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Ö Z

Küresel anlamda, hem patojen mikroorganizmalara karşı koruma sağlayabilen hem de tümör hücrelerine karşı etkili olabilen 
yeni ajanlara karşı büyük bir talep bulunmaktadır. Bu çalışmada, glisin ve glisil-glisinin antimikrobiyal, biyofilm inhibe edici ve 

antikanser etkileri incelenmiştir. Antimikrobiyal etkiler, sıvı dilüsyon yöntemi kullanılarak belirlenmiş, biyofilm inhibisyonu etkileri 
ise kristal viyole tutunma testi ile değerlendirilmiştir. HeLa hücre canlılığındaki sitotoksik etkiler, MTT testi kullanılarak ölçülmüştür. 
Sonuçlarımız, test edilen üç izolat arasında 100 mg/mL glisinin sadece S. epidermidis W17'yi inhibe ettiği, ancak 400 mg/mL glisil-
glisinin hem S. epidermidis W17 hem de P. mirabilis U15 klinik suşlarını inhibe ettiğini göstermektedir. Ayrıca, glisinin Minimum 
İnhibisyon Konsantrasyonu (MİK)'nun altındaki konsantrasyonlarının (sub-MİK), tüm test edilen klinik izolatlarda biyofilm oluşumu-
nu %70'in üzerinde inhibe etmiş olduğu ve P. mirabilis U15 ile S. epidermidis W17 suşlarına karşı anlamlı olarak daha fazla biyofilm 
inhibisyonuna yol açtığı görülmektedir (p<0,05). 0,3 mM ve 1 mM glisin ve glisil-glisin konsantrasyonlarının ise, A549 ve HeLa hücre 
tiplerinde, kontrol grubuna kıyasla anlamlı bir hücre canlılığı azalmasına yol açmış olduğu gözlenmektedir (p<0,001). Bu çalışma-
dan elde edilen sonuçlar, amino asitler ve dipeptid bazlı sentezlenebilir moleküller kullanarak yeni stratejilerin geliştirilmesine ve 
ilaç geliştirme araştırmalarındaki ilerlemelere katkı sağlayacaktır.

Anahtar Kelimeler
Antikanser aktivite, sitotoksisite, antimikrobiyal aktivite, biyofilm inhibisyonu, glisin, glisil-glisin.

A B S T R A C T

Globally, there is a significant demand for novel agents capable of providing protection against both pathogenic microorga-
nisms and tumor cells. In this study, the antimicrobial, biofilm inhibitory, and anticancer effects of glycine and glycyl-glycine 

were investigated. The antimicrobial effects were determined using the broth dilution method, while the biofilm inhibitory effects 
were assessed through the crystal violet binding assay. Cytotoxic effects on HeLa cell and A549 cell line viability were measured 
using the MTT assay. Our results indicate that, although 100 mg/mL of glycine only inhibited Staphylococcus epidermidis W17 
among the three tested isolates, 400 mg/mL of glycyl-glycine inhibited both S. epidermidis W17 and Proteus mirabilis U15 strains. 
Additionally, sub-MICs (concentrations below the Minimum Inhibition Concentration) of glycine inhibited biofilm formation by 
more than 70% in all tested clinical isolates and exhibited significantly more biofilm inhibition against P. mirabilis U15 and S. epider-
midis W17 strains (p<0.05). A549 and HeLa cell types exhibited a significant reduction in cell viability at concentrations of 0.3 mM 
and 1 mM compared to the control after treatment with glycine and glycyl-glycine (p<0.001). The results obtained in this study 
will enhance the development of new strategies using amino acids and dipeptide-based synthesizable molecules, contributing to 
advancements in drug development research.
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INTRODUCTION

Antimicrobial resistance, infectious diseases, and 
cancer pose significant challenges to the healt-

hcare system worldwide and are extremely important 
problems for both human and animal health. Antimic-
robial resistance is defined in the literature as a situati-
on that occurs when microorganisms become resistant 
and do not respond to antibiotics with proven effecti-
veness used in the treatment of infections caused by 
these microorganisms [1]. It is stated in the literature 
that traditional antimicrobials rapidly lose their effec-
tiveness due to microbial resistance. For this reason, 
interest in alternative treatment agents to combat 
drug-resistant microorganisms has recently increased. 
Additionally, as human cancer remains a leading cause 
of morbidity and mortality worldwide, there is also an 
urgent need for new, selective, and more efficient anti-
cancer agents [2]. In these contexts, studies on amino 
acid-based substances in the literature show promise 
for the development of sustainable new compounds 
and therapeutic strategies [3]. Some amino acid-based 
compounds generally provide the desired activity due 
to their different biological effects and are also of inte-
rest from a pharmacological perspective [4,5].
Glycine is the most basic, small amino acid and is used as 
an antibacterial agent in foods due to its low toxicity in 
animals. It also has antibacterial potential and is known 
to inhibit the synthesis of a peptidoglycan component 
of the bacterial cell wall [6–9].  Furthermore, glycine 
concentrations of 1.5 to 6% resulted in 70 to 90% reduc-
tions in the growth of Enterococcus faecalis [10]. Glycyl-
glycine is an amide-linked glycine derivative and a small 
peptide. Peptides are very effective and often specific 
ligands. They contain a range of potential donor atoms. 
They have multiple functions in biochemical processes 
and such small peptides are also remarkable in terms of 
their ease of synthesis and the discovery of new drugs. 
When the literature was examined, it was observed 
that there were studies on the antimicrobial and anti-
cancer effects of peptides, but the number of studies 
on small molecules was limited. However, studies with 
small molecules such as prolyl-glycine, valyl-valine, and 
leucyl-valine have been reported to contribute to a 
better interpretation of the causes of biological effects 
occurring in amino acid-based drug structures in the 
future [11–15]. Therefore, this study aims to investiga-
te the antimicrobial, biofilm inhibitory, and anticancer 
effects of glycine and glycyl-glycine. By testing these 
small molecules, our objective is to contribute to the 

development of new therapeutic agents and provide a 
better understanding of the biological effects of amino 
acid-based compounds.

MATERIALS and METHODS

Microorganisms
In this study, Candida tropicalis T26, Proteus mirabilis 
U15, and Staphlococcus epidermidis W17, which had 
been previously isolated and identified [16–18], were 
used. All strains were inoculated onto Brain Heart In-
fusion (BHI) Agar Media from stock cultures using the 
streak plate method and incubated at 37°C for 24 hours 
to obtain single colonies. The obtained cultures were 
stored at 4°C and were grown again once a month for 
future experiments. 

Growth conditions and harvesting
Single colonies of microbial strains were initially grown 
in 10 mL of BHI Broth media at 37°C for 24 hours to ob-
tain precultures. Following this, 1.5 mL of the precultu-
res was inoculated into 30 mL of BHI broth and incuba-
ted at 37°C for 24 hours to obtain main cultures. The 
main cultures were harvested by centrifugation three 
times at 3220g at 5°C for 10 m (Eppendorf 5810R, with 
an Eppendorf Swing-bucket rotor A-4-62, Hamburg, 
Germany). A potassium phosphate buffer (pH 7) was 
used as the washing buffer. Following this, microbial 
cells were adjusted to MacFarland 2 turbidity standard 
and used in the further experiments.

Preparation of Glycine and Glycyl-Glycine 
Glycine and glycyl-glycine were purchased from Sigma 
and 800 mg of them were dissolved in 1 mL sterile PBS 
buffer solution (pH 7) and vortexed for 2 minutes to 
obtain stock solutions. Stock solutions were sterilized 
under UV light for 1 h and further used in the following 
experiments.

Minimum inhibitory and minimum microbicidal 
concentrations of Glycine and Glycyl-Glycine 
100 μL of each stock solution (800 mg/mL) was added 
to the wells of 96-well plates, each containing 100 μL of 
BHI broth. Two-fold serial dilutions were conducted to 
obtain concentrations covering a range from 0.39 mg/
mL to 400 mg/mL. Following this, 15 μL of microbial 
cells adjusted to the MF 2 turbidity standard in potassi-
um phosphate buffer as described previously were ino-
culated into the wells. The 96-well plates were then in-
cubated at 37°C for 24 hours. After incubation, growths 



G. Şahal et al. / Hacettepe J. Biol. & Chem., 2024, 52 (4), 273-283 275

were visually observed, and the minimum concentrati-
ons at which no growth was observed were determined 
as the Minimum Inhibitory Concentrations (MICs). Sub-
sequently, 10 μL samples were taken from the 96-well 
plates and inoculated onto BHI Agar plates to observe 
growth in media without amino acid/dipeptide inclusi-
on. The minimum concentrations in the wells at which 
no growth was observed on the BHI media were de-
termined as the Minimum Microbicidal Concentration 
(MMC). All experiments were conducted in triplicate at 
a minimum, and median values were presented.

Biofilm inhibitions by Glycine and Glycyl-Glycine 
Biofilm inhibitions caused by sub-MIC values were de-
termined by the modified method described by Sahal 
et al. [19]. Briefly, 0.5 MIC of glycine, glycyl-glycine 
dipeptide, and Pen-Strep-Amph B solution (control) 
against tested strains were prepared in 96-well plates. 
Following this, 15 μL of microbial cells adjusted to the 
MF 2 turbidity standard in potassium phosphate buffer 
(as described previously) were inoculated into the wells. 
The 96-well plates were then incubated at 37°C for 24 
hours. After incubation, wells were rinsed with sterile 
distilled water three times and stained with crystal vio-
let for 30 m. Afterwards, wells were rinsed with sterile 
distilled water again. Following this, the bound crystal 
violet which indicates biofilm formation was solubilized 
with 99.9% ethanol solution. Solubilized bound crystal 
violet was meaused with a microplate reader spectrop-
hotometer at a wavelength 560 nm (BIO-TEK, μQuant, 
BIO-TEK Instruments, Inc). The wells without any micro-
bial inoculation were set as a negative control; whereas 
wells without any ester inclusion were set as a positive 
control and their biofilm formation was set as 100%. 
The reduction (%) in biofilm formation relative to the 
positive control was calculated using the formula below:

% Decrease = [(Absorbance Control at 560 nm) - (Absor-
bance Treatment at 560 nm)] / (Absorbance Control at 
560 nm) x 100%

All experiments were conducted in triplicate, with bac-
terial cells grown separately, and the mean values of 
percentage inhibitions were reported.

MTT Assay 
The effects of glycyl-glycine and glycine on cell 
viability were measured with Tetrazolium salt 
3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl tetrazolium 
bromide (MTT, Sigma-Aldrich, Germany) assay based 

on our previous studies [20–22]. HeLa and A549 cells 
were used as cancer cell lines (HeLa cells 90061901, 
ŞAP Enstitüsü, Ankara, Turkey; A459 cells kindly gifted 
from Dr. Kılıç-Süloğlu lab Hacettepe University). The 
cells were cultured in DMEM: Ham’s F12 (DMEM/F12) 
medium supplemented with 2 mM L-glutamine, 10% 
fetal bovine serum, and 100 IU/ml Penicillin-Streptomy-
cin (Biochrom, Germany). For the MTT assay, briefly, 
each cell line was seeded in 96-well plates and incuba-
ted at 37 °C and 5% CO2 in the air. Cells were treated 
with glycyl-glycine and glycine in different concentrati-
ons (0.003-1mM) while untreated cells were served as 
controls. The MTT assay was performed using culture 
media containing MTT after 24 and 48 hours of treat-
ment. The absorbance (OD) values were collected using 
a UV-visible spectrophotometer (570 nm, EZ Read 400 
Microplate Reader, Biochrom, UK).  The cells were also 
visualized using inverted microscopy (IX70 Olympus, Ja-
pan). OD values were expressed as the mean ± standard 
deviation of six biological replicates. 

Statistical Analysis
Data of MTT assay were compared by an unpaired 
Student’s t-test. Graph Pad Prism (Graph Pad Softwa-
re, v 6.01, San Diego, CA, USA) was used for statistical 
analysis, and p <0.05 was accepted as significant. The 
biofilm inhibitory data were statistically analyzed using 
IBM SPSS Statistics version 23 (IBM SPSS Statistics Inc., 
Chicago, IL, USA). To assess the normality of the data 
distribution, the Shapiro-Wilk test was employed. For 
normally distributed data, significant differences bet-
ween different groups were determined using one-
way ANOVA, Bonferroni, and Tukey HSD tests. In cases 
where the data did not exhibit normal distribution, 
non-parametric tests such as Kruskal-Wallis and Mann-
Whitney U were applied. Significance was established 
for p values < 0.05.

RESULTS and DISCUSSION

Antimicrobial resistance and the uncontrolled spread 
of abnormal cells, known as cancer, constitute two pri-
mary challenges in human healthcare [2,23]. The esca-
lating incidence of antimicrobial resistance and cancer, 
coupled with the inadequacy of existing medications, 
has prompted the exploration of natural substances 
[24]. Over the past century, the discovery of various 
small-molecule antibiotics, including amino acids and 
antimicrobial peptides (AMPs) with short amino acid se-
quences, has revolutionized healthcare and contributed 
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to the treatment of life-threatening bacterial infections 
and cancerous tissues [25]. Among these, glycine, uti-
lized as a metabolic product in certain bacteria, is re-
ported to exhibit antimicrobial effects and is employed 
as a nonspecific antiseptic agent due to its low level of 
toxicity in animals [26,27]. In addition, the glycyl-glycine 
dipeptide has been reported to enhance the surface ac-
tivity of the antibacterial drug domiphen bromide [28]. 
Nevertheless, studies demonstrating not only the anti-
microbial effects but also the antibiofilm and anticancer 
effects of glycine and glycyl-glycine do not exist in the 
literature. Therefore, this study investigated the anti-
microbial, antibiofilm, and anticancer effects of glycine 
and glycyl-glycine. The data obtained from these two 
dipeptides constitute novel contributions to the litera-
ture.

Minimum inhibitory and minimum microbicidal 
concentrations of Glycine and Glycyl-Glycine 
In the initial part of this study, we determined the mi-
nimum inhibitory concentrations (MIC) and minimum 
microbicidal concentrations (MMC) of glycine and 
glycyl-glycine. Our results indicate that, in comparison 
to glycyl-glycine, glycine exhibits stronger antimicrobial 
activity against S. epidermidis W17, with a MIC of 100 
mg/mL, compared to glycyl-glycine, which requires a 
higher concentration (400 mg/mL) for antimicrobial 
efficacy (Table 1). In addition, glycyl-glycine at a con-
centration of 400 mg/mL not only inhibited S. epider-
midis W17 but also demonstrated an inhibitory effect 
against P. mirabilis U15 (Table 1). Although the MMC ca-
used by Pen-Strep-Ampho B was > 500 mg/mL against 
P. mirabilis U15, it was determined to be 400 mg/mL for 
glycyl-glycine, indicating its higher bactericidal effect.
However, none of the tested agents demonstrated an-
timicrobial activity against the C. tropicalis T26 strain. 
Among all the tested clinical isolates, S. epidermidis W17 
showed greater susceptibility, with lower MIC and MMC 
values, in response to the glycine amino acid and glycyl-
glycine (Table 1). 

When AMPs are examined in terms of their antimicro-
bial effect, they are reported to interact with compo-
nents of bacterial membranes, leading to the disruption 
of the lipid bilayer and cell death due to their positive 
(cationic) net charge [29,30]. Apart from this, amino-
acid based antimicrobials are reported to primarily tar-
get enzymes responsible for the biosynthesis of pepti-
doglycan (murein) [26], an essential component of the 
bacterial cell wall [31], and there are no homologs of 
these enzymes in fungal cells [26]. Therefore, the re-
ason of amino acid-based antibacterials tested in this 
study are insufficient to inhibit the yeast strain C. tro-
picalis T26 might be due to their mechanism of action 
being primarily effective against bacterial cell composi-
tion. Additionally, the observation that the amino acid-
based antibacterials in our study were more effective 
against S. epidermidis may be related to the higher pep-
tidoglycan biosynthesis in gram-positive bacteria.

Glycine, utilized as an antibacterial agent in foods due 
to its low toxicity in animals, has been reported to inhi-
bit the synthesis of a peptidoglycan component of the 
bacterial cell wall [27]. Additionally, it has been obser-
ved that a medium containing more than 2% and 6% 
glycine inhibits the growth of Lactococcus lactis and En-
terococcus faecalis, respectively [27]. While some stu-
dies report the antimicrobial effects of glycine, there is 
currently no research demonstrating the antimicrobial 
effect of the glycyl-glycine. Glycyl-glycine has only been 
reported to facilitate the aggregation of Domiphen 
bromide, an antimicrobial drug targeting oral malodor, 
dental plaque, and gingivitis, in aqueous solutions [28].

Biofilm Inhibitions by Glycine and Glycyl-Glycine
When examining the effect of glycine on biofilm forma-
tion, a concentration of 400 mg/mL inhibited the bio-
film formation of both C. tropicalis T26 and P. mirabilis 
U15 (by more than 70%) (Figure 1). On the other hand, 
0.5 MIC (50 mg/mL) of glycine resulted in a 91.33% inhi-
bition of biofilm formation by S. epidermidis W17. This 

Glycine   Glycyl-Glycine   Pen-Strep-Ampho B

MIC (mg/mL) MMC (mg/mL) MIC (mg/mL) MMC (mg/mL) MIC (µL/mL) MMC (µL/mL)

C. tropicalis T26 > 400 > 400 > 400 > 400 500 >500

P. mirabilis U15 > 400 > 400 = 400 = 400 250 >500

S. epidermidis W17 = 100 = 200 = 400 > 400 0.49 0.49

Table 1. MICs and MMCs of glycine and glycyl-glycine against clinical isolates of C. tropicalis T26, P. mirabilis U15 and S. epidermidis 
W17 strains.
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inhibition was significantly higher than the inhibition 
caused by 0.5 MIC of Pen-Strep-Amph B against S. epi-
dermidis W17 (Figure 1, Table 4). In terms of the biofilm 
inhibitory effect of glycyl-glycine, the highest effect ob-
served at 400 mg/mL (Sub-MIC), caused 82.05% biofilm 
inhibition against C. tropicalis T26. However, 0.5 MIC 
(200 mg/mL) of glycyl-glycine resulted in 47.52% and 
52.87% inhibition of biofilm formation of P. mirabilis 
U15 and S. epidermidis W17 strains, respectively (Figure 
1). Our results indicate that, compared to glycyl-glycine, 
glycine exhibited significantly more biofilm inhibition 
against P. mirabilis U15 and S. epidermidis W17 strains 
(Figure 1, Tables 3 and 4). Moreover, although neither 
of the tested agents showed antimicrobial activity aga-
inst the C. tropicalis T26 strain, both demonstrated over 
78% biofilm inhibition against C. tropicalis T26 (Figure 1).
One of the studies conducted on the effects of amino 
acids (arginine, valine, leucine, glycine, lysine, phenyla-
lanine, threonine, and proline) on the biofilm formation 
of the Escherichia coli BL21 strain reported that glyci-
ne inhibited the biofilm formation of E. coli BL21 [32]. 

Glycyl-glycine, reported for its potential use as a drug 
carrier [33], has not been examined for its antimicrobial 
and biofilm inhibitory potentials alone until now. Howe-
ver, its silver complexes have been reported to display 
antimicrobial and medium biofilm inhibitory effects 
against Staphylococcus aureus strain [25].

AMPs are generally divided into groups based on the-
ir ability to inhibit, reduce, or eradicate biofilms [34]. 
Glycyl-glycine is one of the water-soluble dipeptides. 
Therefore, its hydrophilic nature can potentially impact 
yeast biofilm formation by interfering with adhesion, 
disrupting the biofilm matrix, and affecting cell-cell in-
teractions more than it affects bacterial biofilm forma-
tion. This explains why, in our study, the inhibition of 
biofilm formation of C. tropicalis T26 caused by glycyl-
glycine was greater compared to bacterial species. 
Although it does not display antifungal effects against 
C. tropicalis T26 in this study, it inhibits the biofilm for-
mation of it. Therefore, it might be selected as a vehicle 
in biomedical applications to prevent Candida-associa-

Figure 1. Biofilm inhibitory effect (%) of a. Sub-MIC of glycine (400 mg/mL) and glycyl-glycine (400 mg/mL) against C. tropicalis T26; 
b. Sub-MIC of glycine (400 mg/mL) and glycyl-glycine (200 mg/mL) against P. mirabilis U15; c. 0.5MIC glycine (50 mg/mL) and glycyl-
glycine (200 mg/mL) against S. epidermidis W17. All data were calculated relative to the control; the biofilms formed in wells without 
the inclusion of any agent. Error bars indicate standard deviations over at least three independent experiments.
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Multiple Comparisons

(I) Agents (J) Agents
Mean 

Difference 
(I-J)

Std. Error Sig.

95% Confidence Interval

Lower Bound Upper Bound

Tukey HSD

Glycine

Glycyl-
Glycine

Pen-Strep-
Amph B

.58333

1.97917

1.88962

1.76758

.949

.533

-4.9817

-3.2265

6.1484

7.1848

Glycyl-
Glycine

Glycine

Pen-Strep-
Amph B

-.58333

1.39583

1.88962

1.76758

.949

.721

-6.1484

-3.8098

4.9817

6.6015

Pen-Strep-
Amph B

Glycine

Glycyl-
Glycine

-1.97917

-1.39583

1.76758

1.76758

.533

.721

-7.1848

-6.6015

3.2265

3.8098

Bonferroni

Glycine

Glycyl-
Glycine

Pen-Strep-
Amph B

.58333

1.97917

1.88962

1.76758

1.000

.899

-5.3266

-3.5490

6.4932

7.5074

Glycyl-
Glycine

Glycine

Pen-Strep-
Amph B

-.58333

1.39583

1.88962

1.76758

1.000

1.000

-6.4932

-4.1324

5.3266

6.9240

Pen-Strep-
Amph B

Glycine

Glycyl-
Glycine

-1.97917

-1.39583

1.76758

1.76758

.899

1.000

-7.5074

-6.9240

3.5490

4.1324

Dependent Variable: Biofilm Inhibition (%)

Table 2. Descriptive statistics and analysis results for biofilm inhibitory effect of glycine and glycyl-glycine against C. tropicalis T26.
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Multiple Comparisons

(I) Agents (J) Agents
Mean 

Difference 
(I-J)

Std. Error Sig.

95% Confidence Interval

Lower Bound Upper Bound

Tukey HSD

Glycine

Glycyl-
Glycine

Pen-Strep-
Amph B

18.27417*

-3.53750

3.30855

3.06312

.001

.510

8.8202

-12.2902

27.7282

5.2152

Glycyl-
Glycine

Glycine

Pen-Strep-
Amph B

-18.27417*

-21.81167*

3.30855

3.30855

.001

.000

-27.7282

-31.2657

-8.8202

-12.3577

Pen-Strep-
Amph B

Glycine

Glycyl-
Glycine

3.53750

21.81167*

3.06312

3.30855

.510

.000

-5.2152

12.3577

12.2902

31.2657

Bonferroni

Glycine

Glycyl-
Glycine

Pen-Strep-
Amph B

18.27417*

-3.53750

3.30855

3.06312

.002

.844

8.2964

-12.7751

28.2520

5.7001

Glycyl-
Glycine

Glycine

Pen-Strep-
Amph B

-18.27417*

-21.81167*

3.30855

3.30855

.002

.001

-28.2520

-31.7895

-8.2964

-11.8339

Pen-Strep-
Amph B

Glycine

Glycyl-
Glycine

3.53750

21.81167*

3.06312

3.30855

.844

.001

-5.7001

11.8339

12.7751

31.7895

*. The mean difference is significant at the 0.05 level..
Dependent Variable: Biofilm Inhibition (%).

Table 3. Descriptive statistics and analysis results for biofilm inhibitory effect of glycine and glycyl-glycine against P. mirabilis U15.
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Multiple Comparisons

(I) Agents (J) Agents
Mean 

Difference 
(I-J)

Std. Error Sig.

95% Confidence Interval

Lower Bound Upper Bound

Tukey HSD

Glycine

Glycyl-
Glycine

Pen-Strep-
Amph B

38.71583*

19.76000*

5.22599

5.58682

.000

.023

23.3250

3.3065

54.1067

36.2135

Glycyl-
Glycine

Glycine

Pen-Strep-
Amph B

-38.71583*

-18.95583*

5.22599

5.22599

.000

.020

-54.1067

-34.3467

-23.3250

-3.5650

Pen-Strep-
Amph B

Glycine

Glycyl-
Glycine

-19.76000*

18.95583*

5.58682

5.22599

.023

.020

-36.2135

3.5650

-3.3065

34.3467

Bonferroni

Glycine

Glycyl-
Glycine

Pen-Strep-
Amph B

38.71583*

19.76000*

5.22599

5.58682

.000

.029

22.3713

2.2869

55.0604

37.2331

Glycyl-
Glycine

Glycine

Pen-Strep-
Amph B

-38.71583*

-18.95583*

5.22599

5.22599

.000

.025

-55.0604

-35.3004

-22.3713

-2.6113

Pen-Strep-
Amph B

Glycine

Glycyl-
Glycine

-19.76000*

18.95583*

5.58682

5.22599

.029

.025

-37.2331

2.6113

-2.2869

35.3004

*. The mean difference is significant at the 0.05 level.

Dependent Variable: Antibiofilm 

Table 4. Descriptive statistics and analysis results for biofilm inhibitory effect of glycine and glycyl-glycine against S. epidermidis W17.
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ted biofilm infections [30].

Cytotoxicity effects of Glycine and Glycyl-Glycine 
The cytotoxic effects of glycine and glycyl-glycine on 
A549 and HeLa cell viability at 24 and 48 hours were 
lower than those of the control group at higher con-
centrations. The most effective incubation time was 
48 hours for both cell types (Figure 2). After treatment 
with glycine and glycyl-glycine, both cell types (A549 
and HeLa) exhibited a significant reduction in cell viabi-
lity at concentrations of 0.3 mM and 1mM compared to 
the control with a p-value of < 0.0001 (Figure 2). When 
comparing the viability results of glycine and glycyl-
glycine at higher concentrations, both peptides showed 
similar cytotoxicity with a p-value of > 0.05. Our results 
indicate that glycine and its dipeptide form caused a si-
milar decrease in cell viability in both A549 and HeLa 

cells.

The MTT is a well-known method for measuring the 
cytotoxicity of materials [35]. It is widely used for asses-
sing drug cytotoxicity, the biocompatibility of materials, 
and in cancer research [22,36]. In our study, we selec-
ted cancer cells from two different origins: adenocarci-
nomic human alveolar basal epithelial cells (A549 cells) 
and a cervical cancer cell line (HeLa cell). Both cell lines 
are aggressive cancer cells commonly used for drug re-
search [37,38]. Qi et. al. showed that Cu (II) dipeptide 
complexes suppressed cancer cell lines (A549, HeLa, 
PC-3) at concentrations ranging from 17-101µM and 
suggested that these complexes induce apoptosis in 
HeLa cells through mitochondrial dysfunction [39]. Ad-
ditionally, researches have shown that cyclic dipeptides 
possess anticancer activity on various cancer cell lines 
at concentrations ranging from micromolar to millimo-
lar levels [40]. Parallel to these studies our results indi-

Figure 2. MTT results after 48 hours of incubation with glycine and glycyl-glycine. Absorbance results showed a dose-dependent 
viability decrease for both cancer cell lines. The observed difference between the higher concentrations and the control group is 
considered statistically significant with a high level of confidence. (** p<0.0001). Student t-test was used to compare the groups, and 
GraphPad Prism was used for analysis (n=6). 
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cate that glycine and its dipeptide form suppress A549 
and HeLa cell viability. 

In conclusion, our results indicate that both glycine and 
glycyl-glycine display antimicrobial effects against S. 
epidermidis W17 and exert cytotoxic effects on A549 
and HeLa cell viability. Moreover, both molecules de-
monstrate biofilm inhibition across all tested clinical 
isolates, with glycine showing a stronger effect. These 
findings emphasize the antimicrobial, biofilm inhibitory, 
and anticancer potentials of glycine and glycyl-glycine. 
Therefore, this study provides valuable data for future 
investigations in the development of peptide-based 
synthesizable molecules and drugs, offering useful in-
sights into their biological activities. The comprehensi-
ve testing of multiple clinical isolates belonging to dif-
ferent microbial groups, which provides results on the 
antimicrobial and biofilm inhibitory effects of glycine 
and glycyl-glycine, is a strength of this study. The ob-
served strong biofilm inhibition by glycine underscores 
its potential in combating biofilm-associated infections. 
Additionally, the cytotoxic effects demonstrated aga-
inst A549 and HeLa cells suggest promising applications 
in anticancer therapy. However, further research is nee-
ded to validate these findings in more clinically relevant 
settings before translating these peptides into therape-
utic applications.

R e f e r e n c e s

1. G. Mancuso, A. Midiri, E. Gerace, C. Biondo, Bacterial 
antibiotic resistance: the most critical pathogens, Pathogens, 
10 (2021) 1–14. 

2. D. Gaspar, A. Salomé Veiga, M.A.R.B. Castanho, From 
antimicrobial to anticancer peptides. A review, Front. 
Microbiol., 4 (2013) 1–16.

3. I. Elibe Mba, E. Innocent Nweze, Antimicrobial Peptides 
Therapy: An Emerging Alternative for Treating Drug-
Resistant Bacteria, Yale J. Biol. Med., 95 (2022) 445–463.

4. U. Kandekar, R. Pujari, P. Chaudhari, K. Khandelwal, K. Lone, 
T. Chorge, Nanocarriers For Breast Cancer: Advanced 
Perspective, Hacettepe Univ. J. Fac. Pharm., 41 (2021) 177–
193. 

5. R. Oliyai, Prodrugs of peptides and peptidomimetics for 
improved formulation and delivery, Adv. Drug Deliv. Rev., 19 
(1996) 275–286.

6. G. Gillissen, M. Schumacher, M. Breuer-Werle, Modulation 
of Antimicrobial Effects of Beta-Lactams by Amino Acids in 
vitro, Zentralblatt Fur Bakteriol., 275 (1991) 223–232.

7. W. Hammes, K.H. Schleifer, O. Kandler, Mode of action of 
glycine on the biosynthesis of peptidoglycan, J. Bacteriol., 
116 (1973) 1029–1053. 

8. J.L. Strominger, C.H. Birge, Nucleotide Accumulation 
Induced in Staphylococcus aureus by Glycine, J. Bacteriol., 
89 (1965) 1124–1127. 

9. F. Hishinuma, K. Izaki, H. Takahashi, Effects of glycine and 
d-amino acids on growth of various microorganisms, Agric. 
Biol. Chem., 33 (1969) 1577–1586.

10. G.M. Dunny, L.N. Lee, D.J. Leblancet, Improved 
Electroporation and Cloning Vector System for Gram-
Positive Bacteria Another significant problem relates to 
difficulty in generating random, representative gene banks 
of streptococcal DNA in, Appl. Environ. Microbiol., 57 (1991) 
1194–1201.

11. J. Mwangi, X. Hao, R. Lai, Z.Y. Zhang, Antimicrobial peptides: 
new hope in the war against multidrug resistance, Zool. Res., 
40 (2019) 488–505. 

12. Z. Nikfar, Z. Shariatinia, Tripeptide arginyl-glycyl-aspartic 
acid (RGD) for delivery of Cyclophosphamide anticancer 
drug: A computational approach, Int. J. Nano Dimens., 11 
(2020) 312–336.

13. S.I. Attah, U.C. Okoro, S.P. Singh, C.C. Eze, C.U. Ibeji, J.A. 
Ezugwu, O.U. Okenyeka, O. Ekoh, D.I. Ugwu, F.U. Eze, Pro-
Gly based dipeptide containing sulphonamide functionality, 
their antidiabetic, antioxidant, and anti-inflammatory 
activities. Synthesis, characterization and computational 
studies, J. Mol. Struct., 1264 (2022) 133280.

14. J.A. Ezugwu, U.C. Okoro, M.A. Ezeokonkwo, C. Bhimapaka, 
S.N. Okafor, D.I. Ugwu, D.I. Ugwuja, Synthesis and biological 
evaluation of Val–Val dipeptide–sulfonamide conjugates, 
Arch. Pharm. (Weinheim)., 353 (2020) 1–11. https://doi.
org/10.1002/ardp.202000074.

15. J.A. Ezugwu, U.C. Okoro, M.A. Ezeokonkwo, C.R. Bhimapaka, 
S.N. Okafor, D.I. Ugwu, O.C. Ekoh, S.I. Attah, Novel Leu-Val 
Based Dipeptide as Antimicrobial and Antimalarial Agents: 
Synthesis and Molecular Docking, Front. Chem., 8 (2020) 
1–13. 

16. G. Sahal, I.S. Bilkay, Multi drug resistance in strong biofilm 
forming clinical isolates of Staphylococcus epidermidis, 
Brazilian J. Microbiol., 45 (2014) 539–544. 



G. Şahal et al. / Hacettepe J. Biol. & Chem., 2024, 52 (4), 273-283 283

17. G. Sahal, I.S. Bilkay, Distribution of clinical isolates of 
Candida spp. and antifungal susceptibility of high biofilm-
forming Candida isolates., Rev. Soc. Bras. Med. Trop., 51 
(2018) 644–650. 

18. G. Sahal, I.S. Bilkay, Multidrug resistance by biofilm-forming 
clinical strains of Proteus mirabilis, Asian Biomed., 9 (2015) 
535-541.

19. G. Sahal, H.J. Woerdenbag, W.L.J. Hinrichs, A. Visser, P.G. 
Tepper, W.J. Quax, H.C. van der Mei, I.S. Bilkay, Antifungal 
and biofilm inhibitory effect of Cymbopogon citratus 
(lemongrass) essential oil on biofilm forming by Candida 
tropicalis isolates; an in vitro study, J. Ethnopharmacol., 246 
(2020) 112188. 

20. C. Akay, M. Tanış, H. Sevim, Effect of artificial saliva with 
different ph levels on the cytotoxicity of soft denture lining 
materials, Int. J. Artif. Organs., 40 (2017) 581–588.

21. H.K. Can, H. Sevim, Ö. Şahin, A. Gürpınar, Experimental 
routes of cytotoxicity studies of nanocomposites based on 
the organo-bentonite clay and anhydride containing co- and 
terpolymers, Polym. Bull., 79 (2022) 5549–5567.

22. H. Sevim Akan, G. Şahal, T.D. Karaca, Ö.A. Gürpınar, M. 
Maraş, A. Doğan, Evaluation of glycyl-arginine and lysyl-
aspartic acid dipeptides for their antimicrobial, antibiofilm, 
and anticancer potentials, Arch. Microbiol., 205 (2023) 1–11. 

23. S. Kapil, V. Sharma, D-amino acids in antimicrobial peptides: 
A potential approach to treat and combat antimicrobial 
resistance, Can. J. Microbiol., 67 (2021) 119–137. 

24. Y. Huan, Q. Kong, H. Mou, H. Yi, Antimicrobial Peptides: 
Classification, Design, Application and Research Progress in 
Multiple Fields, Front. Microbiol., 11 (2020) 1–21. 

25. G. Kuzderová, M. Rendošová, R. Gyepes, S. Sovová, D. 
Sabolová, M. Vilková, P. Olejníková, I. Bačová, S. Stokič, M. 
Kello, Z. Vargová, Antimicrobial and anticancer application 
of silver(I) dipeptide complexes, Molecules., 26 (2021) 1–27. 

26. M.G. Nowak, A.S. Skwarecki, M.J. Milewska, Amino Acid 
Based Antimicrobial Agents – Synthesis and Properties, 
ChemMedChem., 16 (2021) 3513–3544. 

27. M. Minami, T. Ando, S.N. Hashikawa, K. Torii, T. Hasegawa, 
D.A. Israel, K. Ina, K. Kusugami, H. Goto, M. Ohta, Effect of 
glycine on Helicobacter pylori in vitro, Antimicrob. Agents 
Chemother., 48 (2004) 3782–3788. 

28. Z. Yan, Y. Kang, X. Wen, C. Xu, W. Chu, Effect of Amino Acids 
and Glycyl Dipeptides on Micellization of Antibacterial Drug 
Domiphen Bromide, J. Surfactants Deterg., 20 (2017) 391–
400. 

29. A. Moretta, C. Scieuzo, A.M. Petrone, R. Salvia, M.D. 
Manniello, A. Franco, D. Lucchetti, A. Vassallo, H. Vogel, A. 
Sgambato, P. Falabella, Antimicrobial Peptides: A New Hope 
in Biomedical and Pharmaceutical Fields, Front. Cell. Infect. 
Microbiol., 11 (2021) 1–26. 

30. I. Soares, I. Rodrigues, P.M. da Costa, L.Gales, Antibacterial 
and Antibiofilm Properties of Self-Assembled Dipeptide 
Nanotubes, Int. J. Mol. Sci., 24 (2022) 328.

31. M.G. Nowak, A.S. Skwarecki, M.J. Milewska, Amino Acid 
Based Antimicrobial Agents - Synthesis and Properties, 
ChemMedChem. 16 (2021) 3513-3544.

32. M. Idrees, A.R. Mohammad, N. Karodia, A. Rahman, 
Multimodal Role of Amino Acids in Microbial Control and 
Drug Development, (2020).

33. D. Shcharbin, V. Zhogla, P. Kirsanov, I. Halets-bui, M. 
Bryszewska, M. Odabas, B. Onal, Colloids and Surfaces 
B : Biointerfaces Dipeptide nanostructures : Synthesis, 
interactions, advantages and biomedical applications, 222 
(2023). 

34. A. Andrea, N. Molchanova, H. Jenssen, Antibiofilm Peptides 
and Peptidomimetics with Focus on Surface Immobilization, 
Biomolecules, 8 (2018) 27.

35. M. Ghasemi, T. Turnbull, S. Sebastian, I. Kempson, The mtt 
assay: Utility, limitations, pitfalls, and interpretation in bulk 
and single-cell analysis, Int. J. Mol. Sci., 22 (2021) 12827. 

36. G. Çakmak, C. Akay, M.B. Donmez, E. Mumcu, H.S. Akan, 
R. Sasany, S. Abou-Ayash, B. Yilmaz, Effect of Potassium 
Aluminum Sulfate Application on the Viability of Fibroblasts 
on a CAD-CAM Feldspathic Ceramic before and after 
Thermocycling, Materials (Basel), 15 (2022) 1–8.

37. Z. Bedlovičová, Green synthesis of silver nanoparticles using 
actinomycetes, Green Synth. Silver Nanomater., 50 (2022) 
547–569.

38. E. Kubat, M.A. Onur, Ö.A. Gürpınar, Cytotoxic Activity of 
Apixaban on HeLa Cells: An In vitro Study, Hacettepe J. Biol. 
Chem., 3 (2018) 395–402.

39. Y.Y. Qi, Q. Gan, Y.X. Liu, Y.H. Xiong, Z.W. Mao, X.Y. Le, Two new 
Cu(II) dipeptide complexes based on 5-methyl-2-(2′-pyridyl)
benzimidazole as potential antimicrobial and anticancer 
drugs: Special exploration of their possible anticancer 
mechanism, Eur. J. Med. Chem., 154 (2018) 220–232.

40. J. Bojarska, A. Mieczkowski, Z. Ziora, M. Skwarczynski, I. Toth, 
A.O. Shalash, K. Parang, S.A. El-Mowafi, E.H.M. Mohammed, 
S. Elnagdy, M. Alkhazindar, W.M. Wolf, Cyclic dipeptides: 
The biological and structural landscape with special focus 
on the anti-cancer proline-based scaffold, Biomolecules, 11 
(2021) 1515. 


	_GoBack
	_Hlk145038586
	_Hlk156022732
	_Hlk156273106
	_Hlk156275683
	_Hlk162757164

