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Abstract: The original limited proteolysis approach was proposed for large (multidomain) proteins with post-translational 
modifications for obtaining of their novel fragments. It was realized for human immunoglobulins representing two subclasses 
IgG2 and IgG3. This approach was based on two techniques: masking of protein regions which are normally susceptible to 
proteolytic enzymes and increasing the possibility of proteolysis for sites which are not ordinarily accessible to these enzymes. 
The masking of immunoglobulin part which is sensitive to proteolysis was performed by Fab fragments (Fv subfragments) of 
antibodies and the increase of lability of stable regions was realized by pH change and mild reduction of disulfide bonds. 
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1. Introduction 

The common practice to study the structure and functions of 
large proteins is isolation of their fragments. This approach 
enables to investigate structural organization of such proteins 
and their active centers by more informative methods such as 
X-ray analysis and NMR which are not applicable for 
multidomain or multisubunit macromolecules with high 
internal mobility. The same concept was widely used for the 
study of immunoglobulins. 

The main discovery clarifying the role of immunoglobulins 
as bivalent molecules was made by Porter [1] during the 
limited proteolysis of rabbit IgG. The fragments of two types 
were obtained: two Fab fragments responsible for interactions 
with antigens and Fc fragment in which, as it was shown later 
[2,3], multiple active centers involved in effector functions are 
located. Thereafter several other fragments of Ig were isolated 
by limited proteolysis [2-4]. The efficiency of the used 
approach was defined by the presence of flexible and labile 
regions in Ig polypeptide chain between domains or subunits 
which are accessible to proteases. 

Porter et al. [5,6] also showed that upon changes of certain 
conditions the conformational transition could be induced in 
IgG resulting in weakening of interactions between concrete 
domains and appearance of new site for protease cleavage. 
Namely Facb fragment of IgG was obtained by such 
procedure. It was formed as a product of plasmin proteolysis 

of peptide bond between CH2 and CH3 domains after 
preliminary incubation of IgG at acidic pH [5,6].  

Further studies have shown that after such incubation with 
the following increase of pH the protein goes to metastable 
long-lived state [7,8]. The conformational transition with 
weakening of inter-domain interactions can be induced not 
only by pH but both using denaturants and varying a 
temperature [2-4,9]. 

At the same time the increase of protein stability, e.g. upon 
binding with different ligands, enhances the resistance to 
protease cleavage. For instance, some ligands can directly 
mask the regions of polypeptide chain containing recognition 
and restriction sites for proteolytic enzymes [2,10,11].  

It should be noted that the study both Ig proteolytic stability 
and its proteolytic fragments is important due to the fact that a 
number of infectious agents produce various proteases 
cleaving Ig to neutralize the action of immune system [12-15]. 
As a result it promotes not only the decrease of humoral 
immunity but the formation of fragments of cleaved Ig which 
are dangerous for infected organism. 

Now along with limited proteolysis the methods of gene 
engineering of recombinant proteins and fragments are widely 
used [16-18]. Usually bacterial systems are used for this 
purpose. However, the realization of this approach is 
complicated for many eukaryotic proteins including Ig due to 
the presence of exon-intron organization in corresponding 
gene [19] and the lack of possibility for post-translational 
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modifications in host cell which are necessary for fully 
functional protein [20,21]. The usage of eukaryotic cells also 
can’t guarantee the obtaining of native protein structure 
because the expression occurs in “foreign” cell [21,22] where 
the level of enzyme activity can differ from native one [22-26]. 
This could result in serious impacts even for myeloma cell 
[27]. Besides, several proteins cannot be isolated in native 
state both in bacterial and eukaryotic cells due to the failure of 
correct folding of mature protein (not proprotein) [28-31]. 
Therefore the method of limited proteolysis is still actual and 
relevant for fundamental and medical studies. 

In this work we propose the original approach for 
preparation of new IgG fragments by limited proteolysis. The 
essence of this method is the destabilization of some regions 
of polypeptide chain for increasing their accessibility to 
protease cleavage along with the stabilization of regions with 
a labile structure to avoid their cleavage by proteolytic 
enzymes. 

2. Materials and Methods 

2.1. Isolation, Purification, Typing and Analysis of Samples 

Homogeneity 

Myeloma IgG2 (LOM and SIN) and IgG3 (PET and SUR) 
were isolated from blood serum of multiple myeloma patients 
by standard procedure using subsequent fractionation by 
ammonium sulfate, ion-exchanging chromatography and 
gel-filtration [32,33]. Ig subclasses were identified by 
monospecific antisera in a double agar gel immunodiffusion 
test [34]. The homogeneity of studied samples was checked by 
SDS-PAGE [35].  

2.2. Preparation of Fc Fragments, CH2 and CH3 Domains of 

IgG, Hinge Region and Upper Hinge 

Ig structure is represented on Fig.1. Fc fragments from 
IgG2 LOM and SIN were obtained by standard procedures of 
limited proteolysis with papain [32,36] and trypsin [37], hFc 
fragments were also isolated by trypsin proteolysis according 
to our approach. CH2 domains were obtained from 
papain-digested Fc fragments of IgG2 by trypsinolysis as 
described earlier [38,39]. However, firstly, the incubation 
before the proteolysis was at pH 2.8 instead of pH 2.5 [10,11]. 
Secondly, the reaction was carried out in the presence of Fab 
fragments from rabbit antibodies against CH2 domains at CH2 
to Fab ratio of 1:1 for the stabilization of labile structure of 
these domains [10,40,41]. After the completion of reaction 
this complex was dissociated at pH 4.0 (10 mM glycine 
buffer), and two proteins were separated by gel filtration at the 
mentioned conditions. Dimers of CH3 domains 
(pFc’-fragments) were obtained by pepsinolysis at enzyme to 
substrate ratio of 1:100 in 100 mM acetate buffer, рН 4.5 
according to the standard procedure [42]. Hinge region of 
IgG3 (pFh fragment) was obtained as described previously 
[43,44]. The sh (short hinge) fragment representing only a part 
of the hinge was obtained by successive action of proteolytic 
enzymes. Firstly, the mild hydrolysis by papain resulting in 

the cleavage of peptide bond Cys241G-Asp241H [45,46] and 
the formation of sFch fragment containing about half of all 
hinge [47] was carried out. 

 

Figure 1. General scheme of IgG structure. It should be noted that hinge of 

human IgG3 is significantly longer than that of IgG2. The overlapping area of 

domains corresponds to the intensity of their interaction. The interaction 

between CH2 domains is realized only by a few contacts between carbohydrate 

moiety, localized in Asn297. Arrows indicate the places of cleavage by: (1) - 

trypsin, resulting in hFc fragment of IgG2 formation; (2) - trypsin, resulting in 

Facb fragment of IgG3 formation; (3) – papain, resulting in Fch fragment of 

IgG3 formation. VL and CL – variable and constant domains of light chain; 

VH,CH1,CH2,CH3 - variable and constant domains of heavy chain; lh, ch, uh – 

lower, core and upper hinge segments, correspondingly. Fab subunit is a 

globular structure formed by a pair of variable (VL and VH) and a pair of 

constant (CL and CH1) domains and responsible for the interaction with 

antigens. Fс subunit is a globular structure formed by a pair of CH2 and CH3 

domains and responsible for effector functions. The corresponding fragments 

are formed by the action of proteases on different hinge segments. 

Secondly, the Leu234-Leu235 peptide bond in the lower 
hinge segment was mildly hydrolyzed by pepsin in acetate 
buffer, pH 4.5, 1:100) in a contrast to [63]. Then the desired sh 
fragment was purified by gel filtration in the same buffer. 

Immunodiffusion was performed in 10 mM Tris-HCl, 150 
mM NaCl according to Ellerson et. all [39]. To precipitate the 
studied specimen F(ab’)2 fragments, obtained from 
corresponding antibodies with pepsin [2], were used. 

2.3. Preparation of Antibodies, their Fab Fragments and Fv 

Subfragments Against Fab and Fc Fragments, CH2, 

CH3 Domains, Hinge (pFh) and upper Hinge 

Fragments of IgG3 

The antibodies against different regions of IgG3 PET were 
obtained by immunization of rabbit or goat by corresponding 
fragments and domains as described previously [10,11]. Fab 
fragments of these antibodies were obtained by standard 
papain digestion [32,36]. Different Fv subfragments were 
obtained from rabbit or goat antibodies by low-temperature 
pepsinolysis as described in our paper [20].  

Its VH and VL domains were cross-linked by 
heterobifunctional and homobifunctional reagents by 
procedures described previously [48,49]. For identification of 
obtained fragments the immunodiffusion was performed in 10 
mM Tris-HCl, 150 mM NaCl according to Ellerson et. all [39].  

For the purification of antibodies against the upper hinge 
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segment of IgG3 from the total pool of antibodies produced 
against hinge region affinity chromatography were carried out. 
The desired antibodies were purified by affinity 
chromatography with the column with immobilized sh, where 
antibody against core hinge and low hinge region, but not 
against the upper part, were sorbed.  

2.4. Determination of Molecular Mass and Sedimentation 

Constants 

The molecular masses and sedimentation constants of 
obtained fragments and proteins were determined by 
high-speed (weight average molecular mass Mw) and 
low-speed (Z-average molar mass Mz) equilibrium 
centrifugation by Yphantis method [50] and Van Holde - 
Baldwin method [51] using the analytical ultracentrifuge 
Beckman Spinco model E (Beckman Coulter, USA) and 
МОМ (МОМ, Hungary) with interference or schlieren optics 
at 200C. 

2.5. Calorimetric Measurements and Calculation of 

Thermodynamic Parameters 

All experiments were carried out on microcalorimeters 
DASM-4A with 1 ml gold capillary cell and on DASM-4 with 
0.43 ml platinum coiled capillary cell. The concentration of 
proteins in solution was changed in the range of 1-6 mg/ml. 
The measurements were carried out at a rate of 0.25-2 0C/min. 
Calorimetric curves were processed as described in [52]. 

3. Results 

3.1. Preparation of HFC Fragment Containing Core Hinge 

To date it was managed to obtain Fc fragment from IgG2 
only without core hinge due to some reasons. Firstly, IgG2 has 
the shortest hinge region formed by twelve-membered 
peptides. The main part of it appears to be in poly-L-proline 
double helix conformation. According to preliminary 
theoretical analysis it was predicted that this helix should have 
a rather rigid structure [53] which is typical for fibrillar 
structures [54-56]. This assumption was confirmed 
experimentally by X-ray analysis [57-59], electron 
microscopy [60] and thermodynamic studies [43,61-63]. 
Additionally the helix is stabilized by disulfide bonds [47] and 
IgG2 has four disulfide bridges [64]. 

Secondly, the flexible upper hinge region providing Fab 
mobility in molecule and in which the limited proteolysis is 
occurred resulting in the formation of mentioned fragment has 
the smallest size and consists of only three amino acids 
residues [82]. The specified circumstances determine more 
rigid structure of molecule as a whole and proximity of Fab 
and Fc subunits which probably result in difficulties in 
obtaining of ordinary Fc fragments and significantly influence 
on biological activity of IgG2 (ability to activate the 
complement system), which differs from those of IgG1 and 
IgG3 [2,3,65]. Finally the stability of IgG2 CH2 domains 
especially with pH decrease is the lowest among those of 

human IgG [10,11,32,42,66]. All these details impede the 
obtaining of full-length Fc fragment of IgG2 by standard 
procedures. In most cases the limited proteolysis of human 
immunoglobulins IgG2 using different proteases results in 
hydrolysis of peptide bond in lower hinge region with 
formation of non-typical Fc fragment [37,47] in contrast with 
Fc fragments of other subclasses [47,67]. As a result, two 
newly formed N-terminal parts of heavy chains are no longer 
linked by covalent bonds and dissociate under denaturating 
conditions in the absence of reducing agents. Based on 
represented facts and our data obtained earlier in the studies of 
IgG of different animals [2,9-11,32,60,68,69] we propose the 
new strategy of IgG2 limited proteolysis which could result in 
hydrolysis of peptide bond in upper hinge region with the 
formation of full-length Fc fragment containing the core hinge 
(so-called hFc fragment). 

To obtain required fragments the conditions for 
trypsinolysis of IgG2 were chosen empirically at first. In 
practice, the reaction was carried out as follows. The sample 
was incubated in 1 mM phosphate buffer pH 5.8 containing 20 
mM cysteine at enzyme to substrate ratio of 1:20 at 35-37ºС 
during two hours. To prevent undesirable degradation of CH2 
domains the different concentrations of Fv subfragments from 
anti-СH2 antibodies were present in solution. Both the part of 
formed fragments and intact IgG2 were separated from other 
products of proteolysis by affinity chromatography on the 
column with immobilized anti-CH2,3 antibodies. Proteins 
were eluted from the column with 10 mM glycine buffer, pH 
4.0, whereupon the pH was increased to 7.0 with 250 mM 
phosphate buffer. On next step the obtained fragments and 
remaining intact IgG2 were separated by gel-filtration on 
АСА-34 column equilibrated with 10 mM phosphate buffer. 
The presence of Fc fragments in low molecular weight 
fraction was identified using antisera to them. The 
electrophoresis both of these fragments and fragments after 
final affinity chromatography on a column with immobilized 
anti-CH2 antibodies is shown in Fig.2. 

The results of electrophoresis for novel Fc fragment in the 
presence of reducing agent are represented on the first lane. 
The reaction of hydrolysis by trypsin itself was carried out in 
the presence of two-fold excess of Fv subfragments from 
rabbit antibodies against CH2 domains. Molecular weight of 
the fragment under these conditions is about 25 kDa. On the 
second lane the results for Fc fragment of IgG2 in the absence 
of reducing agent are shown. This fragment was obtained by 
standard proteolysis of peptide bond in lower hinge region by 
papain according to standard procedure [32,36]. Its molecular 
weight is also about 25 kDa but little less than for the first 
sample. 

At the same time in the absence of reducing agent the 
mobility of the first sample strongly decreases and its 
molecular weight is about 50 kDa. These facts indicate that 
polypeptide chains of obtained Fc fragment are bound by 
disulfide bonds. It means that at least the part of core hinge is 
present in its structure in addition to CH2 and CH3 domains. 
The analysis of N-terminal amino acids reveals Lys and Cys, 
the ratio between them significantly varied with even little 
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changes of proteolysis conditions [70]. According to obtained 
results it can be assumed that a trypsin cleaves the peptide 
bond in upper hinge region where there is a sequence 
Arg218-Lys219-Cys220 which is a potential proteolysis site 
of enzyme. This was to be expected due to the fact that after 
reduction of disulfide bonds between the two heavy chains, 
the accessibility of this site to proteases increases. Thus, the 
obtained fragment is full-length Fc fragment or hFc fragment. 
It should be noted that its yield in trypsinolysis reaction 
strongly depends on the presence of Fv subfragments, which 
stabilize the labile structure of CH2 domains and protect them 
from proteolysis (see Fig.2, lanes 3-5). 

 

Figure 2. SDS-PAGE of proteolytic products of IgG2 LOM: 1 – hFc fragment 

with reducing agent, the fragment was obtained by trypsinolysis at the IgG2 to 

rabbit Fv IgG against CH2 domains ratio of 1:2; 2 – Fc fragment without 

reducing agent, the fragment was obtained by standard papain digestion; 

3,4,5 – Fc fragments obtained by trypsinolysis at the IgG2 LOM to Fv 

subfragments ratio of 1:1, 1:0,5, 1:0,2, correspondingly; 6 – hFc fragment 

without reducing agent, the fragment was obtained by trypsinolysis at the 

IgG2 to rabbit Fv IgG against CH2 domains ratio of 1:2; 7 – molecular weight 

markers. The results for IgG2 SIN are similar. 

3.2. Preparation of Facb Fragment of IgG3 

The hinge size of the third subclass of human 
immunoglobulins (IgG3) significantly exceeds the similar 
regions of any other human IgG [19,47,71] and therefore this 
region has the additional proteolysis sites. 

In view of the above data the optimal procedure of limited 
proteolysis was as follows. IgG3 PET (20 mg/ml) diluted in 1 
mM phosphate buffer, pH 7.0, was titrated to pH 2.8 by 2 M 
HCl and trypsin (10 mg/ml in 1 mM HCl) was added to an 
enzyme to substrate ratio of 1:100. Then the pH was rapidly 
readjusted to pH 7.0 with 2 M Tris buffer (pH 7.0) containing 
Fv subfragments both to core hinge (equimolar amount) and to 
CH2 domains (two-fold excess). The reaction was carried out 
for 75 s then it was stopped by equimolar amount of soybeen 
inhibitor. 

The obtained Facb fragments were purified using following 
approach. The gel-filtration using AcA-34 equilibrated with 
10 mM glycine buffer, pH 4.0 was applied at the first stage. As 
a result of this stage the most high-molecular weight 
components of reaction mixture (formed Facb fragments and 
remaining intact IgG3) were separated from all other 
components. The second stage was the separation of Facb 
fragments from intact IgG3 using the column with 
immobilized antibodies against CH3 domains. As a result the 
fragment uniquely identified as Facb fragment was obtained 
as it is seen from the data represented in Fig.3. The obtained 

samples were homogenous according to the electrophoretic 
data and the analysis of C-terminal amino acid residues [94]. It 
is important to note that the samples were homogenous also 
from the physical point of view according to analytical 
ultracentrifugation data [67,68] which enabled to study the 
intramolecular conformational transitions. 

 

Figure 3. Immunodiffusion analysis of Facb IgG3 PET. The center well 

contains antibodies against upper hinge. The wells 1,2 contain Facb fragment, 

obtained from IgG3 PET, in well 3 there is Facb fragment, obtained from 

IgG3 SUR, which also has a compact hinge [43,44,65]. The wells 4,5,6 

contain Fab, Fch and Fc fragments of IgG3 PET. 

3.3. Study of Structural Peculiarities and Conformational 

Flexibility of Obtained Fragments and Initial IgG 

The hFc fragment obtained for the first time from IgG2 
LOM and SIN, novel Facb fragments from IgG3 PET enable 
to receive information both about the structure of fragments 
themselves and their “parent” molecules. 

The calorimetric melting curves for IgG3 LOM and its hFc 
fragment are represented in Fig.4a. The same pattern was 
observed for IgG2 SIN. 

 

Figure 4. (a) Temperature dependence of partial heat capacity for IgG2 LOM 

(dashed line) and hFc IgG2 LOM (solid line) in 10 mM phosphate buffer at 

pH 7.0; (b) Concentration dependence of sedimentation coefficients in 10 mM 

phosphate buffer, 150 mM NaCl at pH 7.0 for freshly prepared Facb IgG3 

PET (black symbol) and after storage (open symbol). 
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Upon melting of hFc fragments of indicated proteins the 
first heat absorption peak occurs at 67.3ºС and not at 44.8ºС. 
The first peak on calorimetric melting curves for IgG and Fc 
fragments always corresponds to the melting of CH2 domains 
as it follows from the numerous data obtained by different 
methods for IgG and Fc fragments [10,11,32,60,69,70]. 

Sedimentation data for freshly prepared Facb fragment and 
its monomeric form after storage during 72 hours at рН 7.0 
and 20ºС are represented in Fig.4b. 

4. Discussion 

To date there are no data about the obtaining from human 
IgG both full-length Fc fragment [37,47] and Facb fragment 
[5,6]. In the first case the potential site for proteolysis is 
unavailable while in the other case there are several alternative 
sites. 

Here we propose a modified method of proteolysis for the 
preparation of the Fc fragment of IgG2 with core hinge (hFc 
fragment) and Facb fragment of IgG3.The limited proteolysis 
was carried out under the following two rules: the stabilization 
of native labile parts of protein and the artificial increase of 
lability of the region where the potential cleavage site is 
located. In Ig the labile regions include, first of all, the main 
part of upper and low hinge and to less degree interdomain 
segments of polypeptide chains and unpaired CH2 domains. 
The core hinge, small regions of upper and low hinge, which 
are adjacent to it, and paired domains are the stable regions 
(Fig. 1). Therefore it is necessary to take into account the 
specific features of structure for each protein, which 
undergoes the proteolysis. 

Thus, for successful carrying out of limited proteolysis 
reaction using trypsin for obtaining of hFc fragment IgG2 
there are following prerequisites. Firstly, there is 
Arg218-Lys219 sequence in the upper hinge region [64] 
which contains potential cleavage sites for trypsin action. 
Secondly, the core hinge is destabilized at moderate 
concentrations of cysteine [11,44]. Thirdly, we have reduced 
the interaction between Fab and Fс subunits by рН decrease 
and by increase of the temperature [7,11,60,68,69]. Finally, 
Fab fragments or Fv subfragments, obtained from anti-СH2 
antibodies, are able to stabilize a labile structure of СH2 
domains [11,70]. 

As in the case of IgG2 the successful proteolysis of IgG3 is 
based on the consideration of general principles of IgG 
structural organization, peculiarities of human IgG3 structure 
and specific features of IgG3 PET. 

Due to the huge size of the hinge in IgG3 there are 
additional sites which could potentially be attacked by 
different proteolytic enzymes. Notably that the proteolysis by 
papain first of all results in a cleavage of Cys241V-Asp241W 
peptide bond (Kabat numbering [45]) in core hinge of IgG3 
[46], differing from proteolysis of peptide bond in upper hinge 
region for IgG1. Further proteolysis resulting to Fab 
fragments formation occurs as in a case of human IgG1 due to 
the availability of identical blocks 
Thr223-His224-Thr225-Cys226 in both proteins. Besides, 

IgG3 contains a number of other sites that are suitable for 
exposure to various proteases [72,73]. However, the main 
problem is that in IgG3 there is a site for trypsinolysis, while 
the absence of it in a rabbit IgG enabled to obtain Facb 
fragment [5,6]. 

Thus, in a neutral pH proteolytic enzymes are able not only 
to cleave the intact protein in the upper hinge region, but also 
to attack the core hinge. With pH decrease, first of all, CH2 
domains are hydrolyzed [42] due to their destabilization [11], 
as well. On the basis of these data it can be assumed that it is 
difficult to obtain Facb fragment of IgG3 without certain 
preliminary procedures to stabilize labile regions containing 
potential cleavage sites. 

But there are a number of prerequisites for carrying out of 
this reaction. First, there is the peptide bond Lys338-Ala339 
between CH3 and CH2 domains of IgG3 as for rabbit IgG, the 
selective hydrolysis of which by trypsin results in Facb 
formation in a case of intact protein [5,6]. It should be noted 
that the similar hydrolysis is possible in a case of the treatment 
of Fc fragment of human IgG1 containing this peptide bond 
[38,39]. The selective cleavage occurs with the retention of 
structure of formed fragments [38,39] including the most 
susceptible to proteolysis CH2 domains. It is also worth to 
underline that the most labile and susceptible to hydrolysis 
CH2 domains of IgG3 are not less stable than those of rabbit 
IgG and human IgG1 [10,11,32,48,60,68]. Furthermore it was 
shown in [10,11,40,41], that there is a possibility to 
additionally stabilize these domains. 

Second, the proteolysis of intact rabbit IgG was occurred 
after their preliminary preincubation at acidic pH [5,6,38,39]. 
As we have shown earlier [7,8] after such treatment IgG1 goes 
into a metastable state, which is characterized by the 
weakening of the interactions between the CH2 and CH3 
domains. The contact zone between CH3 and CH2 domains 
was studied in [74] on the basis of X-ray analysis for Fc 
fragment of IgG1. Due to the high homology of primary 
structures of Fc subunits of rabbit IgG, IgG3 and human IgG1 
[45] the location of amino acid residues in contact zone one 
can analyze. Such analysis indicates that six of the seven 
amino acids residues in CH2 domain interacting with CH3 
domain are conserved for both proteins, and only Arg340 in 
rabbit IgG is substituted for Lys in IgG3. This circumstance 
gives a good reason to assume that this protein could be in a 
metastable state during carrying out of appropriate procedures. 
The available experimental data [75] confirm the ability of 
both intact IgG3 and its Fc fragment to be in metastable state.  

Thus, the problem of successful obtaining of Facb fragment 
apparently will be solved if we’ll manage: а) to stabilize the 
structure of CH2 domains of IgG3 in such manner that trypsin 
predominantly cleaved peptide bond Lys338-Ala339; b) to 
hide peptide bond Lys218-Thr219 in the upper hinge of the 
protein which is potentially accessible to tryptic hydrolysis; c) 
to hide the bonds in core hinge Lys241E-Ser241F, 
Lys241T-Ser241U, Lys241II-Ser241JJ [47] (Kabat numbering 
[45]) which are potentially accessible to tryptic hydrolysis.  

It was unexpected, that the use of Fv subfragments against 
the upper and core hinge has a slight effect on the yield of 
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Facb IgG3 PET fragment increasing it only by 20-25% at 
equimolar ratio of the two proteins. In the case of polyclonal 
IgG3 the presence of Fv subfragments becomes critical [76]. 
Probably, this is due to the fact that the hinge of IgG3 PET is 
able to be not only in a rod-shape [57,71,77,78], but also in a 
compact form. The presence of the latter we showed by 
several methods including electron microscopy [44,60-63]. 

5. Conclusions 

Thus in this study it was shown that it is possible to obtain 
the fragments containing the regions which are the most labile 
and sensitive to the action of proteolytic enzymes. The 
proposed approach enables to obtain novel fragments from 
IgG with unanticipated properties (stabilization of CH2 
domains in Fc of IgG2, high resistance of IgG3 PET hinge to 
the protease action, metastability of the Facb structure of IgG3 
PET). It should be noted that the properties of Fc IgG2, 
expressed in eukaryotic but not human cell, differ from 
properties of the fragment obtained by us [66]. Thus this 
approach could be considered as general especially for the 
multidomain proteins with a large number of post-translation 
modifications playing the key role in structure stabilization. 
For example by this approach the fragments of complement 
factor С1q with predetermined number of globular heads 
(intact molecule has six heads) were obtained [79]. 
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