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Abstract. The article presents results of determining soluble protein content in plant samples
of Prunus spinosa L. using the Bradford method and assessing their comparative characteristics. The
study used samples obtained from the leaves of P. spinosa. Protein extraction was performed using a
50 mM phosphate buffer solution at pH 7.0. To reduce the potential influence of phenolic compounds
in plant tissues, polyvinylpolypyrrolidone (PVPP) was used during extraction. The obtained extracts
were centrifuged, and the soluble protein content in the clear supernatant was determined using the
Bradford colourimetric method. A series of bovine serum albumin (BSA) standard solutions was used
to calculate protein concentration and construct a calibration curve.

The study showed that soluble protein content in P. spinosa samples varies by plant organ and
by individual sample characteristics. Optical density values of leaf and fruit extracts were compared,
and protein concentrations were calculated from these measurements. The Bradford method enabled a
comparative assessment of soluble protein content in plant extracts. The calibration curve constructed
using BSA standards served as the basis for quantitatively determining protein concentrations in the
studied samples.

The results provide an opportunity to assess the distribution patterns of soluble proteins in P
spinosa tissues and to compare leaf samples. The findings may serve as baseline data for characterising
the biochemical properties of P. spinosa and for planning further biochemical studies of the protein
composition of plant materials.

Keywords: Prunus spinosa L., soluble protein, Bradford method, BSA, phosphate buffer, PVPP, protein extraction,
spectrophotometry.
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Anparna. Maxkanaga Prunus spinosa L. eciMIIK YATIIEPIHAETI €PUTIH aKybI3IapAblH
mommepin bpaxdopa omiciMeH aHBIKTay JKOHE OJapblH CaJbICTHIPMAIBI  EPEKIICITIKTEPiH
Oaraymay HOTHXKENIEpl KapacThIPbUIALL. 3€pTTEy HbICAHBI peTiHAae P spinosa ©CIMAIriHiH
JKambIpaKTapblHAH allbIHFAH YATUIEp MaiJanaHbulIbl. AKYbI3AapAbl dKcTpakmusiay pH 7,0
nenreiinzeri 50 MM ¢docdartei-Oydepiaik epiTiHal KeMeriMeH XKYPri3iiai. OciMIiK yiinagapblHIaFb!
(heHONABIK KOCBHUIBICTAPIBIH BIKTUMAT OCEpPIH TOMEHIIETY MAaKCaThIHIa SKCTPAKIHS OapbICHIHIA
nonauBHHWIIONMUIHpponuaoH (PVPP) kompmaHpuigpl. ANBIHFaH JKCTPAKTTap LEHTPUQYTalaHbII,
MOJIIIp CyNepHATaHTTaFrbl €pUTIH aKybl3 Meiuiepi bpandopATIH KOIOPUMETPHUSIIBIK 9/11C1 apKbLIbI
aHBIKTAJbl. AKYBI3 KOHIICHTPALMSCBIH €CEITeY YILIH CUBIP capbicybl ansOymuHi (BSA) nerizingeri
CTaHJAPTTHI EPITIHILIEP KaTapbl MaiaIaHbUIBII, KaTHOPIIey KUCHIFBl KYPBUIIHI.

3eprrey OapbIchiHAa P. spinosa 6CIMIIIK YATUIEPIHACTI EPUTIH aKybI3 MOJIIICPIHIH 3ePTTEITCH
OCIMIK MYIIIECIHE JKOHE YJIT1 EpeKIIeNKTepiHe OalIaHBICThl ©3TepeTiHl aHBIKTaIbI. JKambipak
KOHE JKEMIC VITUIepIHEH alblHFaH OJKCTPAKTTapAblH ONTHKAJBIK THIFBI3IBIK KOPCETKIIITEPI
CaJIBICTHIPBUIBIN, OJIAPABIH HETI3IHJEe aKybl3 KOHIEHTpauusuiapsl ecentenai. bpaadopn omici
OCIMIIK 3KCTPAKTAPBIHAAFBl E€PUTIH aKyBI3AApPAbl CaJBICTHIPMANIBI TYpAe Oaranayra MYMKIHIIK
Oepni. BSA cranmaprrapsl OoibIHIIA albIHFaH KaauOpJey KUCHIFBI 3epTTEIreH YITUIEpIaeri aKybl3
KOHIEHTPAIMSACHIH CaH/IbIK aHBIKTAYJIBIH HETi31 PeTiHe KOJITaHbLIIbI.

AnbiHFaH HOTIDKENEp P spinosa ©CIMAIK YINANapblHAAFbl €PUTIH aKybI3AAPAbIH Tapaity
EpeKIICTKTEPIH OarayiayFa JKOHE KambIpak YJTUIEpiH CalbICTBIpyFa MYMKIHAIK Oeperdi. 3eprrey
HOTHXeNepi P. spinosa TYpiHIH OMOXMMHUSIIBIK E€PEKIICTIKTEPIH CHITATTay/la, COHJai-aK ©CIMIIK
MaTepHalJapbIHBIH aKybI3bIK KYPaMBbIH opi Kapai 3epTTeyre apHaJFaH OMOXUMISIIBIK TaJlaayaapsl
xKocrapiayaa 0acTamnkel Jepek peTiHae Heri3 0oma anajsl.

Kinr ce3nep: Prunus spinosa L., eputin akysi3, bpandopa oxici, BSA, docdarrer 6ydep, PVPP, akybI3 skcTpakuscsl,

CHEKTPOPOTOMETPHSL.
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AHHOTanus. B crartbe npencTaBicHbl Pe3yNbTaThl ONPEACICHUS COAEP/KAHUS PACTBOPUMBIX
OenkoB B oOpa3uax pacteHus Prunus spinosa L. ¢ ucnonszoBanueM meroaa bpandopna u oueHku
UX CPaBHUTENBHBIX 0COOCHHOCTEW. B KauecTBe 0ObeKTa McCIEIOBaHUS HMCIIOIB30BAIN OOpa3Lbl,
MOJIyYECHHBIE U3 JIUCThEB pacTeHUs P. spinosa. DKCTPaKIHIO OEIKOB MPOBOAMIN C UCIOIb30BaHHEM
50 MM ¢docdarnoro Oydeprnoro pactBopa ¢ pH 7,0. C 1enbio CHUXKEHHS BO3MOXKHOTO BIUSHUS
(EHONBHBIX COCTUHEHUH, COAEPKAIIMXCA B PACTUTEIBHBIX TKAHAX, B MPOIECCE IKCTPAKIIMU
UCHOJIB30BaNIN NoNUBUHUINONUIUPpouoH (PVPP). Tlonydyennble 3kCTpakThl EHTpUYTUPOBAIIH,
a coJiep)KaHue PaCTBOPUMBIX OEJIKOB B MPO3PAYHOM CyTIEpHATAHTE OMPEEIISIN KOJOPUMETPUUECKUM
MmetonoM bpandopna. Jlns pacdera KOHIEHTpauuu Oeika MCIONB30BAIM PAl CTaHJAPTHBIX
pPacTBOPOB Ha OCHOBE OBIYBETO CHIBOPOTOYHOTO ambOymuHa (BSA), mo koTopbIM Oblla mOCTpO€Ha
KaJIuOpOBOYHAs KpUBasl.

B xone uccrnenoBaHus ycTaHOBIICHO, YTO COZIEp’KaHHE PACTBOPUMBIX O€IKOB B oOpasuax P,
Spinosa U3MEHSETCS B 3aBUCUMOCTH OT HUCCIIEAYEeMOT0 OpraHa pacTeHHst U 0COOCHHOCTEN 00pa31oB.
Bbutn comocTaBiieHbl MOKa3aTeld ONTHYECKON IUIOTHOCTH 3KCTPAKTOB, MOITYYEHHBIX U3 00pa3IoB
JHUCTBEB M TUIONIOB, HA OCHOBAaHMH KOTOPBIX PAaCCUMTAHBI KOHIEHTpanuu Oenka. Meron bpandopna
MI03BOJIMJI TIPOBECTU CPABHUTEIBHYIO OLIEHKY COJEP’KaHUSI PACTBOPUMBIX OEJIKOB B PACTUTEIbHBIX
skcTpakrax. KanuOpoBouHasi kpuBasi, HOCTpOEHHas 10 cTanaapram BSA, ucnonb3oBanach B KauecTBe
OCHOBBI JJI51 KOJIMYECTBEHHOT'O ONPEIEIeHUs] KOHLIEHTpaluK Oellka B UCCIIEAyeMbIX 00pa3Lax.

ITony4eHHbIe pe3yabTaThl O3BOJSAIOT OLIEHUTh OCOOEHHOCTU PACIpe/ieeHUs] paCTBOPUMBIX
0enKoB B TKaHAX P. spinosa W MPOBECTH CPaBHUTEIbHBIN aHaAJIN3 00pa3loB JHUCThEB. Pe3ynbrarsl
UCCIIEIOBAHUSI MOTYT CIYXHTb HCXOAHBIMU JAaHHBIMH IIPH XapaKTEePUCTHKE OMOXUMHMYECKUX
ocobenHocteil P. spinosa, a Takxe MpU IIIAaHUPOBAHUH AATbHEUITNX OMOXUMUYECKHUX UCCIICAOBAaHUN
OEJIKOBOT0O COCTaBa PACTUTENILHOTO MaTepuaa.

KawueBblie ciioBa: Prunus spinosa L., pactBopuMslii 6enok, meton bpandopna, BSA, ocdarnsiit 6ydep, PVPP, sxkcrpakius

Oerka, CrieKTpooTOMETpHsL.
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Introduction. A significant portion of leaf proteins are enzymes of the photosynthetic
apparatus, especially ribulose-1,5-bisphosphate carboxylase/oxygenase (RuBisCO), which binds
carbon dioxide. In addition, the leaf contains antioxidant enzymes, membrane proteins, transport
proteins, and special proteins that protect the cell from stress. Therefore, the amount of soluble protein
in the leaf is considered one of the most important biochemical indicators of the plant's metabolic
activity and physiological state.

Methods for determining protein in plant material were developed gradually in the late 19th and
early 20th centuries. One of the first methods was J. Kjeldahl's method for determining total nitrogen
content. Later, the Biuret and Lowry methods enabled direct colourimetric assessment of proteins.
In 1976, M. Bradford proposed a rapid and sensitive method based on the binding of the Coomassie
Brilliant Blue G-250 dye to protein molecules. When the dye binds to protein, its spectral properties
change, and the optical density of the formed complex is measured at 595 nm. The method's simplicity,
relatively high sensitivity, and suitability for analysing small sample volumes have made it widely
used in plant biochemistry (Bradford et al., 1976). However, phenolic compounds, tannins, pigments,
and polysaccharides in plant leaves can co-extract with proteins and interfere with colourimetric
measurements. Therefore, using polyvinylpyrrolidone (PVPP), which binds phenolic compounds,
increases the accuracy and reproducibility of the results.

Drought is a major abiotic factor limiting plant growth and biochemical processes. Decreased
soil moisture reduces leaf water potential, leading to stomatal closure, limiting carbon dioxide
absorption, and reducing photosynthetic intensity. Under prolonged or severe water deficit, protein
synthesis slows, and the degradation of some structural and photosynthetic proteins may increase.
As a result, the total amount of soluble protein in the leaf decreases. However, the drought response
is not unidirectional: the plant activates the synthesis of protective proteins, such as dehydrins, late
embryogenesis proteins (LEA), heat shock proteins, and antioxidant enzymes. These proteins help
maintain enzyme and membrane stability, reduce the harmful effects of reactive oxygen species, and
restore metabolism after water deficit. Therefore, soluble protein levels under drought can vary with
plant genotype, stress intensity and duration, leaf age, phenological stage, and habitat characteristics.
(Bannerjee et al., 2016)

Prunus spinosa L. is a thorny shrub belonging to the Rosaceae family. It contributes to
shrub community formation in natural populations, protects soil surfaces, and provides food and
habitat for various animals. Because the fruits, leaves, and flowers are rich in phenolic compounds,
flavonoids, anthocyanins, and other biologically active substances, most previous studies have focused
on determining its phytochemical composition and antioxidant properties. The soluble protein content
in the leaves of P. spinosa, especially in populations growing in natural and arid environments, has
been relatively poorly studied. Therefore, determining leaf protein provides additional data needed to
assess the physiological state and interpopulation biochemical variability of this species (Buchanan et
al., 2015)

Studies on the response of O to drought have shown that plant populations respond to water
deficit in a heterogeneous manner. Wanjiku and Bohne compared three ecotypes and found that
their growth, morphological, physiological and biochemical parameters changed depending on the
irrigation regime (Wanjiku et al., 2017). In subsequent experiments, K. Vander Mijnsbrugge and
colleagues showed that summer drought affects leaf senescence, post-stress regrowth and bud break
in the following season in P. spinosa. These works prove that the drought tolerance of the species is
not limited only to responses to water deficit, but also to the ability to recover from stress (Vander
Mijnsbrugge et al., 2025). However, these studies did not fully characterise total soluble protein
content in the leaf as a key indicator. In this regard, determining the protein parameters of natural
populations is relevant for explaining the ecological and biochemical features of the species.

The Mangystau region is arid, with low rainfall, high summer temperatures, intense
evaporation, and unstable soil moisture. Under these conditions, plants face the combined effects of
long-term water deficit, high temperatures, and soil characteristics. The microclimate, soil properties,
moisture supply, and anthropogenic load differ between the Kogez and Samal-sai sites on the Karatau
ridge. These differences may affect metabolic intensity and the accumulation level of soluble proteins
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in the leaves of P. spinosa L. Therefore, comparison of samples from these sites allows us to assess
the physiological state and interpopulation biochemical variability of the species in the arid conditions
of Mangystau. (Imanbayeva et al., 2018)

This study aimed to determine the amount of soluble protein in P. spinosa leaf samples collected
from the Kogez and Samal-sai sites in the Karatau Range of the Mangystau region using the Bradford
method and to compare indicators between the two populations. During the study, we extracted leaf
proteins with phosphate buffer, reduced the influence of phenolic compounds using PVPP, created a
calibration curve using BSA standards, and conducted descriptive statistical analysis of the results.
The data can supplement the initial biochemical characterisation of P. spinosa under arid conditions
and serve as a basis for subsequent ecological, physiological, and molecular studies.

Materials and methods. We collected wild leaf samples of P. spinosa from the Kogez and
Samal-sai sites of the Karatau Range in the Mangistau region of Kazakhstan. We divided the samples
into two populations and analysed three replicates from each population.

Figure 1. P. spinosa on the Karatau ridge

Table 1. Characteristics of the studied P. spinosa specimens

No. Plant type Member studied Mountain range Sampled area Sample mass, g

Kogez, Mangystau

1 P. spinosa Leaf Karatau region 0.100
Samal-sai,
2 P. spinosa Leaf Karatau Mangystau region 0.100

Ecological characteristics of the study areas. The studied Kogez and Samal gorges are
located in the Western Karatau system and are characterised by an arid, semi-desert climate. The
region's lack of moisture, high temperatures, and uneven rainfall mainly determine the spatial structure
of plant communities. Although drought-adapted xerophytic species prevail in these conditions,
mesophytic and ruderal plants are also widespread, depending on local water sources and terrain.
Although the two sites share a similar climatic background, their soil composition, moisture regime,
and grazing load differ.
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The length of the Koghez Gorge is about 2000 m, and the width is 50-100 m. The gorge has
moderately steep slopes and gravelly brown soils. The soil is stony, well-drained and relatively poor
in nutrients. The humus content is 0.47%, carbonates 7.9%, and water-soluble salts 0.18%. The low
humus content indicates low organic matter accumulation, and the relatively high carbonate content
indicates that soil formation occurs in arid climate conditions. The low level of water-soluble salts
indicates that the soil is not significantly salinised.

In the Kogez Gorge, a mixed hawthorn-wormwood community - Caragana grandiflora —
Artemisia spp. - Crataegus ambigua has formed. The community includes 56 plant species, with a
total projective cover of 55%. The main species include Acanthophyllum pungens (Bunge) Boiss,
Achnatherum splendens (Trin.) Nevski, Agropyron fragile (Roth) P. Candargy, Artemisia austriaca
Jacq., Artemisia gurganica (Krasch.), Atraphaxis replicata Lam., Caragana grandiflora (M. Bieb.)
DC, Crataegus ambigua C.A. Mey, Ephedra distachya L., Rosa iliensis Chrshan, Rosa laxa Retz,
Salix alba L, Stipa caucasica Schmalh, Ulmus pumila L.

The absence of livestock grazing has created favourable conditions for preserving the natural
structure of the vegetation cover and restoring shrub and herbaceous species. In this regard, the Kogez
community can be described as a relatively stable ecosystem with low anthropogenic disturbance.
(A.A Imanbayeva et al., 2025) The Samal Gorge is about 2500 m long and 100 m wide. Its slopes
range from moderately steep to steep. The fresh water flow along the gorge bottom is an important
source of moisture in the arid region, creating spatial differences in soil moisture. The soil of the
Samal Gorge is brown, loamy and stony. Although clay particles help retain moisture, the stony layers
accelerate water movement to the lower horizons. The soil has 0.39% humus, 7.3% carbonates, and
0.12% water-soluble salts. These indicators suggest the soil is poor in organic matter and carbonates,
has low salinity, and is generally well-drained.

The Crataegus ambigua—Herba xerophytica hawthorn—xerophytic herbaceous community is
widespread in the Samal Gorge. We recorded 55 plant species, with a total projective cover of 50%. The
community includes xerophytic, mesophytic, and ruderal species, such as Acanthophyllum pungens,
Agropyron fragile, Artemisia austriaca, Artemisia gurganica, Caragana grandiflora, Crataegus
ambigua, Ephedra distachya, Malus sieversii, M. longifolia, Pyrus communis, Salix alba, Stipa
caspia, S. caucasica, and Ziziphora tenuior. Although the freshwater flow supports hygrophilous
plant species, grazing may influence vegetation cover density, species regeneration, and overall
community structure. Comparing the two sites, Kogez had 0.08 percentage points higher humus
content than Samal, 0.6 percentage points higher carbonate content, and 0.06 percentage points higher
water-soluble salts content. The projected vegetation cover in Kohez was also 5 percentage points
higher than in Samal. These differences likely reflect the absence of grazing pressure in Kohez and
the preservation of the plant community in a relatively natural state. Although the water source in
Samal provides additional moisture, grazing may limit natural regeneration. These environmental
and soil features may affect the physiological state of the studied plants and the amount of soluble
protein in leaf tissues. In this regard, we used the same standardised extraction method for all
samples to comparatively assess the biochemical characteristics of leaf samples from Kohez and Samal
populations. This approach allowed us to distinguish changes arising from ecological differences
between the study sites from those due to laboratory processing conditions.

For protein extraction, we weighed 0.100 g of each leaf sample and added 2.0 mL of 50 mM
phosphate buffer (pH 7.0). To reduce interference from phenolic compounds, we added 40 mg of
polyvinylpolypyrrolidone (PVPP) to each sample. The samples were homogenised three times for 1
min, with a 15-s break between each stage. Cool the homogenates for 10—15 min, then centrifuge at
10,000-12,000 rpm for 10 min. Remove the resulting clear supernatant without disturbing the pellet.

For the Bradford assay, add 2.0 mL of Bradford reagent to 40 uL of supernatant. Mix the
mixture thoroughly, allow the colour reaction to proceed at room temperature, then measure the optical
density at 595 nm. Prepare a control solution with 40 pL of distilled water and 2.0 mL of Bradford
reagent, and use it to zero the spectrophotometer.

BSA standards at concentrations of 0.125, 0.250, 0.500, 0.750, and 1.000 mg/ml were analysed
in the same volume and under the same conditions as the test samples. The calibration equation was
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A =aC + b, where A is the optical density at 595 nm; C is the protein concentration in the extract
(mg/ml); a is the slope; and b is the intercept. From this, C = (A - b)/a was calculated.

We calculated the protein content of the starting plant material using the formula P = (C x V x
DF)/m, where P is the protein content (mg/g), V is the extraction volume (2.0 mL), DF is the additional
dilution factor, and m is the sample mass (0.100 g). Because we performed no additional dilution, we
calculated P as (C x 2.0)/0.100 = C x 20 mg/g.

For each population, we calculated the arithmetic mean, standard deviation (SD), standard
error (SE), median, minimum and maximum values, and coefficient of variation (CV). Because of the
small number of replicates (n = 3 per population), no statistical significance analysis was performed
(Haslam et al., 1989).

Results and discussion. The mean soluble protein content in the Kogez population was 0.7877
mg/g, with individual values ranging from 0.6697 to 0.9266 mg/g. The standard deviation was 0.1297
mg/g, and the coefficient of variation was 16.47%. This indicates moderate variability within the
population.

The average soluble protein content in the Samal-sai population was 0.2425 mg/g, with
individual values ranging from 0.1794 to 0.3054 mg/g. The coefficient of variation was 25.98%, and
the relative variability was higher than in the Kogez population. The average protein content in the
Kogez samples was 3.25 times higher than the Samal-sai value, with an absolute difference of 0.5452

mg/g.

Table 2. Descriptive statistics of soluble protein content in P. spinosa leaf samples

) Average, SD, SE, Median, Min, Max, Cv,
Population n o Extract
mg/g mg/g mg/g mg/g mg/g mg/g %o
Blue 3 0.7877 0.1297 0.0749 0.7668 0.6697 0.9266 16.47 ‘
Windy 3 0.2425 0.0630 0.0364 0.2428 0.1794 0.3054 25.98 a

The differences between the two populations may be due to the physiological state of the plants,
microclimate, soil moisture and nutrient content, sampling period, and other environmental conditions.
Soluble protein levels may vary with developmental processes and environmental stress. However, this
study design does not allow for a clear determination of the influence of individual factors.

The differences in soluble protein content in the studied populations are consistent with their
environmental conditions. The higher average protein content in the Kogdz samples was observed
alongside relatively high levels of humus and carbonates in the soil, good preservation of vegetation
cover, and the absence of grazing pressure. Low disturbance of the natural community may provide
favourable conditions for normal plant growth, preservation of the leaf apparatus, and metabolic
stability (Kumar et al., 2013).

Although the permanent water source in the Samal Gorge provided moisture, the soil humus
content was lower than in the Kogez, and grazing effects were observed. Grazing can mechanically
damage plant tissues, reduce leaf biomass, and increase regrowth. These effects may indirectly
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affect soluble protein accumulation by changing the plant's physiological state. In addition, the high
coefficient of variation in the Samal samples may reflect heterogeneity in microtopography, distance
to the watercourse, and grazing load at this site.

However, soil or grazing conditions alone cannot explain the observed biochemical differences.
Plant age, phenological stage, leaf position, harvesting time, temperature, and sample storage
conditions also affect protein content. Therefore, this work treats the relationship between ecological
parameters and protein content not as a cause-and-effect conclusion, but as a scientific hypothesis to
be tested in further studies (Orazov A., et al., 2022). In the future, it is recommended to measure soil
moisture, total nitrogen, available phosphorus, temperature, and grazing intensity simultaneously, and
to increase the number of biological replicates.

PVPP extraction yielded supernatants suitable for analysis by the Bradford method, and it
reduced the influence of phenolic compounds in the leaf composition. However, the influence of
pigments and residual phenolic compounds cannot be ruled out completely. Future studies should
include extraction controls, run technical replicates, and verify that sample optical density values fall
within the linear range of the BSA calibration curve.

The main limitation of the study is the small sample size. Therefore, treat the identified
differences as preliminary descriptive results. Future studies should include more populations and
independent plants, standardise the phenological period, and simultaneously measure environmental
indicators.

Conclusion. Phosphate buffer extraction, PVPP, and the Bradford method allowed us to
quantitatively compare the soluble protein content of P. spinosa leaf samples. The protein content in the
Kogez population was 0.7877 + 0.0749 mg/g, and in the Samal-sai population it was 0.2425 + 0.0364
mg/g. Although the mean value in Kogez samples was 3.25 times higher, relative variability was higher
in Samal-sai. These results provide an initial biochemical characterisation of the two populations
and should be confirmed with studies using more biological replicates. Ecological comparisons
showed that the Kogez site had better-preserved vegetation, relatively high soil humus content, and
no grazing pressure. Although a freshwater stream runs through the Samal gorge, humus content is
low, and grazing effects are noticeable. These factors may contribute to the physiological state of both
populations; however, extensive ecological and biochemical studies are needed to prove their effect
on soluble protein content.

Funding information. The study was conducted within the framework of the scientific
project AP26198171 “Geoecological and molecular genetic assessment, distribution and development
monitoring of rare plant species belonging to the families Prunus, Sibiraea and Rosa (Rosaceae) in
Kazakhstan”.
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