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Temperature-induced reorganiza2on of influenza A 
nucleoprotein complex



Influenza A virus [5]
Vaccina?on

Two types of influenza vaccine are widely available: 
inactivated influenza vaccines (IIV) and live attenuated 
influenza vaccines (LAIV) + subunit vaccines [1]
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”The influenza polymerase has no proofreading activity, 
resulting in a high gene mutation rate of approximately 
one error per replicated genome, so each cell can produce 
10,000 new viral mutants to infect neighboring cells” [2]
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cold-adapted
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Figure 1. Several details of published and modeled NP structure (discussed in text). 
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Cryo-EM based structure. Residues 292 are designated as red balls
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around 2 months @ SPbPU

WT NP  299K 312K
E292G NP 299K 312K
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Figure 11. Model of RNP double-helix filament. Blue and red balls represent NP 

monomers. The characteristic distances between the monomers’ centers of mass (148.9 and 

54.6 Å) are indicated by red bars. 
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Changing distances: E292G @299K had the opened structure like Wild type @312K [9].   
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use a temperature slightly lower (37°C). Moreover, it was shown by SAXS (Egorov et al., 2016), 

that differences from the canonical published structure for wild-type virus were observed at 

temperatures of 32°C and 37°C. In this regard, the structures of wt and mt vRNP were 

subsequently investigated at temperatures of 15, 32 and 37°C in order to answer the question, 

whether differences in the structure depending on temperature will also be observed for 

protein isolated from mt strain.

To investigate the effect of E292G in temperature-dependent ribonucleoprotein complex 

structural changes, we performed small angle neutron scattering (SANS) measurements of 

the structures of RNP-containing wild-type and mutant protein (Figure 9).

 

Figure 9. Small angle neutron scattering of wild-type (wt) and E292G mutant (mt) RNP 

solutions at 15oC, 32oC, and 37oC. (a) Representation in double logarithmic scale I vs q, 

where I – scattering intensity, q – magnitude of the momentum transfer; inset – Guinier 

coordinates (Iq vs q2). The data for I vs q plot were multiplied by 2 (x2), 4 (x4) etc for better 

representation. (b) Distance distribution function P(R), calculated for SANS spectra of wild-

type RNP and E292G mutant; dash lines mark R = 50 and 150 Å. The zero of wt P(R) plots 

were moved up to 0.0005 for better representation.

(a) (b)
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Small angle neutron scattering of wild-type (wt) and E292G mutant (mt) RNP 
solutions at 15oC, 32oC, and 37oC. (a) Representation in double logarithmic scale I 
vs q, where I – scattering intensity, q – magnitude of the momentum transfer; inset –
Guinier coordinates (Iq vs q2). The data for I vs q plot were multiplied by 2 (x2), 4 (x4) 
etc for better representation. (b) Distance distribution function P(R), calculated for 
SANS spectra of wild- type RNP and E292G mutant; dash lines mark R = 50 and 150 Å. 
The zero of wt P(R) plots were moved up to 0.0005 for better representation [9]. 
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right panel). Figure 2 shows an enlarged section of the 287SGYDFEREGYS297 protein fragment 

located near residue 292.

Figure 2. Enlarged rendering of the interface between ribonucleoprotein chains. The 

287SGYDFEREGYS297 fragment is shown in red; the amino acid residue 292 (E) is shown in 

ball representation.

The distances between 292 residues of the adjacent monomers within the same chain, 

obtained by an analysis of four replicate MD trajectories, exhibited a large degree of scatter 

due to the filament structure’s flexibility (Figure 3). While, on average, these distances were 

slightly shorter than those observed in the published RNP structure (63 Å, denoted by 

horizontal lines in plots), these results show no evidence of steric interactions or any strong 

allosteric coupling in this set of monomer pairs. The distances do not show temperature 

dependency, nor do they undergo any significant changes in the mutant protein, as compared 

to wt (Figure 3).
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Two residues #292 from different NP helixes
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association rate constant, kd – dissociation rate constant, KD – equilibrium dissociation 

constant.

Table 1. Constants determined by the two-step reaction model.

ka1 (1/Ms) kd1 (1/s) ka2 (1/s) kd2 (1/s) KD (M)

SGYDFEREGYS 71.48 0.0799 0.0027 1.54E-06 6.32E-07

SGYDFGREGYS 17.09 0.2899 0.0032 0.0076 0.0115

The only significant difference between the studied peptides, in terms of this model, was 

the reverse reaction constant kd2 (AB* to AB). Specifically, in the case of the SGYDFEREGYS 

(wild-type) peptide, this reverse transformation is slow. However, with the SGYDFGREGYS 

(E292G mutant) peptide, the forward and backward reactions rates are comparable. Thus, it 

turns out that the unsubstituted peptide is more prone to interaction with the full-sized 

immobilized protein. At a fixed temperature (25°C), the interactions between the immobilized 

protein and peptides from solution were different, which may be due to the role of E at position 

292 in interface interactions. We also performed an analysis of study peptides in terms of 

temperature-dependent transition from monomeric to oligomeric (aggregated) form. Figure 8 

shows the temperature dependence of light scattering for the SGYDFEREGYS and 

SGYDFGREGYS peptides.

In other words, the peptide corresponding to the wild-type sequence portion showed a 

tendency to self-association at temperatures above 30°C, while the one carrying the 

substitution did not aggregate. The presence of temperature-dependent oligomerization ability 

in the wt model peptide likely indicates a role of the glutamic acid residue at position 292 in 

self-association. In the peptide model, the presence of a substitution at the interface between 

the chains significantly affects: (i) the ability to interact with a protein containing an identical 

primary structure fragment; and (ii) the propensity for temperature-dependent self-association. 

These facts indirectly indicate a role of the glutamic acid residue at position 292 in the interface 

interaction during formation of the nucleoprotein complex.
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Interac?on analysis of WT and E292G pep?de 
analogues with WT NP by SPR

Pep?de model
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Differential scanning fluorimetry can be used to support findings collected using 

molecular dynamics (temperature-dependent changes in RNP structure). Briefly, a change in 

the 350/330 nm tryptophan self-fluorescence intensity ratio is observed over a temperature 

gradient from 15 to 95°C. It signifies a change in the tryptophan micro-environment, as 

dependent on temperature (“Prometheus NT.48 - TechnoInfo,” 2018). The experimental 

results are shown in Figure 6.

Figure 6. Differential scanning fluorimetry (DSF): (a) intrinsic fluorescence (350/330 nm 

ratio) of tryptophan as a function of temperature in samples containing wild-type (wt) or E292G 

mutant (mt) RNP; (b) first derivative of (a).

Analysis of the first derivative of the 350/330 fluorescence intensity ratio shows the 

presence of a peak characteristic of NP (about 70°C) (Chenavas et al., 2013). Additional peaks, 

differing from each other, and corresponding to the local melting points of wild-type and mutant 

protein-containing RNPs (42.6°C and 39.2°C, respectively) were seen that can be attributed 

to partial double protein helix unwinding. The obtained results indicate an influence of the 

studied mutation on the temperature dependence of the RNP structure. However, the data do 

not permit pinpointing of the exact RNP structural element responsible for the changes 

(a) (b)
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Differen?al scanning fluorimetry (DSF): (a) intrinsic fluorescence (350/330 nm ra?o) of 
tryptophan as a func?on of temperature in samples containing wild-type (wt) or E292G mutant 
(mt) RNP; (b) first deriva?ve of (a). 

Temperature-dependent NP  structure changes depend
on interchain interac?on interface 



- One amino acid substitution in the influenza A virus NP 
protein (E292G)  can lead to global change in
protein conformational mobility 
- Such a substitution leads to influenza cold-adaptivity, which is 
essential for development of cold-adapted strains for live 
attenuated vaccines
- Conformational mobility can be predicted (!) by molecular 
dynamics simulation and demonstrated by SANS
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Mechanisms of action for the supramolecular drugs: neutron study
Yana Zabrodskaya, Alexey Shvetsov, Dmitry Lebedev, Yulia Gorshkova, Alexander Kuklin,  Vitaly Pipich, Vladimir Isaev-Ivanov, and Vladimir Egorov

1. Low molecular weight compounds Many
low molecular weight compounds and
peptides are capable of forming
supramolecular complexes. In the form of
such complexes, the molecules are capable
of multicenter cooperative binding to target
proteins. It is advisable to study these
complexes using small-angle scattering
methods in combination with molecular
dynamics modeling in the free diffusion

approach.
When studying the mechanism of
interaction of a triazavirin drug with
polypeptides by neutron small angle
scattering methods in combination with
molecular dynamics, it was shown that the
drug molecules are capable of forming
linear supramolecular complexes and
altering the quaternary structure of proteins
[1]–[3].
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2. Supramolecular amyloid-like peptide complexes are capable of specific effects on 
the secondary structure of the protein, which can be used to create a new class of 
antiviral drugs, as was shown using small-angle neutron scattering and time-resolved 
x-ray scattering [4]–[6].

3. The interaction of supramolecular complexes formed in lipid membranes
with receptors can be used to modulate cell signaling, including the creation
of immunomodulating drugs that affect T cells. The effect of complexes on
the chromatin structure can be used to create a new class of drugs -
epigenetic regulators that affect gene expression [7].

The PB1(6-13) and PB1(6-25) peptide mixture 
system initial (t = 0) and final (t = ∞) states spectra, 
reconstructed on the basis of a change in the 
singular decomposition zero and first components 
fro TR-SAXS SVD analysis4
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size of SI tetramers proposed earlier as the main prefibrillar species comprising fibrils of SI peptide 
[14]. 

In contrast with SI alone, scattering of the peptide after TZV was added to the sample could not be 
adequately described by worm-like model, but rather by a mixture of Gaussian coil polymer and rod-
like fibrils approximately 10 nm in diameter (Figure 2B). 
 

(A) 

 

 

(B) 

 

 

Figure 2. Small-angle neutron scattering curves analysis results of (A) – SI fibrils; (B) – SI fibrils with 
triazavirine. Data fitted to (A) worm-like model with fibril radius of 1.40 ± 0.04 nm and Kuhn length 

of 12.0 ± 0.7 nm (χ2 = 0.83, solid green line in Panel A) and (B) linear combination of random coil 
model (dotted red line) and long cylinders with the radii of 4.66 ± 0.14 nm (dashed blue line), χ2 = 1.2, 

shown in solid green line in Panel B. 

Small-angle neutron scattering curves
analysis results of (A) – SI fibrils; (B) – SI
fibrils with triazavirine. Data fitted to (A)
worm-like model with fibril radius of 1.40 ±
0.04 nm and Kuhn length of 12.0 ± 0.7 nm
(χ2 = 0.83, solid green line in Panel A) and
(B) linear combination of random coil model
(dotted red line) and long cylinders with the
radii of 4.66 ± 0.14 nm (dashed blue line),
χ2 = 1.2, shown in solid green line in Panel
B.

Interactions between SI and TZV 
supramolecular complexes: MD simulation 

- Some drugs act only in the form of supramolecular complexes that are in dynamic
equilibrium

- Existing of such complexes cannot be detected using traditional methods  - chromatography
or microscopy

- Only methods of light scattering, neutron scattering and X-ray scattering can be used in 
determination of its mechanism of action


