was 

added to the gel tubes, and the tubes were shaken for 30 min. The supernatant was moved 

to the tube where samples were pooled. Two hundred and fifty µl 0.1% TFA/60% ACN 

was added, and the tubes were shaken for 30 min. The supernatant was pooled again as 

described above. Two hundred and fifty µl 0.1% TFA/90% ACN (V/V) was added, and 

the tubes were shaken for 30 min. The supernatant was pooled again. Finally, the pooled 

products were dried to minimal volumes by a SpecVac and reconstituted into 10 µl 

TFA/water in the case of over-drying. The digested proteins were then sent to a 

proteomics facility for identification using liquid chromatographic with tandem mass 

spectrometry (LC/MS/MS, Mass Spectrometry and Proteomics Facility, Ohio State 

University). 

Western blot analysis 
After separation by SDS-PAGE, proteins were transferred to a PVDF membrane and 

detected using chemiluminescence. Briefly the proteins were first detected by primary 

antibodies raised against the proteins (Xu et al. 2006; Xing et al., 2008a; AtFY antibody 

was a gift from Caroline Dean, John Innes Centre) at 1:1000 dilution. Then a horse radish 

conjugated secondary antibody (goat anti-rabbit IgG-HRP; Sigma Inc.) was used at 

1:2000 dilution for two hours (Copse and Fowler, 2002).  After the incubation with the 

secondary antibody, the signal was detected using an ECL detection kit as described by 

the manufacturer’s instructions (GE Healthcare Inc). 


