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Abstract: Background: Ultrasonography uses microbubbles for enhanced imaging. We created microbubbles that have 

preferential adherence to amyloid protein by utilizing the affinity of serum amyloid component P (SAP) to amyloid along 

with avidin-biotin interactions. 

Methods: Biotin-labeled albumin was incorporated into the albumin shell of fluorocarbon gas-filled bubbles. The bubble 

was attached through a bridge with biotin incorporated into the shell of the bubble and incubated with avidin-labeled SAP 

which was pre-bound to SA (“synthetic amyloid”). This resulted in a bubble targeted to amyloid. The bubbles were evalu-

ated using fluorescent microscopy and fluorescence-activated cell sorting (FACS). 

Results: Microbubbles with a protein shell were bound to amyloid by utilizing the affinity of SAP for amyloid and biotin-

avidin interactions. 

Conclusion: We introduce microbubbles specifically targeted to amyloid deposits and intended as future mediators of ul-

trasound detection of amyloid deposits and amyloid-selective drug delivery. 
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INTRODUCTION 

 Ultrasound imaging utilizes microbubbles clinically as 
blood tracers [1] and experimentally for visualization of spe-
cific tissue targets [2]. One target that has not been explored 
is amyloid. Amyloid deposits form in primary amyloidosis 
and their presence in the brain is diagnostic of Alzheimer’s 
disease [3]. Microbubbles can cross the blood-brain barrier 
[4] and could in time contribute to diagnosis and drug deliv-
ery in Alzheimer’s disease [5]. The goal of this study was to 
utilize the affinity of serum amyloid component P(SAP) to 
amyloid [6, 7] and create microbubbles that would recognize 
amyloid as a target structure. Coupling this interaction with 
avidin and biotin interactions, a complex was created con-
sisting of a microbubble bound to amyloid by the interaction 
of SAP to amyloid. Development and in vitro testing of amy-
loid-targeted bubbles is reported here.  

MATERIAL AND METHODOLOGY 

 Biotin-labeled albumin was synthesized using Plasbu-
min®-25 (Bayer, Elkhart, IN), a 25% human albumin solu-
tion (HuSA) after dialysis using the FluoReporter® Biotin-
XX Protein Labeling kit from Molecular Probes, Eugene, 
OR. Biotin-XX succinimidyl ester in dimethyl sulfoxide at 
20 mg/ml was added to 100 mg albumin in 0.1 M sodium 
bicarbonate to achieve a ratio of 10 molecules of biotin-ester 
per molecule of protein. The components were stirred for 
one hour and purified using size exclusion filtration. Biotin-
labeled bubbles were prepared after the general method  
 

*Address correspondence to this author at the Mayo Clinic Arizona, John-

son Research Building 3-361, 13400 E. Shea Boulevard, Scottsdale, Arizona 

85259, USA; Tel: 480-301-6694 (office), 480-301-6870 (admin. assistant); 

Fax: 480-301-9162; E-mail: belohlavek.marek@mayo.edu 

described by Porter [8] by mixing 1 part biotin-labeled 
HuSA with 3 parts unlabeled HuSA and 4 parts 5% dextrose 
in water, then loaded with 4 parts tetrafluorobutane gas, and 
sonicated for 30 seconds using a Misonix Sonicator (Ultra-
sonic Processor XL, Farmingdale, NY).  

 SAP was purified from previously frozen plasma after 
addition of CaCl2 to a concentration of 10 mM, incubated 
overnight at 4ºC and filtered [9, 10]. DNA-conjugated aga-
rose (Amersham, Piscataway, NJ) was prewashed in 10 mM 
Tris-HCl (pH 7.4), 1 M NaCl, and 25 mM CaCl2. The aga-
rose was washed three additional times in TN2 (10 mM Tris-
HCl (pH 7.4), 150 mM NaCl, and 2 mM CaCl2), and then 
mixed with filtered plasma for 1 hour at room temperature. 
The slurry was transferred to a chromatography column, 
washed with TN2 until absorption of the eluate at 280 nm 
returned to background level and SAP eluted with 10 mM 
Tris-HCl at pH 7.4, 150 mM NaCl, and 10 mM EDTA. The 
final preparation was stored in TNA (10 mM Tris-HCl (pH 
7.4) and 100 mM NaCl). Preparations when electrophoresed 
on native and denaturing polyacrylamide gel electrophoresis 
migrated similarly with commercially available material 
(data not shown). Labeling the SAP with avidin was accom-
plished using maleimide-activated NeutrAvidin and N-suc- 
cinimidyl S-acetylthiopropionate chemistry as per manufac-
turer’s suggested protocols (Pierce Chemical Co, Rockford, 
IL).  

 To prepare synthetic amyloid (SA), one hundred micro-
grams of amyloid  peptide residues 1-42 (Sigma Chemical 
Co., St Louis, MO) was dissolved in 15 l of dimethyl sul-
foxide [11]. The peptide solution was diluted to 300 l in 
TNA and stirred for 5 hours at 37º C [11]. To label SA with 
Alexa488, 200μg of dialyzed SA was labeled with the Invi-
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trogen Corporation (Carlsbad, CA) kit. This preparation and 
all other reagents were stored in TN buffer at 4°C. 

 To bind the SAP to the synthetic amyloid, 5 l of the 
labeled SA or labeled amyloid fibrils (AF) preparation was 
added to 50 l of avidin-SAP. In some instances, the mixture 
was adjusted to contain the desired concentration of CaCl2. 
After 1 hr stirring at 37°C, the mixture was slowly cooled to 
room temperature overnight. To evaluate the resulting prepa-
rations, fresh microbubbles were mixed gently and added to 
the synthetic amyloid plus SAP, and evaluated using FACS 
(Becton Dickinson FACS Calibur) as previously demon-
strated [12, 13] . As soon as possible after FACS, the micro-
bubbles were examined using a Zeiss phase fluorescence 
microscope and photographed using an AxioPhot digital 
camera. 

RESULTS 

 Targeted bubble assembly was documented by FACS and 
fluorescent microscopy. Fig. (1A) documents the lack of 
fluorescence seen in the bubble preparation alone. The rings 
around the bubbles are due to the spherical shape of the bub-
ble. The distribution of forward scatter versus green fluores-
cence shown in Fig. (1A) defined the R1 region (i.e., back-
ground; with the presence of the negative bubbles exhibiting 
no fluorescence) while in Fig. (1B) the R2 (i.e., positive fluo- 
rescence) was established with a highly fluorescent sample. 

To validate the area designated positive, we mixed the bio-
tin-labeled albumin bubbles with commercial fluorescein 
isothiocyanate conjugated avidin, which can be analyzed 
using the same filters used for Alexa488. These bubbles 
showed a high degree of fluorescence with >90% registering 
as positive.  

 Fig. (1C) illustrates the decoration of the SAP labeled 
with avidin by a commercially obtained fluorescent biotin. 
FACS showed intensity counts within the fluorescence re-
sponse field for a wide range of sizes. A predominantly non-
spherical appearance was seen in fluorescence microscopy.  

 The FACS histogram of Fig. (1D), i.e., the targeted-
bubble, shows intense fluorescence in the R2 field due to 
biotinylated bubbles. There is an interesting highly repro-
ducible pattern in which the size distribution resembled 
quanta rather than a continuum, possibly corresponding to an 
interference of fluorescence intensities at points of bubble to 
bubble contact as seen upon visual examination of the mi-
crobubbles on the fluorescent microscope. 

 Table 1 summarizes percent positive counts by FACS for 
different formulations of microbubble constructs from re-
peated experiments. Plain or biotinylated microbubble for-
mations without an attached complex produced background 
count. When fluorescent synthetic amyloid or fluorescent 
amyloid fibrils and avidin-labeled SAP were added to the 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1). Microscopic and FACS analyses of stages in creation of amyloid-targeted microbubbles. Each panel is composed of a representative 

image seen using the fluorescent microscope and the FACS data expressed as a plot with forward scatter versus green fluorescence. A, Con-

trol microbubbles expectably characterized by a lack of fluorescence and accumulation of scatter in the R1 region which was defined by 

examining bubbles alone with no fluorescent moieties added. B, The high degree of fluorescence seen on the surface of the bubbles was gen-

erated by adding a green fluorescent labeled avidin (Pierce Chemical Co., Rockford, IL) to the biotin-labeled bubble and shows the expected 

distribution of values in the R2 (positive) range of the plot. This is confirmed by examination of the material microscopically. C, Binding of 

the avidin-labeled SA to a commercial green fluorescent-labeled biotin instead of a bubble. The microscope showed the decorated SA mate-

rial illuminated with green fluorescence and the histogram demonstrates the absence of the material seen when testing materials containing 

bubbles. D, FACS analysis showing density characteristic for bubbles and distribution (in the ‘R2’ or positive field) characteristic for fluo-
rescence. Microscopy shows highly fluorescent microbubbles. The bar indicates 100 microns. 
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mix of biotinylated microbubbles, high percentage counts 
were repeatedly produced. Amyloid fibrils extracted from 
liver tissue (courtesy of Dr. Roshini Abraham, Mayo Clinic) 
were used in place of the SA and demonstrated the binding 
parameters as seen with the synthetic amyloid. 

 Some studies suggest that calcium may facilitate the 
binding of amyloid to SAP [14-17]. As iterations with vari-
ous concentrations of calcium in Table 1 demonstrate, cal-
cium had no apparent effect on the binding in our in vitro 
system. As a further confirmation of the independence of this 
association with calcium, introduction of 50 mM EDTA had 
no appreciable effect on the targeted bubble construct.  

DISCUSSION AND CONCLUSION 

 We demonstrate a reproducible experimental methodol-
ogy of targeting biotinylated albumin microbubbles to amy-
loid paving the way for targeted contrast-enhanced ultra-
sound imaging and possibly drug delivery in systemic amy-
loidosis and Alzheimer’s disease. Extensive research involv-
ing contrast echocardiography and development of targeted 
bubbles exists [1, 2, 18], and initial experimental studies 
suggest feasibility of transcranial application of contrast 
echocardiography [19, 20]. Our approach expands the field 
by utilizing SAP as a part of the SAP-avidin coupling com-
plex thereby targeting the microbubbles to amyloid. 

 The methodology involved creation of microbubbles 
from human serum albumin [8] with tracer amounts of bio-
tin, which were targeted to amyloid through the affinity of 
SAP. Our system enabled visible imaging by also incorporat-
ing avidin-biotin interactions along with fluorescent com-

pounds for easy detection of molecules. While nonspecific 
binding of SAP to other proteins needs to be considered, 
SAP is a naturally occurring component and radiolabeled 
SAP has been shown to bind specifically to amyloid in vivo 
[21, 22]. 

 Addition of calcium (0-4 mM levels existing in blood 
circulation) and/or EDTA (50 mM) to the reaction yielded 
no change to the binding properties of the targeted bubbles, 
although calcium and EDTA were essential to the purifica-
tion of synthetic amyloid [7, 23]. 

 Our experimental protocol contained only portions of the 
components needed to form amyloid deposits in vivo. As-
sembly of amyloid in vivo requires not only the major pro-
tein component and SAP but also calcium and heparin sul-
fate and/or chondroitin sulfate proteoglycans, laminin, entac-
tin, collagen IV, and apoE [24]. Our targeting system con-
tained synthetic amyloid, SAP, and calcium without any of 
the additional components listed above.  

 While our bubbles were larger than those used in imag-
ing, their size enabled examination of the amyloid-targeted-
bubbles using FACS and fluorescent microscopy. Smaller 
bubbles could be obtained by different bubble preparation 
techniques, size-filtering, or using commercial microbubbles 
with a defined diameter range and their shell made of HuSA 
(such as Optison™, GE Healthcare). 

 In conclusion, we describe a reproducible and specific 
method of construction of microbubbles targeted to amyloid 
in vitro, capitalizing on the well-established affinity of SAP 
to amyloid and using avidin-biotin interactions to facilitate 

Table 1. Percent Counts by FACS of Various Microbubble Constructs 

Experiment 1 Experiment 2 

Microbubbles SA AF Avi-SAP Calcium EDTA 

Batch 1 Batch 2 Batch 1 Batch 2 

Plain - - - - - 3% ND 0 0 

- - - - - 0% ND 0 0 

+ - + 0.25 mM - 96% ND ND ND 

+ - + 0.5 mM - 98% 95% ND ND 

+ - + 0.75 mM - 97% 98% ND ND 

+ - + 1.00 mM - 98% 97% ND ND 

+ - + 2.00 mM - 94% 96% ND ND 

+ - + 4.00 mM - 97% 97% 93% 93% 

+ - + - - 95% 95% 95% 89% 

+ - + 4.00 mM 50 mM 97% 97% 95% 93% 

- + + 4.00 mM - 97% 96% 95% 95% 

- + + - - 96% ND 95% 95% 

Biotinylated  

- + + 4.00 mM 50 mM 96% ND 95% 95% 

Percentages are based on counts of 10,000 evaluated particles; 2 batches of microbubbles were tested in each experimental setting by the fluorescence-activated cell sorter (FACS). 
SA, synthetic amyloid; AF, fluorescent amyloid fibrils; Avi-SAP, avidin-labeled serum amyloid component P; ND, not done. Positive (+) and negative (-) signs denotes the presence 

or absence of the component. 
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visualization of the complex. The binding compound thus 
utilizes physiological protein-protein interactions (rather 
than antigen-antibody interactions). Our development repre-
sents a prerequisite targeting system designed for future 
visualization of amyloid deposits by contrast-enhanced ultra-
sound and delivery of amyloid-targeted therapy.  
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