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Detection of LAP1 and LAP2 genes from Trichophyton rubrum
Hiba Sahib Sadeq*, Mouna Akeel Hamed Al-Oebady

Abstract: Samples of hair, nails and skin were collected, representing people of different ages and races. The number 
of isolated people gathered between October 2021 and February 2022 from Al-Hussein Teaching Hospital and a private 
clinic under the supervision of doctors(118) species was examined. Dermatophytes were found in 80 of them; among the 
80 positive Trichophyton rubrum species, 30 were produced, which represents less than half of the dermatophytes for 
each of the 80 positive species (14 cutaneous, nine hair and seven nail isolates)the study's findings included hair hole 
testing, which came back negative, and urea degradation testing. The results were either negative or inconsistent across 
the isolates; the growth test in the PDA was positive, the virulence factors that enable the fungus to penetrate host tissues 
were studied during leucine aminopeptidase (LAP1) and (LAP2), it was observed that there were no significant differences 
in gene isolates of T. rubrum.
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Introduction
Dermatophytes are responsible for various illnesses, 

including ringworm and ringworm-like infections (Tinea); 
dermatophytoses is the correct word for a fungus that da-
mages corneal tissues and produces superficial skin disea-
ses such as skin, hair, and nails. It has three principal spe-
cies: Trichophyton, Microsporum, and Epidermatophyton. 
Trichophyton spp. is the most frequent Dermatophytoses 
fungus, with (25) species, the most virulent, and one of the 
most common diseases in the world, affecting 10- 20% of 
the global population1.

Many enzymatic components, such as hydrolysis en-
zymes, are secreted by Dermatophytes, and the higher the 
ability to create these enzymes, the more ferocity and high 
ferocity of the attacking fungi, which may cause skin ulcers 
known as krion, one of the most important enzymes invol-
ved in the breakdown of keratin in the host's skin2.

The element mercury is characterized by its high toxi-
city, especially when inhaled, as it causes scratches and 
ulcers in the respiratory tract and is mainly produced from 
industrial processes. Leucine aminopeptidase (LAP1) and 
(LAP2) are enzymes that help the fungus survive by provi-
ding food and preparing the skin for colonization; the pre-
sence and production of these enzymes have been investi-
gated genetically in a variety of organisms, including animal 
cells and some species. Bacteria such as E.coli have been 
found in the types of genes Trichophyton and Microsporum, 
but it has not been investigated in depth in sex T.rubrum, 
even though it is an important marker of the fungus's high 
virulence3.

Materials and methods 

Diagnostic kits
The diagnostic kits used in this work are from the ma-

nufacturer (Presto™ Mini gDNA Yeast Kit) and Geneaid/ 
Germany.

Primers
The following primers were used in this work to detect 

proteins: LAP1(F)TGTCTACAACAACGTCCCCG.and(R)
CGTCACCGTCGTAGATC)TGG. The product size is 569 
bp, while the LAp2 primer has a length of 487 bp. and the 
(F)TTGAGTTCCACTGGTACGCC (R) CGACAATGAGCT-
TAGCGTGC.

Culture media  
The following is a list of the various types of media 

used. The culture media used to isolate and identify fungal 
isolates were sterilized in an autoclave at 121°C for roughly 
15 minutes under 15 psi pressure, and glass was sterilized 
in an electric oven at 160°C for 90 minutes, per the manu-
facturer's recommendations2.

Using the SDA (Sabouraud's Dextrose Agar) medium: 
The dermatophytes isolates were cultured in this medium 
agar, which was made following the manufacturer's instruc-
tions (Liofilchem, Italy) by combining 65 g of media with 
1000 ml of distilled water, correcting the pH, and sterilizing 
everything in an autoclave.
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Test medium for urease 1000mL of DW is mixed with 
the urea agar base. The solution was sterilized in an au-
toclave, and its pH was set to 7. cooling to 50 °C. A sterile 
test tube was then filled with the mixture, which had been 
gently mixed with 50mL of sterilized 40% urea solution. The 
combination was then allowed to solidify in a slant position. 
The majority of T. mentagrophytes strains caused the me-
dium to become red from yellow. The color was unaffected 
by T. rubrum.

Trichophyton Agar No.1 medium was used to differen-
tiate between various fungal isolates. This medium was 
created following the manufacturer's instructions (Oxoide 
UK), which included dissolving 59.4 grams in 1000 ml of 
distilled water, adjusting the pH to 6.8, and sterilizing the 
medium at 121 °C for 15 min at a pressure of 15.

Medium for Potato Dextrose Agar (PDA) This medium 
was created following the manufacturer's instructions (Lio-
filchem, Italy), which called for combining 34 g of PDA with 
1000 ml of sterilized water. This medium assessed T. ru-
brum's capacity to produce a red stain.

Collection of Specimens
A total of (118) samples were collected from patients 

who visited the medical clinic between October 2021 and 
February 2022. Skin and its derivatives were used at ran-
dom in the study, as well as direct diagnosis and transplan-
tation on dishes, using a sterilized sharp blade, samples of 
skin were scraped from the margin of the infected area, the 
wounded hair was cut for examination, and the nails were 
extracted from a sharp blade with pieces of odd shape and 
color.

Sample transplantation: Samples were transplanted 
directly into the SDA medium, which contained anti-chlo-
ramphenicol and cycloheximide, T. rubrum was identified by 
planting samples on Sabouraud Dextrose Agar(SDA) and 
Potato Dextrose Agar (PDA) medium4-6.

Diagnostic tests for Trichophyton rubrum
Hair perforation test: Take baby hair and lay it on a 

glass slide with a drop of Lacto phenol, then study it under 
a microscope to see how the fungus attacks the hair if the 
test is positive7.

Urease test: Depending on the method, this test was 
used to determine the ability of fungi to make urea enzyme8.

Growing on Trichophyton agar No.1: Trichophyton agar 
No. 1 is utilized. Agar 1 is a vitamin-free, casein-based con-
trol that contains extra histidine. Small, agar-free isolates 
are moved from SDA plates and cultured at 26oC for 2–3 
weeks9,10.  

Growth on the medium of the PDA: This medium is used 
to distinguish T. mentagrophytes from T. rubrum, which pro-
duces red dye on the back of the plate. PDA medium is 
inoculated with the colony at 10-14 days and incubated in 
the dark at a temperature of 28°C for 2-4 weeks. Rubrum11.

Diagnosis method using PCR assay / by method12

Hair perforation test: Take baby hair and lay it on a 
glass slide with a drop of Lacto phenol, then study it under 
a microscope to see how the fungus attacks the hair if the 
test is positive7.

Urease test: Depending on the method, this test was 
used to determine the ability of fungi to make urea enzyme8. 

Growing on Trichophyton agar No.1: Trichophyton agar 
No. 1 is utilized. Agar 1 is a vitamin-free, casein-based con-
trol that contains extra histidine. Small, agar-free isolates 

are moved from SDA plates and cultured at 26oC for 2–3 
weeks9,10.  

Growth on the medium of the PDA: This medium is used 
to distinguish T. mentagrophytes from T. rubrum, which pro-
duces red dye on the back of the plate. PDA medium is 
inoculated with the colony at 10-14 days and incubated in 
the dark at a temperature of 28°C for 2-4 weeks. Rubrum11.

Results
There were 97 positive samples. Fungal infections were 

found in 80 of the 97 samples. T.rubrum 30 produced posi-
tive pieces, accounting for less than half of the cutaneous 
skin fungus, with 14 isolates from the skin, seven from the 
nails, and nine from the hair. The following methods were 
used to identify fungus:

The colony's shape
Some colonies were fast-growing, while others were 

slow-growing; the colony's diameter was around 7 cm in 14 
days; the bottom surface seemed red or purple; and many 
forms of isolates, including fluffy, disintegrated, velvet, and 
granular isolates. It has a large code production2.

Micronutrients
Fungi develop little round cones along the hypha in gra-

pe clusters, as well as massive conidial with long, smooth, 
long-stemmed, thin-walled, and helical walls. There is an 
issue with diagnosing Trichophyton spp genetically, which 
is called Trichophyton species complex, which is similar to 
the behavior of species in this species, and the different ge-
notypes may be highly similar in appearance13. 

Microscopy revealed a significant number of little coni-
dia that were either sitting or gripping a small bump on the 
fungal strings in a reciprocal fashion (Teardrop-shaped) or 
peg-shaped; the huge conidia were quite small and came in 
a variety of shapes, including pencil-shaped and cigar-sha-
ped conidia, as shown in the following figure (2) , this result 
agrees with (2,4,14).

Physiological tests of the fungus T.rubrum
The hair hole produces a relatively negative result be-

cause wall chains developed around the hair blade but not 
inside it; the urea test showed a negative or mixed effect 
among the isolates. When growing on the PDA medium, 
T.rubrum produced a red or pink dye when growing on this 
medium15.

The urea test
Is a method of determining how much urea when the 

current findings were compared to those previously repor-
ted in the literature, there was a good amount of inconsis-
tency. Negative urease test results were obtained in T. ru-
brum, whereas positive urease test results were found in 
the other species; according to the researchers, T. rubrum 
had positive urease test results, but M. gypseum, M. canis, 
and T. schoenleinii had negative urease test results8, ,the 
urease test results for T. mentagrophytes were positive.

The hair follicle
Some dermatophytes produce specialized perforating 

organs that allow them to penetrate and infect the hair shaft 
in vitro, while others attack the hair with simple peripheral 
erosions; as we discovered in this study, the hair perforation 
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Detection of LAP1 and LAP2 genes from Trichophyton rubrum

Figure 1. Phenotypic characteristics of T. rubrum and the colony growing on the medium of SDACC, (a) The external 
appearance from the front (b) The external appearance from the back, temperature 28 ° C, incubation period ten days.

Figure 2. Macroconidia & microconidia of Trichophyton rubrum at 40X with Lacto phenol cotton blue stain.

Table 1. Shows the re-
sults of fungal physio-
logical tests.
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test in vitro can distinguish T. rubrum isolates with no per-
forating organs from atypical T. mentagrophytes separates 
that produce perforating organs in 8–15 days, and it can 
also be used to distinguish T. schoenleini2.

The prevalence of skin fungal infections by place of 
residence

According to the current study, the incidence of disease 
with skin fungi was high among patients from rural areas 
(60 %), whereas the rate of infection in patients from urban 
areas was low (40 %), as shown in Figure (5), the findings 
backed up to (16), who found that people in rural areas are 
more affected than city dwellers and that this could be attri-
buted to a lack of hygiene, tinea capitis and tinea corporis 
have the highest incidence17. 

Dermatophytes Infection and gender: It has been stu-
died at various ages, from 5 months to 70 years. In the 
Al-Hussein teaching hospital, it was discovered that males 
and female dermatophyte infections were converging. Male 

disorders comprised 61 samples and (51.69%) of the total 
infection, while female diseases comprised 57 cases and( 
48.31%) of the infection. These ratios revealed significant 
differences in condition between genera, as shown in Fi-
gure 6. 

This conclusion was supported by the findings of other 
researchers, including those from Iraq18 and South Africa19. 
They discovered that males are more prone to dermato-
phyte infection than females, in contrast to prior research 
conducted in water20.                                                                                        

This could be because of the small size of the study 
sample and the reliance on patients referred to Al-Hussein 
Teaching Hospital, which had a lot of visitors, or it could be 
because of the dependence on patients referred to Al-Hus-
sein Teaching Hospital and some clinics, both of which had 
a lot of visitors. Males are more numerous than females be-
cause most girls prefer to visit outpatient clinics.

Dermatophytes Infection associated with Age: The age 
ranges that were most affected by dermatophytes infection 

Figure 3. Urea decomposition test. (a) Non-degradation of urea to T. rubrum, the temperature is 28 ℃, and the incubation 
period is seven days.

Figure 4. A hair penetration test, (a) No hair penetration in T.rubrum when cultured on SDA medium and at (25 ℃) for an 
incubation period of (21) days, (b) Hair penetration in T.mentagrophtes when cultured on SDA medium and at (25 ℃) for 
a period of (21) incubation day.
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ranged from 5 months to 10 years at (26.66 %), followed 
by age 11 to 20 years at (18.66 %), age 21 to 30 years at 
(16.66 %), age 31 to 40 years at (12 %)t, age 41 to 50 years 
at ( 8.33 %)t, age 51 to 60 years at a ratio of (7.03 %), and 
age 61 to 70 years at (6.66%). 

The findings of this study were consistent with those 
of numerous previous studies; however, because sample 
sizes varied, there were a few modest and significant dis-
crepancies at certain times16.

According to this, dermatophyte infections were more 
common, and the age group most susceptible to this virus 
was 5 to 10 years old at a ratio of (80.9 %), which was con-
sistent with the findings of other research. This result was 
also roughly constant with (21). Patients between the ages 
of 9 and 6 had the highest infection rate. While tinea is more 
common in children due to a low ratio of fatty acids that 
prevents fungus growth, it is uncommon in adults due to 
increased sebaceous gland activity and sebum's antifungal 
saturated fatty acid content as people age22.

Diagnosis of T.rubrum by Polymerase Chain Reaction 
(PCR)

The gels were examined under UV light, and one band 
appeared in all wells at the same level, indicating that pri-
mers were bound to their complementary sequence in the 
DNA template; gel electrophoresis is a technique used to 
measure the quantity and size of DNA fragments produced 
after PCR has been completed, the current study's findings 
are similar to the expected length of about 500 base pairs, 
the results for the multiplication of a specific primer for der-
matophytes T.rubrum, and those of a Korean study23, with 
a few PCR reaction parameters adjusted that the pheno-

typic data were similar. The results showed a similarity in 
the amplified band's molecular weight, which was estimated 
based on the molecular weights of the band diagnosis was 
matched by all thirty isolates examined, which is consistent 
with the findings of (24).

T.rubrum was identified molecularly by performing 
a polymerase chain reaction (PCR) with primers for this 
(ITS1) and (ITS4), which yielded a 508-base-pair amplifica-
tion result. This study is not an epidemiological survey but 
a diagnostic and pathogenic investigation focused on viru-
lence factors, which helped guarantee that the fungus was 
morphologically accurate. In contrast, isolates from other 
species were ignored and genetically checked later25.

Genes Virulence factors
Proteolytic enzymes, which are present in some envi-

ronmental isolates obtained from soil and organic matter 
but less frequently, are crucial for the examination of skin 
components and appendages, especially structural proteins 
like keratin; their presence is not limited to fungi that attack 
the stratum corneum of the skin, however; it has been found 
that some environmental isolates obtained from soil and or-
ganic matter contain proteolytic enzymes2,26.

The temperature and pH of the culture medium, the 
components of the culture medium, which include sources 
of carbon, nitrogen, and salts, the duration of incubation, as 
well as the aeration and fermentation method used, whether 
it is a surface or submerged fermentation, are just a few of 
the variables that affect the growth of microorganisms and 
the production of protease enzymes2.

Figure 5. Infection with 
dermatophytes is distribu-
ted according to where the 
affected people live. *X2 
value = 145.664, Significant 
differences on P≤0.05.

Figure 6. Shows how the 
number of scales on men's 
and women's skin, hair, and 
nails varies. * Not Signifi-
cant differences on P≤0.05.
Error bars represent stan-
dard deviation on a signifi-
cant level of 0.05.

Detection of LAP1 and LAP2 genes from Trichophyton rubrum
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Discussion
All ages, particularly children, are affected by fungal 

infections, which are a major global health issue. As a re-
sult, numerous studies on various epidemiological, econo-
mic, control, and therapeutic aspects of this infection have 
been carried out. About 20–25% of the world's population is 
thought to have skin mycoses, making dermatophytosis one 
of the most prevalent human fungal illnesses27. The term 
"dermatophytes" refers to a class of closely related fungi 

that comprises members of the genera Epidermophyton, 
Microsporum, and Trichophyton, each of which has several 
identified species. These fungi are keratinophilic, meaning 
they attack the skin, hair, and nails of humans and animals28.

Most dermatophyte strains previously had a relatively 
narrow geographic distribution, making them one of the few 
fungi that cause infectious diseases. On the other hand, 
dermatophytosis has recently become one of the most pre-
valent infectious disorders affecting people worldwide and 
is spread globally. As many other disorders resemble the 

Figure 7. Shows how age and dermatophytes are related. * Significant differences on P≤0.05. Error bars represent stan-
dard deviation on a significant level of 0.05.

Figure 8. Agarose 1%, 
40min. At 110V, stained 
with Ethidium Bromide 
agarose gel electropho-
resis appearance that 
displays DNA that was 
extracted from (human), 
and for the diagnosis of 
Trichophyton rubrum, 
where M: Marker (1500-
100bp), represents 1-20 
positive fungal isolates for 
a 508bp assay.

Figure 9. Gel electro-
phoresis for PCR pro-
duct of (LAP1 primer) 
shows 569bp Primer 
TM at (59), (Agarose 
2%, 15min. at 110 volts 
then lowered to 75 volts 
for 60min.). They were 
visualized under UV li-
ght after staining with 
ethidium bromide. Lane 
L: DNA ladder (100-
1500bp).
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Table 2. Molecular diagnosis of T.rubrum isolates and viru-
lence factors.

Figure 10. Gel electro-
phoresis for PCR product 
of (LAP2 primer) shows 
487 bp Primer TM at (57), 
(Agarose 2%, 15min. at 
110 volts then lowered 
to 75 volts for 60min.). 
They were visualized un-
der UV light after staining 
with ethidium bromide. 
Lane L: DNA ladder (100-
1500bp).

clinical presentation, it is challenging to identify dermato-
phytosis based solely on clinical signs. Seborrheic dermati-
tis, atopic dermatitis, contact dermatitis, psoriasis, candidal 
intertrigo, erythrasma, eczema, etc., are among the derma-
tophytoses that can be diagnosed as a differential diagno-
sis29.

Additionally, immunocompromised patients, such as 
those with AIDS, diabetes mellitus, organ transplantation, 
corticosteroid use, and antineoplastic agent use, are more 
challenging to diagnose for dermatophytosis.In order to 
apply the proper treatment and preventative measures, re-
liable laboratory methods must be available for the quick 
and accurate identification of the dermatophytes involved. 
The conventional approaches to finding fungi have limita-
tions, such as the low specificity of KOH microscopy and 
the low sensitivity and lengthy nature of fungus culture. The 
results of culture isolation are further compromised because 
additional dermatophyte isolates from patients receiving an-
tifungal treatment typically do not exhibit characteristic mor-
phology on culture. This study's few negative results from 
direct microscopic examination and culture could be related 
to several factors, including the small amount of collected 
sample, which might not have been enough to produce a 
positive result. Because many people with dermatophytoses 
utilized random drugs without seeing a doctor, the adverse 

effects of culturing specimens may be explained. Instead 
of causing them to expand, this led to a shift in the der-
matophytes' vitality, perhaps due to improper sample sto-
rage before culture. Storage in containers that retain mois-
ture causes saprophytic fungus to develop, contaminating 
the original sample and yielding unfavorable results. The 
hyphae of non-dermatophytic fungi, such as molds, which 
frequently only appear as temporary contaminants and are 
not the trustworthy causative agent of the disease, are very 
difficult to distinguish from those of dermatophyte hyphae30.

Tinea cruris was the third most common kind of derma-
tophytosis in our study, Adults in the (31-50) year age range 
were impacted, and more men than women experienced it. 
According to Rothman, 1985, ringworm of the groin is pri-
marily a postpubertal disease of men and is most likely cau-
sed by the pubertal development of a sex-specific apocrine 
gland, whose secretion contributes to infection susceptibili-
ty. According to data, urban areas had a 40% infection rate, 
while rural areas had a 60% infection rate. However, given 
the predominance of persons who live in urban settings, 
their findings differ from those of others. This can be exp-
lained by the fact that many rural places have poor health, 
financial difficulties, and congestion of residents31.

The initial PCR technique is DNA fingerprinting. It has 
been demonstrated that this primer is an effective tool for 
the molecular identification of dermatophytes. In this study, 
we successfully classified T.rubrum isolates as dermato-
phyte species32.

Conclusions
The most common species that induced dermatophyto-

ses were Trichophyton rubrum, Trichophyton mentagro-
phytes, and Microsporum canis. The T.rubrun fungus out-
numbers other species that cause skin infections, indicating 
that it is very pathogenic. Anthropophilic disorders were 
more prevalent than other categories, and animal interac-
tion and poor hygiene in rural areas were the main causes 
of dermatophytes infection; the fungus T. rubrum carries the 
genes LAP and LAP2, which produce proteolytic enzymes 
that aid in adhesion, invasion, and suppression of the host 
response, making the fungus more likely to colonize and 
penetrate tissues.

Detection of LAP1 and LAP2 genes from Trichophyton rubrum
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