Supplemental Methods
Recombinant mRPN1 protein preparation- The full-length mRPN1 gene, amplified from procyclic genomic DNA (29.13 cells) with Accu Taq DNA polymerase (sigma) and primers mRPN1-For and mRPN1-Rev2, was digested with Hind III and Xho I, cloned into pET30b and transformed in E. coli BL21 (DE3). After reaching OD of 0.6 the cells were cooled down in ice for 15 min and induced with 1 mM IPTG. The culture was harvested after growth for 12 hrs at 24°C.  The cell pellet was resuspended in buffer A (20 mM Tris-HCl pH 8.0, 20 mM imidazole, 0.5 M NaCl) with 1 mM PMSF, 1mM Benzamidine hydrochloride, DNAse I, 10 mM MgCl2 and Complete™ EDTA-free protease inhibitor cocktail (Roche). The cell lysate was disrupted by three passages through a cooled French pressure cell and centrifuged at 15,000 xg and 4°C for 1 hr. The cleared supernatant was loaded onto a Hi-Trap Ni2+ chelating column (Pharmacia Biosciences) and washed with 300 ml buffer A, 10-20 column-volumes until protein was undetectable by OD.  His-tagged mRPN1 was eluted with 150 ml linear gradient of 20 to 500 mM imidazole in 20 mM Tris-HCl, pH 8.0 and 0.5 M NaCl.  The presence of mRPN1 was confirmed by SDS gel and peak fractions were pooled together and concentrated to 15 mg/ml. After purification to near homogeneity by size-exclusion chromatography on a Superdex G-200 gel filtration column (Pharmacia Biosciences) with size standards (Bio-Rad), mRPN1 was dialyzed against 20 mM Tris-HCl buffer pH 8.0, concentrated to 15 mg/ml and stored in 20 mM Tris-HCl pH 8.0 at -80°C after adding 5% glycerol. 
mRPN1 antiserum- Two rabbits were purchased (10 LB weight) and housed in LARR facilities at Texas A&M University two weeks before immunization. On day one 1 mg of antigen in 500 µl in PBS buffer (0.1 mM pH7.2) and 500 µl of Titermix X-Gold adjuvant (1:1 ratio Volume/Volume) were mixed thoroughly. Each rabbit was immunized with a total volume of 200 µl (0.5 mg/ml) of full-length mRPN1 recombinant protein (see above), injected subcutaneously (50 µl of antigen in four sites). Boosters of 200 µl (100 µg) were given in Titermix X-Gold adjuvant on days 21, 37 and 55. Rabbits were bled from the ear blood vessels on days 21, 37 and 55. Sera was separated and stored -80°C till use. Preimmune sera were collected before immunization. The presence of anti-mRPN1 antibodies were assessed by western blot analysis. 
mRPN1 site-directed mutagenesis-  A 50 μl PCR reaction mixture with 50 ng of plasmid pET30b-mRPN1 contained 2 mM primers mRPN1-mut for (ala)  and mRPN1-mut rev (ala), 400 μM dNTPs, and 5 units of Accu Taq DNA polymerase (sigma).  Incubation at 95°C for 2 min was followed by 15 cycles of 95°C 1 min, Tm-5°C for 1 min, and 68°C for 8 min (at ~1000 bp per min for Accu Taq DNA polymerase). The final cycle was annealing for 1 min and extension for 20 min.  The PCR products after etanol precipitation, were incubated with 5 units of DpnI at 37°C for 4 hr.  25 μl of DpnI-digested DNA was transformed into chemically competent E. coli DH5α cells. The transformed cells were spread on a plate with kanamycin and incubated at 37°C overnight.  Correct mutagenesis was confirmed by DNA sequencing.  

Real-time RT-PCR- Total RNA (45-140 μg) was obtained from 1-to-3 × 108 procyclic cells with 5 ml of Trizol (Invitrogen). The aqueous/organic interface was avoided, as it may contain genomic DNA. Precipitated RNA was resuspended in 100 μl of nuclease-free water.  10 μg of RNA was treated extensively using the DNA-free kit (Ambion), namely: 3 μl of DNase I were mixed and incubated for 45 min at 37°, and another 1 μl of DNase I was added for extra 45 minutes. After inactivation reagent (30 μl) was added, the mixture was span for 2 min at 10,000×g, and the supernatant transferred to a new tube to precipitate the RNA with 2 mg of glycogen, 0.1 volumes of 3 M NaOAc, and 2.5 volumes of ethanol.  The RNA was resuspended in ~50 μl of DEPC-water.  A 30 μl cDNA synthesis reaction was set up with 4.5 μg of DNase-treated RNA, 6 μl of 5X reaction buffer, 3 μl of 10 mM dNTPs, 1.5 μl of 50 μM random hexamers, 1.5 μl of SUPERase (20U/μl, Ambion), and 2 μl of Superscript III reverse transcriptase (200U/μl, Invitrogen). A mock reaction without reverse transcriptase was included in every experiment. Reactions were incubated at 50° for 1 hr. The entire 30 μl cDNA reaction was diluted with 170 μl H2O and used as template for multiple amplifications.  Each PCR reaction (25 μl) was set up in a 96-well plate, with 10 μl of a primer mix [1.5 μM each], 2.5 μl cDNA, and 12.5 μl 2× SYBR Green PCR Master Mix (NEB). A master mix was prepared (primer mix and SYBR Green PCR Mix) to test each amplicon in triplicate, including a control without reverse transcriptase. For the internal controls β-tubulin mRNA and 18S rRNA, the cDNA template was further diluted 1:50 to obtain Ct values comparable to those of less abundant transcripts. Bubbles were avoided while pipetting. Amplifications in a BIO-RAD C1000TM Thermal cycler use the following conditions: a cycle of 95° for 10 min as followed by 40 cycles of 95° for 15 sec, 55° for 15 sec and 60° for 1 min. The size, specificity and identity of all amplicons were confirmed in agarose gels and by DNA sequencing. Real-time PCR data was analyzed by using the PfaffI method (5).

Yeast two-hybrid analysis- Open reading frames encoding mRPN1, TbRGG2 (Tb10.406.0050), GAP1 (Tb927.2.3800), Tb927.8.8170, Tb927.4.4160, Tb927.3.1820, and Tb927.8.8180 were amplified from T.brucei 29-13 genomic DNA using Pfx polymerase (Invitrogen) and cloned into the Gal4 activation domain vector pGADT7 and the Gal4 binding domain vector pGBKT7 (Clontech).  Binary combinations of each plasmid (1 mg) were co-transformed into the PJ69-4a strain of Saccharomyces cerevisiae using the lithium acetate method without carrier DNA.  Co-transformed yeast was plated to Synthetically Defined (SD) media lacking leucine(-leu) and tryptophan(-tryp), and the plates were incubated 3 days at 30ºC.  Five to ten colonies were picked from the SD-leu/-trp plate with a wire loop to inoculate a lawn onto SD-leu/-tryp media, which selects for the two co-transformed plasmids and is a necessary control for growth, and onto SD-leu/-tryp/ also lacking histidine(-his), which selects for protein-protein interaction, supplemented with 1, or 5 mM 3-aminotriazole (3-AT) which inhibits PJ69-4a yeast growth due to ‘leaky’ expression of the HIS gene.  The inoculated plates were incubated 3 days at 30ºC. 

DNA Oligonucleotides

Northern blotting 


(1, 3) ADDIN EN.CITE   
gCO3[147] TAATTAAATCTTCTCATTGTCACTGTCTTATACTACGATTGAGTTTGTAT (974)

gA6[14] TAATTATCATATCACTGTCAAAATCTGATTCGTTAT (975)
gMURF2[II] CATTCAATTACTCTAATTTAATTTTATTTTTGTGC (1004) 

gCyb[560B] CCTCCCCATTACTCAGAAATCTACATTGTC (978)
tRNAcys (GCA) GGGGACCATTCGGACTGCAGCCG (976)
9S rRNA ACG GCT GGC ATC CAT TTC (977)

Real-time RT-PCR (2). All amplicons were confirmed in agarose gels and by DNA sequencing.

mRNA and rRNA transcripts
	Target amplicon
	Forward primer
	Reverse primer
	Amplicon

size (bp)

	ND7 pre
	GCGGGCGGAGCATTATT(872)
	GATCTACGGTCCCCTCTTTCCT(873)
	68

	ND7 edit
	GCATCCCGCAGCACATG(874)
	CTGTACCACGATGCAAATAACCTATAAT(875)
	101

	CYb pre
	ATATAAAAGCGGAGAAAAAAGAAAG(856)
	CCCATATATTCTATATAAACAACCTGACA(857)
	64

	CYb edit
	AAATATGTTTCGTTGTAGATTTTTATTATTT(858)
	CCCATATATTCTATATAAACAACCTGACA(857)
	94

	A6 pre
	TTGCCTTTGCCAAACTTTTAGAAG(852)
	ATTCTATAACTCCAAAATCACAACTTTCC(853)
	90

	A6 edit
	GATTTATTTTGGTTGCGTTTGTTATTATG(854)
	CAAACCAACAAACAAATACAAATCAAAC(855)
	144

	Murf2 pre
	GATTTTAAGATTGGCTTTGATTGA(1061)
	AATATAAAATCTAGATCAAACCATCACA(1060)
	97

	Murf2 edit
	GATTTTAATGTTTGGTTGTTTTAATTTAG(1059)
	AATATAAAATCTAGATCAAACCATCACA(1060)
	           126

	RPS12 pre
	CGACGGAGAGCTTCTTTTGAATA(1057)
	CCCCCCACCCAAATCTTT(1058)
	68

	RPS12 edit
	CGTATGTGATTTTTGTATGGTTGTTG(1055)
	ACACGTCGGTTACCGGAACT(1056)
	98

	COI
	CCCGATATGGTATTTCCTCGTATAAA(876)
	CCCCCATACCCTCTTCAGTCA(877)
	103

	18S rRNA
	CGGAATGGCACCACAAGAC(837)
	TGGTAAAGTTCCCCGTGTTGA(838)
	64

	mRPN1
	GCGACAAGCTAGGAGGCAGAGATGTGAAGG(834)
	ATCCACAACGGCAGGCACGAGG(865)
	272

	β-tubulin
	TTCCGCACCCTGAAACTGA(878)
	TGACGCCGGACACAACAG(879)
	135


Minicircle pre-gRNA fragments: All primers were designed in this study.

Amplicon sizes:
gA6(138B)-gCYb(550A)
211bp

gA6(138B)-gCR3(73B)

360bp

gCYb(550A)-gCR3(73B)
150bp

gCR3(73C)-gCYb(560B)
151bp

gA6 (138B)-for GACACAATGAAGAAATGCACTCTAAAATGCACAGTG (1077) 
gCYb (550A)-for GACAATGTAGATTTCTGAGTAATGGGGAGGATAAC (1078
gCYb (550A-rev  GTTATCCTCCCCATTACTCAGAAATCTACATTGTC (1079)
gCR3 (73B)-rev ATTATCTAATTTCACTGCCCTTTTATCGTTCGTATGTAC (1070) 
gCR3 (73C)-for GACAATGTAGATTTCTGAGTAATAGGGAGGATAAC (1071)
gCYb (560B)-rev CTAATTTCACTGCCCTTTTATCGTTCGTATGTAC (1072) 

Maxicircles pre-mRNA fragments: All primers were designed in this study except for the CO2-MURF2 pre-mRNA fragment (4).

Amplicon sizes:
mCO3-mCYb
 199bp

mCYb-mA6
 248bp

mCO2-mMURF2  264bp

CO3-for CGGGAGGGAAGACAGGATTTAGGAAGC (1065) 

CYb-rev CCTAAACTAAAACCTACCCCATATATTCTATATAAACAACC (1064)
CYb-for GTTCATTATTATGATTAACATATTCGTTAATATTATTTTATAGTATATGAATGAGTGG (1063)
A6-rev CTCAAAACCTTTCTCCTTCATTTCCTCTCCTG (1062)
CO2-for GGGGTACCACTCATTTACAATATCAAGTTTAGG (1067)
Murf2-rev CCATCACAATATAAAATCATATGTTC (1068)
Cloning and mutagenesis

mRPN1-for ACACATCTGATAAGCTTATGATTCGCTTGAGCGAAG (866) 

mRPN1-rev1 ATATCTCATAGATCTGGGCGGCTGCCCACC (1081)
mRPN1-rev2 CTCGAGGGGCGGCTGCCCAC (894) 

mRPN1-mut for (ala) GATGGAGTGCATTGGTGCTCACAATTGGGGGCATTCTG (959)
mRPN1-mut rev (ala) CAGAATGCCCCCAATTGTGAGCACCAATGCACTCCATC (960)
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