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Abstract: Latex allergies to Natural Rubber Latex (NRL) have led to the development of 

alternative sources oflatex such as Guayule. Guayule Natural Rubber Latex (GNRL) 

contains very low levels of protein but assays for total protein, such as the Lowry 

quantification method described in ASTM D571 2, are too insensitive to quantify protein 

extractable for GNRL products , lmmunochemical assays, such as ASTM D 6499 and D 

7427 are specific to Hevea NRL proteins and the lack of cross-reaction between Hevea 

and Guayule means that guayule proteins cannot be detected by these tests at all. The 

development of an assay for the presence of Guayule protein will provide a tool that can 

be used both to determine the actual level of extractable protein in finished guayule NRL 

products and also assist in processing optimization and quality control during latex 

production. The results of the Task Group's studies are reported along with the 

parameters for the proposed standard. 

Introduction. With the advent oflatex allergies in the late 1980s, manufacturers sought 

solutions to the problem of allergic reactions and sensitization to NRL. In addition to 

using low protein NRL and synthetic polymers as starting materials, an alternative source 

of natural rubber latex was also developed, Guayule Natural Rubber (GNRL) isolated 

from the desert shrub Parthenium argentatum Gray. (REF) The advantage of using 

natural rubber for making products such as medical gloves is that natural rubber, at lest 

NRL and GNRL, has favorable physical properties (tensile strength, stress relaxation, 
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modulus) compared to gloves made of synthetic material. 1 One disadvantage is that 

natural rubbers are derived from plant extracts and contain proteins which may cause an 

immunologic response. While no allergic reactions to Guayule proteins have been 

reported, some individuals exposed to the material on a routine basis have expressed a 

benign IgG antibody response. 2 

In 2008 the FDA approved a 51 0K application for medical gloves made from GNR. 

Additional products made from GNR are now reaching the market and Guayule is being 

blended with other polymers. (Used in medical products) 

The ASTM undertook the development of a immunochemical standard for 

quantifying Guayule proteins. It was felt that such a test would be an aid in determining 

the presence of latex material derived form a nah1ral source. The assay would also 

provide producers and suppliers with a method for monitoring the Quality Control of the 

raw material and the production processes. The development of an assay for the presence 

of Guayule protein will provide a tool that can be used both to determine the actual level 

of extractable protein in finished guayule NRL products and to detect the presence of 

guayule NR proteins in future blended products (both of which are primary ASTM 

concerns), and also assist in processing optimization and quality control during latex 

production. 

Format of the assay. An immunological format was deemed necessary for the required 

specificity. However, since no specific allergens have been identified, this precludes the 

possibility of using a monoclonal antibody format. The optimum format would be an 

Inhibition ELISA similar to the ASTM D6499. One of the advantages of using this 
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format with which many labs were already familiar. Using polyclonal sera also has the 

advantage of reacting with the complete compliment of epitopes present in Guayule plant 

extracts. Because the whole shrub is homogenized to release the rubber particles into the 

aqueous extraction medium3
•
4 all soluble guayule proteins and any associated with fines 

can mingle with the guayule rubber particles. During the subsequent washing process, a 

portion or trace of these proteins will be carried into the finallatex, .the amount being 

determined by the degree ofpurification5
. Guayule latex is qualified under ASTM 

D1076-06 Category 4 as a natural rubber latex that contains less than 200 flg protein!g dw 

latex and so quality control and assurance is required for all lots of GNRL. The 

purification of latex from homogenate also indicates that the antigen used in the assay to 

raise the polyclonal antibodies, must be a total protein preparation from the homogenate, 

not solely rubber particle bound protein. 

Briefly the assay is performed as follows. On a 96 well plate, which had been 

blocked with non-fat dry milk, the standard and samples are serially diluted; an equal 

volume of diluted rabbit anti-GNR polyclonal antibody is added and incubated for 2h. 

One half volume of sample from each well is transferred to the corresponding well of a 

plate coated with GNR and blocked with non-fat dry milk, and incubated for 2h. The 

plates are washed and a solution of Goat anti- Rabbit IgG conjugated with the enzyme 

HorseRadish Peroxidase is added and incubated for lh. Plates are washed and a 100-fll 

solution of the substrate OPD is added to each well and color allowed to develop. The 

reaction is stopped by the addition of 50 fll of 2M H2S04. Protein values are determined 

by interpolation from the standard curve. For a much more detailed description of the 
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procedure see, ASTM D6499, Standard Test Method for The Immunological 

Measurement of Antigenic Protein in Natural Rubber and its Products. 6 

Making the Reagents. The production of Guayule proteins and anti-Guayule antisera has 

been detailed in a previous publication and will not be covered here. 7 

The same stock of Guayule antigen used for immunizations was used as the standard 

antigen in the ELISA assays. The antigen was dialyzed against carbonate buffer, and 

lyophilized. Lyophilized proteins were reconstituted with dH20 and the concentration 

determined using the ASTM 5712 assay with background subtraction. 

One of the first questions the Task Group sought to answer was what concentration 

of antigen should the assay plates be coated with to produce a viable signal. In order to 

determine the optimum concentration, increasing amounts of protein from 1 to 6 ~g/ml, 

100 ~1/well, were coated onto each well of a 96-well plate. The plates were blocked with 

non-fat dry milk and probed with anti-guayule antibody. The results showed that wells 

coated with 3 ~g/ml or higher, gave very similar OD values (data not shown). Based on 

these results a value of 3 ~g/ml was chosen as the antigen coating level. 

To determine the primary antibody titer, plates were first coated with 3 ~g/ml 

standard antigen. The stock solution of antisera was added to the first row on the plate at 

a dilution of 1:1000 and serially diluted. The titer was defined as the serial dilution 

where the wells develop color of an OD of 1.0 after a 15-minute incubation with the 

assay substrate. This was determined to be 1:4000. (Data Not Shown) 
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Determining the Range of the standard curve. Our primary consideration in setting up 

the assay was the limit of detection. Or to put it another way, what would be the lowest 

protein concentration in our assay that would reproducibly obtain a reading that was 

significantly different from the blank? 

Using D6499 as a guide the task group decided to construct a curve consisting of 11 

calibrators that would encompass a range from 2.0 to 0.002 J..lg/ml and a blank. Table 1 

gives the percent inhibition at each of the Guayule proteins concentrations. The results 

are the averages of five labs over two Round Robins (RRs). For comparison purposes the 

percent inhibition for each of the calibrators of the ASTM D6499 also are given. The 

Guayule calibrators produced approximately twice the amount of inhibition as the D6499 

calibrators suggesting that the assay would have a lower limit of detection. 

Table 1. 
Protein Per Cent Inhibition 

Cone 
Table 1. Percent Inhibition vs Protein Concentration. 

,..g/mJ Guayule ASTM 
ELISA D6499 Values for the Guayule ELISA were determined in the 

2.000 87.4 83.6 
1.000 82.8 76.3 present study. The D6499 values were obtained from the 
0.500 76.9 68.0 
0.250 68.7 56.8 research report. "n.d."= not determined. 
0.125 57.4 45.8 
0.063 43.5 29.9 
0.03 1 29.9 19.0 

0.016 20.8 n.d 
0.008 13.1 n.d 
0.004 9.0 n.d 

0.002 5.7 n.d 
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Figures lA & 1 B are plots of the Guayule inhibition data given in Tablel. The 

straight line in both figures represents the trendline used by the software program to 

interpolate sample test results. In Figure 1A, the 11 point curve possess the sigmoidal 

shape characteristic of a ligand binding assay. Points at the top and bottom of the curve 

shown by the arrows begin to deviate from a straight line and tend to plateau out as they 

reach the asymptopes. One can see that if we were to use the curve ofFigure1A to 

calculate test results it would result in some bias above and below the IC50. Figure 1B 

shows the curve with the two points at the extreme ends removed. This results in a curve 

with a better straight-line fit then Figure lA (R2= 0.9926 vs. 0.9787). This changes the 

slope and intercept of the curve but does not change the IC50 (Inhibitory Concentration 

50%) significantly. All the points of curve B fall on the line and would produce little if 

any bias. Also it should be pointed out that while the results from most lab assays in the 

RRs were able to detect differences between the blank and 0.002 ~g/ml protein, there 

were some cases where there was no difference between the blank and 0.004 ~g/ml. All 

assay results however, showed a significant difference between the blank and 0.008 

~g/ml. 

Figure 1A Figure 18 
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Figure lA. Plot of Percent Inhibition vs Guayule Protein Concentration. This Figure 

is a plot of the data given in Table 1. The equation for interpolating results from the 

software-generated trendline are given in the upper left of the graph along with the IC50 

in the lower right. Figure lB. The same plot as 1A but with two values from the ends of 

the curve removed. The arrows indicate the position of the points that were removed. 

While using 11 calibrators was helpful in determining the range of the standard curve it 

would be impractical to use such a curve as part of an assay. Having more than eight 

calibrators does little to improve overall curve fit 8 and limits the capacity of test samples 

and makes the assay more expensive to perform. 

Additionally we wanted to determine whether using a series seven threefold 

dilutions of the calibrators to expand the range of the standard curve without introducing 

bias to the results or sacrificing accuracy. Figure 2 shows the standard curve over the 

range of2.0 ~glml - 0.003 ~glml using a series of threefold dilutions. These results show 

that the curve once again produces a sigmoidal shaped curve, which would once again 

introduce bias around the IC50. 

C:\Users\david02\Documents\ILC July\ILC PaperVersion 2.5.doc, Created by david02, 
Page 7 of 16 



r::: 
g 
:c 
:c 
-= ~ 0 

100.0 

90.0 

80.0 

70.0 

60.0 

50.0 

40.0 

30.0 

20.0 

10.0 

0.0 

Fig 2, Standard Curve with 3-Fold Dilution 

= 13.391Ln{~78.40!L _ -
~=0.9765 

ICSO= 0.0966 

-10.0 .J,._--------------r----~ 

0.001 0.010 0.100 
[Protein] 

1.000 10.000 

Figure 2. Standard Curve generated using a three-fold serial dilution. The percent 

inhibition is plotted against the protein concentration for each dilution from covering the 

range from 2.0 to 0.003 )lg/ml. The equation for interpolating results from the software-

generated trendline are given in the upper left of the graph along with the IC50 in the 

lower right. 

An additional problem in using a threefold dilution step is that it results in very high 

dilution factors. While this may be acceptable for assaying test samples with very high 

levels of protein, given the low protein nature of Guayule we anticipate that samples 

tested will have very low levels of protein. Thus, by using a threefold serial dilution small 

quantities of protein may get diluted out very quickly and test below the detection limit of 

the assay. Also having a higher dilution factor means that the uncertainty or variability of 
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a measurement will also be multiplied by that higher factor. Based on the above results 

the Task Group determined that the standard curve would cover the range from 0.5 )lg/ml 

to 0.008 )lg/ml plus the blank. 

Characterization of the standard curve. 

Ligand binding assays can be characterized by the properties of their standard curves. 

Among these are the slope, the intercept and the IC50 or the inflection point of the 

curve9
. These characteristics were determined for each assay performed by each lab in a 

RR study, and were recorded and their relationships plotted. In this particular RR the 

effect of the temperature at which the assay was perform was also investigated. Assays 

were done at both 37°C and room temperature (RT). Table 2 lists the characteristics of 

each assay separated by the temperature at which the assay was performed. The summary 

table gives the average and standard deviation for all the assays combined. When the 

Intercept vs IC50 of each assay Figure 3A, was plotted, an inverse relationship between 

these two parameters was observed. As the intercept decreases the IC50 increases and as 

the intercept increases the IC decreases. Comparing the Slope vs. IC50, Figure 3B, does 

not show a relationship between these values as was seen in Figure 3A. However, the 

slope can best be defined as the average value+/- a SD. While the IC50 appears to vary 

over a wide range it is not known if this can be used as a criteria for classifying a 

particular assay result as an outlier. Comparable data for the ASTM D6499 assay also 

shows a wide IC50 range but control samples in these assays all tested within 2 SD of its 

mean. Thus, the results for a control sample tested in two assays, one having a low IC50 

and one with a high IC50 gave very similar results. It should be noted that the intercepts 
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and slopes of the assays differ as well and thus all three characteristics are probably 

important in defining the curve. 

Figure 3C is the plot of the intercept vs. the slope. Lines corresponding to +/- 1 SD 

for both the intercept and the slope have been superimposed on the graph. Most, but not 

all of the points fall within this 1 SD box. Again points that fall outside the 1 SD box do 

not mean that the assay result is an outlier. Consistent results for control samples have 

been obtained in the D6499 assay whose points have fallen outside this 1 SD box. It may 

be that points that fall outside a 2 SD range would give rise to inconsistent sample results 

and indicate a failed assay. Further monitoring of these characterizations is necessary to 

determine if drawing such conclusions would be valid. 

Table 2. Listing of the curve characteristics from each assay of the RR. The software 

program when generating the standard curve calculated the slope and intercept. These 

values were then used to calculate the IC50 for the assay. The average and standard 

deviations at the bottom are for all assays combined. 
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Table 2. RR Standard Curve Characterization Figure 3A. Intercept vs 50% lnhib Cone 

Temo Slooe lnterceot 50% inhib Max Min 
37C 15.939 84.388 0.116 71 8 100 t======~~~~~;;;:~~:=-==1--~ . -

16.38 91.076 0.081 76 13 
16.582 89.203 0.094 76 10 
15.955 96.459 0.054 84 22 
15.738 78.711 0.161 72 11 

60 r-V-"A48 12x + 103 az 
R2 

• 0.11845 
40 r--· ----------

17.286 87.983 0.11 1 77 7 20+--------------------------~ 

16.523 84.868 0.121 75 7 0+---------------------------~ 
17.819 87.656 0.121 77 5 0 0.05 0.15 0.2 

RT 

16.978 89.305 0.099 79 16 
17.161 87.832 0.11 76 9 
17.006 85.551 0.124 74 7 
15.979 82.768 0.129 73 10 
16.059 80.555 0.149 73 7 
17.412 91.235 0.094 78 12 
18.156 94.521 0.086 83 11 
17.162 80.741 0.167 70 2 
17.233 92.205 0.086 79 11 
15.979 90.963 0.077 79 18 
15.313 79.731 0.143 72 11 
18.905 86.111 0.148 75 0 
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Figure 3B. Slope vs 50% lnhlb 
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Figure 3C. Intercept Vs Slope 
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Figures 3A-C. Plots of Guayule Standard Curve Characteristics. Data from Table 2 

are plotted graphically to illustrate the relationship between the characteristics that define 

the standard curve. The Maximum and minimum percent inhibition refers to the 

inhibition at the Maximum and minimum protein concentrations of the standard curve 

(0.5, and 0.008 ug/ml). These values are not plotted. 

Comparison of assay criteria across Round Robins and at different temperatures. 

The ASTM D6499 Standard assay is performed at 37±2°C. This temperature was chosen 

as it mimics the antigen antibody reaction conditions seen in the natural setting. Antigen 
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antibody binding can occur over a wide range of temperatures and commercial ELISA 

kits and another ASTM ELISA standard D7427, are performed at RT. 10 To determine if 

the temperature at which the assay was performed had an influence on the characteristics 

of the standard curve, assays were performed at both 37°C and RT. Table 3 gives the 

curve characteristics for all assays, and those performed at RT and those perfonned at 

3 7°C. The characteristics from two previous RRs are also presented for comparison. 

Looking at the curve characteristics for all groups one can see that there is no significant 

difference in any of parameters measured. The Task Group concluded that the 

temperature at which the assay is performed does not affect the characteristics of the 

standard curve. 

Table 3. Standard Curve Characteristic Comparison 
RR#5 Slope Intercept IC50 Max% Min% 

All Labs Ave 16.766 86.231 0.120 75.261 9.087 
StDev 0.850 5.159 0.033 3.934 5.239 

37C Ave 16.636 87.748 0.107 76.300 10.800 
StDev 0.671 4.629 0.028 3.592 5.073 

RT Ave 16.866 85.065 0.130 74.462 7.769 
StDev 0.980 5.415 0.034 4.136 5.166 

RRs 3, 4 Ave 16.654 86.683 0.114 74.923 9.554 
StDev 1.032 5.2 19 0.030 4.148 4.731 

Table 3. Comparison of Guayule ELISA Standard Curve Characteristics. The 

characteristics of the Guayule ELISA standard curves generated from the set of assays 

listed in Table 2 is given in the rows labeled, All. This data was separated based upon the 

temperature at which the assay was carried out, RT, 37C. The curve characteristics from 

a combined set of RRs are also given for comparison RRs 3,4. 
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Test Sample results. Five labs participated in a RR to determine the concentration of 

Guayule protein in a liquid sample and extractable levels obtained from a cast film. Each 

lab assayed three replicates of each sample and the average was reported. The test 

samples were assayed at the two different temperatures to see if there was any effect on 

the calculated value of a test sample. Table 4 shows that very similar results were 

obtained for both samples at both temperatures. These results along with the results 

showing that the standard curve characteristics are nearly identical at the two 

temperatures, gives strong support for the conclusion that the assay can be performed 

over a wide temperature range, the provision being that the temperature be held constant 

during a particular assay. 

Table 4. Protein Concentrations Calculated for Guayule Test Samples. Three 

replicate samples were tested and the average reported. The averages from each lab 

where then averaged to give the All Lab Average. Results are reported in llg/ml and are 

separated by the temperature at which the assay was performed. 

TABLE4 

Lie uid Film 
Temperature All Lab Ave Ave StDev All Lab Ave Ave StDev 

37C 114.29 12.77 14.18 3.10 
RT 107.00 10.54 14.49 3.71 
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Summary. After completing a series ofRR experiments the Task Group has established 

the following parameters for an inhibition ELISA for quantifying Guayule proteins. 

Plates are coated with 100 Ill/well of a 3-!lg/ml solution of Guayule protein. The protein 

concentration of the standard antigen is determined using the ASTM D5712 with 

background subtraction protocol. The primary antibody is used at a concentration of 

1 :4000. The limit of detection (LOD) of the assay is 0.008 llg/ml and the limit of 

quantitation (LOQ) is 0.02 llglgm. This assay can be used for liquid latex or 

manufactured product samples. The characteristics of the assay have been determined for 

the slope, intercept and IC50 and can be used to monitor the performance of the assay 

and determine if the reagents are still good. The curve characteristics were the same for 

assays carried out at RT or 37°C. Test samples gave very similar results whether they 

were assayed at RT or 37°C. Thus, the assay can be performed over a wide temperature 

range so long as the individual assay is performed at a constant temperature throughout. 
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