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Gold-coated magnetite nanoparticles have significant utility in biological applications where particles 
possessing both magnetic susceptibility and stability at physiological pH and salt concentrations are 
required. However, reported synthesis procedures give inconsistent results among investigators and 
even between batches prepared by a single investigator.  A great deal of effort has been devoted to 
creating nanoparticles of uniform size and shape that consist of a magnetite core completely surrounded 
by a thin gold shell. This morphology has been described as a “core-shell,” and has remained elusive.
Our previous work suggests that a true core-shell morphology is not absolutely required for gold-coated 
magnetite nanoparticles to be functionalized with biologically relevant molecules [1].  A minority of the 
population of the stock nanoparticle sols are aggregates composed of agglomerated magnetite 
nanoparticles that are incompletely coated with gold.  Following functionalization with ligands or 
antibodies and centrifugation to separate conjugated nanoparticles from free protein, a protein layer is
observed around both the gold coating and the exposed magnetite found in aggregates. The purpose of 
this study was to determine whether the aggregated nanoparticles behave equivalently to isolated 
nanoparticles in biological systems, or if avoiding the preparation and/or inclusion of this minority 
population is important to the successful application of gold-coated magnetite nanoparticles in 
diagnostics and therapeutics as contrast, labeling, or targeting tools.

To compare the biological function of isolated and aggregated nanoparticles, conjugates were prepared
with human fibrinogen [1]. The binding of fibrinogen conjugates to its integrin αIIbβ3 receptor on
surface-activated human platelets and the actin cytoskeleton-dependent translocation of fibrinogen-
cross-linked receptors in the platelet membrane [2] were used to indicate biological activity. The 
percentages of aggregated nanoparticles found in the stock sol, in the fibrinogen-conjugated suspension, 
and bound to the platelet surface were compared. Drops of the stock and fibrinogen-conjugated gold-
coated magnetite nanoparticles were spotted onto EM grids and examined in a Hitachi H-600 TEM at 75
kV.  Isolated human platelets were activated by adherence to EM grids, labeled with fibrinogen-
conjugated nanoparticles, and prepared for electron microscopy.  Samples were not stained or sputter-
coated with heavy metals to avoid interference with nanoparticle identification.  Platelet specimens were 
examined in either a Hitachi H-600 TEM at 75 kV or a Hitachi S-4800 SEM at 5 kV using a photodiode
backscattered electron detector.  The percentage of aggregated particles was scored in 200-1500
nanoparticles in 2-5 randomly selected fields per sample.  Nanoparticle conjugates that had translocated 
to the most central regions of the platelet membranes were too closely spaced for accurate scoring, and 
were excluded. Nanoparticles otherwise obscured, for example by membrane folds, were also excluded.
Statistical analysis was by chi-square.
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The percentages of aggregated nanoparticles in samples prepared over the course of a typical experiment
are shown in Table 1. The proportion of aggregates decreased with successive steps (p << 0.001). The 
stock sol contained twice as many aggregates as the protein conjugates.  Loss of aggregates most likely 
occurred during centrifugation to separate free protein from nanoparticle conjugates, as evidenced by a
hard pellet that did not resuspend. Half as many aggregates were found on the platelet surface as in the 
fibrinogen conjugates, potentially indicating that they interact with receptors less effectively than 
isolated nanoparticles.  However, it is possible that aggregates bound receptors equally well as isolated 
nanoparticles, but were preferentially recruited to internal membranes and/or the most central areas of 
the platelets, and were thus excluded from analysis. Figure 1 shows that aggregated nanoparticles bound
to the fibrinogen receptor triggered translocation in the membrane similarly to the isolated nanoparticles, 
suggesting that they are functionally equivalent.  SEM and TEM analysis gave equivalent results. These 
data demonstrate that multiple morphologies of gold-coated magnetite can be functionalized for activity
and be used to induce or monitor specific receptor-mediated biological effects.
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Sample Isolated Aggregated % Aggregated
Stock Nanoparticles 256 37 12.6

Fibrinogen-conjugated
Nanoparticles

853 61 6.7

Platelet-bound Nanoparticles,
SEM Analysis

1449 47 3.1

Platelet-bound Nanoparticles,
TEM Analysis

579 21 3.5

Table 1. Isolated and aggregated gold-coated magnetite nanoparticles present before and after 
conjugation with fibrinogen, and after conjugated nanoparticles were used in labeling.

Figure 1. Arrows show examples of aggregated nanoparticles used in cell labeling. Left, backscattered 
electron SEM image of platelet labeled with fibrinogen-conjugated, gold-coated magnetite. Inset shows 
the entire platelet; box indicates area shown at higher magnification. Right, TEM image of labeled 
platelet. Arrow, example of aggregated nanoparticles; arrowhead, area containing nanoparticles in the 
platelet internal membrane system which were excluded from analysis. Size bars = 1 μm.
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