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Abstract: Interferon gamma (IFNγ) is a critical cytokine that activates various immune cells, including 
macrophages, NK cells, T cells, and even non-immune cells, to fight particularly intracellular infections and 
cancers. But to use this as medicine for dogs, it is necessary to purify IFNγ for dogs due to its species-specificity. 
However, efficient purification protocols for recombinant canine IFNγ (rcIFNγ) from Escherichia coli that ensure 
protein stability remain poorly established. In this study, we systematically compared two distinct purification 
strategies: a denaturing method (lysis with urea) and a native method (lysis without urea), each followed by 
subsequent purification steps. The two strategies yielded markedly different outcomes. The denaturing protocol 
resulted in a highly pure and intact monomeric protein. In contrast, the native protocol led to severe proteolytic 
degradation of the rcIFNγ, resulting in multiple smaller fragments. This present study suggests that it is crucial to 
explore various conditions for developing stable purification protocols and formulations for rcIFNγ. 
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1. Introduction 

Interferons (IFNs), which were discovered in 1957, are structured into three families: Type I, Type II, and 
Type III (IFN-like cytokines). Although other families have various kinds of subtypes, type 2 IFN consists of only 
one type, IFNγ [1,2]. The induction of IFNγ is an indirect, multi-step cascade. It begins when Pattern Recognition 
Receptors (PRRs) on innate immune cells detect Pathogen-Associated Molecular Patterns (PAMPs). This sensing 
event stimulates these cells to secrete key intermediary cytokines, notably IL-12 and IL-18. These cytokines induce 
cells such as T cells, natural killer cells, and natural killer T cells to secrete IFNγ. Subsequently, it binds to IFNγ 
receptor (IFNGR), a tetrameric complex formed from two constitutively expressed IFNGR1 subunits and two 
conditionally expressed IFNGR2 subunits. This ligand binding initiates the Janus kinase (JAK)-Signal Transducers 
and Activators of transcription (STAT) signaling pathway. This proximity brings the associated kinases, JAK1 (on 
IFNGR1) and JAK2 (on IFNGR2), into proximity, allowing them to cross-tyrosine-phosphorylate and activate 
each other. The activated JAKs then phosphorylate a Tyrosine 440 (Y440) on the intracellular tail of IFNGR1, 
creating a docking site. This docking site recruits STAT1. Once bound, STAT1 is itself phosphorylated by the 
JAKs, crucially on Tyrosine 701. This tyrosine-phosphorylated STAT1 then dissociates from the receptor, forms 
a homodimer, proceeds to the nucleus, and targets to γ-Activated Site (GAS) elements. This binding triggers the 
genetic transcriptional activation of numerous Interferon-Stimulated Genes (ISGs), including critical anti-
pathogen effectors like GBP, IRG, OAS, MX1, and others [3–8]. 

The human IFNγ gene (IFNG) was isolated in 1982 and is located on chromosome 12 [8,9]; while the canine 
IFNγ gene is located on chromosome 10 (NCBI Gene ID 403801). IFNγ polypeptides from humans 
(NP_000610.2) and dogs (NP_001003174.1) are both 166 amino acids (aa) long and share 65.7% sequence identity 
(calculated using alignment). Both proteins possess a 23 aa signal peptide, but their mature forms differ in length. 
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The mature human IFNγ is 138 aa, while the mature canine IFNγ is 143 amino acids. Consequently, these mature 
forms share 63.8% identity (calculated using alignment). This sequence divergence is critical, as the interferon 
family is known to exhibit species-specificity. For instance, previous studies on Type 1 IFNs demonstrated that 
porcine IFNα8 showed antiviral activity in bovine (MDBK) cells but was ineffective in human (WISH) and canine 
(MDCK) cells [10]. Similarly, chicken IFNα3 was active only in avian cells, failing to protect mammalian cells [11]. 
This species-specificity underscores the necessity of using species-matched canine IFNγ for studies involving 
canine cells or veterinary applications. 

The purification of recombinant human IFNγ (rhIFNγ) is well-established, with numerous studies reporting 
successful methods from various expression systems, including Escherichia coli (E. coli) [12,13], Chinese hamster 
ovary (CHO) cells [14,15], and Spodoptera frugiperda (SF9) cells [15]. In contrast, research on the purification of 
recombinant canine IFNγ (rcIFNγ) is significantly more limited. While the production of rcIFNγ in E. coli [16,17] 
and silkworms (Bombyx mori) [16,18] has been reported, systematic studies comparing different strategies or 
optimizing the purification method for rcIFNγ are still lacking. 

Therefore, we aimed to compare two distinct purification strategies for rcIFNγ expressed in E. coli: a 
denaturing condition (Condition A, with 8 M urea) and a native condition (Condition B, without 8 M urea). The 
goal was to provide a foundational comparison of the biochemical properties (molecular weight, purity, stability, 
and yield) resulting from each approach. This comparison provides a basis for the future development of 
purification protocols intended for functional studies. 

2. Material and Methods 

2.1. Expression of Recombinant Proteins Using E. coli 

Expression vector (pPROExHTa) containing mature cIFNγ (without 23aa signal peptide at the N-terminus, 
Figure S1) was transformed into E. coli (BL21/Codon plus). The bacteria grew at 37 °C until the cell density, 
measured as an optical density (OD) value at 600 nm, reached a value of 0.6 OD. 0.6 mM isopropyl β-D-1-
thiogalactopyranoside (IPTG; Cellconic, Hanam, Republic of Korea) was added to the cultured broth for 4 h at 37 °C 
to induce target protein expression. After induction, the cells were centrifuged for 20 min at 6000 rpm at 4 °C, and 
all supernatants were decanted, leaving the E. coli pellet. 

2.2. Initial Capture of rcIFNγ via Affinity Chromatography 

The E. coli pellets were resuspended in equal volumes of two different 50 mM sodium phosphate (Bio Basic 
Inc., Markham, ON, Canada), 0.3 M Sodium chloride (Cellconic), pH 7.0 buffers: one containing 8 M urea 
(Condition A) and the other without 8 M urea (Condition B). The supernatant containing His6-tag proteins was 
then loaded onto TALON® Magnetic Beads (Takara, Kusatsu, Japan). After measuring their concentration using 
the NanoDrop spectrophotometer (Thermo Fisher Scientific Inc., Waltham, MA, USA) and Bradford assay, the 
samples were loaded into SDS-PAGE gels. These were stained with Coomassie Brilliant Blue solution to check 
the size and pattern of the purified recombinant proteins. 

2.3. Polishing of rcIFNγ Using Other Chromatography 

The confirmed elution fractions under both conditions were tested to ensure their stability without any 
additives by dialysis. Based on the stability results, thereafter, the fractions, which remained soluble without 
additives, were purified through Anion Exchange Chromatography (AEC) utilizing a HisTrap Q FF™ column (GE 
Healthcare, Chicago, IL, USA). Conversely, the unstable (aggregated) fractions were purified by a High-
Performance Liquid Chromatography (HPLC) column from Grace (Stockbridge, GA, USA). Since the purified 
rcIFNγ showed poor solubility (Condition A), sodium dodecyl sulfate (SDS; Biosesang, Yongin, Republic of 
Korea) was added to the fractions at 0.1% (w/v) to ensure solubilization. The purified proteins were then analyzed 
by silver staining with Bovine Serum Albumin (BSA) and Bicinchoninic acid (BCA) assay to determine their 
pattern and concentration. 

3. Results 

3.1. Comparison after the Initial Capture Step 

The cIFNγ gene in the pPROExHTa vector was expressed in the E. coli BL21/Codon plus. After lysis of the 
E. coli pellet under Condition A (with 8 M urea) or Condition B (without urea), these supernatants were loaded 
into a mini-TALON affinity column. The elution samples from the Talon affinity column were visualized by 
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Coomassie brilliant blue staining. The expected molecular weight of the recombinant protein was approximately 
20.58 kDa, as predicted by the Compute pI/Mw program (https://web.expasy.org/compute_pi/ accessed on 6 April 
2025). The dominant bands from Condition A corresponded to the expected size (Figure 1A). However, the major 
bands from Condition B seemed to be slightly higher than the expected size (Figure 1B). When tested for stability 
without additives using a dialysis method, the recombinant protein purified under Condition A tended to be 
aggregated, whereas that purified under Condition B remained soluble. Based on these results, we performed 
HPLC (Figure 2) using Condition A samples and AEC with Condition B samples (Figure 3). 

 

Figure 1. The purification of recombinant canine Interferon gamma (rcIFNγ) with pPROExHTa from Escherichia 
coli with Talon affinity chromatography. Elution fractions (E1–E5) of rcIFNγ were resolved by SDS-PAGE. An 
equal volume of each fraction was loaded, corresponding to 10 μg of protein for the peak fraction (E2) as quantified 
by Nanodrop. The gel was visualized by Coomassie brilliant blue staining. (A) Purification under Condition A 
(with 8 M Urea). A prominent band was observed at approximately 21 kDa, which corresponds to the predicted 
size of rcIFNγ (20.58 kDa). (B) Purification under Condition B (without 8 M Urea). A prominent band was 
observed at approximately 23 kDa, which is slightly larger than the predicted size. kDa, kilodalton; Reduced, each 
sample was boiled with dithiothreitol (DTT); B, initial sample before loading onto the column; U, unbound fraction 
that flowed through the column. 

 

Figure 2. The purification of recombinant canine Interferon gamma (rcIFNγ) (condition A) by High-Performance 
Liquid Chromatography (HPLC). UV absorbance at 280 nm (blue line) was recorded during the polishing step with 
HPLC. The Y axis shows UV absorbance (mAU) and the X axis shows retention time (min). The horizontal black 
line indicates the elution fractions number from 43 to 52. 
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Figure 3. The purification of recombinant canine Interferon gamma (rcIFNγ) (condition B) by anion exchange 
chromatography. UV absorbance at 280 nm was recorded during the polishing step. The Y axis shows UV 
absorbance (mAU) and the X axis shows retention volume (ml). The horizontal black line indicates the elution 
fractions (A1–A6). 

3.2. Comparison after the Polishing Step 

After the polishing step, the protein obtained under Condition B remained soluble in the native buffer; 
however, the protein from Condition A did not. Therefore, 0.1% SDS was added to the Condition A sample, and 
both samples were visualized by silver staining. In Condition A, the purity increased, as indicated by the 
disappearance of non-target bands (Figure 4A), whereas in Condition B, the purity did not improve compared to 
the initial capture step (Figure 5), likely due to degradation. For Condition A sample whose bands were shown as 
one band, silver staining with known concentrations of bovine serum albumin (BSA) was performed to measure 
the concentration of rcIFNγ (Figure 4B). In contrast, this analysis was not performed for Condition B sample, 
given its low purity and the presence of multiple degradation bands (Figure 5). 

 

Figure 4. The silver staining result of recombinant canine Interferon gamma (rcIFNγ) (condition A) purified by 
High-Performance Liquid Chromatography (HPLC). (A) An equal volume of each fraction corresponding to the 
UV peak in Figure 2 was loaded. (B) The band intensity of rcIFNγ (condition A) was compared to the intensities 
of known concentrations of bovine serum albumin. kDa, kilodalton; Reduced, each sample was boiled with 
dithiothreitol (DTT). 
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Figure 5. The silver staining result of recombinant canine Interferon gamma (rcIFNγ) (condition B) purified by 
anion exchange chromatography. An equal volume of each fraction corresponding to the UV peak in Figure 3 was 
loaded. kDa, kilodalton; Reduced, each sample was boiled with dithiothreitol (DTT). 

4. Discussion 

The trend of human-animal cohabitation is increasing, with many people viewing companion animals, such 
as dogs and cats, as partners. Consequently, the demand for effective and species-specific veterinary therapeutics 
is also on the rise [19,20]. Among the critical immunomodulators, IFNs play a pivotal role. For instance, 
recombinant feline IFNω is widely used in veterinary practice [21]. However, the IFN family is known for its high 
species-specificity [10,11,22], underscoring the necessity of developing canine-specific IFN therapeutics rather 
than relying on cross-species applications. Although the production of rcIFNγ in E. coli has been reported [16,17], 
systematic comparison studies to explore appropriate purification strategies remain lacking. 

In this study, we compared two purification strategies for rcIFNγ expressed in E. coli. Following the initial 
capture step using TALON affinity chromatography, dominant bands matching the theoretical molecular weight 
of rcIFNγ (approx. 20.6 kDa) were observed under both conditions (Figure 1). However, two critical differences 
were immediately apparent. First, an additional band at approximately 34 kDa, which is likely an artificial, non-
native dimer, was shown under Condition A (with 8 M Urea) (Figure 1A). Second, although E2 (the peak elution 
fraction) from both conditions was loaded at an equal amount (10 µg) as quantified by NanoDrop, the rcIFNγ band 
from Condition A appeared significantly thicker than the band from Condition B. This observation strongly 
correlated with a quantification discrepancy noted between the Nanodrop and Bradford assays. For Condition A, 
the protein concentration measured by the Bradford assay was consistently higher than the value from the 
Nanodrop. In contrast, for Condition B, this pattern was reversed (NanoDrop > Bradford). This discrepancy 
suggests a fundamental difference in the protein’s folding state, as the Nanodrop relies on the absorbance of 
aromatic amino acids (Tryptophan and Tyrosine) at 280 nm [23], whereas the Bradford assay (Coomassie dye) 
binds primarily to basic residues (e.g., Arginine, Lysine) [24]. 

After the initial capture step, when additives (like urea and sodium chloride) were removed during a dialysis 
test, almost all the protein from Condition A (urea-purified) was heavily aggregated. In contrast, the protein from 
Condition B (native-purified) remained fully soluble. This result is scientifically logical: the rcIFNγ from condition 
A, which was kept artificially unfolded by 8 M Urea, failed to refold correctly upon removal of the denaturant and 
aggregated [25]. Conversely, Condition B protein was already in its stable, native conformation. This difference 
in stability was the decisive factor for the subsequent purification steps. The stable, native protein from Condition 
B was compatible with a native-state method (AEC) (Figure 3). However, the unstable protein from Condition A 
was clearly incompatible with native buffers and thus required a denaturing-compatible method (HPLC) (Figure 2). 
Consistent with this instability, the protein from Condition A still required the addition of 0.1% SDS post-HPLC 
to maintain solubility for the final analysis. 

The silver stain analysis of the final, 2nd-purification products revealed a stark divergence in purity. For 
Condition A (Figure 4), the HPLC step was highly effective, yielding a single, dominant band corresponding to 
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the rcIFNγ monomer, which was a clear improvement from the initial purification (Figure 1A). In contrast, the 
purity of Condition B (Figure 5) did not improve after the AEC step. While Figure 4 showed the rcIFNγ primarily 
as a single band, Figure 5 showed multiple smaller fragments, including a dominant band (at least four distinct 
bands). This degradation in Condition B is likely attributable to residual E. coli proteases that remained active 
despite the several washing steps [26]. In Condition A, these trace proteases were effectively rendered inactive by 
the strong denaturing effects of both the 8 M urea and the organic solvents (acetonitrile) used during HPLC. 
Conversely, the native buffers used in Condition B allowed these proteases to remain active, leading to the 
proteolytic degradation of the rcIFNγ. This vulnerability exists because the rcIFNγ, being expressed in E. coli, is 
non-glycosylated and therefore lacks the protective carbohydrates that shield its native, mammalian-expressed 
counterpart from proteolytic attack [27]. Nevertheless, the E. coli expression system remains a preferred choice, 
due to its advantages in cost-effectiveness, rapid production, and high yield potential compared to mammalian 
systems [28,29]. Despite this dramatic difference in final purity (High Purity A vs. Degraded B), the final 
quantification—combining data from the BCA assay and silver staining with BSA (Figure 4B)—showed that the 
approximate total protein yield was similar for both conditions across several replications. 

In summary, we compared two distinct purification strategies for rcIFNγ expressed in E. coli: Condition A 
(with 8 M Urea) and Condition B (without 8 M Urea). While the final yield of protein—a key factor in 
productivity—was found to be similar for both conditions, there were differences in the biochemical properties: 
(1) the folding state, (2) stability in native buffers, and (3) final purity. These differences suggest the importance 
of selecting an appropriate purification strategy, as this choice directly impacts the protein’s final state and 
subsequent pharmaceutical formulation [30]. Regrettably, the biological activities of the two purified rcIFNγ were 
not assessed in this study. Therefore, future in vitro studies using canine cell lines, such as MDCK or primary 
cells, are necessary to compare their activities. This work can lay a foundation for the future development of 
species-specific canine medicines. 

Supplementary Materials: The following supporting information can be downloaded at: https://media.sciltp.com/articles/ 
others/2512101611044690/JIIM-25110031-Author-supplementary-figure-V2.pdf. Figure S1: Amino acid sequences of native 
and recombinant canine IFN gamma (cIFNγ). 
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