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Detecting,	Distinguishing,	and	Counting	Protein	Aggregates	
using	Total	Holographic	Characterization®	

	 	
	

	
Introduction	

	
Protein	 aggregation	 is	 a	 major	 challenge	 in	 the	 biopharmaceutical	 industry	 [1-6].	 The	 FDA	 has	

highlighted	 the	 dangers	 of	 an	 immunogenic	 response	 elicited	 by	 the	 presence	 of	 protein	 aggregates	 in	
protein-based	 pharmaceutical	 formulations	 [7].	 Accurately	 detecting	 protein	 aggregate	 concentrations	 and	
understanding	 their	 mechanisms	 of	 formation	 are	 crucial	 to	 ensuring	 maximum	 drug	 efficacy	 and	 safety,	
especially	in	the	critical	size	range	of	200nm	to	2	µm	[8-11].	In	addition	to	detecting	protein	aggregates,	other	
common	contaminants	are	silicone	oil,	air	bubbles,	metal	particles	and	degradation	products	of	surfactants	or	
other	excipients	in	biologic	formulations	[12-15].	To	distinguish	protein	aggregates	from	other	contaminants,	
particle	 composition	must	 be	 determined.	 Few	 technologies	 currently	 exist	 that	 can	 accurately	 count	 and	
simultaneously	identify	the	composition	of	sub-visible	particles	in	suspension.	
	 Here	we	 describe	 Total	 Holographic	 Characterization®	 (THC),	 a	 revolutionary	 technology	 that	 can	
detect,	 distinguish	 and	 count	 protein	 aggregates	 	 [16-18].	 THC	 is	 an	 efficient	 optical	 approach	 that	 offers	
accurate,	 quantitative	 information	 about	 individual	 particles	 as	 well	 as	 a	 statistical	 overview	 of	 sample	
properties.	 An	 essential	 advantage	 of	 THC	 is	 the	 ability	 to	 detect	 particle	 refractive	 index	 in	 addition	 to	
particle	 size.	 Refractive	 index	 is	 used	 to	 identify	 particle	 composition,	 to	 distinguish	 particles	 of	 different	
materials	 even	when	 they	are	 the	 same	 size.	 Figure	1,	 shown	below,	 illustrates	 the	unique	 strength	of	 this	

Application	Note	

Figure	1:	Results	of	 THC	analysis	of	 a	 sample	containing	 the	 following	microspheres:	700nm	 silica,	700nm	PMMA,	700nm	PS,	0.95µm	PS,	and	
1.53µm	PS.	(a)	Scatter	plot	of	particle	diameter	(horizontal	axis)	and	refractive	index	(vertical	axis).	Color	represents	the	density	of	points	in	the	
region,	where	warmer	colors	(yellow)	represent	higher	density	regions	and	cooler	colors	(blue)	represent	lower	density	regions.	(b)	Size	density	
distribution	of	the	same	sample.	The	area	under	the	curve	represents	the	number	of	particles	in	that	region	of	the	curve.	Peaks	represent	the	most	
common	particle	sizes.	(c)	Refractive	index	density	distribution	of	the	same	sample.	The	area	under	the	curve	represents	the	number	of	particles	
in	that	region	of	the	curve.	Peaks	represent	the	most	common	particle	refractive	indexes.	(d)	The	same	scatter	plot	as	in	(a)	with	different	particle	
populations	 delineated	 by	 colored	 boxes.	 (e)	 The	 same	 size	 density	 curve	 as	 in	 (b),	 with	 the	 size	 density	 curves	 of	 each	 particle	 population	
included	in	their	respective	colors	based	on	how	they	were	delineated	in	(d).	(f)	The	same	refractive	index	density	curve	as	 in	(c),	but	with	the	
size	density	curves	of	each	particle	population	included	in	their	respective	colors	based	on	how	they	were	delineated	in	(d).	
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technology.	 Figure	 1a	 shows	 a	 composite	 sample	 analyzed	with	 xSight,	 Spheryx’s	 implementation	 of	 THC.	
This	sample	is	composed	of	a	mix	of	5	different	microsphere	species	of	three	different	sizes	and	made	of	three	
different	materials.	Figure	1a	is	a	scatter	plot	with	diameter	plotted	on	the	horizontal	axis	and	the	refractive	
index	on	the	vertical	axis.	Each	point	on	the	plot	represents	a	single	particle	detected	by	xSight.	The	color	of	
each	 point	 represents	 the	 density	 of	 points	 in	 the	 region,	where	warmer	 colors	 (yellow)	 represent	 higher	
density	regions	and	cooler	colors	(blue)	represent	lower	density	regions	as	indicated	by	the	color	bar	in	the	
bottom	right	section	of	Figure	1a.	On	this	plot,	five	clusters	of	points	can	be	identified:	three	are	at	a	particle	
diameter	of	700nm,	one	at	0.95µm,	and	one	at	1.53µm.	These	clusters	of	points	correspond	to	the	5	different	
species	present	in	this	sample	and	are	delineated	by	user-defined	colored	boxes	shown	in	Figure	1d.		

Figure	1b	shows	a	size	density	distribution	of	the	same	data	set.	The	area	under	the	curve	for	a	given	
size	range	represents	the	number	of	particles	in	that	size	range.	The	peaks	show	the	most	common	sizes	of	
particles	in	this	sample.	The	tallest	peak	in	this	curve	is	at	700nm	since	the	most	common	particle	size	in	this	
sample	is	700nm.	The	two	other	peaks	represent	the	0.95µm	particles	and	the	1.53µm	particles.	This	type	of	
curve	is	what	most	other	particle	characterization	technologies	would	produce	for	this	sample.	While	size	is	
accurately	 determined,	 it	 is	 impossible	 to	 identify	 how	many	particle	 species	 are	 present.	 From	 this	 curve	
alone,	it	would	be	easy	to	conclude,	erroneously,	that	this	sample	contains	only	three	particle	species,	while	in	
reality	it	contains	five.	The	presence	of	5	species	is	made	clear	by	distinguishing	clusters	of	points	based	on	
their	refractive	index,	as	seen	in	Figure	1d.	Figure	1e	shows	the	same	density	curve	as	in	Figure	1b,	but	also	
adds	the	density	curves	of	each	particle	species	according	to	the	colors	of	the	user-defined	regions	in	Figure	
1d.	 In	 Figure	1e,	 the	 tallest	 peak	 can	be	 separated	 into	3	peaks	 representing	 3	different	 species	 of	 700nm	
particles	 (represented	 by	 orange,	 cyan,	 and	 violet	 curves).	 The	 3	 different	 700nm	 particle	 types	 are	
polystyrene	(PS),	PMMA,	and	silica.	The	refractive	 index	of	each	particle	type,	automatically	measured	with	
THC,	 identifies	 the	 composition.	 Figure	1c	 shows	 the	 refractive	 index	density	distributions.	The	3	peaks	 in	
this	plot	show	that	there	are	particles	of	3	different	compositions	in	this	sample,	at	refractive	indexes	of	1.43,	
1.49,	and	1.61.	These	refractive	indexes	correspond	to	silica,	PMMA,	and	PS	respectively.	The	PS	peak	is	the	
tallest	because	there	are	more	PS	spheres	in	this	sample	than	of	any	other	material.	Figure	1f	shows	the	same	
refractive	index	curve	as	Figure	1c	with	the	five	species	of	particles	identified	by	their	respective	colors.	The	
PS	curve	can	be	separated	into	three	types	of	PS	microspheres	in	this	sample:	700nm	in	diameter,	0.95µm	in	
diameter,	and	1.53µm	in	diameter.			

In	 the	 same	way	 that	 xSight	 can	 distinguish	 PS,	 PMMA	 and	 silica	 particles,	 it	 can	 also	 distinguish	
protein	 aggregates	 from	 other	 common	 contaminants	 such	 as	 silicone	 oil	 and	 breakdown	 products	 of	
surfactants.	 Measurements	 of	 model	 samples	 of	 proteins	 are	 presented	 below	 to	 demonstrate	 these	
capabilities.		
	
	

Methods	
	

All	samples	shown	in	this	note	were	measured	with	xSight.	To	use	xSight,	30µL	of	the	sample	are	placed	
in	xCell,	Spheryx’s	microfluidic	sample	chip,	and	the	start	button	is	pressed	to	begin	the	measurement.	xSight	
automatically	 flows	the	sample	through	a	microfluidic	channel	 in	xCell,	 illuminates	the	sample	with	a	 laser,	
records	 particle	 holograms,	 and	 begins	 analysis.	 The	 sample	 never	 leaves	 xCell,	 eliminating	 the	 need	 for	
cleaning	and	any	danger	of	cross-contamination.	Depending	on	the	concentration	of	particles	and	the	user-
selected	 volume	 to	 be	 analyzed,	 the	 analysis	 can	 take	 between	 10	 and	 40	minutes.	 Users	 select	 a	 volume	
between	 0.2µL	 to	 5µL.	 As	 data	 is	 analyzed	 results	 are	 plotted	 on	 the	 screen	 in	 real	 time.	 During	 analysis,	
particles	are	counted	in	a	precisely	measured	volume	to	yield	accurate	concentrations.	In	addition	to	particle	
count	 and	 concentration,	 xSight	 reports	 the	 size,	 refractive	 index	 and	 the	 morphology	 of	 the	 detected	
particles.		

Preparation	of	 samples	presented	 in	 this	note,	 such	as	 IgG	protein	aggregates	and	other	contaminants,	
are	detailed	in	several	publications	[16-18]	and	are	briefly	outlined	here:		

		
! Solutions	of	IgG	were	prepared	by	dissolving	human	IgG	in	filtered	deionized	water	at	room	temperature	

to	a	concentration	of	1	mg/mL.		Protein	aggregates	formed	spontaneously	at	room	temperature.	
! Silicone	oil	emulsions	were	prepared	by	adding	silicone	oil	 to	deionized	water	and	shaking	 the	sample	
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vigorously	by	hand.	
! Oleic	 acid	 samples	 were	 created	 by	 dissolving	 oleic	 acid	 in	 methanol	 at	 20%	 followed	 by	 a	 10-fold	

dilution	in	deionized	water.	
! Air	bubble	 samples	were	 created	by	 rapidly	 ejecting	an	aqueous	 solution	of	polysorbate	20	 (1mg/mL)	

and	sucrose	(64%	by	weight)	from	a	syringe.	

	
Results	

	
Distinguishing	protein	aggregates	from	silicone	oil	

	
	 To	 accurately	 measure	 the	 concentration	 of	 protein	 aggregates	 in	 a	 formulation,	 it	 is	 essential	 to	
distinguish	 them	 from	other	 contaminants.	 Silicone	oil	 is	 often	 found	 in	biological	 formulations	as	 it	 easily	
elutes	from	the	surfaces	of	syringes,	plastic	tubes	and	other	medical	or	lab	equipment,	and	can	be	difficult	to	
distinguish	 from	protein	aggregates.	By	 identifying	particle	 composition,	 xSight	 can	distinguish	particles	of	
different	species	even	when	they	are	the	same	size.	Figure	2	below	shows	a	mix	of	silicone	oil	and	IgG	protein	
aggregates	 in	water.	As	 in	Figure	1a,	Figure	2a	 is	 a	 scatter	plot,	where	each	point	on	 the	plot	 represents	a	
single	particle	detected	with	 xSight.	The	 color	of	 each	point	 represents	 the	density	of	 points	 in	 the	 region,	
where	 warmer	 colors	 (yellow)	 represent	 higher	 density	 regions	 and	 cooler	 colors	 (blue)	 represent	 lower	
density	regions	as	indicated	by	the	color	bar	in	the	top	right	section	of	Figure	2a.			

	
	

Particle	refractive	index	is	shown	on	the	vertical	axis	and	particle	diameter	is	on	the	horizontal	axis.	Particles	
with	a	refractive	index	near	1.41	are	identified	as	oil	droplets	corresponding	to	the	refractive	index	of	silicone	
oil	(1.41).	Particles	at	 lower	refractive	indexes,	between	1.34	and	1.39,	are	identified	as	protein	aggregates.		
The	 orange	 and	 cyan	 boxes	 are	 user-defined	 regions	 of	 interest	 meant	 to	 delineate	 different	 species	 of	
particles	 within	 one	 sample.	 In	 this	 case	 the	 orange	 box	 contains	 oil	 droplets	 and	 the	 cyan	 box	 contains	

	
	
	
	
Figure	2:	(a)	Scatter	plot	of	size	
vs.	 refractive	 index	 of	 particles	
detected	in	a	sample	of	silicone	
oil	 and	 IgG	 aggregates.	 This	
figure	 is	 taken	 from	 xSight	
software	 displays.	 Each	 point	
represents	the	measurement	of	
a	single	particle.	The	coloring	is	
based	 on	 the	 density	 of	 points	
with	 yellow	 representing	
highest	 density	 and	 gray	
representing	 lowest	 density	
regions.	 The	 inset	 image	 is	 the	
hologram	of	a	single	silicone	oil	
droplet	of	2.88µm	diameter	and	
a	 refractive	 index	 of	 1.408	 	 (b)	
Size	density	 curves:	 the	orange	
curve	 corresponding	 to	 data	 in	
the	 orange	 box	 identifying	
silicone	 oil	 droplets,	 the	 cyan	
curve	 corresponds	 to	 data	 in	
the	cyan	box	identifying	protein	
aggregate	 particles,	 and	 the	
gray	 curve	 represents	 all	 data.	
(c)	 Refractive	 index	 density	
curves	 with	 the	 same	 coloring	
as	(b).			
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protein	aggregates.	The	data	shown	here	represents	characterization	of	3995	particles	detected	in	3	µL	of	this	
sample,	1553	of	which	are	identified	as	silicone	oil	and	2159	are	IgG	aggregates.	The	user	is	able	to	click	on	
any	of	the	points	to	see	a	representative	hologram	for	that	particle.	A	representative	hologram	of	one	of	the	
particles	in	this	distribution	is	shown	as	an	inset	in	Figure	2a.	
	 Silicone	oil	and	protein	aggregates	have	different	refractive	indexes	and	are	easily	distinguishable	by	
xSight.	In	Figure	2a	one	can	see	how	distinct	the	two	species	are	based	on	how	neatly	they	fall	into	the	two	
regions	of	interest	(the	orange	and	the	cyan	boxes).	Also	evident	is	how	distinguishable	they	are	based	on	the	
density	 distributions	 shown	 in	 Figure	 2c.	 The	 curves	 in	 Figure	 2b	 represent	 the	 probabilities	 of	 finding	 a	
particle	of	a	given	species	at	a	particular	size.	The	orange	curve	represents	points	outlined	by	the	orange	box,	
the	cyan	curve	represents	points	outlined	by	the	cyan	box	and	the	gray	curve	represents	all	of	the	points.	The	
curves	in	Figure	2c	similarly	represent	density	distributions	but	for	refractive	index	instead	of	particle	size.	
The	 overlap	 of	 the	 orange	 and	 the	 cyan	 curves	 in	 Figure	 2b	 shows	 that	 silicone	 oil	 droplets	 and	 protein	
aggregates	have	 similar	 sizes.	Their	 similar	 size	distributions	make	 them	difficult	 to	distinguish	with	other	
particle	characterization	technologies.	A	unique	benefit	of	THC	is	the	ability	to	determine	particle	refractive	
index	in	addition	to	size.	From	the	refractive	index	density	distribution	shown	in	Figure	2c,	the	orange	curve	
and	 the	cyan	curve	are	distinct	 and	well-separated,	which	 shows	 the	ability	 to	distinguish	 the	 two	particle	
species	in	this	sample,	based	on	an	objective	measurement	of	a	physical	characteristic	of	the	particle.		
	 In	 addition	 to	 measuring	 particles’	 size	 and	 refractive	 index,	 Spheryx’s	 software	 also	 determines	
particle	concentrations	as	shown	in	Figure	3.	As	in	Figure	2,	the	orange	curve	represents	particles	identified	
as	silicone	oil,	 the	cyan	curve	represents	particles	 identified	as	protein	aggregates,	and	the	dark	blue	curve	
represents	 all	 detected	 particles.	 The	 bottom	 of	 Figure	 3	 shows	 a	 cumulative	 concentration	 table.	 The	
concentration	data	for	each	species	is	tabulated	according	particle	size	in	1µm	bins.			

	
	

	
	

	

	
	
	
Figure	 3:	 	 This	 plot	 and	
data	 table	 is	 taken	 from	
xSight	 software	 display.	
The	 top	 graph	 shows	 a	
plot	 of	 cumulative	
particle	 concentrations	
as	 a	 function	 of	 particle	
size.	 	 The	 orange	 curve	
corresponds	 to	 particles	
identified	 as	 silicone	 oil	
in	 Figure	 2,	 the	 cyan	
curve	 corresponds	 to	
particles	 identified	 as	
protein	 aggregates	 in	
Figure	 2	 and	 the	 dark	
blue	 curve	 corresponds	
to	all	particles.		The	table	
breaks	 down	 particle	
concentrations	 by	 size	
into	 1µm	 bins.	 Orange	
rows	 correspond	 to	
silicone	 oil,	 cyan	 rows	
correspond	 to	 protein	
aggregates	and	dark	blue	
rows	 correspond	 to	 all	
particles.	 In	 this	 tab,	 the	
user	 chooses	 to	 view	
cumulative	 or	 non-cum-
ulative	concentrations.	
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Identifying	and	distinguishing	surfactant	degradation	among	other	contaminants	in	protein	
formulations	

	
	 The	 use	 of	 surfactants	 is	 common	 in	 biopharmaceutical	 formulations.	 Surfactant	 breakdown	
products	 can	 be	 difficult	 to	 distinguish	 from	 protein	 aggregates.	 One	 common	 breakdown	 product	 of	
polysorbate	 20	 is	 oleic	 acid.	 In	 Figure	 4	 below	 we	 demonstrate	 the	 ability	 to	 identify	 and	 quantify	 the	
presence	of	oleic	acid	in	a	mixture	of	protein	aggregates	and	silicone	oil.	
	 Figure	4	represents	data	from	4875	particles	in	a	5µL	sample	consisting	of	a	mixture	of	silicone	oil	
droplets,	protein	aggregates	and	oleic	acid	droplets	 in	water.	Figure	4a	shows	a	scatter	plot	of	particle	size	
plotted	 against	 particle	 refractive	 index	 as	 in	 Figure	 2a.	 Unlike	 in	 Figure	 2a,	 here	 three	 distinct	 particle	
species	 are	 easily	 identified.	 The	 population	 at	 the	 highest	 refractive	 index,	 centered	 at	 around	 1.48,	 is	
identified	as	oleic	acid	and	is	outlined	with	a	violet	box.	As	 in	Figure	2a,	 the	population	centered	at	around	
1.41	is	a	silicone	oil	emulsion	(orange	box)	and	the	population	at	the	lowest	refractive	index,	between	1.34	
and	 1.39,	 is	 IgG	 aggregates	 (cyan	 box).	 Since	 particles	 of	 all	 three	 species	 have	 similar	 sizes,	 the	 size	
distribution	densities	in	Figure	4b	overlap.	This	shows	how	unfeasible	it	is	to	distinguish	these	contaminants	
solely	based	on	particle	size.	 In	particular,	based	on	size	alone,	 it	would	be	nearly	 impossible	 to	detect	 the	
presence	of	oleic	acid	in	this	sample.	By	measuring	the	refractive	index,	the	three	species	are	distinguishable	
as	evidenced	by	the	separation	of	the	colored	boxed	in	Figure	4a	and	the	three	well-separated	peaks	in	the	
refractive	index	density	curves	in	Figure	4c.			
			 	

Figure	4:		Scatter	plot	and	probability	density	distributions	for	a	sample	of	silicone	oil,	IgG	aggregates	and	oleic	acid.		
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In	 addition	 to	 detecting	 surfactant	 breakdown	 products	 like	 oleic	 acid,	 xSight	 determines	 accurate	
concentrations	of	each	contaminant	simultaneously	 in	a	single	measurement.	Figure	5	shows	a	graph	and	a	
table	of	cumulative	concentrations	of	the	three	species	shown	in	Figure	4.	The	table	in	Figure	5	breaks	down	
the	concentration	of	three	species	by	size	in	1µm	bins.	
	
	

Detecting	air	bubbles	and	distinguishing	them	from	silicone	oil

	 Another	 common	 contaminant	 in	 protein	 formulations	 is	 air	 bubbles.	 Air	 bubbles	 often	 form	 in	
viscous	samples	that	undergo	fast	ejection	and	aggressive	agitation	[19,	20].	Air	bubbles	can	be	notoriously	
difficult	 to	 identify,	 but	 by	measuring	 refractive	 index	 they	 stand	 out	 among	 other	 contaminants.	 Figure	 6	
shows	THC	 analysis	 of	 a	mix	 of	 silicone	 oil	 and	 air	 bubbles.	 The	 figure	 shows	 data	 from	2818	particles	 of	
which	2616	are	 identified	 as	 silicone	oil	 droplets	 and	197	of	which	 are	 identified	 as	 air	bubbles.	As	 in	 the	
previous	 figures	above,	 silicone	oil	droplets	appear	at	 refractive	 indexes	near	1.41	and	are	outlined	by	 the	
orange	box	in	Figure	6a.	Since	the	refractive	index	of	air	is	1,	air	bubbles	appear	near	refractive	index	of	1	and	
are	outlined	by	the	cyan	box	in	Figure	6a.	While	the	presence	of	air	bubbles	is	essentially	unnoticeable	in	the	
particle	size	distribution	of	Figure	6b,	it	is	distinct	and	prominent	in	the	refractive	index	distribution	of	Figure	
6c.	In	Figure	6c,	the	large	orange	curve	represents	silicone	oil	droplets	and	the	smaller,	cyan	curve	towards	
the	 bottom	 of	 the	 figure	 represents	 air	 bubbles.	 Since	 the	 refractive	 indexes	 of	 these	 two	 species	 are	 so	
different,	they	are	easily	and	unmistakably	distinguishable	using	xSight.			

Figure	5:		Cumulative	concentrations	curves	as	a	function	of	particle	size	and	a	table	as	in	Figure	4	but	for	a	sample	of	silicone	
oil,	IgG	aggregates	and	oleic	acid.		
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Using	morphology	to	distinguish	and	better	characterize	protein	aggregates	among	other	contaminants
	
	 In	addition	 to	particle	 size	and	refractive	 index,	Spheryx	provides	a	novel	particle	 characterization	
tool:	particle	morphology.	Figure	7	below	shows	the	same	sample	as	Figure	2	(a	mix	of	silicone	oil	and	IgG	
protein	aggregates)	but	the	coloring	is	based	on	particle	morphology,	rather	than	density	of	points.	In	Figure	
7a,	spherical	particles	are	colored	cyan,	rod-shaped	particles	are	colored	yellow,	particles	of	other	shapes	are	
colored	orange,	and	particles	with	a	 signal	 too	 low	 for	accurate	shape	determination	are	colored	gray.	The	
violet	 box	 in	 Figure	 7a	 delineates	 silicone	 oil	 droplets	 in	 the	 size	 range	 between	 800nm	 and	 10µm.	 Oil	
droplets	in	suspension	are	spherical	and	the	dominant	morphology	(98%)	of	the	points	in	the	violet	box	are	
cyan	corresponding	to	spherical	morphology.	Particles	below	800nm	often	produce	holograms	with	a	signal-
to-noise	ratio	that	is	too	low	for	accurate	morphology	identification	and	most	of	those	particles	are	labeled	as	
undetermined.	In	this	sample,	IgG	aggregates,	found	at	refractive	indexes	between	1.34	and	1.39,	show	three	
different	morphologies.	At	sizes	from	approximately	800nm	to	1.5µm	and	indexes	between	1.37	and	1.39,	IgG	
aggregates	 appear	 spherical,	while	most	 of	 the	 aggregates	 between	1.5µm	and	3.5µm	appear	 rod-like,	 and	
those	larger	than	3.5µm	have	other,	more	complex	shapes.	This	pattern	of	morphologies	is	often	present	 in	
THC	 measurements	 of	 protein	 aggregates,	 but	 can	 vary	 from	 sample	 to	 sample	 and	 requires	 further	
investigation.	

Figure	6:	Scatter	plot	and	probability	density	distributions	of	a	sample	of	silicone	oil	and	air	bubbles.		
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	 The	inset	of	Figure	7a	shows	examples	of	holograms	with	three	different	morphologies.	The	first,	on	
the	 left,	outlined	 in	cyan,	 is	a	hologram	of	a	silicone	oil	droplet	with	a	diameter	of	1.32µm	and	a	refractive	
index	of	1.407.	The	hologram’s	highly	symmetric	ring	pattern	is	consistent	with	its	spherical	assignment.	The	
middle	hologram,	outlined	in	yellow,	represents	an	IgG	aggregate	of	a	2.51µm	diameter	and	1.350	refractive	
index.	 The	 interference	 pattern	 in	 this	 hologram	 is	 typical	 of	 a	 rod	 and	 is	 consistent	 with	 its	 rod-like	
morphology	 assignment.	 The	 hologram	 on	 the	 right,	 outlined	 in	 orange,	 represents	 an	 IgG	 aggregate	 of	
5.04µm	diameter	and	1.343	refractive	index.	The	interference	pattern	in	this	hologram	is	complex	signifying	
an	intricate	particle	shape	and	the	morphology	assignment	is	appropriately	labeled	“other	shape.”	
	
	
	
	
	
	
	
	
	
	
	
	
	 	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

Figures	 7b	 and	 7c	 show	 size	 and	 refractive	 index	 density	 distributions	 respectively.	 The	 cyan	 curves	
represent	 distributions	 of	 spherical	 particles,	 the	 yellow	 curves	 represent	 distributions	 of	 rod-shaped	
particles,	 the	 orange	 curves	 represent	 distributions	 of	 particles	 of	 other	 shapes,	 the	 light	 gray	 curves	
represent	particles	of	undetermined	shape,	and	the	dark	gray	curves	are	all	of	the	particles	in	this	sample.		

While	 oil	 droplets	 and	 protein	 aggregates	 can	 largely	 be	 distinguished	 by	 refractive	 index,	 some	
protein	 particles	many	 appear	 near	 refractive	 index	 of	 1.41	 and	 be	 confused	 for	 oil	 droplets.	Morphology	
identification	can	help	distinguish	the	two	species.			

	
Figure	7:	(a)	Scatter	plot	of	size	vs.	refractive	index	of	particles	from	the	same	sample	as	shown	in	Figure	2.	The	coloring	of	points	is	
based	 on	 the	 morphology	 of	 the	 particles	 they	 represent:	 cyan	 for	 spherical	 particles,	 yellow	 for	 rod-like	 particles,	 orange	 for	
particles	 of	 other	 shapes,	 light	 gray	 for	 particles	 with	 an	 undetermined	 shape	 (usually	 due	 to	 signal	 being	 too	 low	 for	 accurate	
morphology	 identification).	 The	 hologram	 insets	 correspond	 to	 examples	 of	 particles	 with	 3	morphology	 types.	 (b)	 Size	 density	
distributions	with	the	same	color	scheme	as	in	(a)	and	dark	gray	curves	represent	all	data.	(c)	Refractive	index	density	distributions	
with	the	same	color	scheme	as	in	(a)	and	dark	gray	curves	represent	all	data.	
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Figure	8	below	shows	the	morphology	characterization	of	the	same	sample	shown	in	Figure	4:	a	mix	
of	oleic	acid,	silicone	oil	and	IgG	aggregates.	The	two	emulsions	in	this	sample,	silicone	oil	and	oleic	acid,	are	
expected	to	have	spherical	particles	since	droplets	in	suspension	are	spherical.	The	majority	of	points	in	those	
populations,	outlined	in	orange	and	violet,	are	cyan	corresponding	to	spherical	assignments.	As	in	Figure	7,	
the	IgG	aggregate	population	at	refractive	indexes	below	1.39	shows	a	mix	of	three	different	morphologies:	
spherical	particles,	rod-shaped	aggregates,	and	more	complex	shapes.		
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	

	
	

THC	provides	robust	and	reproducible	results	of	protein	aggregates	and	other	contaminant
	

Measurement	 reproducibility	 is	 critically	 important	 in	 the	 analysis	 of	 protein-based	 formulations.	
The	 following	 size	 density	 distribution	 (Figure	 9a)	 and	 index	 density	 distribution	 (Figure	 9b)	 show	 the	
results	 of	 16	 independent	 xSight	measurements	 of	 a	 sample	 containing	 IgG	 aggregates	 and	 silicone	 oil	 in	
water.	In	this	sample,	the	concentration	of	IgG	aggregates	is	2.9	±	0.3	x	105	particles/mL,	size	is	1.25	±	0.07	
µm	 and	 refractive	 index	 is	 1.350	 ±	 0.001.	 The	 concentration	 of	 silicone	 oil	 droplets	 is	 6.6	 ±	 1.0	 x	 105	
particles/mL,	 size	 is	 1.04	 ±	 0.04	 µm,	 and	 refractive	 index	 is	 1.41	 ±	 0.001.	 The	 curves	 show	 excellent	
reproducibility.	
	
	

Figure	8:		Scatter	plot	and	size	and	index	density	distributions	as	in	Figure	7	but	for	a	sample	of	oleic	acid,	silicone	oil	and	
IgG	aggregates.	
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Conclusion	
	

	 THC	 provides	 a	 uniquely	 informative	 and	 quantitative	 approach	 to	 identification	 and	
characterization	 of	 protein	 aggregates	 and	 other	 common	 contaminants	 in	 protein	 formulations.	 By	
measuring	 particle	 refractive	 index	 and	 morphology	 in	 addition	 to	 particle	 size,	 THC	 can	 distinguish	
numerous	 species	 of	 particles	 in	 the	 same	 sample	 even	when	 those	 species	 have	 similar	 particle	 sizes.	 In	
addition,	 xSight	 determines	 accurate,	 reproducible	 concentrations	 of	 multiple	 species	 in	 a	 single	
measurement.	In	this	note	we	have	demonstrated	the	ability	to	quantify	and	distinguish	IgG	aggregates	mixed	
with	contaminants	such	as	silicone	oil,	oleic	acid,	and	air	bubbles.	We	have	also	shown	that	xSight	produces	
reliable	and	reproducible	results.	This	approach,	using	THC,	allows	users	to	gain	a	deeper	and	more	accurate	
understanding	of	 their	 samples.	Additionally,	 Spheryx’s	 software	provides	users	with	 a	 particle-by-particle	
characterization	as	well	as	statistical	overviews	of	sample	properties.			
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Figure	 9:	 Size	 and	 refractive	 index	 density	 distributions	 of	 16	 samples	 consisting	 of	 a	mix	 of	 IgG	 aggregates	 and	 silicone	 oil	 droplets.	
Distributions	are	plotted	on	top	of	each	other	to	demonstrate	reproducibility.			
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