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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 purifi cation 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 purifi ed 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 
confi rmed the presence of its compact 3D protein structure. The NMR spectrum of AIMP1/p43 demon-
strated a high signal-to-noise ratio and suffi cient 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 α-helical fragment of AIMP1/p43.
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Introduction

In mammals, nine aminoacyl-tRNA synthetases are 
as sociated 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-

plex includes the rest of the components. These two 
subcomplexes are connected via AIMP2/p38. The 
formation of interaction between AIMP1/p43 and 
ArgRS-GlnRS 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 purifi cation of AIMP1/p43 in Escherichia coli 
bacteria to achieve maximal quantity of the uniform-
ly 15N or / and 13C,15N 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 10x M9 salt; 
1 g of [15N]-NH3Cl; 10 ml of 100х of trace metal so-
lution; 1 ml of 2 M MgSO4; 100 μl 1 M CaCl2; 2 g of 

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 Na2HPO4; 30 g KH2PO4; 5 g NaCl. Composition 
100x trace metal solutions (1 L): 5 g EDTA; 830 mg 
FeCl3×6 H2O; 84 mg ZnCl2; 13 mg CuCl2 ×2H2O; 13 
mg CoCl2×6 H2O; 10 mg H3BO3; 1.6 mg MnCl2×6 
H2O. 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 15NH4Cl and 30 μg /ml kanamycin. The 
culture was grown at 37 C on a thermostatted shaker 
(Environmental Shaker Incubator ES-20) to an optical 
density of A600 = 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 NaCl, 
10 mM imidazole, 5 mM β-mercaptoethanol, 5 mM 
DTT, 5 % glycerol, 1 mM lysozyme, 1 mM EDTA, 1 
mM PMSF). Ultrasonic lysis of cells was carried out 
(6 cycles of 20 s, 20 s intervals). The sonicated cells 
were clarifi ed by centrifugation at 13,000 rpm for 30 
min to micro-centrifuge Sigma 1-13.

Affi nity 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 NaCl, 20 mM imidazole, 5 mM β-mer cap-
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 β-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 fi nal concentration of 
protein was performed on micro concentrators («Mil-
lipore», France) to the desired concentration. The 
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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 Scientifi c», 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 pI = 8.42. Predicted molar ex-
tinction coeffi cient at 280 nm is 10220 M–1 cm–1; 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 Scientifi c», UK) in quartz cuvettes 
with an optical path length of 1 cm. Protein concen-
tration was determined spectrophotometrically using 
absorption at 280 nm (A280) based on extinction co-
effi cient eAIMP1/p43 = 10220 M–1 cm–1.

NMR spectroscopy
All NMR experiments were carried out at 20 C in 
the NMR spectrometer Agilent DDR2 800 (1H reso-

nance frequency is 800 MHz), equipped with four 
frequency channels, 1H/13C/15N probehead with in-
verse detection and z-gradient unit. The 1H and 15N 
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-

Fig. 1. A) SDS-PAAG of AIMP1/р43 protein. 1 – protein molecular weight markers (Thermo Sci-
en tifi c, 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/р43 protein purity control. 
1 – protein molecular weight markers (Thermo Scientifi c, Lithuania); 2 – protein AIMP1/р43 af-
ter purifi cation
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tions: 15N, 15N/13C double labeling and 2H/13C/15N 
triple labeling. At the fi rst step, a studied protein is 
labeled with 15N 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 15N isotope labeling of the re-
combinant AIMP1/p43 polypeptide according to 
the technique described earlier [17]. The optimized 
protocol of the synthesis and purifi cation proce-
dures fi nally yields about 8 mg of recombinant uni-
formly 15N-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 suffi ciently 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 signifi cant yield of the protein indicates the ab-
sence of such problems as the protein expression 

toxicity for E. coli cells, instability, improper pro-
cessing and ineffi cient 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 1H-15N HSQC spectra of the 15N-
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 II 
protein [18]. The presented NMR data for the 
AIMP1/p43 protein indicated also the presence of 
some additional signals in comparison to the EMAP 

Fig. 2. Two-dimensional NMR spectrum of 1H/15N 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
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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 α-he lical 
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-Gl-
nRS-AIMP1 complex structure [2]. However, so far 
these additional NMR signals have not been exactly 
assigned to the specifi c 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 confi rm the existence of a sta-
ble NMR spatial structure of the p43 protein in aque-
ous solution and the possible formation of α-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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Бактеріальна експресія та ізотопне мічення білка 
AIMP1/p43 кодосоми для структурних досліджень муль-
тивимірною ЯМР спектроскопією

Н. В. Воробйова, Д. М. Ложко, І. Ю. Жуков, О. І. Корнелюк
AIMP1/p43 – структурний компонент мультисинтетазного 
комплексу (кодосома) евкаріот, який проявляє тРНК зв’я зу-
ючу та цитокінову активності. Мета. Провести бактеріальну 
ек сп ресію та очистку ізотопно-міченого рекомбінантнога 
білка AIMP1/p43 в клітинах E. coli для вивчення його прос-
торової структури методами мультивимірної ЯМР спект ро-
скопії. Ме тоди. AIMP1/p43 експресовано в клітинах E. co li 
BL21 (DE3) pLysE на мінімальному середовищі М9 з мі-
ченням ізотопом 15N та очищено за допомогою метал-хе ла-
туючої хроматографії. Гетероядерні двомірні 1H-15N ЯМР 
ек сперименти проводилися в розчині при температурі 293 К 
на ЯМР спектрометрі Agilent DDR2 800. Результати. Бі лок 
AIMP1/p43 отримано в 15N-міченій формі в якості ЯМР 
зразка. Висока дисперсія сигналів у двомірних ЯМР спект рах 
1H-15N HSQC підтверджує наявність компактної три ви мір ної 
структури білка. ЯМР спектр AIMP1/р43 ви яв ляє знач не 
співвідношення сигнал-шум та достатню ста бі л ьніс ть, щоб 
застосувати інші багатовимірні ЯМР експе рименти для виз-
начення структури AIMP1/p43 білка у розчині. Висновки. 
15N-мічений білок AIMP1/p43 зберігає стабільність протягом 
4–7 днів, що дає можливість подальшого отримання важ ли-

вих ЯМР експериментів для проведення детального струк-
тур ного аналізу білка у розчині. Наші дані первинного ана-
лізу спектрів ЯМР вказують на присутність деяких до дат-
кових сигналів у порівнянні зі спектрами ЯМР EMAP II, які 
мо жуть бути віднесені до амінокислот N-кінцевого α-спіра-
ль ного фрагмента AIMP1/р43.

Ключов і  слова: цитокіни, AIMP1/р43, експресія білка, 
ізотопне мічення, ЯМР спектроскопія.

Бактериальная экспрессия и изотопное мечение белка 
AIMP1/p43 кодосомы для структурных исследований 
мультимерной ЯМР спектроскопей 

Н. В. Воробьева, Д. Н. Ложко, И. Ю. Жуков, А. И. Корнелюк
Белок AIMP1/p43 является структурным компонентом му-
льтисинтетазного комплекса (кодосома) эукариот, который 
проявляет тРНК связующую и цитокиновую активности. 
Цель. Про вести бактериальную экспрессию и очистку 
изотопно-ме ченого рекомбинантного белка AIMP1/p43 в 
клетках E. coli для изучения его пространственной структуры 
методами мультимерной ЯМР спектроскопии. Методы. 
AIMP1/p43 экспрессировали в клетках E. coli BL21 (DE3) 
pLysE на минимальной среде М9 с мечением изотопом 15N и 
очистили с помощью металл-хелатирующий хроматографии. 
Гетероя дерные двумерные 1H-15N ЯМР эксперименты прово-
ди лись в растворе при температуре 293 К на ЯМР 
спектрометре Agilent DDR2 800. Результаты. Белок AIMP1/
p43 получен в 15N-меченной форме в качестве ЯМР образца. 
Высокая дисперсия сигналов в двумерных ЯМР спектрах 
1H-15N HSQC подтверждает наличие компактной трех мер-
ной структуры белка. ЯМР спектр AIMP1/р43 показывает 
значительное соотношение сигнал-шум и достаточную ста-
бильность, чтобы применить другие многомерные ЯМР 
эксперименты для определения структуры AIMP1/p43 белка 
в растворе. Выводы. 15N-меченый белок AIMP1/p43 сох-
раняет стабильность в течение 4–7 дней, что дает воз мож-
ность дальнейшего получения важных ЯМР экспериментов 
для проведения детального структурного анализа белка в 
растворе. Наши данные первичного анализа спектров ЯМР 
указывают на присутствие некоторых дополнительных сиг-
налов в сравнении со спектрами ЯМР EMAP II, которые 
могут быть отнесены к аминокислотам N-концевого α-спи-
раль ного фрагмента AIMP1/р43.

Ключевые  слова: цитокины, AIMP1/р43, экспрессия бел-
ка, изотопное мечение, ЯМР спектроскопия.
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