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FIGURE 1 Schematics of application of AFA to samples in a 
   microtiter plate ELISA  

 Panel A  HTS Application Mode
AFA is sequentially applied to EACH column of a microplate ELISA as the transduc-
er is moved under the plate (L8 instrument), or the plate is moved over the trans-
ducer (LE220 instrument).  The schematic shows application of AFA in the L8 
instrument which delivers one second of AFA every 22 seconds.  The duration and 
rate of AFA application can be varied in the LE220 instrument.  

 Panel B  STAT Assay Mode
AFA is applied to ONE column of a microplate ELISA at specific time intervals. The 
schematic shows application of AFA in the L8 instrument which delivers one 
second of AFA every 5.5 seconds.  The rate of AFA application and the duration of 
the AFA can be varied in the LE220 instrument.  The duration and rate of AFA 
application can be varied in the LE220 instrument.  
 

FIGURE 3     AFA-mediated binding of HIV-1 p24 antigen to capture 
   antibody in a microplate ELISA as a function of time.

Typical result for single samples of HIV-1 p24 at 50 pg/ml removed from microw-
ells as a function of time. One set was run per the kit protocol at 37°C.   The other 
set was run at 18.8 +/- 0.7°C in an L8 AFA  instrument in the HTS mode, as shown 
in Figure 1 panel A, at 175 PIP, 5% dc, 200 cpb.  Single samples were removed 
from microwells as a function of time. 

FIGURE 4     AFA-mediated binding of HIV-1 p24 antigen to capture 
   antibody in a microplate ELISA as a function of AFA energy. 

The results of assays (n =28) performed over a range of AFA energies and times 
at 5% dc, 200 cpb in a L8 instrument at 18-20°C over a period of several weeks.   
The number of Joules is the product of the acoustic energy in Watts (PIP), the 
duty factor (dc) (% of time that the transducer is on), and the duration (in sec-
onds) of the AFA.  AFA energy levels used were 70, 105, 140, and 175 PIP.  Variabil-
ity in the A370 readings reflects differences in day to day timing of the conjugate 
binding step and in the reading of absorbance.  These data show that maximum 
binding is achieved at about 800 Joules.

FIGURE 6   Relative rates of binding of HIV-1 p24 antigen to   
   antibody in microplate ELISA

Rates were determined from the linear portion of plots of absorbance at 
370 nm as a function of time.  The minutes shown on the x-axis indicate the 
length of time for which the HIV-1 p24 binding step needs to be run in order 
to achieve sufficient binding.  These times reveal to what extent the duration 
of the antigen binding step can be shortened in an AFA-enhanced assay.

FIGURE 5     AFA-mediated binding of HIV-1 p24 antigen to capture 
   antibody in a microplate ELISA as a function of HIV-1 p24 
   concentration.

Typical A370 readings and CV’s for the ELISA in which HIV-1 p24 binding to cap-
ture antibody was AFA-enhanced.  AFA was applied in the HTS Mode, as shown 
schematically in Figure1, to triplicates of serial dilutions of HIV-1 p24.  One sec-
ond pulses of AFA were applied every 22 seconds at 105 PIP, 5% dc, 200 cpb 
for one hour in an L8 instrument at 21.5°C.  The CV for each sample triplicate is 
noted in the Figure.  The mean CV was 4.3%.

TABLE 1  AFA-enhanced binding of HIV-1 p24 to capture antibody 
   in a microplate ELISA

      PERFORMANCE STATISTICS 

•	 Accuracy   (n = 12)
        Determinations of “unknowns ”  in standard curves 
        run on 4 different days                          Mean CV (%)  = 8.8  
     
•	  Intra-Assay  Reproducibility  (n = 12)  
 Variation in absorbance measurements 
 of triplicate samples        Mean CV (%) = 4.6

•	 Inter-Assay Reproducibility 
 Relative rates of p24 binding (A370/min x 104)  
 At 5% dc, 200 cpb, 20°C
  70 PIP (n= 2)          86 ,      62
  105 PIP (n = 3)         119,     121,    128  
  175 PIP (n = 2)         152,     104

•	 Z’  (see Methods) (n = 4)                                          Mean  Z’ = 0.84  
                  CV (%)  = 5.6 Typical results of sample temperatures measured during AFA-enhanced bind-

ing of HIV-1 p24 to capture antibody.   Two examples are shown.  One of an 
assay run in the HTS mode in a LE220 AFA instrument.  The other of an assay 
run in the HTS mode in a L8 AFA instrument.   As is evident from the data, heat 
was not transmitted to the samples by the acoustic energy.  These data confirm 
the modeling shown in the  section of this poster titled “Overview: Adaptive 
Focused Acoustics™ (AFA) Technology.

METHODS (continued)

On completion of the  HIV-1 p24 binding step,  samples were processed according 
to the kit protocol for washing, conjugate binding, reaction with enzyme substrate, 
and photometric detection.  

Data were analyzed for suitability for use of the assay in HTS applications by the 
method of Zhang et al (2)  which takes into account the standard deviations of 
both the positive and negative signal , where a Z’ ≥ 0.5 is required for HTS 
applications.

  Z’ = 1 - 3(σp + σn)   σ =SD,   µ = mean, 

                                  | µp - µn |    p = positive control,  n = negative control, 

INTRODUCTION

The use of Adaptive Focused Acoustics (AFA™) to precisely shear DNA to desired 
fragment lengths in an isothermal process is well established and is currently 
widely employed in next generation sequencing platforms (1).  The acoustic 
energies required for DNA shearing lie, for the most part, at the higher end of the 
energy levels that the AFA instrumentation provides.  The shearing precision is 
achieved by running the AFA instrumentation for a specific duration at an acoustic 
energy optimized for a desired size range of DNA fragments.   For example, DNA 
fragments of 150bp are reproducibly generated at 7,525 Joules, and 3kb (i.e., 
3,000bp) fragments at 360 Joules.

The purpose of the study reported here was  to investigate whether low energy 
AFA that  does not adversely affect the function of proteins can be applied to 
achieve  precise control  and enhancement of the binding of immunoreagents in 
immunodiagnostic assays. 

In this study, we provide the first demonstration of the use of low power AFA to 
provide rapid binding of antibody to antigen in a controlled, reproducible, 
isothermal process.  The data reported here illustrate the potential of AFA to be 
employed for the improvement of  in vitro immunodiagnostic assays in both HTS 
and STAT modes.

              

METHODS

A microtiter plate sandwich ELISA kit that measures HIV-1 p24 antigen levels in 
tissue culture samples was purchased from ABL, Inc., Bethesda, MD (Cat # 5421).  
The effect of AFA on the first binding step in this assay – the binding of HIV-1 p24 
antigen to immobilized capture antibody – was studied.  HIV-1 p24/capture 
antibody binding was determined at precisely controlled levels of acoustic energy 
and compared to the passive binding stipulated in the kit protocol.

Kit components were equilibrated to room temperature.  8-well polystyrene 
columns were detached from a kit plate and placed in plate frames.  HIV-1 p24 
antigen, supplied in the kit at 1 ng/ml, was diluted into tissue culture medium 
containing 10% FBS.  100 µl aliquots of HIV-1 p24 dilutions and 25 µl aliquots of 
cell disruption buffer, supplied in the kit, were pipetted into microwells.  Plate 
frames containing samples were then immediately transferred to the water bath of 
either a L8 or an LE220 AFA instrument.   For passive binding performed per the kit 
protocol, samples were placed in a 37°C incubator. The temperature of samples 
during AFA runs was monitored with a thermocouple wire placed in a control well 
of the column. 

Standard curves were run, per the kit protocol, at 100, 50, 25, 12.5 6.25, 3.125, and 0 
pg/ml HIV-1 p24.  Time course and AFA dose response studies were all performed 

at 50 pg/ml HIV-1 p24. 

In the HTS envisioned mode, pulses of AFA of one second duration were 
consecutively applied to each column of the plate as shown in Figure 1, Panel A.  
In the STAT envisioned mode, pulses of AFA of one second duration were applied 
to a single column at a faster rate than the HTS envisioned mode, as shown in 

Figure 1, Panel B.   

  CONCLUSIONS

•	 Adaptive Focused Acoustics (AFA), at low power, provides rapid, controlled, 
precise, reproducible, and isothermal enhancement of antigen binding in 
commercially available, off-the-shelf microtiter plate assays.  

•	 Assay sensitivity, specificity, reproducibility, and accuracy are not 
compromised in AFA-enhanced assays.

•	 AFA instrumentation widely employed for the controlled shearing of DNA at 
acoustic energies at high power levels (~7,500 Joules for 150 bp fragments) 
in next generation DNA sequencing platforms (2) can be utilized at lower 
power levels (up to ~800 Joules) to achieve significant and precise 
enhancement of immunoreagent binding kinetics. 

•	 The superior Z’ factors achievable with AFA-enhancement of binding assays, 
together with the compatibility of AFA  line transducer instruments with 
conventional automated procedures for handling microplates, fits well with 
potential HTS applications. The technology can be applied to both HTS and 
STAT assays employing binding of antigen to antibody in ELISA microplates.

•	 The significant reduction in antigen-antibody binding times achievable with 
AFA technology fits well with potential STAT assay applications

AFA has the potential to enhance ELISAs in other ways; especially in HTS mode.  
For example to enhance the rate of conjugate binding, and to reduce non-
specific binding of conjugate by applying a final low power AFA wash before 
adding enzyme substrate.  In addition, low power AFA may also be utilized to 
improve the performance of enzymic reactions.

( 1 )  A large genome center’s improvements to the Illumina sequencing system.   
 Quail et al. Nature Methods.  5(12) 1005-1010, 2008.  

( 2 )  A Simple Statistical Parameter for Use in Evaluation and Validation of High  
 Throughput Screening Assays.. Zhang, Chung, and Oldenburg. J. Biomol.   
 Screening. 4(2), 1999.

Pressure and thermal profile comparisons of AFA Ultrasonicators 
with probe and bath sonicators to generate a 2MPa pressure 
field (i.e., required for cavitation).

        PRESSURE PROFILE    THERMAL PROFILE

Covaris AFA
• focused transducer
• non-contact

Bath Sonicator
• unfocused transducer
• non-contact

Probe Sonicator 
• focused waveguide
• sample contact

The above Finite Element Analysis modeling represent the pressure 
profile and power input in different acoustic systems to achieve 
cavitation in the sample vessel.  The subsequent thermal profiles for 
each system is represented on the right.  Excess energy is converted 
to heat.  Finite Element Analysis modeling was validated by 3D 
thermal and pressure mapping.

Overview: Adaptive Focused Acoustics™ 
(AFA) Technology

FIGURE B.

Covaris’ patented Adaptive Focused Acoustics (AFA) technology evolved from highly developed therapeutic lithotripsy 
(such as kidney stone treatment) and in vivo clinical diagnostic imaging.

AFA works by sending high frequency acoustic energy waves from a dish-shaped transducer.  These converge to a small 
localized area creating intense mixing (Figure A).  Also, unlike regular sonicators, which have lower frequency (around 
20kHz) and longer wavelength, the Covaris acoustic transducer operates at 500khz with a wavelength of ~1mm, unlike 
conventional sonics which have a wavelength of ~100mm (Figure B).  This enables the acoustics energy to be focused 
on samples in glass vials or tubes in a non-contact and isothermal mode, avoiding contamination and sample 
degradation cause by heat.

With these unique design features, a much more precise and reproducible control can be obtained with the Covaris 
technology, rather than other technology, such as probe and waterbath sonicators.
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FIGURE 2     Temperature of samples during AFA enhanced binding   
   of HIV-1 p24 antigen to antibody in microplate ELISA.    
   Measured with a thermocouple placed in one well of    
   the microplate 

  RESULTS

   As shown in Figure 2, tight control of sample temperature was maintained 
during application of AFA.   AFA administered at 20°C to samples in the HTS 
envisioned mode provided a 2-fold increase in the rate of binding of HIV-1 
p24 to capture antibody compared to conventional binding at 37°C for one 
hour, as shown in Figure 3. 

   Application of different levels of acoustic energy for different periods of time 
showed that AFA provides precise control of the extent of antigen/antibody 
binding.  Figure 4 shows the results of a series of measurements performed 
over several weeks at different combinations of Watts (PIP) and duration at 5% 
duty cycle (dc), and 200 cycles per burst (cpb) at temperatures of 20 +/- 1°C

   Standard curves of assays performed with AFA-enhancement of the HIV-1 p24 
binding step resulted in consistent good two-order polynomial fits with low 
intra-assay CV’s, as shown in Figure 5.

   Increasing the rate at which repetitive AFA treatments were applied at 20°C in 
the STAT-envisioned mode to one 8-well column resulted in a more than 
4-fold increase in antigen binding kinetics compared to the kit protocol 
performed at 37°C.  Reaction rates measured for the HIV-1 p24 binding step 
under different AFA and non-AFA conditions are shown in Figure 6.

   As shown in Table 1, low inter- and intra-assay CV’s and high accuracy were 
consistently observed for assays in which AFA was used to enhance the 
binding of HIV-1 p24 to capture antibody.  The low standard deviations of 
both positive and negative samples resulted in superior Z’ factors indicating 
good potential for use of AFA-enhanced immunoassays in HTS applications. 


