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Supplementary Methods 

Reagents 

Tosyl-L-arginine methyl ester (TAME) was from Sigma (T4626, >98% by TLC). Acetyl-L-arginine 

methyl ester (AAME) was from BACHEM (E-1030). MG262 was from Boston Biochem (I-120, >95% 

by HPLC). Xenopus Cdc20 C-terminal peptide (sequence: TKKEKEKARSSKSIIHQSIR) was 

synthesized by Biomatik and purified to >95% (see HPLC and mass spec analysis results at the end of 

supplementary methods). 

 

Preparation of Xenopus egg extract 

Interphase Xenopus egg extract was prepared from eggs laid overnight according to the protocol of 

Murray1 with  the  exception  that  eggs  were  activated  with  2  μg/ml  calcium  ionophore  (A23187,  free  acid  

form, Calbiochem) for 30 minutes prior to the crushing spin. Extract was frozen in liquid nitrogen and 

stored at -80 ºC. To make mitotic extract, MBP-cyclin  B1Δ90  was  added to interphase extract at 1 µM 

and incubated at 22°C for 30 min. 

 

Luciferase assay 

Luciferase assay was performed as described previously2. Brifely, a fusion protein consisting of the N-

terminal domain of cyclin B1 and luciferase was  added  to  mitotic  extract  at  10  μg/ml.  The extract was 

incubated at 23°C  and  3  μl samples were taken at 0, 30, 60, 90 and 120 min. The samples were mixed 

quickly  with  30  μl  of  luciferin  assay  buffer  (270  μM  coenzyme  A,  20  mM  tricine,  3.67  mM  MgSO4, 0.1 

mM  EDTA,  33.3  mM  DTT,  530  μM  ATP  and  470  μM  luciferin,  pH  7.8)  and  the  level  of  luminescence 

was measured on a Wallac 1420 multilabel counter. 



 

Covalent coupling of Cdc27 antibody to protein A beads 

For  a  single  reaction,  5  μl  protein  A  affiprep  beads  (Bio-Rad 156-0006) were washed with TBST (10 mM 

Tris, 150 mM NaCl and 0.01% Tween-20, pH 7.5)  twice  and  incubated  with  2  μg  Cdc27  antibody (Santa 

Cruz, sc-9972, AF3.1) for 75 min at 4°C. The beads were washed with TBST for 10 min followed by two 

additional quick washes with TBST. Dimethyl pimelimidate (DMP, PIERCE, 21666) was freshly 

dissolved in 100 mM sodium tetraborate decahydrate, pH 9.0 at 20 mM. The beads were mixed with ten 

beads volume of DMP solution and incubated on a rotating wheel for 45 min in the dark at room 

temperature. The beads were then washed quickly with 200 mM Tris, pH 8.0 twice, followed by a final 1 

h wash. Beads were then washed twice in TBST and twice in XB prior to APC immunoprecipitation.  

 

PCR-amplification of Flag-tagged Cdc20/Cdh1 for in vitro translation 

Flag-tagged WT Cdc20 was amplified from a pCS2-Cdc20 construct with a 5’  primer  

CAACTCTATAATACGACTCACTATAGGGAACAGCCACCATGGACTACAAGGACGACGATGA

CAAGGCACAGTTCGCGTTCGAGAG and a 3’  primer  

TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTCAGCGGATGCCTTGGTGGATG (the poly-T sequence 

was added to mimic the poly-A  tail  at  the  3’  end  of  the  mRNA). Flag-tagged  WT  Cdc20ΔIR  was  

amplified from the same construct with the same 5’  primer  but  a  different 3’  primer 

TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTCAGCCTTGGTGGATGAGGCTGC. Flag-tagged K-

less Cdc20 was amplified from K-less Cdc20 construct3 with a 5’  primer  

CAACTCTATAATACGACTCACTATAGGGAACAGCCACCATGGACTACAAGGACGACGATGA

CAAGGCCCAATTTGCCTTTGAATC and a 3’  primer  

TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTCTACCTAATCCCCTGATGAATC.  

Flag-tagged WT Cdh1 was amplified from a pET28a-Cdh1  construct  with  a  5’  primer  

CAACTCTATAATACGACTCACTATAGGGAACAGCCACCATGGACTACAAGGACGACGATGA



CAAGATGGACCAGGATTATGAGAGAC  and  a  3’  primer  

TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTCTATCGTATTCTCGTGAACAGG. 

 

Construction of double HA-tagged Cdc20 mutants 

All double HA-tagged Cdc20 mutants’ DNAs were first generated by PCR and then digested with EcoRI 

and XhoI. A pCS2-WT Cdc20 construct was also digested with EcoRI and XhoI to separate the WT 

Cdc20 insert from the pCS2 vector. The Cdc20 mutants’ DNAs were then ligated into the pCS2 vector to 

replace the original WT Cdc20. All mutants were confirmed by sequencing. Detailed information of PCR 

generation  of  Cdc20  mutants’  DNAs  is  listed  below. 

Cdc201-76R: A  5’  fragment  was  amplified  from  the  K-less Cdc20 construct with a 5’  primer  

ATGCGAATTCGATGGCCCAATTTGCCTTTGAATC and a 3’  primer  

CACTGCGATGGGGGATATAGCGATCGCCACCGGGCCTAGAGGGGGT.  A  3’  fragment  was  

amplified from the pCS2-Cdc20 construct with a 5’  primer  CGCTATATCCCCCATCGCAGTG and a 3’  

primer ATGCCTCGAGTCAGCGGATGCCTTGGTGGATG.  The  5’  and  the  3’  fragments were then 

combined as templates and re-amplified with a 5’  primer  

ATGCGAATTCGATGGCCCAATTTGCCTTTGAATC and a 3’  primer  

ATGCCTCGAGTCAGCGGATGCCTTGGTGGATG to yield the full length DNA of Cdc201-76R. 

Cdc2077-164R: A fragment covering 1-76aa of WT Cdc20 was amplified from the pCS2-Cdc20 construct 

with a 5’  primer  ATGCGAATTCGATGGCCCAATTTGCCTTTGAATC and a 3’  primer  

CCTGTGAGGAATGTACCTATCACCGCCAGGTTTGCTAGGAGT. A fragment covering 77-164aa of 

K-less Cdc20 was amplified from the K-less Cdc20 construct with a 5’  primer 

GATAGGTACATTCCTCACAGG and a 3’  primer   

CATTCCCAGAACTCCAATCCACCAAATTGAGATAGTAATCGTT. The two fragments were 

combined as templates and re-amplified with a 5’  primer  

ATGCGAATTCGATGGCCCAATTTGCCTTTGAATC and a 3’  primer 

CATTCCCAGAACTCCAATCCACCAAATTGAGATAGTAATCGTT to yield a fragment covering 1-



76aa of WT Cdc20 and 77-164aa of K-less  Cdc20  (5’  fragment).  A  fragment covering 77-164aa of K-less 

Cdc20 was amplified from the K-less Cdc20 construct with a 5’  primer 

GATAGGTACATTCCTCACAGG and a 3’  primer  

CATTCCCAGAACTCCAATCCACCAAATTGAGATAGTAATCGTT. A fragment covering 165-499aa 

of WT Cdc20 was amplified from the pCS2-Cdc20 construct with a 5’  primer 

GTGGATTGGAGTTCTGGGAATG and a 3’  primer  

ATGCCTCGAGTCAGCGGATGCCTTGGTGGATG. The two fragments were combined as templates 

and re-amplified with a 5’  primer GATAGGTACATTCCTCACAGG and a 3’  primer  

ATGCCTCGAGTCAGCGGATGCCTTGGTGGATG to yield a fragment covering 77-164aa of K-less 

Cdc20 and 165-499aa  of  WT  Cdc20  (3’  fragment). The  5’  and  3’  fragments were combined as templates 

and re-amplified with a 5’  primer  ATGCGAATTCGATGGCCCAATTTGCCTTTGAATC and a 3’  

primer ATGCCTCGAGTCAGCGGATGCCTTGGTGGATG to yield the full length DNA of Cdc2077-164R. 

Cdc20165-499R: A  5’  fragment  was  amplified  from  the pCS2-Cdc20 construct with a 5’  primer  

ATGCGAATTCGATGGCCCAATTTGCCTTTGAATC and a 3’  primer  

CAAATTGAGATAGTAATCGTTTCGGATTTCAGGCGCATCCAG.  A  3’  fragment  was  amplified  

from the K-less Cdc20 construct with a 5’  primer AACGATTACTATCTCAATTTG and a 3’  primer   

ATGCCTCGAGCTACCTAATCCCCTGATGAATC.  The  5’  and  the  3’  fragments  were  combined  as  

templates and re-amplified with a 5’  primer  ATGCGAATTCGATGGCCCAATTTGCCTTTGAATC and 

a 3’  primer  ATGCCTCGAGCTACCTAATCCCCTGATGAATC to yield the full length DNA of 

Cdc20165-499R. 

Cdc201-164R: A  5’  fragment  was  amplified  from  the K-less Cdc20 construct with a 5’  primer  

ATGCGAATTCGATGGCCCAATTTGCCTTTGAATC and a 3’  primer  

CATTCCCAGAACTCCAATCCACCAAATTGAGATAGTAATCGTT.  A  3’  fragment  was  amplified  

from the pCS2-Cdc20 construct with a 5’  primer GTGGATTGGAGTTCTGGGAATG and a 3’  primer  

ATGCCTCGAGTCAGCGGATGCCTTGGTGGATG.  The  5’  and  the  3’  fragments  were  combined  as  

templates and re-amplified with a 5’  primer  ATGCGAATTCGATGGCCCAATTTGCCTTTGAATC and 



a 3’  primer  ATGCCTCGAGTCAGCGGATGCCTTGGTGGATG  to  yield  the  full length DNA of 

Cdc201-164R. 

 

Stripping Cdc20 from the APC by TAME treatment 

APC was first immunoprecipitated from mitotic Xenopus extract  and  200  μM TAME was added to the 

extract for 15 min to drive Cdc20 dissociation. The beads were then washed quickly with XB + 0.1% 

IGEPAL CA-630 4 times and then washed with XB + 0.1% IGEPAL CA-630 for 5 min × 2 while kept 

shaking vigorously. 

 

APC depletion 

For a single round of depletion, mitotic Xenopus extract was incubated with 1/10th extract volume of 

Cdc27 antibody beads or (empty protein A beads as mock IP control) prepared as described above and 

incubated at 4°C on a rotator for 45 min. 

 

Experiments comparing unmodified versus ubiquitinated cycB-NT 

To generate ubiquitinated cycB-NT, an in vitro reconstituted ubiquitination assay was set up by mixing 

immunoprecipitated mitotic APCCdc20 and ubiquitination reaction components containing 500 nM cycB-

NT (detailed conditions are described in the main methods section). After 20 min, the supernatant was 

separated from the beads and subsequently used as the source of ubiquitinated cycB-NT. The same 

mixture of ubiquitination reaction components and 500 nM cycB-NT without incubation with the APC 

beads was used as the unmodified cycB-NT. To compare the ability of unmodified and ubiquitinated 

cycB-NT to promote Cdc20 binding to the APC, 10 µl of unmodified/ubiquitinated cycB-NT was mixed 

with  1  μl  reticulocyte  lysate  containing in vitro-translated Cdc20. This cycB-NT/Cdc20 mixture was then 

supplemented  with  10  μM  MG132,  100  nM  okadaic  acid  potassium  salt,  5  μM  ubiquitin  vinyl  sulfone  (to  

inhibit proteasome, phosphatase and deubiquitinating enzyme activities in the reticulocyte lysate) and 20 

μM  UbcH10  C114S  (to  suppress  further  ubiquitination  of  cycB-NT once the mixture is added to the APC). 



The  mixture  was  then  added  to  5  μl  beads  loaded  with  APC  stripped  of  Cdc20  by  TAME-treatment and 

incubated on a shaker for 10 min. The beads were then separated from the supernatant and the distribution 

of Cdc20 was analyzed by anti-Flag Western blot. To compare the ability of the APC to further 

ubiquitinate unmodified and ubiquitinated cycB-NT, the same mixture was prepared as described with the 

exception that UbcH10 C114S was omitted. The mixture was incubated with APC stripped of Cdc20 by 

TAME-treatment and incubated on a shaker for 30 min. The products were analyzed by anti-HA Western 

blot. 

 

Supplementary References: 

1. Murray, A.W. Chapter 30 Cell Cycle Extracts. Methods Cell Biol. 36, 581 (1991). 

2. Verma, R., et al. Ubistatins inhibit proteasome-dependent degradation by binding the ubiquitin 

chain. Science 306, 117-120 (2004). 

3. Nilsson, J., Yekezare, M., Minshull, J. & Pines, J. The APC/C maintains the spindle assembly 

checkpoint by targeting Cdc20 for destruction. Nat Cell Biol 10, 1411-1420 (2008). 
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Certificate of Analysis 

 
 

Date:  2011-10-11 
Order Number:  SP1110779 

Catalog Number:    265369 
Peptide Name:  Cdc20 C-terminus(TR-20) 

Sequence:    TKKEKEKARSSKSIIHQSIR 
Lot Number:  P110921-ZJ265369 

Molecular Formula:  C100H180N34O31 

Molecular Weight:  2354.76 

Quantity:  4.0mg 
Reconstitution Condition  

Used In Purification:: 
 H2O: Acetonitrile =4:1 

Reconstitution Condition  
For Your Assay:  

 Refer to the Peptide Handling Guideline 

TEST RESULTS   

Purity (by HPLC):  95.78% 
  (95% Requested) 

MS:  Consistent 
Appearance:  White to off White Powder 

Storage Condition: -20°C Upon Arrival. 
It is not recommended that peptides be stored in solution. The shelf life of peptides in solution is rather limited, especially 
for sequences containing Cysteine, Methionine, Tryptophan, Asparagine and Glutamine. Generally, the best approach is to 
reconstitute sufficient peptide for immediate usage only. For long-term storage please store at -20°C. 
Limited Usage and Warranty 
This product is for laboratory research use only.  Not for diagnostic or in vivo use. Not for human or drug use. 
Biomatik warrants material of said quality at the time of delivery. It is the sole responsibility of the customers to determine 
the adequacy of all materials for any intended or specific purpose or use. Biomatik’ sole obligation shall be the replacement 
of the material without charge or refund of purchase price. This warranty does not apply to a product which has been 
tampered with or altered in any way or which has been misused or damaged by accident or negligence. All claims must be 
received in writing (by fax or email) within 30 days upon successful delivery and failure to do so shall constitute a waiver 
by customers for any and all such claims. 

 
 
 
 

http://www.biomatik.com/
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HPLC Report 
 

Peptide name     : Cdc20 C-terminus(TR-20) 

Lot number     : P110921-ZJ265369 

Column             :4.6*250mn,VYDAC-C18     

Solvent A          :0.1%Trifluoroacetic  in 100% Acetonitrile      

Solvent B          :0.1%Trifluoroacetic  in 100% Water      

Gradient           :           A             B      

                   0.01min    10%           90%      

                   25min      35%           65%      

                   25.01min  100%            0%     

                   30min             Stop       

Flow rate          :1.0ml/min      

Wavelength         :220nm     

Volume             :20ul  
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ũũũũũũũũũũũũũũũũũũũũũũũũũũũũ 

Rank   Time     Conc.      Area        Height     

ũũũũũũũũũũũũũũũũũũũũũũũũũũũũ 

1      11.378   0.3039     103816      8673       

2      12.285   0.3751     128149      16818      

3      12.398   0.6651     227226      51557      

4      12.720   95.78      32723034    1653348    

5      13.478   1.002      342507      25256      

6      15.682   1.881      642523      48287      

ũũũũũũũũũũũũũũũũũũũũũũũũũũũũ 

Total           100        34167255    1803939    
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Supplementary Figure 1. (a) Endogenous Cdc20 outcompetes Flag-tagged human Cdc20 for APC binding. APC was 
immunoprecipitated from mitotic Xenopus�H[WUDFW�WUHDWHG�ZLWK�����ȝ0�7$0(�WR�UHPRYH�SUH�ERXQG�HQGRJHQRXV�
&GF����7KH�EHDGV�ZHUH�WKHQ�LQFXEDWHG�ZLWK�HLWKHU�����ȝO�UHWLFXORF\WH�O\VDWH�FRQWDLQLQJ�)ODJ�WDJJHG�&GF���RU�WKH�
VDPH�YROXPH�RI�UHWLFXORF\WH�O\VDWH�FRQWDLQLQJ�&GF���DGGHG�LQWR�WKH�H[WUDFW������ȝO��IRU����PLQ��7KH�DPRXQW�RI�
bead-bound endogenous Cdc20, Flag-tagged Cdc20 and Cdc27 were analyzed by Western blot. �E��7$0(�GRHV�QRW�
induce rapid dissociation of Cdc20 from the APC in interphase Xenopus extract. APCCdc20 was first immunoprecipi-
WDWHG�IURP�LQWHUSKDVH�H[WUDFW�ZLWK�&GF���EHDGV�DQG������0�7$0(�RU�$$0(��1�DFHW\O�DUJLQLQH�PHWK\O�HVWHU��DQ�
LQDFWLYH�GHULYDWLYH�RI�7$0(��ZDV�WKHQ�DGGHG�WR�WKH�H[WUDFW�IRU�LQGLFDWHG�SHULRG�RI�WLPH��7KH�EHDGV�ZHUH�WKHQ�LVRODWHG�
IURP�WKH�H[WUDFW��7KH�DPRXQWV�RI�EHDG�ERXQG�&GF���DQG�&GF���ZHUH�DQDO\]HG�E\�:HVWHUQ�EORW���F��7$0(�GRHV�QRW�
induce rapid dissociation of Cdc20 from the APC in buffer. Immunoprecipitated APCCdc20 was suspended in 200× 
EHDG�YROXPH�RI�;%�EXIIHU�����7$0(�IRU�WKH�LQGLFDWHG�SHULRG�RI�WLPH��$PRXQWV�RI�EHDG�ERXQG�&GF���DQG�&GF���ZHUH�
analyzed by Western blot. 
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Supplementary Figure 2. (a) A longer exposure of Fig. 2a. (b) 8ELTXLWLQLWLQDWLRQ�RI�&GF���LV�FULWLFDO�IRU�7$0(�LQGXFHG�
Cdc20 dissociation. Immunoprecipitated APCCdc20�ZDV�LQFXEDWHG�ZLWK�(�������Q0���XELTXLWLQ������ȝ0���8EF+���RU�
WKH�&���6�PXWDQW����ȝ0��DQG�7$0(������ȝ0��DV�LQGLFDWHG�IRU����PLQ��&GF���ZDV�DQDO\]HG�E\�:HVWHUQ�EORW�VHSD-
UDWHO\�LQ�WKH�EHDG�ERXQG��%��DQG�WKH�VXSHUQDWDQW��6��IUDFWLRQV���F��$�ORQJHU�H[SRVXUH�RI�)LJ���E���G��Deubiquitination 
RI�)ODJ�WDJJHG�&GF���FRQILUPV�WKDW�7$0(�SURPRWHV�&GF���XELTXLWLQDWLRQ��6XSHUQDWDQW�IURP�DQ�in vitro Cdc20 
XELTXLWLQDWLRQ�DVVD\����7$0(�WKDW�FRQWDLQHG�XELTXLWLQDWHG�&GF���ZDV�LQFXEDWHG�ZLWK�WKH�FDWDO\WLF�GRPDLQ�RI�8VS��
DQG�WKHQ�DQDO\]HG�E\�:HVWHUQ�EORW�ZLWK�D�)ODJ�DQWLERG\��1RWH�WKH�DQWLERG\�GHWHFWDELOLW\�RI�&GF���LQFUHDVHV�DIWHU�
deubiquitination. (e) (��LQGXFHV�&GF���GLVVRFLDWLRQ�LQ�WKH�SUHVHQFH�RI�7$0(��,PPXQRSUHFLSLWDWHG�$3&�ZDV�KLJK�VDOW�
ZDVKHG�WR�UHPRYH�HQGRJHQRXV�&GF���IURP�WKH�$3&�DQG�LQFXEDWHG�ZLWK�in vitro�WUDQVODWHG�KXPDQ�)/$*�WDJJHG�
&GF����7KH�EHDGV�ZHUH�WKHQ�LQFXEDWHG�ZLWK�����ȝ0�7$0(�DQG�YDULRXV�FRPSRQHQWV������Q0�(��DQG���ȝ0�8EF+����
DV�LQGLFDWHG�IRU����PLQ��&GF���ZDV�DQDO\]HG�E\�:HVWHUQ�EORW�VHSDUDWHO\�LQ�WKH�EHDG�ERXQG��%��DQG�WKH�VXSHUQDWDQW�
(S) fractions. (f) /RZHU�FRQFHQWUDWLRQ�RI�7$0(�����ȝ0��FDQ�LQGXFH�&GF���XELTXLWLQDWLRQ�DQG�GLVVRFLDWLRQ�in vitro��7KH�
VDPH�DVVD\�DV�LQ�)LJ���E�ZDV�UHSHDWHG�ZLWK����ȝ0�7$0(��1XPEHUV�UHSUHVHQW�XQPRGLILHG�&GF���OHIW�DW�WKH�HQG�RI�
WKH�DVVD\���J��7$0(�GRHV�QRW�LQGXFH�XELTXLWLQDWLRQ�DQG�GLVVRFLDWLRQ�RI�&GF��K-less in the presence of E1, UbcH10 
DQG�XELTXLWLQ��7KH�VDPH�DVVD\�ZDV�SHUIRUPHG�DV�LQ�)LJ���E��H[FHSW�$3&�ZDV�UH�ORDGHG�ZLWK in vitro-translated 
human Cdc20K-less���K��7$0(�LQGXFHV�UDSLG�GLVVRFLDWLRQ�RI�:7�&GF���EXW�QRW�&GF��K-less from the APC in mitotic 
extract. Immunoprecipitated APCCdc20�ZDV�KLJK�VDOW�ZDVKHG�WR�UHPRYH�HQGRJHQRXV�&GF���DQG�UH�ORDGHG�ZLWK�HLWKHU�
in vitro�WUDQVODWHG�:7�RU�.�OHVV�KXPDQ�)/$*�WDJJHG�&GF����7KH�EHDGV�ZHUH�WKHQ�VXVSHQGHG�LQ�PLWRWLF�H[WUDFW�����
�����0�7$0(��%HDG�ERXQG�)/$*�WDJJHG�&GF���DQG�&GF���ZHUH�DQDO\]HG�E\�:HVWHUQ�EORW���L��APCCdh1 undergoes 
&GF���DXWR�XELTXLWLQDWLRQ�DQG�LV�UHODWLYHO\�UHVLVWDQW�WR�7$0(�LQGXFHG�&GK��DXWR�XELTXLWLQDWLRQ��,QWHUSKDVH�$3&�ZDV�
loaded with in vitro- translated Flag-tagged human Cdh1 and incubated�ZLWK�XELTXLWLQDWLRQ�UHDFWLRQ�FRPSRQHQWV��7KH�
beads and the supernatants were separated and deubiquitinated with the catalytic domain of Usp2. Cdc27 and Cdh1 
ZHUH�WKHQ�DQDO\]HG�E\�:HVWHUQ�EORW���M��&GK��LV�UHVLVWDQW�WR�7$0(�LQGXFHG�GLVVRFLDWLRQ�LQ�LQWHUSKDVH�H[WUDFW��
APCCdh1�EHDGV�ZHUH�WKHQ�VXVSHQGHG�LQ�LQWHUSKDVH�H[WUDFW���������ȝ0�7$0(��%HDG�ERXQG�&GF���DQG�&GK��ZHUH�
analyzed by Western blot.
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6XSSOHPHQWDU\�)LJXUH�����D��$Q�LQGHSHQGHQW�UHSHDW�RI�WKH�H[SHULPHQW�LQ�)LJ���E (b) 7KH�VDPH�H[SHULPHQW�DV�LQ��D��
was repeated except with methylated ubiquitin. (c) Ubiquitinated and unmodified Cdc20 used in the competition 
DVVD\�LQ�)LJ���F���G��:7�&GF���DQG�WKH������5�PXWDQW�GLVSOD\�VLPLODU�ELQGLQJ�DIILQLW\�IRU�WKH�$3&��,PPXQRSUHFLSL-
FDWHG�$3&�ORDGHG�ZLWK�HLWKHU�:7�&GF���RU�WKH������5�PXWDQW�ZDV�LQFXEDWHG�LQ�EXIIHU�IRU����PLQ��7KH�EHDGV�DQG�
the supernatants were separated and the amount of Cdc20 present in these fractions was analyzed by Western blot. 
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6XSSOHPHQWDU\�)LJXUH�����D��7KH�UHWLFXO\WH�O\VDWH�V\VWHP�GRHV�QRW�VXSSRUW�7$0(�LQGXFHG�&GF���GLVVRFLDWLRQ��
APCCdc20�LPPXQRSUHFLSLWDWHG�IURP�PLWRWLF�;HQRSXV�H[WUDFW�ZDV�VXVSHQGHG�LQ�EXIIHU��;%���RU�UHWLFXO\WH�O\VDWH��RU�WKH�
XELTXLWLQDWLRQ�PL[WXUH��(���8EF+���DQG�XELTXLWLQ��DORQJ�ZLWK�����ȝ0�7$0(�IRU����PLQ��7KH�DPRXQW�RI�EHDG�ERXQG�
Cdc20 was analyzed by Western blot. (b) 7$0(�LQKLELWV�ELQGLQJ�RI�IUHH�&GK��WR�WKH�$3&��ZKLFK�LV�VXSSUHVVHG�E\�
F\F%�17��7KH�VDPH�H[SHULPHQW�DV�LQ�)LJ���E�ZDV�SHUIRUPHG�ZLWK�in vitro-translated Cdh1. (c) Substrate suppresses 
&GF���XELTXLWLQDWLRQ��7KH�VDPH�DVVD\�DV�LQ�)LJ���F�ZDV�SHUIRUPHG�ZLWK�LPPXQRSUHFLSLWDWHG�$3&Cdc20.
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h

6XSSOHPHQWDU\�)LJXUH�����D��&KDUDFWHUL]DWLRQ�RI�WKH�LQLWLDO�YHORFLW\�RI�XELTXLWLQDWLRQ�RI�F\F%�17�E\�$3&Cdc20. A recon-
stituted XELTXLWLQDWLRQ�DVVD\�ZDV�VHW�XS�ZLWK�D�IL[HG�F\F%�17�FRQFHQWUDWLRQ�RI������Q0��7KH�UHDFWLRQ�ZDV�VWRSSHG�DW�
LQGLFDWHG�WLPH�SRLQWV�DQG�WKH�SURGXFWV�ZHUH�GHWHFWHG�E\�DQWL�+$�EORW��%DQG�LQWHQVLW\�RI�WKH�PRQR���GL��DQG�
tri-ubiquitinated substrate was quantitated and plotted against reaction time. * An SDS-resistant aggregated form of 
VXEVWUDWH�IURP�WKH�SUHS���E��7$0(�UHGXFHV�WKH�kcat but does not affect the Km of APCCdc20. A reconstituted ubiquitina-
WLRQ�DVVD\�ZDV�SHUIRUPHG�ZLWK�LPPXRSXULILHG�$3&��GLIIHUHQW�FRQFHQWUDWLRQV�RI�F\F%�17��IURP�OHIW�WR�ULJKW�������������
���������DQG������Q0��DQG�PHWK\ODWHG�XELTXLWLQ��7KH�UHDFWLRQ�ZDV�VWRSSHG�DW����VHFRQGV�DQG�WKH�SURGXFWV�ZHUH�
GHWHFWHG�E\�DQWL�+$�EORW��%DQG�LQWHQVLW\�RI�WKH�PRQR���GL��DQG�WUL�XELTXLWLQDWHG�VXEVWUDWH�ZDV�TXDQWLWDWHG�DQG�SORWWHG�
DJDLQVW�VXEVWUDWH�FRQFHQWUDWLRQ��'DWD�ZHUH�ILW�WR�D�K\SHUEROLF�FXUYH�E\�QRQOLQHDU�UHJUHVVLRQ���F��7$0(�UHGXFHV�WKH�
kcat but does not affect the Km of APCCdc20��7KH�VDPH�DVVD\�DV�LQ��E��ZDV�UHSHDWHG�ZLWKD�D�ORZHU�FRQFHQWUDWLRQ�RI�
7$0(�����ȝ0����G��7$0(�KDV�WKH�VDPH�HIIHFW�RQ�WKH�kcat and the Km of APCCdc20�LQ�D�UHDFWLRQ�ZLWK�:7�XELTXLWLQ��7KH�
VDPH�H[SHULPHQW�DV�LQ��E��ZDV�UHSHDWHG�ZLWK�:7�XELTXLWLQ���H��3UH�HTXLOLEUDWLRQ�ZLWK�F\F%�17�PDLQWDLQV�&GF���
ELQGLQJ�WR�WKH�$3&�LQ�WKH�SUHVHQFH�RI�7$0(��$3&Cdc20������ȝO�EHDGV��ZDV�SUH�ZDVKHG�ZLWK�7$0(�FRQWDLQLQJ�UHDF-
WLRQ�EXIIHU�IROORZHG�E\�WKH�DGGLWLRQ�RI�XELTXLWLQDWLRQ�UHDFWLRQ�FRPSRQHQWV�ZLWK������Q0�F\F%�17�����ȝO���$W���V��WKH�
beads were separated from the supernatant and the distribution of Cdc20 was analyzed by Western blot. Alterna-
WLYHO\��$3&Cdc20������ȝO��ZDV�ILUVW�ZDVKHG�ZLWK�7$0(�FRQWDLQLQJ�EXIIHU�DQG�SUH�HTXLOLEUDWHG�ZLWK�����Q0�F\F%�17�����
ȝO���7KH�UHDFWLRQ�ZDV�VWDUWHG�E\�DGGLQJ����ȝO��[�XELTXLWLQDWLRQ�UHDFWLRQ�FRPSRQHQWV�WR�DFKLHYH�D�ILQDO�F\F%�17�
FRQFHQWUDWLRQ�RI������Q0��$W���V��WKH�EHDGV�ZHUH�VHSDUDWHG�IURP�WKH�VXSHUQDWDQW�DQG�WKH�GLVWULEXWLRQ�RI�&GF���ZDV�
analyzed by Western blot. (f) 7$0(�UHGXFHV�WKH�kcat but does not affect the Km of APCCdc20 under the pre-
equilibration condition��7KH�VDPH�DVVD\�DV�LQ��E��ZDV�UHSHDWHG�ZLWK�WKH�SUH�HTXLOLEUDWLRQ�SURWRFRO�DV�LQ��H�� (g) A 
&GF���,5�SHSWLGH�LQKLELWV�WKH�ELQGLQJ�RI�IUHH�&GF���WR�WKH�$3&��ZKLFK�FDQ�EH�VXSSUHVVHG�E\�F\F%�17��7KH�VDPH�
H[SHULPHQW�LQ�)LJ���E�ZDV�UHSHDWHG�ZLWK�DQ�,5�SHSWLGH�GHULYHG�IURP�Xenopus Cdc20. (h) 7KH�&GF���,5�SHSWLGH�
reduces the kcat but has little effect on the Km of APCCdc20��7KH�VDPH�H[SHULPHQW�DV�LQ��E��ZDV�UHSHDWHG�ZLWK�WKH�
Cdc20 IR peptide.
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6XSSOHPHQWDU\�)LJXUH�����D��7$0(�VWDELOL]HV�WKH�OXFLIHUDVH�UHSRUWHU�LQ�8E96�WUHDWHG�H[WUDFW��0LWRWLF�H[WUDFW�ZDV�
WUHDWHG�ZLWK����ȝ0�XELTXLWLQ�YLQ\O�VXOIRQH��8E96��IRU����PLQ��IRU�WKH��7$0(�FRQGLWLRQ��WKH�H[WUDFW�ZDV�SUH�WUHDWHG�
ZLWK�����ȝ0�7$0(�IRU����PLQ�EHIRUH�8E96���7KH�OXFLIHUDVH�UHSRUWHU�ZDV�DGGHG�ZLWK�RU�ZLWKRXW����ȝ0�XELTXLWLQ�DV�
LQGLFDWHG���E��6XEVWUDWH�PDLQWDLQV�&GF���ELQGLQJ�WR�WKH�$3&�LQ�WKH�SUHVHQFH�RI�7$0(��(���8EF+���&���6�DQG�
ubiquitin. Immunoprecipitated APCCdc20�ZDV�LQFXEDWHG�ZLWK�����Q0�F\F%�17������Q0�(�����ȝ0�8EF+���&���6������
ȝ0�XELTXLWLQ�DQG�����ȝ0�7$0(�DV�LQGLFDWHG�IRU����PLQ��&GF���DQG�$SF���OHYHOV�ZHUH�DQDO\]HG�VHSDUDWHO\�LQ�WKH�
ERXQG��%��DQG�WKH�VXSHUQDWDQW��6��IUDFWLRQV���F��7$0(�UHGXFHV�F\F%�17�XELTXLWLQDWLRQ�OHYHO�LQ�D�UHDFWLRQ�ZLWK�
APCCdc201-164R��7KH�VDPH�DVVD\�DV�LQ�)LJ���E�ZDV�UXQ�ZLWK�$3&�ORDGHG�ZLWK�:7�&GF���RU�&GF��1-164R for 60 min. 
�G��7$0(�UHGXFHV�F\F%�17�XELTXLWLQDWLRQ�OHYHO�LQ�D�UHDFWLRQ�ZLWK�$3&Cdc20K-less��7KH�VDPH�DVVD\�DV�LQ�)LJ���E�ZDV�
UXQ�ZLWK�$3&�ORDGHG�ZLWK�:7�&GF���RU�&GF��K-less�IRU����PLQ���H��6XEVWUDWH�PDLQWDLQV�&GF��ǻ,5�ELQGLQJ�WR�WKH�$3&�
LQ�WKH�SUHVHQFH�RI�(���8EF+���&���6�DQG�XELTXLWLQ��$3&�ORDGHG�ZLWK�:7�&GF���RU�WKH�ǻ,5�PXWDQW�ZDV�LQFXEDWHG�
ZLWK�����Q0�F\F%�17������Q0�(�����ȝ0�8EF+���&���6�DQG�����ȝ0�XELTXLWLQ�IRU����PLQ��&GF���DQG�$SF���OHYHOV�
ZHUH�DQDO\]HG�VHSDUDWHO\�LQ�WKH�ERXQG��%��DQG�WKH�VXSHUQDWDQW��6��IUDFWLRQV���I��8QPRGLILHG�DQG�XELTXLWLQDWHG�F\F%-
17�XVHG�LQ�WKH�&GF���ELQGLQJ�DVVD\�LQ�)LJ���H��
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Supplementary Figure 7. Full gel images of Figure 1a to g.
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Supplementary Figure 8. Full gel images of Figure 2a to b.
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Supplementary Figure 10. Full gel images of Figure 4a to c.
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Supplementary Figure 11. Full gel images of Figure 5a to f.
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Supplementary Figure 12. Full gel images of Figure 6a and c.
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