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Scripps Laboratories is ushering in a new era of recombinant proteins to 

meet the challenges present in today’s research and clinical diagnostic communities 
 

 

Supply chain disruptions have accelerated the need for 

functional recombinant proteins in the diagnostic industry. In a 

previous article we brought attention to the shortage of starting 

material that would soon jeopardize the supply of many protein 

reagents that are critical to the clinical diagnostic industry. (See 

Why Recombinants are the Future of Diagnostics) Since then, 

the supply shortages, due largely to Covid-19 and the 

geopolitical conflict in Eastern Europe, have become more 

severe and several gland- and organ-derived proteins, called 

“native” proteins, are no longer available. Our aim here is to 

highlight key examples in which novel recombinant proteins 

have been approved to replace the proteins previously available 

only from glands or organs.  

 

Recombinant proteins have been available commercially since 

the 1980s, but the diagnostic industry was slow to adopt some 

of the early recombinant proteins, often due to their poor 

performance or high cost. Since then, recombinant transfection 

and expression techniques have improved considerably, 

enabling the development of recombinants that meet the 

performance standards of diagnostic researchers and assay 

development scientists. 

 

A combination of factors contributed to the slow acceptance of 

recombinant proteins in some areas of research and assay  

development. Among them were poor performance of 

recombinant proteins compared to native proteins, a higher 

production cost for recombinants, and the seemingly endless  

 

supply of native starting materials. In each of these instances, 

what was once true is now no longer the case. 

 

New Era Recombinant Proteins 
 

Overcoming the challenges of the past, Scripps Laboratories is 

developing recombinant proteins that match native proteins in 

structure, physical composition, and assay performance. We 

present here several examples of new era recombinants that 

meet or exceed the performance standards set by native 

proteins. 

 

Performance 

Recombinant proteins are now demonstrably comparable to 

native proteins in physical characteristics and assay 

performance. 

 

Production Costs 

Improvements in transfection and expression technologies 

facilitated the large-scale production of recombinant proteins, 

making them affordable solutions. 

 

Starting Material Supply 

Once abundant in supply, native tissues are now difficult and 

expensive to procure, driving the manufacturing cost of native 

proteins up beyond that of recombinant proteins. 
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Recombinant Biomarkers of Anemia 
 

In the medical area of anemia, ferritin and intrinsic factor are 

two proteins widely used in the diagnostic industry. Ferritin is 

the body’s primary iron storage protein and its measurement is 

key to the diagnosis of iron-deficiency anemia, excess iron 

absorption (hemochromatosis), liver disease, and a rare type of 

arthritis called Still’s disease. Intrinsic factor is a gastric protein 

that is essential to healthy vitamin B12 absorption. Intrinsic 

factor deficiency leads to pernicious anemia, a common form of 

anemia that afflicts approximately 2% of adults aged 60 and 

older. A shortage of functional, quality native ferritin and 

intrinsic factor has impacted the diagnostic industry, but 

recombinant forms of these proteins are now available and are 

meeting performance expectations. 

 

Ferritin is a complex, 24-subunit molecule that is composed of 

light-chain and heavy-chain subunits. The native protein is 

purified from human livers and spleens, which are procured 

from individual donors. The quality and availability of livers 

and spleens began diminishing approximately a decade ago and 

has persisted. Today, spleens are difficult to obtain and the 

livers available for purification are resected, diseased, or 

otherwise damaged. This results in soaring manufacturing 

costs, which render native ferritin prohibitively expensive to 

produce. 

 

A complicated molecule, ferritin has been difficult to produce 

as a recombinant. With more than 35 years of protein 

purification expertise, Scripps Laboratories developed a 

recombinant form of ferritin that is virtually identical to the 

native protein in structure and immunoassay function. This 

recombinant ferritin does not contain iron, so it is referred to as 

apoferritin, yet it is proving to be remarkably similar to native 

ferritin. 

 

As seen in Figure 1, the SDS-PAGE profiles of recombinant 

apoferritin and native ferritin are indistinguishable, under both 

reduced/heated and non-reduced/not heated conditions.  

 

In Figure 2, western blot staining with antibodies specific for 

the light-chain and heavy-chain ferritin subunits show 

comparable make-up and staining intensity for both subunits of  

the recombinant and native proteins.  

 

In another measure of physical similarity, the HPLC elution 

profiles for recombinant apoferritin and native ferritin resemble 

each other closely. As shown in Figure 3, recombinant 

Figure 1. SDS-PAGE of Recombinant Apoferritin and Native Liver Ferritin. 
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Figure 2. Western Blot of Recombinant Apoferritin and Native Ferritin (Liver).  

Blots were stained with a monoclonal antibody specific for whole molecule ferritin. 

Lanes 
1 MW Markers (kDa) 
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Native Liver Ferritin 
Purity: 98% 
Retention Time: 14.911 min 

Recombinant Apoferritin 
Purity: 99% 

Retention Time: 14.726 min 

Figure 3. HPLC analysis of Recombinant Apoferritin and Native Liver Ferritin. 
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apoferritin eluted at 14.726 minutes, while native ferritin eluted 

at 14.911 minutes. The difference between these retention times 

is <2%, which is well within assay-to-assay variation, 

indicating the molecular weights of recombinant apoferritin and 

native ferritin are exceptionally similar. 

 

The performance of recombinant apoferritin and native ferritin 

across multiple clinical analyzers is notably parallel. In Table 1, 

recombinant apoferritin was run against three Bio-Rad 

Lyphochek® native ferritin controls. Both ferritin products 

gave nearly identical results between the two platforms. 

Recovery ranged from 101% to 107%, which is well within 

expected assay variation. It should be noted that recombinant 

apoferritin does incorporate iron into its structure, indicating 

another functional similarity to native ferritin. (Data not 

shown.) 

 

The data presented here clearly demonstrate recombinant 

apoferritin is a highly suitable replacement for native ferritin in 

research applications and diagnostic assay development. 

 
 

Intrinsic factor has a high affinity for vitamin B12, so the 

clinical diagnostic industry uses purified intrinsic factor in 

assays measuring vitamin B12 absorption. Traditionally, the 

industry used native intrinsic factor purified from porcine 

stomach. Unfortunately, the supply chain issues associated with 

native glands, organs, and tissues are not limited to human-

derived materials alone. Several years ago, health and 

environmental concerns regarding the long-used method of 

tissue extraction underwent a change at abattoirs  

around the world. This change negatively affected the quality  

and quantity of the intrinsic factor purified from porcine 

stomachs. Today, the native intrinsic factor available to the 

diagnostic industry does not perform as well as the intrinsic 

factor from previous years and it is more costly to produce. 

 

In response to this change forced on the diagnostic industry, 

Scripps Laboratories developed a recombinant form of intrinsic 

factor, using the human gene sequence. Although it is a 

different species from the porcine-derived protein, recombinant 

human intrinsic factor has the same high affinity for vitamin 

B12 and is an excellent alternative to the poorly performing 

native material. 

Figure 4 is an SDS-PAGE of recombinant human intrinsic 

factor. The reported molecular weight for native human 

intrinsic factor is 44-48 kDa and the recombinant protein is 

within that range. In addition, intrinsic factor is a glycosylated 

protein, as is the recombinant form, so there is some molecular 

weight variability between the reduced/heated and non-

reduced/not heated samples.  

 

In work performed by Calbiotech (El Cajon, California USA), 

recombinant human intrinsic factor from Scripps Laboratories 

was conjugated to biotin and used as the capture reagent in a 

commercial vitamin B12 ELISA. A total of 36 vitamin B12 

samples were assayed, using the biotin-conjugated native 

porcine intrinsic factor from the kit and the biotin-conjugated  

recombinant human intrinsic factor reagent. Figure 5 shows a 

scatter plot of vitamin B12 sample recoveries. Linear regression 

analysis demonstrates a strong positive correlation between the 

two sets of biotin conjugates, with an R-squared (R2) value of 

0.9979.  

 

SAMPLE DESCRIPTION 

FERRITIN  
CONCENTRATION 

(ng/ml) 

RATIO 
CP/DXI 800 

SIEMENS 
CENTAUR 

CP® 

BECKMAN 
UNICELL® 
DXI 800 

Recombinant Apoferritin 155.2 153.7 1.01 

Recombinant Apoferritin 164.9 161.3 1.02 

Native Ferritin 
(Bio-Rad Lyphochek®, Level 1) 

52.3 48.2 1.07 

Native Ferritin 
(Bio-Rad Lyphochek®, Level 2) 

138.7 137.8 1.01 

Native Ferritin 
(Bio-Rad Lyphochek®, Level 3) 

372.5 350.9 1.06 

 Table 1. Analysis of Recombinant Apoferritin, Recombinant Ferritin, and 

Native Ferritin (Liver) on the Siemens Centaur® CP and Beckman Unicell® 

DXI 800 clinical immunoanalyzers. 
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Figure 4. SDS-PAGE of Recombinant Human Intrinsic Factor under 

reduced/heated (lanes 1,2) and non-reduced/not heated (lanes 6,7) conditions. 
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1 Reduced/Heated – 5 µg  
2 Reduced/Heated – 10 µg  
3 Blank 
4 MW Markers (kDa) 
5 Blank 
6 Non-Reduced/Not Heated – 5 µg 
7 Non-Reduced/Not Heated – 10 µg 
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Figure 5. Linear regression analysis of Vitamin B12 sample recovery using 

Recombinant Human IF-Biotin and Native Porcine IF-Biotin conjugates in a 

Vitamin B12 ELISA. 
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With the poor performance of native porcine intrinsic factor in 

recent years and its rising cost to produce, recombinant human 

intrinsic factor is an excellent alternative for vitamin B12 

research or assay development. 

 

Recombinant Cardiac Biomarkers 
 

In cardiac medicine, early diagnosis of acute myocardial 

infarction (AMI) is critical to starting life-saving therapy as 

quickly as possible to save lives. Rapid point-of-care (POC) 

immunoassays for AMI often include the biomarkers creatine 

kinase MB isoenzyme (CK-MB), myoglobin, and one of the 

troponin subunits, either troponin I (TnI) or troponin T (TnT). 

Native tissue shortages have impacted the purification of these 

valuable biomarkers. We will focus on CK-MB and TnT here. 

 

In the mid-1970s, CK-MB was regarded as the best cardiac-

specific biomarker for the diagnosis of AMI. It is found 

primarily in cardiac tissue and it is released into the 

bloodstream upon AMI. 

 

Since then, TnT was found to be more sensitive and specific 

than CK-MB and it is now recognized as the gold standard in 

blood tests for AMI. Despite this, CK-MB remains a widely 

used test to this day, making the global demand for both 

purified CK-MB and TnT extremely high.  

 

With the shortage and high cost of human heart tissue, 

manufacturers of purified proteins are unable to produce native 

cardiac biomarkers in sufficient quantity to meet the demand of 

the diagnostic industry. Fortunately, recombinant forms of CK-

MB and TnT are available that match the native biomarkers in 

purity, antibody reactivity, and, in the case of CK-MB, 

enzymatic activity. 

 

Recombinant CK-MB from Scripps Laboratories exhibits 

>95% purity by SDS-PAGE. In Figure 6, lanes 6 and 7 

represent reduced, non-heated samples and both show single-

band purity. The samples in lanes 3 and 4 are reduced and 

heated, resulting in the generation of smaller molecular weight 

variants, as expected. Major banding appears at approximately 

41kDa, which is in line with the reported molecular weight of 

the M and B subunits of native CK-MB. 

 

Regarding enzymatic activity, Figure 7 is an agarose gel 

electrophoresis of recombinant CK-MB, stained for creatine 

kinase activity. The image shows clearly the absence of CK-BB 

and CK-MM enzymatic activity, indicating the recombinant 

sample is >99% CK-MB.  

 

The specific activities of recombinant and native CK-MB are 

presented in Table 2. Enzymatic activity was measured 

kinetically by the CK-NAC assay at 37°C. CK-MB mass was 

measured on a Siemens Centaur CP® immunoanalyzer. The 

specific activity, presented as units/mg of CK-MB, was 

measured for multiple lots of each form of CK-MB. The results 

are consistent between recombinant and native CK-MB, 

ranging from 505 units/mg to 645 units/mg. 

 

Worldwide testing of TnT has increased considerably over the 

last several years, as the troponin subunits have proven to be 

reliable markers of AMI and have become the accepted 

standard of cardiac biomarker testing. In addition, with the 

advent of cardiac POC devices, rapid testing for AMI is now 

available not only in hospitals, but also in clinics, doctor’s 

offices, and in prehospital settings with first-responders in all 

regions of the globe. This increase in demand for purified TnT 

has strained the industry’s ability to provide it from human 

hearts. As a result, native TnT availability to the diagnostic 

industry is limited. 

 

There is, however, a solution in the form of recombinant TnT. 

Recombinant TnT from Scripps Laboratories is produced in an 

expression system that allows for large-scale purification and 

yields a highly purified, antibody-reactive protein.  

 

Figure 6. SDS-PAGE of Recombinant CK-MB. 
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Lanes 
1. MW Markers (kDa) 
2. Blank 
3. Reduced/Heated - 4 µg 
4. Reduced/Heated - 8 µg 
5. Blank 
6. Reduced/Not Heated - 4 µg 
7. Reduced/Not Heated - 8 µg 

Figure 7. Agarose gel electrophoresis of Recombinant CK-MB, stained 

for creatine kinase activity. 

1      2     3 

Recombinant CK-MB 

Lanes 
1. Markers 
2. Blank 
3. Recombinant CK-MB 

CK-BB 

 
CK-MB 

 
CK-MM 

Table 2. Analysis of the specific activity of Recombinant and Native CK-MB. 

Enzymatic activity was determined by CK-NAC assay at 37°C. CK-MB mass was 

measured on a Siemens Centaur® CP immunoanalyzer. The results represent a 

range of values obtained across multiple lots of each form of CK-MB. (CK-NAC 

Assay Unit Definition: One unit converts 1 µmole of creatine phosphate to creatine 

per minute at the specified temperature.) 

SAMPLE DESCRIPTION 
 

SPECIFIC ACTIVITY 

Recombinant CK-MB 505 - 631 units/mg 

Native CK-MB 531 - 645 units/mg 
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Figure 8 demonstrates the similarity in purity by SDS-PAGE 

between recombinant TnT and native TnT. Both proteins run at 

approximately 36kDa, which is the reported molecular weight 

for native TnT. Minor banding is observed at lower molecular 

weights for both proteins. TnT is known to be an unstable 

protein, so this is expected.  

 

Regarding antibody-reactivity, Figure 9 shows that both 

recombinant and native TnT stain positively upon western blot 

with an anti-TnT monoclonal antibody. Furthermore, the lower 

molecular weight bands also stain positively with the anti-TnT 

monoclonal, confirming they are molecular weight variants.  

 

Together, the physical and assay performance characteristics of 

recombinant CK-MB and TnT indicate they are nearly 

indistinguishable from their native forms. Furthermore, the 

industrial-scale manufacturing potential of the recombinants, 

contrasted by the purification challenges of the native proteins, 

make recombinant CK-MB and TnT the superior choice for 

research, immunoassay development, and diagnostic test kit 

production. 

Recombinant Hormones - Thyroid Function & 
Reproductive Biology 
 

Two additional areas of diagnostic medicine impacted by the 

shortage of native starting materials involve hormone testing 

for thyroid function and reproductive biology. Many of the 

hormones used in these areas are glycosylated, structurally 

complex, heterodimers. Historically, such recombinant 

hormones were difficult to produce and did not perform well in 

the antibody-based assay platforms that dominate the diagnostic 

industry. Many of these hormones are purified from human 

pituitary glands and, with the current tissue supply crisis, these 

glands are prohibitively expensive and in dire short supply. 

 

The pituitary gland produces several glycosylated, two-subunit 

hormones. Among them is thyroid stimulating hormone 

(hTSH), which serves to regulate the function of the thyroid 

gland. Assays for hTSH are used to detect and monitor thyroid 

dysfunction, commonly manifested in the many forms of 

hyperthyroidism and hypothyroidism, making hTSH one of the 

most tested analytes around the world. 

 

In addition to hTSH, the pituitary produces several reproductive 

hormones. They include follicle stimulating hormone (hFSH), 

which is used to assess fertility status, luteinizing hormone 

(hLH), which helps predict ovulation timing, and prolactin 

(hPRL), a marker for breast development and lactation.  

 

Another key reproductive hormone is human chorionic  

gonadotropin (hCG), which is produced by the trophoblastic 

cells of the placenta during pregnancy and is the primary means 

of pregnancy detection. hCG is structurally similar to hFSH, 

hLH, and hTSH in that they are all glycosylated heterodimers. 

 

Figure 8. SDS-PAGE of Recombinant Troponin T and Native Troponin T. 
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Figure 9. Western Blot of Recombinant Troponin T and Native Troponin T. 
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Lanes 
1. MW Markers (kDa) 5. Blank 
2. Blank 6. Non-Reduced/Not Heated - 1 µg 
3. Reduced/Heated - 1 µg 7. Non-Reduced/Not Heated - 2 µg 
4. Reduced/Heated - 2 µg 

Recombinant hCG 
Retention Time: 18.811 min 

Native hCG 
Retention Time: 18.666 min 

Figure 10. HPLC analysis of Recombinant hCG and Native hCG. 
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The global usage of these thyroid and reproductive hormones is 

extraordinarily high and the volumes required by the diagnostic 

industry cannot be met with native hormones. To meet the 

industry’s sizeable demand, Scripps Laboratories developed 

recombinant forms of hCG, hFSH, hLH, hPRL, and hTSH. The 

data presented here will focus on the similarities between the 

glycosylated heterodimers recombinant hCG and native hCG, 

but it should be noted that similar results have been obtained 

for all of the recombinant hormones from Scripps Laboratories. 

 

Regarding purity, recombinant hCG matches that of ≥99% pure 

native hCG upon HPLC and even presents a cleaner elution 

profile. Figure 10 reveals very similar retention times between 

the two forms of hCG, indicating comparable molecular  

 

weights. Recombinant hCG eluted at 18.811 minutes and native 

hCG eluted at 18.666 minutes. The retention times differ by 

<0.8%, which is well within acceptable assay variation. 
 

Upon assay on two clinical immunoanalyzers, linear regression 

analysis demonstrates excellent correlation for both 

recombinant hCG and native hCG on the two instruments. 

Figure 11 presents data from analysis on a Roche cobas® 8000 

and a Siemens Centaur® CP. The positive correlation between 

the two instruments was 0.9998 for recombinant hCG and 

0.9997 for native hCG. These data indicate recombinant hCG 

and native hCG performed virtually identically. 

 

Closing Comments 
 

Once readily available, some native tissues are impossible to 

procure in the quantities needed for the large-scale purification 

required in the diagnostic industry. Native proteins at one time 

were thought to be a never-ending resource, but recent global 

developments have proven this is not the case. Supply chain 

disruptions, coupled with increased global demand, have 

depleted the native starting materials in many areas of 

diagnostics.  

 

Fortunately, using advanced transfection, expression, and 

purification techniques, Scripps Laboratories is developing a 

growing line of recombinants that overcome the shortcomings 

of the past and rival the performance of native proteins.  

 

Today’s new recombinants are similar to their native 

counterparts in purity and structure, but more importantly, they 

meet the performance challenge across multiple diagnostic 

platforms. In addition, they can be purified in large scale and 

the materials needed to produce them do not rely on 

unpredictable donor networks. 

 

The biotechnology industry is at an exciting moment in history: 

Many long-held beliefs about the recombinant proteins of the 

past are being dispelled. Researchers and production scientists 

alike are embracing recombinant proteins as the only sensible 

solution for innovative research, novel assay development, and 

sustained industry growth now and into the future. 

 
 

* * * * * * * * * * * * * 
 

Explore the Benefits of Recombinants at Scripps Laboratories 
 
   • Comparable Performance to Native Proteins • Renewable Starting Material 
   • No Interference from Protein Contaminants • Stable Pricing 
   • Produced Without Affinity Tags • Short Production Lead-Times 
   • No Disease-State Testing Required • Steady Product Availability 
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Figure 11. Linear regression analysis of Recombinant hCG and Native hCG 

on the Siemens Centaur® CP and Roche cobas® 8000 clinical 

immunoanalyzers. 
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