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Introduction

AIMP1/p43 protein is a structural component of multisynthetase complex (codosome) in eukaryotes,
which reveals both tRNA binding and cytokine activities. Aim. Bacterial expression and purification of
isotopically-labeled recombinant AIMP1/p43 protein in E.coli cells for studying its solution structure by
multidimensional NMR spectroscopy. Methods. AIMP1/p43 protein was expressed in E. coli BL21(DE3)
pLysE cells on M9 minimal medium with 15N isotope labeling and purified by metal-chelated chroma-
tography. Heteronuclear 2D 1H-15N NMR experiments were performed in solution at 293 K on Agilent
DDR2 800 NMR spectrometer. Results. The AIMP1/p43 protein was obtained in uniformly 15N-labeled
form as an NMR sample. A high dispersion of resonance signals in the 2D 1H-15N HSQC NMR spectra
confirmed the presence of its compact 3D protein structure. The NMR spectrum of AIMP1/p43 demon-
strated a high signal-to-noise ratio and sufficient stability to acquire other multidimensional NMR data
sets for determination of the structure of AIMP1/p43 protein in solution. Conclusions. The 15N-labeled
AIMP1/p43 protein was stable for 4-7 days, which makes possible acquiring the critical NMR experi-
mental data for detailed structural analysis in solution. Our data on the initial NMR spectra indicated the
presence of some additional signals in comparison with the NMR spectrum of EMAP II which could be
assigned to amino acids of the N-terminal o-helical fragment of AIMP1/p43.

Keywords: cytokine, AIMP1/p43, protein expression, isotope labeling, NMR-spectroscopy.

plex includes the rest of the components. These two
subcomplexes are connected via AIMP2/p38. The

In mammals, nine aminoacyl-tRNA synthetases are
associated with three auxiliary proteins AIMP1/p43,
AIMP2/p38 and AIMP3/p18 (aminoacyl tRNA syn-
thetase interacting with multifunctional proteins,
AIMPs) to form a stable multiprotein complex com-
posed of two subcomplexes [1]. One subcomplex is
composed of arginyl-tRNA synthetase, glutaminyl-
tRNA synthetase and AIMP1/p43; another subcom-

formation of interaction between AIMP1/p43 and
ArgRS-GInRS is one of the key stages of assembly of
the full complex [2]. The AIMP1/p43 component,
which has a potent tRNA binding capacity is associ-
ated to the complex via its N-terminal moiety [3].

At the present stage of the development of medi-
cine, the usage of recombinant proteins as therapeutic
agents becomes widespread. Protein drugs offer many
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new therapeutic approaches mainly aimed at the treat-
ment of severe chronic diseases and cancer. The main
problem of these drugs is their instability. To over-
come this problem in pharmacology, additional chem-
icals such as cyclodextrins [4] can be used, which as
auxiliary agents are capable to reduce the level of ag-
gregation of the protein components, to enhance the
resistance to blood proteolytic enzymes and increase
their solubility.

The AIMP1/p43 protein and its proteolytic cleav-
age product EMAP II performs a number of functions
associated with the cytokine activity [5—8]. The ability
of p43 to induce the TNF synthesis was experimen-
tally demonstrated [9], as well as its regulatory role in
the angiogenesis [10], the adhesion regulation of en-
dothelial and immune cells [11], the property of in-
ducing cytokines such as IL-8, MCP-1, MIP-1a, MIP-
1b, MIP-2a, IL-1b and RANTES [12].

The high-resolution 3D structure of full-length
AIMP1/p43 has not been established yet in either
monomer or dimer state. The goal of the present
work is the optimization of protocols of expression
and purification of AIMP1/p43 in Escherichia coli
bacteria to achieve maximal quantity of the uniform-
ly ®N or / and BC,N isotope-labeled recombinant
protein. The prepared sample was used to acquire
preliminary heteronuclear NMR spectra and to in-
spect the dispersion of resonances. Additionally, we
controlled the experimental conditions (buffer, tem-
perature, pH) from the point of view of long-term
protein stability in solution, requested to record the
multidimensional NMR data sets. This study is an
initial step to evaluate the high-resolution 3D AIMP1/
p43 structure using modern techniques recently de-
veloped in multidimensional NMR spectroscopy.

Materials and methods
Recombinant protein expression

Escherichia coli cells strain BL21 (DE3) pLysE was
transformed by plasmid pET28b-p43 (courtesy of
Dr. M. Mirande, Laboratoire d'Enzymologie et Bio-
chimie Structurales, CNRS, France).

M9 minimal medium (1 L): 100 ml of 10* M9 salt;
1 g of ["N]-NH,CI; 10 ml of 100~ of trace metal so-
lution; 1 ml of 2 M MgSO,; 100 pl 1 M CaCl,; 2 g of
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glucose; 1 ml of 1 mg/ml biotin; 1 ml of 1 mg /ml thia-
mine; 1 ml of 30 mg /ml kanamycin. Agar (1.5%) M9
minimal medium was prepared with the addition of 1.5
g of agar per 100 ml of liquid medium. M9 salts (1 L):
60 g Na HPO,; 30 g KH,PO,; 5 g NaCl. Composition
100* trace metal solutions (1 L): 5 g EDTA; 830 mg
FeCl,x6 H,O; 84 mg ZnCl ; 13 mg CuCl, x2H,0; 13
mg CoCLx6 H,0; 10 mg H,BO,; 1.6 mg MnCl,x6
H,O. Competent cells of E. coli strain BL21 (DE3) pL-
ysE transformed by plasmid pET28b-p43 and plated on
a Petri dish with agar M9 minimal medium.

Recombinant protein AIMP1/p43 was obtained
from 400 ml of bacterial suspension on M9 minimal
medium with "NH,Cl and 30 pg /ml kanamycin. The
culture was grown at 37 °C on a thermostatted shaker
(Environmental Shaker Incubator ES-20) to an optical
density of A, = 0.511 and synthesis of target protein
was induced by adding 1 mM IPTG, followed by in-
cubation for 4.0 h at 30 °C. The cells were harvested
by centrifugation at 4000g for 20 min (centrifuge
K-23) and frozen at —20 °C overnight. The frozen cell
pellet was suspended in 48 ml of cell lysis buffer (50
mM sodium phosphate buffer, pH 8.0, 500 mM NacCl,
10 mM imidazole, 5 mM B-mercaptoethanol, 5 mM
DTT, 5 % glycerol, 1 mM lysozyme, | mM EDTA, 1
mM PMSF). Ultrasonic lysis of cells was carried out
(6 cycles of 20 s, 20 s intervals). The sonicated cells
were clarified by centrifugation at 13,000 rpm for 30
min to micro-centrifuge Sigma 1-13.

Affinity chromatography
on Ni-NTA-agarose column

The supernatant was applied to the equilibrated Ni-
NTA-agarose column, washed with 20 ml of wash
buffer — 50 mM sodium phosphate buffer, pH 8.0,
500 mM NacCl, 20 mM imidazole, 5 mM B-mercap-
toethanol. The target protein was eluted with 5 ml of
elution buffer — 50 mM sodium phosphate buffer, pH
8.0, 150 mM NaCl, 200 mM imidazole, 5 mM B-mer-
captoethanol — and collected in 6 fractions (each one
had volume of 1 ml) stored at 4 °C. Protein concen-
tration was determined by UV absorption and by the
method of Bradford [13]. The final concentration of
protein was performed on micro concentrators («Mil-
lipore», France) to the desired concentration. The
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Fig. 1. 4) SDS-PAAG of AIMP1/p43 protein. / — protein molecular weight markers (Thermo Sci-
entific, Lithuania); 2 — without inducer; 3 — after induction for 4 h; 4 — supernatants; 5 — leakage;
6 — washing; 7 — ablution; 8—12 — elutions; B) SDS-PAAG of AIMP1/p43 protein purity control.
1 — protein molecular weight markers (Thermo Scientific, Lithuania); 2 — protein AIMP1/p43 af-

ter purification

purity of the obtained protein p43 was checked by
electrophoresis under denaturing conditions in the
presence of sodium dodecyl sulfate 12 % polyacryl-
amide gel for Lemmli [14] using a mixture of marker
proteins («Thermo Scientificy», Lithuania).

Analysis of physical and chemical properties

Physico-chemical properties of recombinant AIMP1/
p43 were analyzed by ProtParam (http://expasy.org/
tools/protparam.html): molecular weight of 35417.7
Da; isoelectric point pl = 8.42. Predicted molar ex-
tinction coefficient at 280 nm is 10220 M ' cm™!; op-
tical absorption of 0.1 % solution is 0.289.

Spectrophotometric determination
of protein concentration

UV-absorption spectra of recombinant AIMP1/p43
were measured using a spectrophotometer BioM-
ate-5 («Termo Scientificy, UK) in quartz cuvettes
with an optical path length of 1 ¢m. Protein concen-
tration was determined spectrophotometrically using

absorption at 280 nm (A ) based on extinction co-
efficient e, 1, ., = 10220 M ' cm .
NMR spectroscopy

All NMR experiments were carried out at 20 °C in
the NMR spectrometer Agilent DDR2 800 ('H reso-
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nance frequency is 800 MHz), equipped with four
frequency channels, 'H/**C/'>N probehead with in-
verse detection and z-gradient unit. The 'H and *N
dimensions were referenced in respect to external
sodium 2,2-dimethyl-2-silapentane-5-sulfonat (DSS)
using previously described procedure [20]. All NMR
spectra were processed using NMRPipe [15] and
analyzed with Sparky [16] software.

Results and Discussion

Determination of the spatial structure of the AIMP1/
p43 protein in solution at physiological conditions is
an urgent task. At the moment only C-terminal frag-
ment of 3D structure (EMAP II domain) has been
determined. According to our bioinformatics analy-
sis, the AIMP1/p43 protein contains a long structur-
ally disordered fragment in the middle of polypep-
tide (unpublished results). In such case, NMR spec-
troscopy is the only method which allows determin-
ing the 3D structure of proteins in solution and es-
tablishing the correlation between crystal and
solution structures. It should be noted that the NMR
spectroscopy is the only method for structure deter-
mination of intrinsically disordered proteins.
Usually, NMR spectroscopy determination of the
protein 3D structure in solution includes the iso-
tope labeling procedures in the following combina-
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Fig. 2. Two-dimensional NMR spectrum of "H/'*N HSQC (heteronuclear single quantum correlation experiment) AIMP1/p43 recom-
binant protein in solution, which records the signals of amide groups of the polypeptide core protein, recorded at a frequency of
800 MHz by NMR spectrometer at Agilent DDR2 800. Assigned signals belongs to the C-terminal part of protein (EMAP II), unas-

signed (marked by red) — N-terminal part

tions: N, N/*C double labeling and *H/"C/SN
triple labeling. At the first step, a studied protein is
labeled with SN isotope in order to verify the feasi-
bility of the next stages of the research. To deter-
mine the solution structure, we performed the bac-
terial expression and N isotope labeling of the re-
combinant AIMP1/p43 polypeptide according to
the technique described earlier [17]. The optimized
protocol of the synthesis and purification proce-
dures finally yields about 8 mg of recombinant uni-
formly '"N-labeled AIMP1/p43 protein from 1 L of
cell culture of E. coli, which is economically viable
to apply the method of isotopic labeling. In this
case, the protein is sufficiently soluble and relative-
ly for 4-7 days stable, as determined from the NMR
spectra. An analysis of the AIMP1/p43 protein by
gel electrophoresis under denaturing conditions
showed its high homogeneity and purity (at least 95
%) (Fig. 1).

A significant yield of the protein indicates the ab-
sence of such problems as the protein expression
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toxicity for E. coli cells, instability, improper pro-
cessing and inefficient translation of the protein. The
obtaining of the AIMP1/p43 protein preparations at
concentrations of 0.3—0.5 mM is well maintained by
the intensive dialysis against 50 mM sodium phos-
phate buffer, 250 mM NaCl, 1 mM DDT at pH 8.0
which was performed for the removal of imidazole
and organic contaminants.

Two-dimensional "H-'>N HSQC spectra of the 'N-
labeled AIMP1/p43 protein demonstrate good dis-
persion of resonances coming from amide groups of
the polypeptide chain (Figure 2). A comparison with
the previously recorded data for the EMAPII protein
which constitutes the C-terminal module of AIMP1/
p43 exhibited good correlation. This strongly sup-
ports an idea that the 3D structure of the C-terminal
part of the AIMP1/p43 protein is very similar to the
previously determined 3D structure of the EMAP 11
protein [18]. The presented NMR data for the
AIMP1/p43 protein indicated also the presence of
some additional signals in comparison to the EMAP
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II spectrum (Fig. 2). The additional signals detected
are well separated from the signals coming from the
C-terminal part, are characterized by high amplitude
and small linewidth, and more probably correspond to
the amino acids located in the long unstructured part
of the AIMP1/p43 structure. In this regard it is impor-
tant to note that our prediction of the AIMP1/p43 sec-
ondary structure suggested the presence of a-helical
fragment at the N-terminal part connected with the C-
terminal domain by the long mobile loop (unpublished
data). Additionally, these data correlate well with the
results of X-ray diffraction studies of the ArgRS-GlI-
nRS-AIMP1 complex structure [2]. However, so far
these additional NMR signals have not been exactly
assigned to the specific amino acid residues of AIMP1/
p43 and will be the subject of our further research.

Additionally, NMR spectroscopy may also be use-
ful to explore the interactions of the protein with dif-
ferent ligands and to determine the structure of these
complexes. It is known that AIMP1/p43 revealed
some cytokine properties, which may be modulated
in some nanocomposite complexes. In this regard,
we focused on creating some nanocomposite systems
of AIMP1/p43 for further implementation as novel
potential anticancer drugs. NMR spectroscopy will
be very useful to determine the structure of different
nanocomposite complexes of AIMP1/p43 for bio-
medical application.

The obtained data confirm the existence of a sta-
ble NMR spatial structure of the p43 protein in aque-
ous solution and the possible formation of a-helical
fragments in the N-terminal part of the polypeptide.
The results suggest the possibility of determining the
AIMP1/p43 protein 3 D structure in solution by
multi-dimensional NMR spectroscopy.
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BakrepianbHa ekcnpecisi Ta i30TonHe MiyeHHs Gijika
AIMP1/p43 xonocomu 1Jisl CTPYKTYPHHUX JAOCTiIKEHb MYJIb-
TuBuMipHoo SIMP cniexTpockomniero

H. B. Bopo6iiosa, /. M. Jloxko, L. FO. XKyxos, O. 1. Koprentok

AIMP1/p43 — cTpyKTypHHII KOMIIOHEHT MYJIBTHCHHTETA3HOTO
KOMILIEKCY (Komocoma) eBKapioT, sikuii mposisisie TPHK 38’53y~
104y Ta IUTOKIHOBY akTHBHOCTI. MeTa. [IpoBecTn 6akTepianbHy
CKCIIPECIF0 Ta OYHMCTKY 130TOIMHO-MIYEHOrO PEKOMOiIHAHTHOTA
6imxa AIMP1/p43 B xnmituHax E. coli s BUBYEHHS HOTO TIpoC-
TOPOBOi CTPYKTYypH MeToiaMu MyabTHBEMIpHOT SIMP criekrpo-
ckomii. Meroau. AIMP1/p43 excripecoBano B KimituHax E. coli
BL21 (DE3) pLysE na minimansHOMY cepemoBuui M9 3 Mi-
YeHHsM 130ToroM "N Ta OYHMIIEHO 32 JOMOMOTO0 MeTal-Xela-
Tytouoi xpomarorpadii. Tereposinepni asomipui 'H-"N SIMP
EKCIIepIMEHTH IIPOBOIMIIKCS B PO3UNHI ITpH TeMmepatypi 293 K
Ha SIMP cnekrpomerpi Agilent DDR2 800. Pe3yasTarn. binok
AIMP1/p43 orpumano B '"N-miueniii ¢opmi B sikocti SIMP
3paska. Bucoka aucnepcist curnainis y asomipaux SIMP criekrpax
"H-15N HSQC miarBep/uKye HassBHICTh KOMITAKTHOT TPHBHMIPHOT
crpykrypu Oinka. SIMP cnektp AIMP1/p43 BusiBisie 3HauHe
CHIBBIJIHOIIICHHS CUTHAJI-IIIyM Ta JIOCTAaTHIO CTaOUIBHICTB, 100
3actocyBary iHIIi OararoBumipHi SIMP ekcriepumeHTH ISt BU3-
HayeHHS cTpykTypu AIMP1/p43 Ginka y poszunHi. BucHoBku.
"N-miuenwuii 6inok AIMP1/p43 36epirae cTabiibHICTh MPOTATOM
4—7 nHiB, 110 Ja€ MOXKJIUBICTh MOAAIBIIOT0 OTPHMAHHS BaXKJIH-
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Bux SIMP exkcriepuMeHTiB Juisi IPOBEJICHHS AETaJbHOTO CTPYK-
TYpHOTO aHaii3y Ourka y pozunni. Hami gani nepBHHHOTO aHa-
mi3y crektpiB SIMP BKka3ylTh Ha NMPHUCYTHICTh ACSAKHUX JOJAT-
KOBHX CHUTHAJIIB y OpiBH:HHI 3i criekTpamu AMP EMAP 11, sixi
MOXYTb OyTH BiZIHECEHI 10 aMiHOKHUCIOT N-KiHLIEBOTO O-CITipa-
abpHOTO (parmenta AIMP1/p43.

Kaw4yoBi caosa: nurokinm, AIMP1/p43, excripecis Oinka,
i3otomHe MideHHs, IMP criekrpockoris.

BakTepnajbHas SKcnpeccusi H H30TOITHOE MevYeHHe 0elika
AIMP1/p43 konocoMbl 1Jisl CTPYKTYPHBIX HCCI1e0BAHMI
myJabTuMepHoii AMP cnexkTpockomnei

H. B. Bopo6seBa, /1. H. Jloxko, 1. FO. XKyxos, A. 1. Kopraemntok

benok AIMP1/p43 siBisieTcss CTPYKTYpHBIM KOMIIOHEHTOM My-
JBTHCHHTETa3HOTO KOMILIeKca (KO0COMa) 9yKapHOT, KOTOPBIH
nposieisier TPHK cBs3ylonylo U IUTOKHMHOBYIO aKTUBHOCTH.
Heas. [IpoBectn OaKkTepUANBHYIO SKCIPECCHIO M OYUCTKY
M30TOMHO-MEUEHOro pekoMOuHaHTHOro Oenka AIMP1/p43 B
KIeTKax E. coli 1i1si ©3y4eHust ero NpOCTPAaHCTBEHHOU CTPYKTYPBI
MerogamMu MynsTuMepHOH SIMP cnexkrpockonuu. MeTtoasbl.
AIMP1/p43 skcnpeccupoBamu B kietkax E. coli BL21 (DE3)
pLysE Ha munumMainsHoii cpene M9 ¢ meuernem uzorornom N u
OYHCTHIIN C TOMOIIBIO METAJII-XEIaTHPY IO XpoMaTorpaduu.
Tereposinephbie aBymepHbie 'H-N SIMP sKcriepiMeHTbI IPOBO-
IuIuch B pacTBope mnpu Ttemmeparype 293 K na SIMP
cnekrpomerpe Agilent DDR2 800. Pe3ynbTarsl. benok AIMP1/
p43 nonyuen B "N-meuenHoil hopme B kadectse SIMP obpasua.
Bricokast nucnepcust curnanos B aByMmepHbix SAIMP cnexkrpax
'H-"N HSQC nonrsepskIaeT Haau4ne KOMIAKTHON Tpexmep-
HO# cTpykTypsl Genxa. IMP cnektp AIMP1/p43 mnoxkasbiBaer
3HAUUTEIbHOE COOTHOLICHNE CUTHAN-IIYM U I0CTaTOYHYIO CTa-
OWIBHOCTB, YTOOBI HPUMEHHUTH Jpyrue MHoromepusle SIMP
SKCIIEPUMEHTHI ISt onpeseneHus cTpykTypsl AIMP1/p43 Genka
B pactBope. BoiBoabl. '"N-meuenbiii Genok AIMP1/p43 cox-
paHseT cTabWIBHOCTh B TeUeHUE 4—7 JHEH, 4TO aeT BO3MOXK-
HOCTb JlaJIbHENIIEro noayyeHus BaxHbIX IMP skcnepumenToB
JUISL TIPOBEJICHHS JIETaJIbHOTO CTPYKTYPHOrO aHaiu3a Oellka B
pactBope. Hamu nanHble IepBUYHOTO aHaiu3a crekrpos SIMP
YKa3bIBAIOT HA IPUCYTCTBHE HEKOTOPHIX JOMOIHUTEIILHBIX CHUT-
HajoB B cpaBHeHuu co cuekrpamu SAMP EMAP II, xotopbie
MOTYT OBITH OTHECEHBI K AMHHOKHCIOTaM N-KOHIIEBOTO (L-CTIH-
panbHoOro (parmenta AIMP1/p43.

KawueBbie ciaoBa: murokussr, AIMP1/p43, skcnipeccus Oen-
Ka, u30TonHoe meuenue, AMP criekrpockonusi.
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