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A COMPARISON OF PERFORMANCES OF FOUR ENZYMES
USED IN ELISA WITH SPECIAL REFERENCE TO g-LACTAMASE

M. lkram Khatkhatay* and Meena Desal

Institute for Research in Reproduction (ICMR), J.M. Street, Parel,
Mumbai : 400 012., INDIA

ABSTRACT

Horse radish peroxidase, alkaline phaosphatase and p-D-galactosidase are widely
used as labels in the development of enzyme immunoassays (EIAs). Enzyme B-lactamase,
though introduced as a label in late seventies has not yet become very popular inspite of
having the necessary features of an enzyme to be used in EIAs. The present article reviews
assays developed with this enzyme, highlights its salient features and brings out an argument
in favour of its wide spread use in ElAs.

(KEY WORDS: Comparison of marker enzymes, Assay parameters, innovative
immunoassays, p-lactamase based assays)

Since the introduction of enzymes as labels in immunoassays by Engvali and
Periman, and Van Weeman and Schuurs , a continuous addition of newer enzymes have
been made to the list of enzymes suitable for use in the development of enzyme
immunoassays (1,2). The choice of enzyme is largely dependent upon whether a
“homogenous” or a “heterogenous® type of immunoassay is to be employed. In the
homogenous type of immunoassay, the enzyme in the conjugate behaves differently when it
is bound to its specific counterpart hence obviating the need of separation of enzyme labeied
reactant before the measurement of enzyme activity. Enzyme malate dehydrogenase (EC
1.1.1.37), glucose-6-phosphate dehydrogenase (EC 1.1.1.49), hexokinase (EC 27.1.1),
lysozyme (EC 3.2.1.17) and ribonuclease A (EC 3.1.27.5) have been commonly employed in
homogenous type of assays, as activities of these enzymes in the conjugate can be
moduiated when bound to its counterpart (3-10). For example, in a homogenous enzyme
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immunoassay (EIA) for theophyilin, activity of enzyme glucose-6-phosphate dehydrogenase
was inhibited up to 80-100% on addition of antibodies to the theophyilin derivative (5).

On the other hand, enzymes in heterogenous type of EIA behaves almost identical in the
conjugate (free) and in the immunocomplex (bound), necessitating separation of enzyme
labeled reactant from the immunocomplex before the measurement of enzyme activity in
either the bound or free fraction. Heterogenous immunoassays are more commonly employed
due to the simplicity in the preparation of their labels and relatively higher sensitivity of the
resultant assays.

The ten most commonly used enzymes as markers in heterogenous
immunoassays are listed in Table 1 and a recent survey revealed that horse radish
peroxidase (HRP) is the most popular choice followed by alkaline phosphatase (AP) and
B-galactosidase (B-gal) (8-11). In the commercially available diagnostic ELISA kits also
HRP is most widely employed (80%), followed by AP (20%) and B-gal. (< 1%) (12). B-
lactamase has been extensively used in the authors’ laboratory and by several other
groups in India. However, application of this enzyme in EIA has not yet become popular.
This article reviews the features of the above three enzymes, which might have led to
their popularity in diagnostics and highlights the characteristics and performances of -
lactamase based ELISAs. The current article also aims at popularizing its use and
stimulating innovative research work such as development of newer and better substrate-

chromogen reactions.
HORSE RADISH PEROXIDASE

(a) General Features

Horse radish peroxidase (HRP) was the first enzyme used in EIA based on its earlier
application in histochemistry (13). The general characteristics of this enzyme are given in
Table 2(a). Methods for its conjugation to biological compounds, especially for
immunoglobulins have been extensively described (14,15). It has a high turnover number of
66000 min "' and catalyses the reaction of hydrogen peroxide with certain organic, electron
donating substrates to yield highly colored products. The reaction of HRP with its substrate,
H,0,, forms a stable intermediate that can dissociate in the presence of a suitable electron
donor, oxidizing the donor and potentially creating a color change. A number of substrate--
chromogenic reactions are available for its detection (Table 2b).

(b) Preparation and ili RP conjugates
A number of methods have been described for coupling HRP to proteins, each
method has its own merits and demerits. The polysaccharide chains of HRP, a glycoprotein,
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are often used in cross-linking reactions. Proteins can be coupled to HRP by two-step
glutaraldehyde method (19). The enzyme, however, gets partially dimerized or even
polymerized by treatment with glutaraldehyde and reproducibility in terms of enzyme antibody
molar ratios vary (20). The periodate method originally described by Nakane and Kawai has
been more popularly used for coupling HRP to immunoglobulins (21). The maleimide method
was found to be superior to the periodate method as both peroxidase and antibody activities

were well retained in these conjugates (22).

The use of the N-hydroxy succinimide (NHS) ester maleimide cross-linker such as
SMCC (succinimidyl-4-(N-maleimidomethyl) cyclohexane-1-carboxylate) provided better
control over the conjugation process (12). Initially SMCC is reacted with HRP to create a
derivative containing sulfhydryl-reactive maleimide group, which is then allowed to react with
sulfhydryl containing antibody to obtain antibody-HRP conjugates. Simple and ready-to-use
reagents for coupling haptens or proteins or immunogiobulins to HRP are commercially
available and efficiency of coupling with any one of these reagents is high and consistent as
claimed by Pierce, USA, a leading company in immunological products.

Preservation and stability of enzyme conjugate for its use in diagnostics are
considered as two important aspects of EIA standardization. HRP conjugates can be stored
with minimal loss of activity if filtered, sterilized, stored at 4°C and handled aseptically.
However, freezing of some conjugated monoclonal antibodies has been shown to resuit in
loss of activity (23). This loss of activity may be overcome by addition of 50% (final volume)
glycerol to prevent crystal formation. Nielsen has studied stability of freeze dried HRP
conjugated antibodies in the presence of a number of additives to preserve its activity (24).
Addition of 0.3M trehalose or 0.8% lactoalbumin and 3.2% sucrose resuited in the lowest ioss
of activity of conjugated antibodies when freeze-dried in glass vials. This study has concluded
that the characteristics varied with each antibody conjugate (24). In our laboratory, peroxidase
conjugates were sufficiently stable when stored at 20°C in 50% glycerol or 50% ethylene
glycol.

(c) P ies facil e dev "nvv a

The incorporation of immunoassay reagents into ‘dry phase' format is an emerging
concept as it facilitates transformation of laboratory based assays into diagnostic test kits.
Although the reagent technology may be complex, the tests are simple and convenient to use.
HRP is extensively used in 'dry phase’ technology because the detection of HRP activity can
be compartmentalized. Enzyme glucose oxidase (GQ) acts on glucose generating hydrogen
peroxide, the substrate for HRP and with chromogen results in generation of color. This
property has been exploited by Fuji photo film company which has developed an assay
system for detection of hormone thyroxine (25). It is a competitive binding immunoassay
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where different layers contain different components of the assay. On applying the sample, its
thyroxine and thyroxine-peroxidase from the top layer of paper matrix migrate through the
second layer of antibody to thyroxine covalently immobilized on the paper matrix. Competition
occurs between the conjugate and sample thyroxine for limited binding sites. The unbound
conjugate continues to diffuse through the reflective layer of barium sulfate into the detection
zone. The detection layer consists of a gelatin matrix impregnated with orthophenylene
diamine (OPD) and GO, a peroxide generating system. The mid-layer contains glucose, which
diffuses along with the conjugate into the detection layer where it interacts with GO generating
hydrogen peroxide, a substrate for HRP chromogenic reaction. The rate of color formation is
read through the clear plastic support and is proportional to the thyroxine concentration in the
sample. The ‘dry phase’ immunoassay based on the ‘enzyme channeling immunoassay
technique’ described by Syva Co. USA has also the combination of HRP and GO (26).
Kodak® has developed a photochemical ampilification system for HRP mediated
immunosorbent assay (27).

HRP was employed in the development of a novel ELISA - “Catalyzed reporter
deposition” (CARD) described by Bobrow et al since HRP is known to catalyze the oxidative
condensation particularly dimerization of phenolic compounds by a free radical mechanism
(28-30). The application of CARD in a ‘sandwich’ ELISA as a means of amplification was
carried out one step prior to the addition of chromogenic substrate. In the assay where HRP
was the immobilized enzyme, a labeled substrate such as biotinyityramide was added for
short time, resulting in the covalent deposition of biotin on the solid phase. After washing, the
biotin was then probed with appropriate strepavidin enzyme conjugate with another
incubation, and later detected with appropriate substrate. Application of CARD to a variety of
ELISA formats has enabled improvement in assay sensitivity up to ten-fold.

HRP and GO have the distinction of being the only two enzymes used also in
homagenous immunoassays. In this novel system, monoclonal antibodies with specificities
against two different epitopes on the antigen and each labeled either with HRP or GO on
reaction come in proximal vicinity (31). Hydrogen peroxide is generated by GO in a reaction
with glucose present in the medium, which becomes the substrate for HRP. The local
concentration of hydrogen peroxide becomes high enough for HRP and antigen gets
detected. The labeled-antibodies in absence of the antigen will be widely apart and the activity
of the second enzyme (HRP) will be very limited.

(d) Conclusion

In conclusion, HRP could be considered as an ideal enzyme for use in ELISA. Its
conjugates have been reported to be superior when compared to AP and B-D-gal. However,
all its water-soluble substrates are photosensitive and undiluted conjugates are less stable.
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ALKALINE PHOSPHATASE (AP)

(a) General Features

Alkaline Phosphatases (APs) are a widely distributed family of isozymes and found in
a number of species and tissues. Alkaline phosphatase (EC 3.1.3.1) is considered as the
second most popularly used enzyme in immunoassay as it satisfies most of the criteria of a
good label (8,9). Table 2(a) gives the characteristics of AP. The active site of AP contains two
zinc atoms and a single magnesium atom, both of which are essential for its activity.
Substrate- chromogen reaction with AP is carried out in a buffered environment containing
smali concentrations of these divalent cations required for maintaining optimally active site

conformation.

AP conjugates are usually applied in situations where because of the presence of
high endogenous peroxidase activity, HRP cannot be used. Like HRP, a variety of substrate
chromogen reactions have been described for its detection (Table 3). However, p Nitropheny!
phosphate, being water soluble, is widely used in the ELISA.

(b) P n an f at

AP has been coupled to other proteins by either one- step or two-step glutaraldelyde
method (14,35). However, due to its simplicity one-step glutaraldehyde method is widely used.
Heterobifunctional cross linkers like SMCC and N-Succinimidyl 3-(2-pyridyldithio) propionate
(SPDP) may also be used for coupling AP to antibody molecules. Ready- to-use reagents for
coupling AP to haptens and proteins are available commercially.

The enzyme antibody conjugates are usually stored frozen at -20°C. Freezing
(especially, freeze-thaw cycles) is damaging to many enzyme / protein in solution resulting in
reduction or total loss of activity. This is a significant problem that is especially troublesome
because alkaline phosphatases are particularly sensitive to freezing. Glycerol and ethylene
glycol have been generally used to stabilize enzymes, including AP as it lowers the freezing
point and inhibits the formation of ice crystals. The presence of aldehydes, peroxides and iron
ions in ethylene glycol used affects AP activity and hence the need to use contaminant free
ethylene glycol as a stabilizer. Ethylene glycol is recommended because it does not support
the growth of microorganisms, prevents sub-unit dissociation of protein and also inhibits
proteolysis (36). Like HRP, stabilizers for AP conjugates are also available commercially.

(c) Properties facilitat, h men innovativ

This enzyme has not been used in ‘dry phase’ immunoassay. AP, however, was the
candidate used in enzyme amplification system (37,38). In this system, the substrate
nicotinamide adenine dinucleotide phosphate (NADP) was cbnvened by AP to NAD'. The
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compound was then reduced to NADH by alcohol dehydrogenase in the presence of ethanol
included in the reaction medium. In turn, NADH, in the presence of diphorase was converted
back into NAD with simultaneous reduction of tetrazolium salt also present in the reaction
medium. This resulted in an accumulation of colored soluble formazan dye, proportionat to the
concentration of NAD* generated by AP. The newly formed NAD" is recycled many times,
resulting in a 100- fold increase in sensitivity (38). Johanssons and Bates have extensively
worked with AP amplification system and have reported an amplification of 105 -fold (39).

(d) Conclusjon

In conclusion, AP is favored for its high performance and easy to use immunoassay
system, its simple reaction kinetics, a variety of assay systems are available for its detection
and relatively low toxicity of its common substrates.

B-D-GALACTOSIDASE

(a) Genera| features

B-D-galactosidase (B-gal) is relatively less popular than HRP and AP because of its
higher molecular weight (5.40,000) and slower turnover rate. However, its high sensitivity and
ready availability makes it one of the more attractive choice for use in ElAs. Its general
characteristics are given in Table 2(a). Only two substrates with colorimetric end points are
available for B-gal when used in ELISA (Table 4).

(b) Preparation and stability of B-gal conjugates

p-gal can be coupled to any protein by one-step glutaraldehyde method. However,
when IgG and B-gal are coupled using this method, highly polymerized conjugates are
obtained (42). Moreover, activitiés of both enzyme and IgG were significantly impaired and
non-specific bihding of polymerized conjugates to the solid phase was greater than with
conjugates prepared by the maleimide disulfide method (42). The activities of B-gal and IgG

were retained when conjugates were prepared using the maleimide disulfide method (43).

It has been shown that little Fab’ is released from Fab’-B-gal conjugate when stored

at pH 6-7 at 4°C for at least one year (14,42). p-gal conjugates have definitely higher

* stability(44).

{c) Pr i ilitatin velopmen innovativ a

The use of p-gal in qualitative ‘dry phase’ EIA has not been reported to date.
However, this enzyme is used in ‘dry phase’ immunoassays using fluorogenic substrate as in
Am TDA system (45). This enzyme has been employed in the development of Cloned
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Enzyme Donor immunoassay (CEDIA), which exploits recombinant DNA technology. Through
this technology, a new strain of E. coli synthesizing large inactive fragments of p-gal (ER,
Enzyme receptor) and small inactive fragments of the same enzyme (ED, enzyme donor)
were produced. The large ER and ED can spontaneously associate to form active B-gal. The
ability to reactivate ER is retained by ED hapten conjugate, but binding of ED hapten by anti-
hapten antibody prevents re-association. The effect of anti-hapten antibody in preventing re-
association is reversed by the presence of free hapten (46).

{d) Conclusion

B-gal has been used because of its easy availability. This enzyme is less popular
because of its slower turnover rate. However, the development of CEDIA type
immunoassays may boost its use in ELISA.

B-LACTAMASE

The use of enzyme B-lactamase in immunodiagnostics originated in india from the
authors’ laboratory. This enzyme was selected for developing EIA for human chorionic
gonadotropin (hCG) and human placental lactogen (hPL) for two main reasons (47).

This was the only enzyme prepared in India at that time and readily available.
2. Al the individual components of one of its detection system (Starch-iodine penicillin
reaction) were readily available at relatively low cost.

It is because of these two reasons, it became very popular in India as a label for the
development of ElAs (47-68). For almost a decade, the enzyme was extensively and perhaps
exclusively used in India. Currently the enzyme is placed amongst the 10 ideal enzymes for
EIA (69). Some of its salient features and characteristics discussed earlier, but never in
connection with the development of immunoassays are :

1. Salient Features and Characteristics of p-lactamase

i The enzyme B-lactamase | consists of a single polypeptide chain of approximately
270 residues having about 21 lysine residues per mole, which makes conjugation to
most proteins easy.

ii. Analytical-ultracentrifugation data indicates that the enzyme has a molecular weight
of 28000 dalton, S20w of Ca 2.75 and a diffusion coefficient ratio of 8.28 x 107 an’
sec™ A frictional ratio of 1.22 has been calculated and optical rotary dispersion
{ORD) and circular dichorian (CD) studies reveal the presence of some secondary
structures. Isoelectric focussing of a highly purified preparation resolved the enzyme
into 3 components of pi 9.2,9.3 and 9.7.
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iii. Even in a highly diluted form, the enzyme is stable at room temperature for several
hours and the process of conjugation stabilizes the enzyme further.

iv. The enzyme can tolerate pH ranging from 5 to 9 with no loss in its activity and it has a
broad pH optimum between pH 6 and 7.

V. The enzyme has a specific activity of 1 x 10° to 1 x 10° min™ (Comparable to
peroxidase) (70,71).

2. Methods of Conjugation

Proteins having lysine groups can easily be coupled to B-lactamase as it has 21
lysine groups. Proteins including hCG, hPL, luteinizing hormone (LH), follicle stimulating
hormone (FSH), lactoferrin,, amoebic antigen, rabbit and goat immunoglobulins have
been coupied to B-lactamase by the one-step giutaraldehyde method. One-step
glutaraldehyde method is considered antique for conjugation of proteins. However, this
method is widely preferred for coupling p-lactamase to other proteins (Table 5). Two-step
glutaraldehyde method resulted in precipitation of f-lactamase and conjugates with
lower reactivity than those prepared by the one-step glutaraldehyde method were
obtained (73). Assays developed with B-lactamase as label and using one step
glutaraidehyde method for labeling were found to be equally sensitive when they were
compared with respective assays using either HRP or AP or other isotopic labels
(54,60,61,63). It has been observed that a molar ratio of 1:1 between protein and B-
lactamase yielded conjugates with higher specific activities (61,63,76). Highest specific
activities of B-lactamase-immunoglobulin conjugates have been reported with a molar
ratio of 6:12 (mg/mg) as compared to conjugates prepared with molar ratio of 12:12, 3:12
and 1:12 (73). In the authors’ laboratory a molar ratio of 1:5 (mg/mg) is preferred (63).

Studies were also directed at characterizing the p-lactamase-immunoglobulin and (3-
lactamase -avidin conjugates (72). Gel exclusion chromatography on Sephacryl S200 of anti-
rotavirus p-lactamase conjugate showed that 65% of B-lactamase activity was eluted in
fractions containing 200,000 Da protein, corresponding to B-lactamase-immunoglobulin
conjugates while only 35% of p-lactamase activity was eluted in the fractions corresponding to
the lower molecular weight of native p-lactamase (72). p-lactamase activity ranging from 77%
to 81% was obtained in FSH-p-lactamase and LH-B-lactamase conjugates prepared in this
laboratory (77). These observations led the authors’ to prepare FSH-p-lactamase conjugates
with 2- times molar excess of B-lactamase and thus obviating the need for Sephadex G75
chromatography. The unconjugated p-lactamase did not interfere in the assay. In our
laboratory, working dilutions of conjugates thus prepared ranged from 1:20,000 to 1:25.000
and stock conjugates were found to be stable up to a period of 3 years (see below).
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[;-lactamase has also been used in the development of immunoassays for haptens
including testosterone (T), estrone glucuronide (E;G), cortisol (C), pregnanediol glucuronide
(PdG), progesterone(P.), oestradiol and 6p-hydroxycortisol (48,51,57,58,68,78,79,92) Most of
the studies have originated from India. Initially the carbodiimide reaction was employed for
conjugation of T, £,G and PdG (48,51,57). In the reaction, carboxy! group of E G or PdG was
reacted with 1M agueous solution of 1-ethyl-3-(3dimethyl aminopropyl) carbodiimide
hydrochloride. The intermediate compound, O-cylisourea, thus formed was reacted with the
amino group of p-lactamase resulting in a conjugation between the hapten and p-lactamase.
The recoveries of steroid, enzyme activity and immunoreactivity of steroid in active fractions
were shown to be in the range of 0.8-1.2%, 30-50% and 5-6% respectively (77). The working
dilutions of these conjugates in the assays ranged from 1:400 to 1:1600. In an ELISA for
cortisol, the working dilution of the conjugate was 1:600 when the carbodiimide method was
used for preparing the conjugate (93). In the authors’ laboratory, it was observed that when
the mixed anhydride reaction was employed, the working dilutions of the conjugates increased
and ranged between 1:4000 and 1:5000. In the mixed anhydride reaction carboxyl group of
PdG was transformed into a mixed anhydride with secondary butylchloroformide in
dimethylformamide to which B-lactamase was added in aqueous solution, causing PdG to
form a peptide bond with the amino group of the enzyme. Recovery of steroid, enzyme activity
and immunoreactivity of conjugates thus prepared were shown to be 1.0-2.2%, 60-80% and 7-
10% respectively. The recovery of B-lactamase activity ranged between 91 and 109% when 4
different molar ratios of P, and B-lactamase were conjugated using the active ester method
(78). The active ester method has also been used for coupling oestradiol , progestrone and
testosterone derivatives to B-lactamase in ElAs for (68,78,92).

3. Measurement of -lactamase Activity
A variety of colorimetric methods are available for the measurement of B-

lactamase (Table 6). Of these, microiodometric method is best suited for estimating -
lactamase in bound fraction. In this method, p-lactamase hydrolyses the C-N bound in B-
lactum ring of penicillin producing penicilloic acid in stoichiometric proportion (fig.1). It has
high affinity for iodine and decolorizes the starch-iodine solution. The reaction can be

arrested by the addition of 5 M hydrochloric acid.

Penicillin V (phenoxy methy! penicilloic acid) is hygroscopic and auto degradation
occurs when exposed to moisture. This results in non-specific decolorization of the starch

iodine reagent.

Beiniarz et al has described a new chromogenic system for p-lactamase, which yields

water-insoluble colored product (80). The assay is based on a kinetic measurement of the
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H—C— C=0 HO0 —>— H—

o o
l l
H—C—H H—C—H
| |
H—N H—N
| |
Q—COOH

B-lactamase

HC —— C oo C —— COO HC—C- ... Cc — CO0
CH, H CH, H
Peniifllin v Penicilloic Acid
+
Starch-lodine Starch-lodine
‘eagent reagent
Blue Color Decolourisation

Fig. 1. Colorimetric reaction for the detection of B-lactamase.

appearance of color due to the B-lactamase initiated redox. The substrates are C,' — thiolate —
substituted cephalosporine (TAC) which after enzyme- catalyzed hydrolysis of B-lactum-ring
undergoes elimination of thiolate ion. The thiolate in the post enzymatic step reduces the
tetrazolium salts, which are water soluble colorless compounds to colored water insoluble
precipitates of formazan. This new assay for f-lactamase activity is particularly suited for the

estimation of B-lactamase on a solid phase such as filter paper, celluiose or any other
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immunochromatographic media. Reactions involved are complex and require synthesis of an
intermediate compound TAC, which is not available commercially and the stability of this

compound is not defined (80).

The starch iodine penicillin (SIP) method is widely used for detecting p-lactamase.
This reaction involves decolorization of starch iodine reagent and the reaction has often been
criticized. However, Simon et al has highlighted the advantages associated with this reaction
(72). The antigen and antibody content of a given sample is determined by measurement of
the optical density of a colored end product. In each case a cut-off value has to be defined to
discriminate between the induced color resulting from the presence of immunological
compound under test and the background of the non-specific reactions. Both types of
reactions lead to a colored compound and occur simultaneously. The estimation of acceptable
thresholds or cut off values for low titre antibodies or trace levels of antigen is often difficult.
Accordingly, the ratio of false positive or negative results strongly correlates with non-specific
immunological reactions and thereby with uncertainty of the background for chromogenic
reaction developed in currently used ELISA test systems. The starch-iodine reaction of 3-
lactamase can overcome such methodological problems, since decolorization of color rather

than generation of color is involved (72).

4, Detection limit of p-lactamase conjugates

The detection limit of an enzyme in the conjugate also governs the sensitivity of the
eventual immunoassay. Sauer et al has compared the sensitivity of detection of 4 enzymes
viz. HRP, AP, B-gal and B-lactamase in terms of absorbance change per unit time for a given
mass of the enzyme. Under the defined conditions of detecting enzyme activities and with
approximately 1% co-efficient of variations (precision of assays), p-lactamase was detected
with greatest sensitivity (58.8 A 0.D./ng /h or 1.76 A O.D./fmol /h) as compared to HRP (9.92
A O.D./ng /h or 0.40 A O.D./ng /h), AP (2.48 A O.D./ng /h or 0.25 A O.D./fmol /h) and B-gal
(0.46 A O.D./ng /hr or 0.46 A O.'D,/fmol /h) (78). in their method SIP reagent was used for
estimating pB-lactamase activity. The detection limit of p-lactamase in hCG-B-lactamase
conjugate was reported to be 3 x 107"° M (at pH 7.0, 25°%) when an assay based on kinetic
measurement of the appearance of color due to -lactamase — initiated redox reaction was
employed (80). In the authors’ laboratory, detection limit of B-lactamase in hapten and protein

~ conjugate ranged between 1 - 1.2 x 10" M when SIP reagent was used.

5. Assays developed with p-lactamase
B-lactamase linked ELISAs were validated using the general criteria described for
jabeled immunoassays (Table 7).However in this section some of these are discussed in

detail.



169

PERFORMANCE OF FOUR ENZYMES USED IN ELISA

T

SL 2860 €L—8 €L-G SLL- 10l /67 - 099°C- Hd

€9 0£6°0 [ 6-2 vOL ~ 26 N ese 102" 681 - H1

€9 ¥06'0 ZL-6 6-9 €01 - G6 W/ €2 102- GLZ- HS4

86 0260 6-¥ ZL-g 20, - 68 owu €42 - 692~ 2

8¢ 0¥6'0 6-6 =L £6 - 68 Jowu g - G8LeT- o)

(nowd gg)

9L 0260 b=z 0L-2 SOL - €6 nom/bd 'z gLl - 9L - 1
(owd o) p)

1114 0.6°0 oL-8 8-9 - agnyBd G1-01 06'L - 661 - L
(nowd 121)

06 $86°0 20L=59 L% - aqnybd g'¢ - 6951 - d

89 0060 SeL-9 9-¢ 8'801 — 96 Towd 2 0992- 9.0¢- 3
(Wowd z52)

25 286°0 oL > v > Z01 — 56 jwyo/Bd 521 1202 - 5102 - ord
(1nowd 5gz)

LG 0960 oLL-2¢ IL-19 G0l - 58 Jwy0/Bd gz) 0Le- /82~ '3

: 283y enu) {abues %) 1 adwes 1ie]
=4 Aheue
pUTETEIITE Lo L) (%) sjood pappe aAInd }
uole|aLi0n € JO UolJelIRA JO JUBIDIY0D | JOo A1aA0IaYy asuodsal asop jo adojg
YIY yim
o uosisedwiod uolIsIdald Aoeanooy AApisuag Aayoedg 9)Ajeuy

1102 Alenuer 9T 06 :0T

L3iqey

asewejor|-y yim padojaasp YSI3 JO uonepyen

v pspeo jumog




10: 50 16 January 2011

Downl oaded At:

170 KHATKHATAY AND DESAI

(a) Sensitivity

Amongst the 4 most commonly used enzymes in EIA, -lactamase has the lowest
molecular weight (28000 Da) and highest turnover number (1x10° to 1 x 10° min"). Thus
fulfiling two of the important criteria to determine the sensitivity of the eventual assay.
Conjugates having large enzymes diffuse slowly and may have a greater tendency to bind
non-specifically to reaction vessels resulting in “background noise” which in turn may reduce
sensitivity of the assay. Assays developed with p-lactamase were equally sensitive when
compared directly with radioimmunoassays (Table 8). In HRP labeled ElAs for T sensitivity
ranged from 1 to 3 pg/well compared to 2.5 pg/well reported for ELISA using B-lactamase
(92).

{b) Precision

The sensitivity of an immunoassay also depends upon the slope of the standard
curve and the precision of individual measurement at or near zero-standard. For two assays
with the same precision at zero, the assay having steeper curve would be more sensitive.
That is, it has the greatest change in measurable response (OD) per small change in dose.
The sensitivity and precision though not connected directly by their definitions, are
interdependent. Precision of an assay in turn is dependent upon “resolution” or “differences”
between the OD reading of two adjacent points on the standard curve. In the authors’
laboratory, B-factamase linked ELISAs have been developed for hCG, hPL, LH, FSH, T, P,
E,G and PdG wherein the SIP reagent was used for the measurement of enzyme activity in
the bound fraction. The differences between OD readings of total binding wells (Bo) and total
displacement (NSB) ranged from 1.6 to 2.2. Table 9 shows comparison between OD readings
of two assays viz.a protein FSH and a hapten E,G using B-lactamase and HRP as labels. In
case of assays developed with B-lactamase a wider difference is obtained between the OD
readings of any two consecutive dose levels, indicating that B-lactamase linked assays have
better resolution, which in turn may contribute towards a increased sensitivity. Table 10 shows
the OD range of the highest and lowest (Standard-0) and dose levels as obtained with various
enzymes and their specific detection systems in few randomly selected ELISAs. it can be
seen that in majority of the assays, difference in OD readings remained around 1.0. In -
lactamase linked assays (Table 11), this difference is around 2.0. It is for this reason, p-
lactamase linked assays have more potential for its use in visual test assays. In addition its
substrate indicator reagent is non-carcinogenic and non-photosensitive. Thus, p-lactamase
may be considered as an ideal enzyme for use in qualitative type of immunoassays. f-
lactamase based ELISAs had better or equivalent precision when compared with RIA (Table
8).
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{c) Accuracy

Accuracy of an assay is judged by the ability of the assay to accurately measure the
amount of the analyte added externally to a standard sample. Inter- and intra- assay
coefficient of variation of estimates of quality control pools by p-lactamase linked ELISA is
comparable to RIA results (Table 8).

(d) Stability of B-lactamase Conjugates

In the authors’ laboratory, immunodiagnostic ELISA kits for reproductive hormones
were prepared using B-lactamase. For haptens (E,G and PdG), enzyme labels were prepared
using either mixed anhydride or carbodiimide reactions and for protein hormones (LH, FSH
and hCG ) using a one-step glutaraldehyde reaction. For convenience, these were provided
in liquid forms as concentrated solutions. However, they can also be provided in dry
lyophilized powder with longer stability.

1. Checking th ili

Throughout the stability study, SIP system was used for detecting p-lactamase
activity. In B-lactamase linked ELISAs the time taken for decolorization of SIP reagent is
considered as the measure of enzyme activity. Thus, the deterioration in enzymatic and
immunological activity of the diluted conjugate will be reflected by an increase in the
decolorization time of the total binding wells (Bo), while that of enzyme activity alone, by the
time required to decolorize a defined volume of SIP (generally 1 mi) by a fixed volume (50 pl)
of the conjugate. Thus, for checking immunogenicity and enzymatic activity of the conjugate,
total binding wells (Bo) were set up using preserved and freshly diluted conjugate (control)
and the time taken for SIP to decolorizé Bo well was compared (91). There was no
deterioration of enzyme activity in the conjugate as the decolorization time of the 1mi of SIP
reagent with 50 ul of preserved conjugate remained unchanged at each interval of time. In the
authors’ laboratory, stability of E,G, PdG, LH and FSH conjugates was thus checked. Since
decolorization time of Bo wells of these assays did not change substantially over a period of
20 weeks under the defined conditions, it indicated that the immunogenicity of the conjugate
remained intact. The study also reported that B-lactamase linked conjugates are stable at
37°C upto 2 weeks (91).

Beiniarz et al has compared the thermal stabilities of g-lactamase alone and when
conjugated to goat anti-B-hCG-lgG at 25°C and 45°C (71,80). The resuits were expressed as
percentage of residual enzyme activity at an interval of 5 days ranging from 0 to 30 days.
Excellent stability of the conjugate was observed at 25°C, even after 30 days the conjugate
displayed 90% of its original activity. In contrast, the enzyme activity of native p-lactamase,
under the same conditions was only 60%. Thus, at this temperature, the stability of the
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conjugated enzyme was found to be markedly better than the stability of the enzyme alone. In

the same study, the conjugated enzyme remained stable at 45°C upto 1 week (71,80).

KITS DEVELOPED WITH BLACTAMASE AS LABEL

The authors’ laboratory in collaboration with the Department of Biotechnology,

Ministry of Science and Technology, Government of India undertook the task of developing

cost-effective immunodiagnostic kits for reproductive hormones. Enzyme p-lactamase was

particularly selected for the following reasons

1.

It was found that the linking of B-lactamase to estrone glucuronide, pregnanediol
glucuronide,  testosterone-carboxymethyloxine,11  alpha  hydroxyprogesterone
hemisuccinate to enzyme through the mixed anhydride reaction was easy.
reproducible and yielded conjugates with high working titres. Protein hormones could
easily be coupled to p-lactamase by the one-step glutaraldehyde method yielding
conjugates of desired activity.

While developing ElAs, it was found that both the immunogenicity, as well as enzyme
activity of p-lactamase conjugates did not deteriorate significantly for several years at
4°- 8°C especially in case of hapten conjugates. The conjugates can easily be
lyophilized and following reconstitution the enzyme activity is fully recovered,
indicating that the process of lyophilization does not inactivate / degrade enzyme.
The enzyme B-factamase is least susceptible to bacterial growth when preserved with
appropriate concentration of sodium azide (91).

Concentrated solution of starch iodine reagent remains stable up to 8 months. The
substrate penicillin V (Phenoxymethy! penicilloic acid) is susceptible to auto
degradation in moist atmosphere and needs careful handling. However, in airtight
containers penicillin V is stable for 2 — 8 years(91).

The price of B-lactamase as per Sigma Chemicals, 1997 is almost similar to AP (Type
VIl S) and HRP (Type Vi). However, the cost for the detection of enzyme p-lactamase
using SIP is the lowest. Table 12 depicts the cost of specific components (either
chromogen or substrate) of enzyme detection system. Penicillin V, starch and
crystalline iodine are prepared locally and other substrate/ chromogens listed in Table
10 need to be imported in India. It fulfills the primary aim of keeping cost of reagents

employed (B-lactamase and SiP) low.

CONCLUSION

Amongst the 3 commonly used enzymes, B-lactamase has the lowest molecular

weight, high turnover number and has specific activity comparable to peroxidase. It has about
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21 lysine residues per mole, which makes its conjugation to most proteins easy. Its activity
can be measured using a simple, relatively inexpensive detection system comprising of starch
iodine and pencillin V. The enzyme is highly stable at room temperature and the process of
conjugation stabilizes the enzyme further. Thus, fulfilling most of the criteria described for an

enzyme suitable for use in immunodiagnostics.
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