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Abstract

Backgrounds : The continuous synthesis and degradation of proteins in the cell are responsible for essential cellular
functions such as the modulation of the levels of key enzymes and regulatory proteins and removal of abnormal proteins
that arise by biosynthetic errors or postsynthetic damages. Intracellular protein degradation are largely occurred in
lysosome and cytoplasm. Nonselective protein degradation appears to be largely occurred in lysosome. However,
short-lived proteins or damaged and abnormal proteins are degraded in the cytoplasm. These kind of protein degradation
in the cytoplasm (ubiquitin mediated protein degradation) require energy (ATP), ubiquitin and ubiquitin activating
enzymes such as El (ubiquitin activating enzyme), E2 (ubiguitin carrier protein) and E3 (ubiquitin-protein ligase).
To better understand the degradation mechanism in the cytoplasm, ubiquitin activating enzymes (such as El1 and E2
enzymes) was purified from cytosol fraction of porcine thymus and tested their conjugation activity with iodinated
ubiquitin, Materials and Methods : The cytosol fraction prepared from porcine thymus tissue were used as a enzyme
source. The DEAE-cellulose column chromatography, ammonium sulfate precipitation and ubiquitin-sepharose affinity
column and/or gel filtration column chromatography were adapted to purify the El and E2 enzymes from thymus
tissue. The conjugation activity of purified El and E2 enzymes were tested in the presence of 125I-ubiquitin. Results
: The E1 and E2 enzymes of cytosol fraction from porcine thymus tissue was purified from 30-80% ammonium sulfate
precipitant of DEAE-cellulose eluate fraction. Following ubiquitin-sepharose column and gel filtration column
chromatography, the E1 enzyme showed homogeneous form (judged by SDS-polyacrylamide gel electrophoresis). The
various kinds of well known E2 isoforms and putative new kind of E2 isoform (MW 37 Kda) were found in cytosol
fraction. When purified E1 and E2 enzyme or both were incubated in the presence of 125I-ubiquitin, these enzymes
were conjugated with ubiquitin. Conclusion : Ubiquitin-activating enzymes were purified from cytosol fraction of

- porcine thymus tissue. The homogeneous form of El enzyme and E2 isoforms showed strong conjugation activity with

1251-ubiquitin. These results might be useful for elucidation of selective protein degradation in the cytoplasm,.
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DEAE-cellulose column chromatography
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Fig. 1. DEAE-cellulose column chromatography of cytosol

fraction of porcine thymus tissue. The mixed cytosol fraction
and DEAE-cellulose resin was packed into column (2.5 x
25cm) and washed with 20mM KCI and then eluted with
().5SM KCI. The eluate from the DEAE-cellulose column was
precipitated with 30-80% ammonium sulfate and prepared
Fraction II flowered by dialysis.
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Fig. 4. SDS-polyacrylanude gel electrophoresis of E1 and E2
enzyme preparations from cytosol fraction of porcine thymus
tissue. The Fraction II of cytosol fraction from porcine
thymus was loaded to Ub-sepharose (10mg/gr of sepharose)
column, The concentrated eluates were run on the 12.5%
acrylamide gel and stained with Coomassie Blue. The marker
proteins were: phosphorylase B (97.4 Kda), bovine serum
albumin (BSA; 66.2 Kda), ovalbumin (45 Kda), carbonic
anhydrase (31 Kda), trypsin inhibitor (21.5 Kda), lysozyme
(144 Kda). Molecular weights were estimated from those of
proteins run on the same gel (not shown). Lane 1, porcine
thymus fraction II (60ug of protein); lane 2; flow-through of
Ub-sepharose column (60ug), lane 3; concentrated AMP and
PPi eluate (E1 enzyme) from the Ub-sepharose column (50
1g), lane 4; concentrated DTT (pH 9.0) eluate (E2 enzyme
eluate) from the Ub-sepharose column (50.4).
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Fig. 2. Elution profiles of cytosol fraction f{rom
ubiquitin-sepharose column chromatography. The fraction II
of cytosol fraction was loaded to Ub-sepharose (10mg of
Ub/gr of sepharose) column and washed with equilibrium
buffer. The column was eluted with 0.5M KCl, flowered by
washing with 50mM Tris buffer (pH 7.5) and then eluted
with 50mM Tris-Cl buffer (pH 7.5) containing 2mM AMP,
2mM pyrophosphate and 10mM DTT (pH 9.0), respectively.
The eluates from the column were concentrated with YM 10
membrane filter under the nitrogen gas stream,
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Fig. 3. AcA 34 gel filtration column chromatography of
cytosol El enzyme from ubiquitin-sepharose column. The
concentrated cytosol El enzyme fraction eluted from
ubiquitin-sepharose column was loaded to AcA 34 gel

filtration column and eluted as described in "Materials and
Methods'".
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Fig. 5. SDS-polyacrylamide gel electrophoresis of purified
El enzyme.

The concentrated eluates of ubiquitin-sepharose column
from cytosol fraction was loaded to AcA34 gel filtration
column. The concentrated eluates were run on the 10%
acrylamide and stained with Coomassie Blue. lLane 13
concentrated eluate from ubiquitin-sepharose column, Lane
2, concentrated eluate from AcA 34 gel filtration column.

A€ El3} B2 84259] ubiquitin}e] Ajbse 54

A 3 2 o A g El3 B2 §48 "2 ¥A¥
ubiquitina} WH-S-A] 7l $- 2 7|52 &}a] autoradiography
g siAS W AxEZe El 3} E2 3a EF7L
ubiquitin®} 2§81 S ™ polyacrylamide gelyol| A a2

- 354 -

A A21W 135, 2006

B A U vl ElE A So] AFHAUH. (Fig. 6).
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Fig. 6 . Autoradiograph of 125I-ubiquitin conjugation with
El and E2 enzymes.

The conjugation assay of El and E2 enzymes with
1251-ubiquitin were carried out as described in "Materials
and Methods . The reaction mixtures were quenched with
sample buffer and heated to 1000C for 1 min prior to 12.5%
acrylamide gel electrophoresis. Following electrophoresis, the
gel were stained, dried and autoradiographed at -600C. [ane
[, E1 enzyme ; Lane 2, E2 enzyme; Lane 3, equal volume
of E1 and E2 enzyme
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