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Prokaryotic ubiquitin-like protein (Pup)/proteasome-
dependent proteolytic pathway in Rhodococcus erythropolis
(BFayHR -2y AaRY RIBITLLERF VDT
Pup- 7077V — MMEEER 2 5 2287 B RR)

FA XA DR S

Regulation of the accumulation of specific proteins in the cells depends on the rate of both synthesis
and degradation of the proteins. Bacterial intracellular proteases have a variety of functions, including
processing of precursor forms (such as removal of signal peptides in exported proteins) degradation of
aberrant or damaged proteins (resulting from mutations or environmental stress), and inactivation of proteins
that play key roles in regulatory processes.

The proteolysis is an essential element of many regulatory processes. It must be subject to spatial and
temporal control in order to prevent damage to the cell. If damaged proteins are accumulated in the cell, it
may be resulting in death of the cell. Therefore, damaged proteins have to be degraded by proteases. The
proteases can perform selective degradation of proteins with signaling functions in order to protect cellular

proteins from unwanted degradation.

Intracellular proteins are initially degraded by ATP-dependent proteases followed by ATP-independent
proteases (endopeptidases and/or exopeptidases). One of the ATP-dependent proteases, the 20S proteasome
exists in eukaryote, archaea and bacteria. In bacteria, the proteasome has been found in some actinomycetes,
and is known to interact with the proteasomal ATPase complex.

In mycobacterial proteasome system, the prokaryotic ubiquitin-like protein (Pup) has been found in
2008. Pup is now known as a degradation signal, which is post-translationally modified to target proteins.
Post-translationally modified pupylated-proteins are selectively degraded by a proteasome-dependent
proteolytic system. Before the substrates are translocated into the proteasome chamber, Pup is removed from
pupylated-proteins by Dop (depuplase of Pup), suggesting that de-pupylated Pup is recycled like ubiquitin.

However, in Pup-proteasome system of Rhodococcus erythropolis, we could confirm that Pup is
removed from pupylated-proteins by Dop, and then it is further hydrolyzed by Dop. Theses results suggested
that Rhdococcus Pup is not recycled after deconjugation. The depupylase function of Dop is still unclear
whether Dop involves in the removal of Pup from substrates to facilitate delivery into the proteasome or to
rescue substrates from degradation.

Here, we studied the Pup-dependent protein degradation system by proteasome in Rhodococcus
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erythropolis.
1. Pup is deconjugated from pupylated-protein, and then free Pup is further hydrolyzed by
Dop

Pupylated proteins were isolated and analyzed by LC-MS/MS. More than 100 proteins were detected
and the pupylation sites of 31 proteins were successfully identified. We selected 6 proteins as model
substrates and prepared pupylated-substrates: inorganic pyrophosphatase (PPase), aldehyde dehydrogenase
(Aldh), 2-isopropylmalate synthase (leuA), adenosylhomocystenase (ahcY),
N’-dimethyl-4-nitrosoaniline-dependent alcohol oxidoreductase (Mno), and myco-inositol-1-phosphate
synthase (inol). Pups are deconjugated from all model substrates by Dop but free Pup is not accumulated.
Dop functions removing Pup from pupylated substrates by cleaving the isopeptide bond between Pup and
target proteins (isopepetidase activity). By LC-MS/MS analysis of degradation products of Pup, N- and

C-terminal region of Pup were detected, indicated that Dop cleaved at multiple sites of de-conjugated Pup.

2. Dop has endopeptidase activity

To confirm the endopeptidase activity of Dop, fluorogenic (AMC) substrates were incubated with
Dop, and the released AMC was measured. Dop alone did not release free AMC from amino acid and peptide
substrates. However, the peptidase activity of Dop was detected in conjunction with F2 aminopeptidase.
Analysis of H-AR-AMC revealed that Dop cleaved after an alanine residue, and the resultant H-R-AMC was
further hydrolyzed by the F2 aminopeptidase. This reaction sequence was also observed when H-AAF-AMC
was used as a substrate. These results suggested that Dop cleaves the isopeptide bond between Pup and

substrate and subsequently degrades de-conjugated Pup.

3. Pup is not only function as a degradation signal, but also may regulate the function of
farget proteins

We identified’ several proteins which were degraded by a Pup-proteasome-dependent proteolytic
system. In the in vitro reconstitution experiment, however, the half-lives of most pupylated proteins were
much longer than the doubling time of the host cell. This finding suggests that, in addition to being a
degradation signal, Pup may have other unknown functions. Pupylated PPase is a stable protein and is not
degraded by proteasome-dependent proteolytic system. Interestingly, the enzymatic activity of
pupylated-PPase (407 pmol Pi- mg™ - min™") was dramatically enhanced by Dop treatment (715 pmol Pi-mg™-
min™); the accessibility of the substrate to the catalytic site may be increased by the removal of Pup. This
suggests that Pup ligation to or removal from cellular proteins may regulate their functions. Further
investigation is required to determine the roles of the pupylation and intracellular protein degradation systems

in Rhodococcus.
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Prokaryotic ubiquitin-like protein (Pup)/proteasome-
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MEMOMBNY >NV BORENE R 3. ¥ NV BEOBERERIKET S
—7%. HIREAEMNIREBEORMICE > TEETR I ENHSNTNWS, HIlENSY >N
8. FORENLERBREEZDH DD, BT ATPIKEESY O NVERRRIZEK
ZMBEBRIICZTE. COPMRIIFGTEYONIVESMBEMFZEEL T, EEOATP
KEETOF7 —ERAS N TS, EBNERENEORKRITRY] - HEEZIT200
ZOEBIZIIRHZ SN0, COMBAY ONVBEORBRREEMRLUEMSY NI E
OHRBRANRZHET 2ERVPBERI NN MEYEBEE LEEURMELEERDE
ENRBRITRDEEZSN. BELHEINIIHESK TSN TNS,

BEFETIX. B8 Rbodococcus erythropolis ® AP &kKEH® 057 —¥O—DT
HBH5TOTFTYV—LIZEREYU T, ABRKENRY DN EIMBRIIBWT, %>
TFIVELUTHEET S Pup 2 FORRBEMRIZITDODNWTHEHAZRAA. %ﬁ%%i Lo
HDTH 5,

1) Pup A FORBEREERM & Dop 12 BB Pup {L KIS & DEAM

Mycobacterium BEHREOHIEL D, Pup BEEZT=F NI BR. Ta77y—
L©MEGHDBI AT LALEX > THAMEZTIA I ENASN TS, ZOK Pup 2FI.
DRI FINELTEREBESIN. BHY O NNVEBMREEZITDBIZDop IZX VG0 BES
N3, FLTYDEEIN/ZT7)—OPup i, MO NI BEOEZANEHAFINS E
EIAOLNTWVWS, FITHEREIX. FTREOEHEREWRET 20, BITY —IVNFHEL
TWB IS Rhodococcus erythropolis ¥ EL T, Pup by >N EZHEL Dop
M ZHET & B Pup LIZHER TEZH, YIS N7 U —D Pup BHKTBZ L %
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R U&=, £ T, Rhodococcus 3 %\ 3 Mycobacterium B3 Pup Z85% L 7= Pup {b¥
SNNVEEREL. MMEYHKD Dop TENENRIGES D &, Mycobacyet jum ¥
Pup SHIMAESEE Dop &HT7VU—D Pup P TFOEREEMIRTZZ ENTERMN,
Rhodococcus B3k Pup 1 Dop OREFICHDHOSTTU—D Pup B TFERHE TS EMNT
Elaholz. TDOIZEXV. Rhodococcus B3 Pup VX Mycobacterium 3D Pup iZH A~
THREREENRSREEZRH U2, RIT. LEEREL = Rhodococcus B33 Pup {t
& 2N E% LC-MS/MS THEH L. 100 LALD PupfbEN=F NI EEFRET D E
#iZ, 3 BEOF NIFIZOWT Pup (LM EZRET S Z &Ik Lz, LT,
D3 O EMNS 6 DH /NI H (inorganic pyrophosphatase (PPase),
aldehyde dehydrogenase (Aldh), 2-isopropylmalate synthase (leuA), adenosylhomocystenase
(ahcY), N’-dimethyl-4-nitrosoaniline-dependent alcohol oxidoreductase (Mno), and
myco-inositol-1-phosphate synthase (inol))ZE{k L. TNENPup by >NV EEZFEL
Dop iIZ& B Pup RIEZEBEF L7z, TOER. WITNOEFIERIZBWTH T —0D
Pup ZMERT A EMTERN DTz, TNSD T E XD, Rhodococcus 3k Pup 138 Pup
RbEEDIIHBEZITTVAIEEZRNL. INETORESEEZA DT Y ERE
L7z

2) Dop BRI RRIFV¥V—ViEHEE DD

Pup 2% Dop IZE DB REZ T TWA A EEEZ R L /=F KT, Pup OB & k8
EZidA7=N% Pup BEOMIBAARLZEEDEZDRII L a2 >7z, £ I T, Pup & ECFP %
HELERMAEY O NIEEZHEL Dop UBIZL AR TEOE(ERD &, Pup ODRFH
YIS /= Pup-ECFP Wi BRI Nz, /=, Pup L > NIV EBDOETFINHE &
L T#% L 7= Pup-PPase % Dop JL¥EL . 2EEM Z B L T LC-MS/MS TR ZEITS &.
Pup O M ELEERTHIENTERE, BiZ. AREHZHNWT Dop DR TFH—
YiEW ERE 95 &, Rhodococcus B3k Dop DH73 5 Mycobacterium Bk Dop iZH W
THILY RRTFY—-VERERBT L ENTERE, 2D &1, Dop 2 FITiX, Pup
2T BT X RIEEDA YRTFF—EERICMA. T RRTFY—-EEEE2/HD
ZEEVDTRLIZ, SR TIE, RHEEEZRE béﬁﬂm’ﬁ@*ﬁb‘ﬂgf 5Nk
THOESHFMEN5,

3) Pup IZI3 B 7 F VU DBEEN B S

Pupid. DB T FNELTHEETS2EEZSNTEREDN, 7077V —L0RRIC
&% Pupb% >NV EDOHET. MIROEBEREL LIGBWEENHZ &, £E22T
D Pup Ly >NV BERTOF TV — LI K> THRERI RN EE2RMLE (BT
HEBEELUTHMAL” Pup-PPase HREEZITZIVWBETH D), 2O EMS, Pup i
3R 7 FIVEISN OBREL H D &% X, Pup-PPase & Dop LB O ¥z L % PPase i
HZBET S &, B Pup IZX D PPase DIEHENREL S ERT S I & ZE R L 72407 umol
Pi‘mg”’ min' — 715 umol Pi-mg ' min"). ZTDZ &1d. Pup B TFOBRBEMN, ¥
NI EOBEIZHEERITL PPase ORERIEM £ HIH T S lREEER L 7=, ZORFIE
FEHZ. 728 Pup B FREBREYOLEFF EMFERK. BRI 2N BIZERD Pup
DFMNERBZBROEMERT, Pup | R FETOEMREL THEEL TWEDOMEH
B M L,

EEERFRIZEL D, Pup ﬁ*ﬂﬂi;ﬁkbfﬁfg Dop RPFICLY RRTFF—ViERNRHDZ &
EHHTRTEEDIZ. Pip A FEFIZBWTS., B VIV E L THBEET DL,
FONIVEOBREEZHIBETZ2EVoHFLVESEZIRBITIRENESNEREICE
FHINS,
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