(GEORGIAN
VIEDICAL
INNEWS

ISSN 1512-0112 NO 7-8 (352-353) Uroab-ABrycr 2024

TBUJIMCHU - NEW YORK

EXEMECSUYHBIN HAYUHBIN )KYPHAJ

MennuuHckue HoBocTH I'py3uun
Logodmggmml Lsdgwoobm Losbemgbo



GEORGIAN MEDICAL NEWS

Monthly Georgia-US joint scientific journal published both in electronic and paper
formats of the Agency of Medical Information of the Georgian Association of Business Press.
Published since 1994. Distributed in NIS, EU and USA.

GMN: Georgian Medical News is peer-reviewed, published monthly journal committed to promoting
the science and art of medicine and the betterment of public health, published by the GMN Editorial
Board since 1994. GMN carries original scientific articles on medicine, biology and pharmacy, which
are of experimental, theoretical and practical character; publishes original research, reviews, commen-
taries, editorials, essays, medical news, and correspondence in English and Russian.

GMN is indexed in MEDLINE, SCOPUS, PubMed and VINITI Russian Academy of Sciences. The full
text content is available through EBSCO databases.

GMN: Meaununnckue HoBocTH I'py3un - exxeMecsuHbli pelieH3UpyEeMblil HayYHbIHN KypHal, U3AaéTcs
Penaxumonnoit komierueit ¢ 1994 roma Ha pPycCKOM W aHIJIMMCKOM SI3BIKaX B IIEJISIX TOIJEPIKKH
MEAMIIMHCKON HayKd M YIy4dlIeHHUs 30paBOOXpaHeHHs. B KypHase myOIMKYIOTCSI OpUTMHAJIbHBIE
Hay4HbIE CTaThbH B 00JIACTU MEIUIIMHBI, OMOJIOTUH U (papMaliy, CTaTbl 0030pHOT0 XapakTepa, HayuHbIe
cO0O011IeHNs, HOBOCTH METUIIMHBI U 3/ipaBooxpaHenus. XKypuan unnexkcupyercs B MEDLINE, orpaxén
B 0aze nanHbix SCOPUS, PubMed u BUHUTU PAH. IlonHOTEKCTOBBIE CTAThU KypHaia JTOCTYIHBI
yepe3 b/ EBSCO.

GMN: Georgian Medical News — Lo Jo®mggeoml bsdgoozobm Losbangbo — s@ols ymggemgoy@o
bodg(36096m LodgeoEobm M9396%0Mgdswo gy@bogno, aodmoigds 1994 Faowsb, [omdmswagbls
Lbodgosd@om gomagyoobs s 533-0l 39360909d0L, aobosmengdols, 0beyglE®ool, byermgbgdols
s 39bgd0ldgBYyggegdols Log@msdm@olim s3ogdool gOmmdaog godmgdsl. GMN-Fo Gyl
> 0baaoly® gbgody J3g9bwgds 9Jb3gM0dgbG o, mgm@oygmo s 3GsJBogyeo bobosmols
M®0y0bsayg®o  bsdgsbogdm LEsGogdo dgooi3obols, domamaools ©s @o®dsizool beyg®mdo,
dodmboagomo babosmol LEs@ogdo.

J9®bsao obpgdbodgdyamos MEDLINE-ol bsg@msdm@obem Lol gdsdo, sbsbygaos
SCOPUS-o0l;, PubMed-ols ws BUHUTH PAH-0ls dmbsgdms dobgddo. LRs@ogdols barygao @gjl@o
bgendolsfgmdos EBSCO-I dmbsigdms dsbgdowsb.

WEBSITE
www.geomednews.com



K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
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3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
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of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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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
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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).
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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.

Beaker

Lysate
/

Ice

Ice-Tray

Magnetic Bead

Stirrer

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.

NH,HCO, - NH,| +1,0 +C0, !
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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].



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

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

Activity Specific
. . Protein Total of enzyme Total activity No. times o
Purification steps Vol. (mL) conc. mg/ml protein (mg) (*unit/mL) activity (unit/mg purification Recovery %
(ng/L) protein)
Blood serum 10 54 650 1499.3 14993 23.066 1 100
Precipitation with ammonium 21 486 14912 134208 27614 119 63.9
sulfate 65%
Dialysis of precipitate 9 18 189 1387.2 12484.8 66.057 2.86 61.1
The resulting peak from
DEAE-cellulose ion-exchange 5 6 90 1294.7 6473.5 71.927 3.11 33.01
separation column
The resulting peak from gel- 5 54 30 1259.2 6296 209.866  9.09 29.6

filtration Sephadex G-100

*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.
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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.

55 -
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y =-0.4289x+ 11.255
: R*=0.9101
T 45
&0 4 -
g 4
=
*
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14 14.5 15 15.5 16 16.5 17 17.5

Elution volume (ml)

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
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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) V (mL)

elution

Blue dextran (Void volume (Vo)) 2000000 4.5
Hexokinase 100000 14.3
Bovine serum albumin (BSA) 67000 15
a—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.
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Figure 5. (4) 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].



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.
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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
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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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