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Reconstitution of the in vitro STUB1-mediated ubiquitination
reaction system for a-1 antitrypsin mutant Z protein
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Abstract: The o-1 antitrypsin Z-mutant protein (ATZ) is the primary cause of a-1 antitrypsin
deficiency (AATD). Studying the ubiquitination modification and degradation of ATZ protein is
importance for developing treatments for AATD. STUBI is an important E3 ubiquitin ligase that
regulates ubiquitination modification of various proteins. However, whether STUBI in involved
in the ubiquitination modification of ATZ has not been fully elucidated. In this study, the ATZ and
STUB1 coding genes were first cloned into the pET28a plasmid, constructing 2 protein
expression plasmids. The recombinant plasmids were then transferred into the Escherichia coli for
expression. With the optimization of induction temperature and IPTG dosage, the recombinant
proteins were successfully expressed. The target proteins were then efficiently purified from cell
lysates using metal-chelating affinity chromatography, and the accuracy of the amino acid
sequence was verified through protein mass spectrometry analysis. Using the purified ATZ and
STUBI, we established an in vitro ubiquitination reaction system. Experimental results showed
that, in the presence of ATP, El1 ubiquitin-activating enzyme, and E2 ubiquitin-conjugating
enzyme, STUBI1 catalyzed the ubiquitination modification of ATZ. This study provides a method
for obtaining the ATZ protein in vitro, elucidates the mechanism of STUB1 mediating ATZ
ubiquitination, thereby advancing our understanding of the intracellular degradation mechanism
of the a-1 antitrypsin Z-mutant.

Keywords: a-1 antitrypsin; ubiquitination; E3 ubiquitin ligase; protein purification; proteasome
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Figure 1

Schematic diagram of the protein structure of a-1 antitrypsin (AAT) and E3 ubiquitin ligase

STUBI1. AAT consists of signal peptide (SP), N-terminal domain (NT), and C-terminal domain (CT). The
reaction center ring (RCL) is close to the C-terminal of the protein. The STUBI protein consists of
N-terminal 3 tetratricopeptide repeat (TPR) domain, a highly charged middle coiled-coil domain (CC), and a
carboxy-terminal U-box domain (U-box).
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e

Table 1  Primers used in this work
Plasmid Inserted gene  Primer Sequences (5'—3")
pET28a-ATZ-His ATZ ATZ-F CAGCAAAATGGGTCGCGGATCCGAGGATCCC
ATZ-R CCGCAAGCTTGTCGTTTTTGGGTGGGATTCAC
pET28a-STUBI1-His STUB1 STUB1-F AACAACCTCGGGGAATTCTGGAAATTTATGGGC
STUB1-R GGTGGTGGTGCTCGAGTTAGCCATCCGCGCGCATCTGAC

http://journals.im.ac.cn/cjben
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i, RILZAR/IME 1500 bp 224 (K 2A VKB 1),
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HIP 5 B 45 H B SE R 46417 . [RIAELL STUBI
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W% 42 %] pET28a 244 I A4 il 5 40 Jii ki pET28a-
ATZ-His 1 pET28a-STUB1-His (&l 2B-2D),
2258 DNA W7 55 1k HOE A e
22 ATZEHFSERERXGIER

Y E Y4 E 1L IR TR pET28a-ATZ-His #%
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A

5 000

o]
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R . XA S AT s 40 R
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REAE DR G2 AE AR S0 3 sk X 4 it 24 i 4
YL His-tag PUAARDES 760588 BN 35 5256
30, [RIFETE ST F it 2970 50 kDa YA & L B T
—ARESME AR, MES RIS T YR
1 ATZ-His B3R5I (Bl 3C).

B

Figure 2 Construction of recombinant plasmids. A: PCR amplification of ATZ coding DNA. M: DM5000
DNA marker; Lane 1: ATZ PCR amplification product; Lane 2: STUB1 amplification product. B: PCR
amplification of STUBI1 coding DNA. Lane 1: Plasmid expressing STUB1-His protein; Lane 2: Plasmid
expressing ATZ-His protein. C: Schematic of the recombinant pET28a-ATZ-His plasmid. D: Schematic of the
recombinant pET28a-STUBI1-His plasmid.
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Figure 3 ATZ-His expressed in Escherichia coli BL21(DE3). E. coli BL21(DE3) was transformed with
pET28a-ATZ-His and induced for 16 h with 0.6 mmol/L IPTG at 16 °C. The cellular extract was separated
into soluble supernatant (A) and insoluble pellet fraction (B) and analyzed via SDS-PAGE. C: Soluble cell
extract was analyzed by immunoblotting with anti-His antibody. The black arrow indicates the recombinant

protein ATZ-His.
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Figure 4 Purification and identification of recombinant protein ATZ-His. A: SDS-PAGE analysis of
different samples taken during the purification process of the recombinant protein. Lane M: Protein marker.
Lane 1: Crude soluble cell lysate containing ATZ-His; Lane 2: Flow-through faction from the Ni-NTA
affinity sepharose column; Lane 3—5: Miscellaneous protein; Lane 6—9: Concentrated protein. B: Amino acid
sequence of protein ATZ-His. C: MALDI-TOF peptide mass fingerprint (PMF) spectrum analysis of ATZ-His.
The MS-MS spectra of the identified peptides YHSEAFTVNFGDTEEAKK and DTEEEDFHVDQVTTVK

from ATZ-His protein.
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Figure 5 Purification and mass spectrometry identification of STUBI1-His. A: SDS-PAGE analysis of
different samples taken during the purification process of the recombinant protein. Lane M: Protein marker;
Lane 1: Crude soluble cell lysate; Lane 2: Flow-through faction; Lane 3—4: Miscellaneous protein; Lane 5—8:
Purified protein. B: The amino acid sequence of protein STUBI1-His. C: MALDI-TOF peptide mass
fingerprint (PMF) spectrum analysis of STUBI-His. The MS-MS spectra of the identified peptides
HDKYMADMDELFSQVDEK and VGHFDPVTR from STUB1-His protein.
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Figure 6 STUBI-mediated ubiquitination of ATZ in vitro. In vitro ubiquitination assays were performed by
mixing purified STUBI and ATZ together with ATP, ubiquitin (Ub), E1 (UBEI), and E2 (UBE2B) in a
reaction buffer containing 50 mmol/L Tris-HCI (pH 7.5) and 2.5 mmol/L MgCl,. The reactions were carried
out for 2 h at 37 °C. Subsequently, the reaction mixtures were subjected to SDS-PAGE and immunoblotting
analysis using the specified antibodies. A: STUBI is required for ubiquitination of ATZ. B: STUBI catalyzes
the ubiquitination of ATZ in the presence of ATP, Ub, E1 and E2.
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