Screening of Candida glabrata Clinical Isolates for Pyruvic Acid Production Potentials

                                                               ABSTRACT
The increasing demand for pyruvic acid as a versatile platform chemical in the food, pharmaceutical, agricultural, and cosmetic industries has stimulated interest in cost-effective microbial fermentation strategies. This study investigated the potential of Candida glabrata isolates from clinical samples for pyruvic acid production. Swab samples were collected from hospitals in Port Harcourt, Rivers State, Nigeria, and processed for yeast isolation. A total of ten yeast isolates (GC1–GC10) were obtained and subjected to biochemical tests, molecular identification, and phylogenetic analysis. All isolates were negative for germ tube and urease tests but positive for glucose fermentation, consistent with Candida glabrata. Molecular characterization confirmed high similarity of isolates GC1 (94.6%) and GC3 (96.2%) to C. glabrata. Screening under submerged fermentation conditions revealed significant variation in pyruvic acid yield, ranging from 2.1 g/L to 31.3 g/L. Isolate GC3 produced the highest concentration (31.3 g/L), followed closely by GC1 (29.7 g/L), while isolates GC2 (2.1 g/L) and GC10 (3.7 g/L) exhibited the lowest yields. The variability in production suggests strain-specific differences in metabolic efficiency and pyruvate accumulation. Compared with previously reported yields from conventional yeast fermentations, the concentrations achieved in this study demonstrate the industrial promise of clinical C. glabrata isolates as robust producers of pyruvic acid. It is concluded that the study establish a valuable link between clinical microbiology and industrial biotechnology, highlighting the potential of clinical yeast isolates as novel resources for sustainable organic acid production.
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1.0 INTRODUCTION 
Pyruvic acid (C₃H₄O₃) is a key α-keto acid that occupies a central position in cellular metabolism, serving as an essential intermediate in glycolysis, gluconeogenesis, and the tricarboxylic acid (TCA) cycle (Soma et al., 2022). It plays a crucial role in several industries due to its diverse applications as a precursor for amino acids, organic acids, pharmaceuticals, food additives, and cosmetics (Yang & Xing, 2017; Anh et al., 2020). Pyruvic acid is widely utilized in the manufacture of L-tyrosine, L-tryptophan, alanine, and other high-value metabolites, while also serving as a food flavor enhancer and skin-care agent in cosmetic formulations (Luo et al., 2020). The growing industrial demand for pyruvate and its derivatives has heightened the need for efficient and sustainable production methods (Soma et al., 2022). Traditionally, pyruvic acid has been produced by chemical synthesis or through oxidative processes, but these methods are limited by high production costs, low yields, and environmental concerns (Luo et al., 2020). In recent years, microbial fermentation has emerged as a cost-effective and eco-friendly alternative, with yeasts and bacteria being employed to achieve high pyruvate yields under controlled conditions (Xu et al., 2021). Among microbial producers, yeasts have shown significant promise due to their robustness, substrate versatility, and ability to accumulate pyruvic acid in substantial amounts (Yang & Xing, 2017). Candida glabrata, a non-albicans yeast frequently isolated from clinical specimens, has attracted biotechnological interest beyond its role as an opportunistic pathogen. It is known for its high fermentative capacity, stress tolerance, and ability to produce various metabolites of industrial value (Kaur et al., 2021). Screening C. glabrata isolates from clinical samples provides an opportunity to identify strains with enhanced pyruvic acid production potential, thereby linking clinical microbiology with industrial biotechnology.



2.0 MATERIALS AND METHODOLOGY
2.1 Sample Collection
Four swab stick samples of High Vaginal Swabs (HVS) were collected from different hospitals within Port Harcourt metropolis, Rivers State, Nigeria. The samples were labeled A, B, C, and D. Each sample was collected using sterile swab sticks and placed in sterile containers. The collected samples were transported in an ice chest to the Microbiology Laboratory, Rivers State University, Nkpolu-Oroworukwo, Port Harcourt, for further analysis.
2.2 Isolation and Sub-Culture of Yeast Isolates
Each swab sample was suspended in sterile physiological saline. The suspension was prepared aseptically in sterile saline. Using the spread plate technique, 1 mL of the suspension was serially diluted in 10-fold dilutions. Aliquots (0.1 mL) from appropriate dilutions were inoculated onto Potato Dextrose Agar (PDA) plates supplemented with 0.1% lactic acid to inhibit bacterial growth. Plates were incubated at 25 °C for 3–7 days (Agwa et al., 2018). Distinct yeast colonies were purified by repeated sub-culturing on sterile PDA plates and preserved for further studies.

2.3 Biochemical Characterization of Yeast Isolates
Preliminary biochemical characterization of the yeast isolates was carried out using standard microbiological methods (Cheesbrough, 2000). Tests performed included the germ tube test, carbohydrate fermentation (glucose, sucrose, lactose, maltose, and galactose), and urease production. Characterization was supported with dichotomous keys as described by Frazier and West-Hoff (2000).
2.4 Molecular Identification of Yeast Isolates	
2.4.1 DNA Extraction
Genomic DNA was extracted from pure yeast isolates using the ZR fungal/bacterial DNA mini-prep extraction kit (Inqaba Biotec, South Africa). The protocol involved mechanical disruption in bead-beating tubes followed by lysis, purification with Zymo-Spin columns, and final elution in 100 µL DNA elution buffer. Extracted DNA was stored at –20 °C until further use (Lever et al., 2015).
2.4.2 DNA Quantification
DNA concentration and purity were determined using a Nanodrop 1000 spectrophotometer. The instrument was calibrated with sterile distilled water and normal saline. Two microliters (2 µL) of DNA extract were loaded on the pedestal, and concentration was recorded in ng/µL (Lever et al., 2015).
2.4.3 ITS Amplification
The Internal Transcribed Spacer (ITS) region of the isolates was amplified using primers ITS1F (5’-CTTGGTCATTTAGAGGAAGTAA-3’) and ITS4 (5’-TCCTCCGCTTATTGATATGC-3’). PCR was carried out in 30 µL reaction volumes using Dream Taq Master Mix (Inqaba, South Africa). Conditions were: initial denaturation at 95 °C for 5 min; 35 cycles of denaturation (95 °C for 30 s), annealing (53 °C for 30 s), and extension (72 °C for 30 s); followed by final extension at 72 °C for 5 min. Products were resolved on 1% agarose gel at 120 V for 15 min and visualized using a blue light transilluminator (Bellemian et al., 2010).

2.4.4 Sequencing
PCR products were sequenced using the BigDye Terminator kit on an ABI 3510 sequencer (Inqaba Biotec, Pretoria, South Africa). Sequencing was performed in 10 µL reactions consisting of BigDye Terminator v1.1/v3.1, 5× sequencing buffer, PCR primers, and 2–10 ng of DNA template per 100 bp. Cycling conditions were 32 cycles of 96 °C for 10 s, 55 °C for 5 s, and 60 °C for 4 min (Mardis, 2017).
2.4.5 Phylogenetic Analysis
Sequences were edited using Trace Edit, and BLASTN was used to retrieve homologous sequences from the NCBI database. Multiple sequence alignment was performed using ClustalX. Phylogenetic trees were constructed with the Neighbor-Joining method in MEGA 6.0 software. Bootstrap analysis with 500 replicates was used to assess tree reliability, and evolutionary distances were calculated using the Jukes–Cantor model (Jukes & Cantor, 1969; Kapli et al., 2020).

2.5 Screening of Yeast Isolates for Pyruvic Acid Production Potentials
Screening was carried out under submerged fermentation conditions. The fermentation medium contained (g/L): glucose 30, soy peptone 10, KH₂PO₄ 1, MgSO₄·7H₂O 0.5. Chlorella vulgaris biomass was added as an additional carbon source. The pH was adjusted to 6.5 prior to sterilization. A 0.1% inoculum of each yeast isolate was inoculated into 10 mL of sterile medium in 250 mL Erlenmeyer flasks. Incubation was performed at 37 °C for 48 h under static conditions. After fermentation, the culture broth was centrifuged at 5,000 rpm for 10 min.

2.5.1 Sample preparation
At the end of fermentation (48 h), culture broths were removed from the incubator and centrifuged at 5,000 × g for 10 min to pellet cells. The supernatant was decanted and filtered through a 0.45 µm membrane filter to obtain a cell-free filtrate. Filtrates were stored on ice and analysed the same day. Prior to titration, 10.0 mL aliquots of each clarified culture filtrate were transferred into clean 125 mL Erlenmeyer flasks for titration.
2.5.2 Titrimetric determination of pyruvic acid
The concentration of pyruvic acid in the clarified culture filtrates was determined by titration against standard sodium hydroxide solution, following a modified method of Agu et al. (2015). Sodium hydroxide (NaOH), 0.10 N, standardised against oxalic acid as primary standard, Phenolphthalein indicator (1% w/v in ethanol) and distilled water. A 10.00 mL aliquot of the culture filtrate was transferred into a 125 mL Erlenmeyer flask, Two to three drops of phenolphthalein indicator were added,The sample was titrated against standardised 0.10 N NaOH solution with constant swirling until a faint pink colour persisted for at least 30 seconds,The blank (uninoculated medium) was also titrated, and the blank titre was subtracted from each sample titre to correct for background acidity.
Calculation
Since pyruvic acid (C₃H₄O₃, molar mass = 88.06 g·mol⁻¹) is monoprotic, the equivalent weight is equal to its molecular weight. The concentration of pyruvic acid in the fermentation broth was calculated using the formula:
Pyruvic acid (gL−1) =V×N×88.0610\ text {Pyruvic acid (g·L} ^ {-1}\ text {)} = \frac{V \times N \times 88.06} {10} Pyruvic acid (gL−1) =10V×N×88.06​ 
Where: VVV = volume of NaOH used (mL, after blank correction), NNN = normality of NaOH, 88.06 = equivalent weight of pyruvic acid (g·eq⁻¹), 10 = aliquot volume in mL.

3.0 RESULTS AND DISCUSSION
[bookmark: _GoBack]Results
3.1 Total Fungal Count from Swab Samples
The total fungal population recovered from swab samples is shown in Table 1. Among the samples analysed, sample A had the highest fungal load of 4.2 × 10⁴ CFU/mL, followed by sample C with 3.7 × 10⁴ CFU/mL. Sample B recorded a fungal count of 3.5 × 10⁴ CFU/mL, while sample D had the lowest population of 3.1 × 10⁴ CFU/mL. These results indicate that all swab samples contained cultivable fungi, with noticeable variation in microbial load across the different sources.

3.2 Biochemical Characteristics of the Yeast Isolates
The biochemical properties of the yeast isolates obtained from the swab samples are presented in Table 2. All ten isolates (GC1–GC10) tested negative for germ tube formation but were positive for glucose fermentation. None of the isolates showed fermentation for lactose, maltose, galactose, or sucrose, and all were negative for urease activity. Based on these biochemical reactions, all isolates were tentatively identified as belonging to the genus Candida.

3.3 Molecular Characterisation of the Yeast Isolates
The gel electrophoresis results of amplified genomic DNA extracts are shown in Figure 1. Distinct bands were observed, corresponding to ITS regions at approximately 600 bp. The amplified fragments for isolates GC1 and GC3 were clearly resolved against the 500 bp DNA ladder.
The phylogenetic analysis (Figure 2) further revealed that isolate GC3 shared 96.2% similarity with Candida glabrata, while isolate GC1 showed 94.6% similarity with Candida glabrata. This confirmed the close evolutionary relationship of the clinical isolates with Candida glabrata species.

3.4 Screening of Yeast Isolates for Pyruvic Acid Production Potentials
The pyruvic acid yields of the different Candida isolates are shown in Table 3. Isolate GC3 exhibited the highest production of pyruvic acid at 31.3 g/L, closely followed by GC1 with 29.7 g/L. Moderate yields were recorded for GC7 (8.3 g/L) and GC9 (7.4 g/L), while isolates GC4, GC5, GC6, and GC8 produced between 4.2–5.9 g/L. The lowest yields were observed in GC2 (2.1 g/L) and GC10 (3.7 g/L).






Table 1: Fungal population of swab stick sample
	              Sample
	      
	 
 
	       TFC(CFU/ml

	                   A 
	 
	 
	              4.2X104

	                   B 
	
	
	              3.5X104

	                   C
	 
	 
	              3.7X104

	                   D 
	                     
 
	 
	              3.1X104


Key: TFC= Total fungal Count





Table.2: Biochemical characteristics of yeast isolated from swab stick sample

	ISLATE
	GERM  TUBE
	GLUCOSE
	LACTOSE
	MALTOSE
	GALACTOSE
	SUCROSE
	UREA
	PROBABLE GENERAL

	 GC 1          
	        -
	     +
	    -
	    -
	    -
	    -
	    -
	Candida  sp

	 GC 2
	        -
	     +
	    -
	    -
	    -
	    -
	    -
	Candida  sp

	 GC 3
	        -
	     +
	    -
	    -
	    -
	    -
	    -
	Candida  sp

	 GC 4
	        -
	     +
	    -
	    -
	    -
	    -
	    -
	Candida  sp

	 GC 5
	        -
	     +
	    -
	    -
	    -
	    -
	    -
	Candida  sp

	 GC 6
	        -
	     +
	    -
	    -
	    -
	    -
	    -
	Candida  sp

	 GC 7
	        -
	     +
	    -
	    -
	    -
	    -
	    -
	Candida  sp

	 GC 8
	        -
	     +
	    -
	    -
	    -
	    -
	    -
	Candida  sp

	GC 9
	        -
	     +
	    -
	    -
	    -
	    -
	    -
	Candida  sp

	GC10
	        -
	     +
	    -
	    -
	    -
	    -
	    -
	Candida  sp
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Figure 1: Gel electrophoresis pattern and band of the genomic DNA extracts obtained after gene amplification GC1 and GC3
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Figure 2: Phylogenetic trees showing the evolutionary distance between the fungal isolates
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	 Pyruvic acid yield (g/l)

	                      GC 1
	
	
	
	
	
	
	
	             29.7

	GC 2
	
	
	
	
	
	
	
	             2.1

	  GC 3
	
	
	
	
	
	
	
	             31.3

	  GC 4
	
	
	
	
	
	
	
	             5.8

	  GC 5
	
	
	
	
	
	
	
	             4.2

	  GC 6
	
	
	
	
	
	
	
	             5.7

	  GC 7
	
	
	
	
	
	
	
	             8.3

	  GC 8
	
	
	
	
	
	
	
	             5.9

	  GC 9
	
	
	
	
	
	
	
	             7.4

	  GC10
	
	
	
	
	
	
	
	             3.7


 


Table 3: Pyruvic acid production potential of yeast isolates.
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Discussion
The total fungal counts obtained from swab samples (Table 1) revealed variation in fungal populations across the sampled sites, ranging from 3.1 × 10⁴ to 4.2 × 10⁴ CFU/mL. Sample A recorded the highest load (4.2 × 10⁴ CFU/mL), while sample D showed the lowest (3.1 × 10⁴ CFU/mL). These findings indicate that all swabbed environments harbored viable fungal populations, although the differences in counts may reflect variation in environmental hygiene, frequency of human contact, and availability of nutrients that support fungal survival. Similar ranges of fungal loads have been reported in clinical and environmental swab samples, where counts between 10³–10⁵ CFU/mL are commonly observed (Adeyeye et al., 2022; Nwankwo et al., 2024). The presence of fungi across all samples highlights the ubiquity of opportunistic yeasts in clinical environments, suggesting possible risks of colonization and infection under immunocompromised conditions. The biochemical characterization of the isolates (Table 2) confirmed that all ten yeasts were negative for germ tube formation and urease activity, which excluded Candida albicans and Cryptococcus species, respectively. All isolates fermented glucose but were unable to ferment lactose, maltose, galactose, or sucrose. These characteristics are consistent with the metabolic profile of Candida glabrata, a non-albicans Candida species frequently isolated from clinical sources (Kumari et al., 2023). This was further supported by molecular analysis (Figures 1 and 2), where ITS sequencing and phylogenetic analysis revealed high similarity of GC1 (94.6%) and GC3 (96.2%) to Candida glabrata. The absence of diversity among the isolates suggests that the swab samples were dominated by closely related strains of C. glabrata, which is known for its adaptability to diverse environments, including mucosal surfaces and hospital settings. Screening of the isolates for pyruvic acid production revealed significant differences in yield (Table.3). Isolate GC3 produced the highest concentration (31.3 g/L), followed by GC1 (29.7 g/L). Moderate producers included GC7 (8.3 g/L) and GC9 (7.4 g/L), while GC2 and GC10 showed the lowest yields at 2.1 g/L and 3.7 g/L, respectively. The observed variability among isolates highlights differences in the metabolic capacity of C. glabrata strains, particularly in their ability to channel glucose through glycolysis and fermentative pathways to accumulate pyruvic acid. High-yielding isolates (GC1 and GC3) may possess enhanced glycolytic enzyme activities or reduced diversion of pyruvate into downstream pathways such as ethanol or lactic acid formation, thereby leading to greater accumulation of pyruvic acid in the culture broth (Zhang et al., 2023). The high yield of pyruvic acid obtained in this study is notable when compared with previous reports. For instance, Patel et al. (2022) reported pyruvic acid concentrations below 20 g/L from conventional yeast strains under unoptimized conditions, while engineered Candida species have been shown to produce between 25–35 g/L under controlled fermentations (Tan et al., 2025). The yields recorded for isolates GC1 and GC3 (≈30 g/L) therefore indicate strong potential for biotechnological exploitation. In contrast, the lower yields observed in isolates such as GC2 and GC10 may be due to metabolic inefficiency, low pyruvate tolerance, or suboptimal adaptation to the fermentation conditions employed in this study. The ability of C. glabrata isolates to accumulate pyruvic acid is of particular industrial interest. Pyruvic acid is an important platform chemical widely applied in the food, pharmaceutical, cosmetic, and agricultural sectors, serving as a precursor for amino acids (such as alanine and tryptophan), synthetic resins, agrochemicals, and skin-care products (Luo et al., 2020; Soma et al., 2022). Microbial production offers a sustainable alternative to chemical synthesis, which often involves harsh reaction conditions and generates environmentally harmful byproducts. The results of this study therefore underscore the potential of clinical C. glabrata isolates as robust producers of pyruvic acid. The marked variation among isolates also highlights the importance of strain screening in microbial bioprocess development. As observed here, only a subset of the isolates (notably GC1 and GC3) demonstrated industrially relevant yields, while others were weak producers. This trend is consistent with reports by Rao et al. (2023), who emphasized that genetic diversity, metabolic flux distribution, and stress tolerance strongly influence metabolite yields in yeast fermentations. Optimization of fermentation conditions such as pH, aeration, nitrogen supplementation, and glucose concentration could further enhance the productivity of the high-yielding isolates. Additionally, metabolic engineering strategies, such as the knockout of ethanol-producing pathways, may redirect carbon flux more efficiently toward pyruvate accumulation (Chen et al., 2024).

4.0 Conclusion
This study demonstrated that clinical samples harbor Candida glabrata isolates with significant biotechnological potential for pyruvic acid production. Molecular identification confirmed isolates GC1 and GC3 as C. glabrata, with phylogenetic analysis revealing strong evolutionary relatedness. Screening of the isolates showed marked variability in pyruvic acid yields, with GC3 (31.3 g/L) and GC1 (29.7 g/L) emerging as the most efficient producers, while other isolates recorded moderate to low outputs (2.1–8.3 g/L). These results underscore the influence of strain-specific metabolic capacity on pyruvic acid accumulation. The observed yields, which are comparable to or higher than those reported in conventional yeast fermentations, highlight the industrial promise of clinical C. glabrata isolates as cost-effective and sustainable platforms for pyruvate biosynthesis. 
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