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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Transglutaminase 1 catalyzes the creation of covalent bonds 

between proteins, play an essential role in various biological 
processes and industrial applications. The study aims to isolate 
and purify transglutaminase 1 from the blood serum of healthy 
individuals using numerous biochemical techniques. TGMs 
1 are isolated and purified from the blood serum of healthy 
volunteers samples who were not smokers and had not taken 
any medications at the time of the sample collection. The 
results show that these techniques included precipitation with 
65% ammonium sulfate, dialysis, and negative ion exchange 
chromatography, successfully separating a single prominent 
band with high activity using DEAE-cellulose. The enzyme 
activity recovery was estimated at approximately 33.01%. 
Subsequently, gel filtration using Sephadex G-100 revealed a 
single fraction with high TGM 1 activity. This fraction exhibited a 
purification factor of 9.09, with an estimated recovery of enzyme 
activity of around 29.6%. The isolated and purified TGM 1's 
approximate molecular weight was around 73,115 Daltons, as 
assessed through gel filtration chromatography with Sephadex 
G-100. The study indicated that the optimal conditions for the 
isolated and partially purified TGM 1 enzyme were a pH of 6.4 
and a temperature of 37°C, using a concentration of 0.5 mmol/L 
of the substrate tetramethylbenzidine. The results indicated that 
purified TGM1 may be an alternative to other sources.

Key words. Transglutaminase, biological processes, ion 
exchange chromatography, DEAE-cellulose.
Introduction.

Tumors, commonly referred to as cancer, are a broad category 
of disorders marked by the body's aberrant cells growing and 
spreading out of control [1]. The human body usually carefully 
controls cell division, development, and death to preserve the 
integrity of tissues and organs. On the other hand, this regulatory 
system malfunctions in cancer, resulting in the development of 
a tumour, a mass of tissue [2]. Every year, the number of cancer 
cases rises due to pollution in the land, water, and air and the 
introduction of canned goods without proper quality control [3]. 
Both tumors and malignancies require appropriate management 
and treatment [4]. Insufficient cultural awareness in this field may 
contribute to increased infections and highlight the importance 
of genetic susceptibility. Early detection, prompt diagnosis, and 
regular medical check-ups and screenings can enhance the early 
identification of the illness [5]. Cancer symptoms may include 
loss of weight without cause, exhaustion, pain, modifications to 
urinary or bowel habits, a chronic cough, throat clearing, pain or 
discomfort in the abdomen, trouble swallowing, and a chronic 
fever or illnesses [6,7-10].

Tumors can arise from various types of brain cells and may 
be classified as either benign (non-cancerous) or malignant 
(cancerous) [11]. Brain tumors can originate from different 

brain cells or tissues and can be categorized according to their 
location, size, and features [12]. The following are typical signs 
of brain tumours: seizures [13], persistent headaches [14], 
vomiting and nausea [15], vision changes [16], issues in speech 
[17], and changes in hormones and appetite [18, 19]. Cancer 
development is impacted by many factors [19], including genetic 
factors [20], environmental exposures [21], lifestyle [22], and, 
occasionally, random mutations and hormonal factors [23].

Transglutaminases are a class of enzymes that help to create 
covalent links between proteins, and this process is known as 
transamidation. The body has a variety of transglutaminases, 
including those in the brain [24]. According to related studies, 
transglutaminases have been linked to cancer development, 
particularly brain tumours [25]. An enzyme known as 
transglutaminase 1 (TGM 1) is essential to the keratinization 
process, creating the skin's protective outer layer, called the 
epidermis. This enzyme is especially crucial for forming the 
epidermal barrier, which shields the body from contaminants, 
dehydration, and infections from the outside world [26] (Figure 
1A).

TGM 1 facilitates protein cross-linking through a well-
coordinated enzymatic mechanism, which is crucial for many 
biological activities, including blood coagulation, wound 
healing, and tissue stability [28] (Figure 1B).

Figure 1. (A)Transglutaminase mechanism [27]. (B) TGM 1 enzyme 
reactions [29].

The study aims to isolate and purify TGM 1 from the blood 
serum of healthy individuals via different biological techniques. 
The molecular weight of the isolated enzyme from human blood 
serum was also found. TGMs 1 are enzymes that facilitate the 
formation of covalent bonds between proteins. They are essential 
in various biological processes and have numerous industrial 
applications. Additionally, TGM 1 has made significant 
contributions to biotechnological research, particularly in the 
field of antibody-drug conjugates, which holds great promise 
for future development.
Materials and Methods.

Isolation and Purification of TGM 1 from Blood Serum: 
In this section of the investigation, TGM 1 was isolated and 
purified from blood serum samples obtained from five healthy 
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volunteers, ages 25 to 27, who were not smokers and had not 
taken any medications at the time of the sample collection. 
Later, purification procedures were carried out utilizing several 
biotechnologies; they will be explained in the following manner:

Salt Displacement Sedimentation Using Ammonium 
Sulphate: Ammonium sulphate (AS) was gradually added in 
solid form to blood serum at a saturation level of 65%, while 
continuously stirring with a stirrer for 1 hour at 4°C (Figure 2). 
The solution was then left to sit at 4°C in the refrigerator for 24 
hours to complete the sedimentation process. The precipitation 
process using ammonium sulfate is an initial stage of purification 
in which proteins in blood serum are deposited based on the 
serum's saturation level with AS [30]. AS competes with 
proteins for solubility and interaction with water molecules, 
leading to protein aggregation at high concentrations. This 
aggregation occurs because strong protein-protein interactions 
surpass the interactions between proteins and the solvent [31].

The precipitate was extracted using ammonium sulfate, and the 
supernatant—a transparent liquid—was separated. A cooling 
centrifuge was used for forty-five minutes. Next, a small amount 
of distilled water was used to dissolve the silt. The modified 
Lowry technique was used to determine the protein content after 
determining the volumes of the protein precipitate solution and 
the supernatant [33]. The enzyme activity was measured in the 
protein precipitate solution and the clear liquid. Both solutions 
were preserved at -20 °C for use in subsequent steps.

Figure 2. Protein precipitation using ammonium sulphate [32].

Dialysis: The protein solution was prepared by placing it in 
washed cellophane tubes and tightly tying them. After that, 
the tube was cleaned with distilled water and immersed in a 
volumetric container filled with 2.5 liters of an ammonium 
bicarbonate (NH4HCO3) solution at a 0.1 M concentration 
[35]. The Donnan effect may impact the cellophane membrane, 
so this was done to prevent it. Ammonium bicarbonate is the 
only salt that is completely removed by lyophilization, as shown 
in the following equation. 

NH4HCO3 → NH3  +H2O +CO2

It is noted that (both parts of the salt are gas) can be disposed 
of. The dialysis process was conducted at 4°C with a magnetic 
stirrer for 24 hours, replacing the solution thrice. The next 
day, ions from sedimentation salt and proteins with MW < 10 
kDa were removed. The process separated large molecules 
from ions and compounds with small MW using a semi-
osmotic membrane. Dialysis involves using cellophane tubes 
cut according to sample size, with a molecular weight cut off, 
allowing compounds with < 10 kDa to pass. These semi-osmotic 
membranes prevent molecules over 10 kDa from passing. 
The final solution volume is calculated, the protein amount 
is estimated using the Modified Lowry method, and enzyme 
activity is measured. The solution is preserved at -20°C until 
used in the next ion exchange process.
Ion Exchange Chromatography (IEC):

IE is a chromatographic analysis method based on partition 
chromatography. It involves using a stationary phase resin, 
which can be a cation or anion exchanger carrying acidic or 
basic groups (-SO3H or -COOH). IE is used for isolating and 
purifying compounds of varying types and electrical charges 
[30]. Various biological compounds, like proteins, are isolated 
using separation columns with appropriate resins, such as 
anion exchangers. Samples are placed on the resin, and buffer 
solutions are passed through. The process involves two stages: 
the adsorption of charged materials to be purified on the resin 
and the separation and removal of charged compounds using pH 
and ionic strength-specific solutions [35].

The 50 g of diethylaminoethyl-cellulose anion exchanger resin 
was weighed, and phosphate buffer (NaH2PO4-Na2HPO4) was 
added at 10 mmol/L and pH 7.1. A glass separator column was 
filled with DEAE-Cellulose to prevent air bubble formation and 
compact the resin. The excess buffer solution was withdrawn, 
and DEAE-Cellulose was added until the resin reached 120mm 
height. The column was left at 4°C for 12 hours for stability, 
and a new suspension was added when the level decreased due 
to compactness. The column was kept in a cold room during 
use to preserve enzyme activity during purification [30]. The 
protein solution from the dialysis process was injected into 
a separator column containing negative ion exchanger type 
DEAE-cellulose. The solution was suspended for 60 minutes 
before passing through a buffer solution. Filtrate portions were 
collected in test tubes, and the absorbance of the filtered protein 
fractions was measured using a spectrophotometer. The protein 
top with high TMG 1 activity was incidental by measuring 
activity of enzyme in the protein fractions collected after 
dialysis injection.
Gel Filtration Chromatography (GFC):

GFC is a method for separating compounds based on 
molecular size and weight differences. It is also used to estimate 
protein weight [31]. The process involves preparing a column 
for GFCT. A 4x14.5mm column containing Sephadex G-100 
gel is used to separate proteins with a fractionation range of 
3000-130000 Dalton. The gel is placed at a height of 50cm, 
preventing air bubbles and settling to withdraw excess water. 
The column is washed with a buffered phosphate solution at 
pH 7 [31]. The sample is passed through the column, and the 
internal volume (Vi) is calculated using tryptophan (Trp), while 
the outer volume (V°) is determined using blue dextran [31].
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Results and Discussions.
Separation of Transglutaminase 1 From Human Serum:

Five healthy individuals' blood serum was used to purify TGM 
1. To perform purification on the sample, the immediate blood 
sample is collected and then kept for a 15-minute centrifugation 
at 3000 rpm to produce blood serum, which is then utilized. 

Several biotechnologies have been used for the separation 
process, like dialysis, salting out, and ion exchange utilizing 
a DEAE-cellulose anion exchanger. After that, GFC using 
Sephadex G-100 completed the separation process. Sephadex 
G-100, the highest peak obtained from the gel filtration 
procedure, was then used to stabilize the ideal conditions for the 
isolated enzyme and determine its molecular weight.
Salting out:

In this process, by adding ammonium sulfate, the protein 
precipitates [36]. At 4 °C, the precipitation process has been 
carried out with a saturation ratio of 65%. The resultant 
precipitate was collected using centrifugation (8000 rpm, for 
45 min at 4°C). The precipitate portion of the mixture has a 
higher specific activity than the filtrate portion (27.614 U/mg), 
and it has undergone 1.19 times as many purification cycles. So, 
the purification process is completed using the precipitate in the 
dialysis, and the filtrate is ignored (Table 1).

Dialysis:
The separated enzyme's specific activity and amount related 

to the total protein increase throughout the precipitate's dialysis 
process, which results after salting out. According to the 
cellophane used in this study, the enzyme's specific activity 
is 66.057 enzyme (units/mg) of protein, and the number of 
purification times is 2.86 times greater than when the separation 
of the enzyme first started. The compounds of protein with small 
MW (MW< 10,000 Dalton) are leaving the enzyme. Dialysis 
distinguishes small molecules from big molecules by allowing 
the passage of only tiny molecules through selectively permeable 
membranes (cellulose membranes with hole diameters intended 
to exclude molecules below a certain MW) [36]. This process 
aims to enhance the specific activity of the isolated enzyme in 
the dialysis solution while also removing small particles and 
the ammonium sulfate salt used during the previous protein 
precipitation step (Table 1).
DEAE-Cellulose Ion Exchange Chromatography:

For thorough and quick purification, selective adsorption 
and elution of proteins from the polydextran derivatives anion 
exchange diethylaminoethyl-cellulose (DEAE-cellulose) have 
been proven to be very effective [37]. The ion exchange results are 
displayed in Table (1), and Figure (3), where Transglutaminase 

Purification steps Vol. (mL) Protein 
conc. mg/ml

Total 
protein (mg)

Activity 
of enzyme 
(*unit/mL)
(ng/L)

Total 
activity

Specific 
activity 
(unit/mg 
protein)

No. times 
purification Recovery %

Blood serum 10 54 650 1499.3 14993 23.066 1 100
Precipitation with ammonium 
sulfate 65% 9 21 486 1491.2 13420.8 27.614 1.19 63.9

Dialysis of precipitate 9 18 189 1387.2 12484.8 66.057 2.86 61.1
The resulting peak from 
DEAE-cellulose ion-exchange 
separation column

5 6 90 1294.7 6473.5 71.927 3.11 33.01

The resulting peak from gel-
filtration Sephadex G-100 5 54 30 1259.2 6296 209.866 9.09 29.6

Table 1. Steps of Transglutaminase 1 purification from human blood serum.

*Enzyme unit: Under the given measurement circumstances, the quantity of enzyme required to convert one micromole of tetramethyl benzidine 
(TMB) into a product every min or ml.

Figure 3. (A) Elution profile of TGM 1proteinous peak. (B) Elution profile of TGM 1 proteinous peak.
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1's specific activity is measured at 71.927 enzyme units/mg and 
a single high-activity protein peak has emerged. Table (1) also 
shows that the enzyme has undergone 3.11 purification cycles.
Gel Filtration Chromatography:

A separation column (4 x 14.5 mm) containing G-100 separates 
the proteinous chemicals generated from the ion exchange 
process. After passing the ion exchange-derived protein peak, 
a single protein peak appears in the gel filtration findings. 
After monitoring TGM 1 activity, it is discovered that the peak 
corresponds to a high specific activity of the enzyme, reaching 
209.866 enzyme units/mg, and that the number of purification 
cycles reaches 9.09 times, as shown in Table (1). 
Determination of the approximate molecular weight of TGM 
1 isolated from healthy human blood serum by gel filtration 
technique:

The molecular weight of the protein band concentrated in a 
single peak from the Sephadex G-100 separation column has 
been estimated. This peak exhibits the highest specific enzyme 
activity, measuring 209.866 enzyme units per mg of protein, 
with a purity factor of 9.09. Therefore, it has been used to 
estimate the enzyme's molecular weight by passing several 
compounds with known molecular weights, ranging from 204 to 
2,000,000 Daltons, through a separation column. This process 
determined the column's properties, including the internal 
volume (Vi) of 360 mL and the void volume (Vo) of 55 mL. 
Table 4 lists the standard substances that passed through the 
Sephadex G-100 separation column and their molecular weights 
and elution volumes. A straight line was observed when plotting 
each standard substance's elution volume against its molecular 
weight's logarithm, as shown in Figure 4. This line indicates that 
the approximate molecular weight of TGM1 is 73,115 Dalton. 
However, researchers report that the molecular weight of TGM 
1 ranges from 85,000 to 110,000 Dalton.

Figure 4. Standard curve for determining the approximate MW of TGM 1.

The molecular weight of TGM 1, determined through gel 
filtration chromatography on a Sephadex G-100 column, 
is approximately 73.1 kDa. This result aligns with studies 
characterizing transglutaminases from various sources, 
including bovine liver, which reported similar molecular 
weights [38].

TGMs 1 are enzymes that catalyze the formation of covalent 
bonds between proteins, playing important roles in various 

biological processes and industrial applications [39]. While the 
molecular weight may vary slightly depending on the source 
and purification methods, approximately 73 kDa is a reliable 
estimate for TGM 1 [38,39] (Table 2).

Table 2. MW and Velution (elution volumes) of the standard substances 
used in the gel filtration Sephadex G-100 to determine the molecular 
weight of TGM 1 purification from blood serum.
Standard substances MW (Dalton) Velution (mL)
Blue dextran (Void volume (Vo)) 2000000 4.5
Hexokinase 100000 14.3
Bovine serum albumin (BSA) 67000 15
α–amylase 58000 15.1
Egg albumin 45000 15.7
Pepsin 36000 16
Insulin 5750 17.1
Tryptophan (Internal volume (Vi)) 204 20
The unknown (Peak of enzyme) 73115 14.9*
* This value is derived from Figure 3, which displays the elution 
volume of the enzyme separated from human blood serum using gel 
filtration with Sephadex G-200.

Study of optimum conditions for TGM 1 activity partially 
purified from blood serum

pH impact on the TGM 1 Activity:
The pH of an enzymatic reaction significantly influences its 

velocity. Variations in pH can provide insights into the ionizable 
groups of the acids in the enzyme's active site involved in 
catalysis [38]. Figure 5A illustrates the relationship between 
TGM 1 activity, measured in U/mL, and pH levels. The activity 
of TGM1 increases with rising pH from 2.4 to 6.4, reaching an 
optimum pH of 6.4. Beyond this point, the reaction rate begins 
to decline.

Figure 5. (A) pH Impact on the activity of the purified TGM 1. (B) 
Temperature Impact on Activity of the Purified TGM 1.

Temperature Impact on the TGM 1 Reaction Rate: 
Most chemical reactions occur more rapidly as temperature 

increases. Higher temperatures give reactant molecules greater 
kinetic energy, leading to more effective collisions per unit of 
time. Enzymes are complex protein molecules whose catalytic 
activity arises from a precise and highly ordered tertiary 
structure [40]. This structure is shaped by specific amino 
acid R-groups, which create stereospecific substrate binding 
sites and a catalytic center. Consequently, a graph of reaction 
velocity versus temperature typically shows a peak, known 
as the optimum temperature, where the enzyme maintains 
consistent activity for at least the duration of the assay [41]. 
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Figure 8 illustrates the impact of temperature on the reaction 
velocity of transglutaminase 1. The reaction velocity increases 
with temperature, ranging from 7°C to 57°C, peaking at 37°C. 
Beyond this point, there is a gradual decline in activity due 
to denaturation, resulting in a reduced interaction rate. These 
findings align with a previous study [39], which reported that 
transglutaminase 1 isolated from rat kidney tissues exhibited 
maximum activity at 37°C (Figure 5B).
Impact of Different Substrate Concentrations on TGM1 
Activity with Determination of Km (Michaelis-Menten 
Constant) and Vmax (Maximum Velocity)

Figure 6 illustrates the effect of varying concentrations of 
the substrate 3,3′,5,5′-Tetramethylbenzidine (TMB) on the 
activity of partially purified TGM 1, identifying the optimum 
concentration that yields the Vmax. The results indicate 
that the reaction velocity of TGM 1 increases with substrate 
concentration until it reaches Vmax at the optimum level. 
Additionally, the enzyme activity correlates with the Michaelis-
Menten equation, demonstrating a hyperbolic curve that reflects 
a direct relationship between enzyme activity and substrate 
concentration. The results indicated that enzyme saturation 
occurs at a substrate concentration of 0.5 mM/L for TMB. 
Analysis using the Lineweaver-Burk plot revealed that the 
Vmax value is 28.57 U/mL, and the Km value is 0.02739 mM/L.

Figure 6. Line Weaver–Burk plot for partially purified TGM 1 from 
blood serum. The optimum conditions for measuring the TGM activity 
enzyme partially purified from healthy human serum.

The Km value is a key constant in enzyme studies. It represents 
the substrate concentration at which the reaction velocity is 
half of its maximum (Vmax). It indicates the enzyme's affinity 
for its substrate; a lower Km value indicates a higher affinity. 
Additionally, Km provides an estimate of the intracellular 
substrate concentration, while Vmax reflects the amount of 
active enzyme present.
Conclusion.

In conclusion, TGM 1 is a protein-modifying enzyme essential 
for many biological processes, including blood clotting, wound 
healing, and tissue homeostasis. It achieves this by facilitating 
protein cross-linking reactions through a coordinated enzymatic 
mechanism. The current work provides knowledge on 
developing transglutaminase inhibitors that can be used to treat 
some human diseases. It also provides insights into the use of 

this enzyme in industrial and biological applications, the food 
and pharmaceutical industries, and biotechnology applications. 
In addition, TGM has made significant contributions to 
biotechnological research, particularly as an antibody-drug 
conjugate. This area of research shows great promise for further 
development.
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