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K-Kit for EM-based imaging of
Nanopharmaceuticals
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Outline

O K-Kkit for nano pharma applications
O Whatis K-kit
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K-Kit for nano pharma
applications
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EM-based imaging with K-Kkit for nano pharma applications

1. Electron microscope

Sample preparation and imaging TEM/ SEM Images
‘-‘"' B o .
& - @8see
s e ..
-~V
i ,

1004

Particle Number (%)

2. K-Kit oL

0 40 80 120 160 200
Size (nm)

Direct TEM observation in liquid
Statistic Results
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Applications

® Drug discovery and
development

® Drug Manufacture (CMC)

® Pharmacokinetic studies

® Early-phase clinical studies

Valuable Analysis
® Nanoparticles in bio-liquid
(like blood, serum or drug)

® Drug carriers (exosomes or
liposomes) imaging analyses

® AAV imaging analysis for
gene therapy

® Others




Example of EM-based imaging with K-Kit Labtech
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O Protein particles (Paclitaxel @ Albumin) in Abraxane®

o Albumin Shell
? >¥o O OH (Excipient)

P o | \ Paclitaxel
~ o AN O (Drug)
D OH OH O o}_
Abraxis O \<o o
* S FDA approved 2005 * Hydrophobic
* M.W. 854 Da

€ Abraxane in saline; size & size distribution (D10/ D50/ D90)

: ——— » Total calculated particle #: 319
O8EEE . ,cocusiom
...- wonm  * Standard deviation: 27.0 nm

£ 4 D10 55.6
57 D50 80.1
o 40
£ ] D90 122.2 o e
*Scale bar: 200 nm
0_0 80 120 200 Span: (D90 - DlO) / D50 0.831

Size (nm)
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-+ Liquid-TEM observation in Nanopharmaceuticals Labtech
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® Applicable particle concentration for K-kit: 1011~10* particles/ml

AuroVist® solution was directly loaded Oil emulsion in water was loaded and

and sealed in a K-kit in liquid form. sealed in a K-kit in liquid form.
Brand Name of Doxil ® Abraxane ® Aurimune ® R — Rexin-G ®
esovis

Pharmaceuticals | (1995 approved) | (2005 approved) (Phase Il) (Phase Il)
e AuNP ~ 45-60

Particle Size 80-100 nm ~ 130 nm DI, (UNFs cor). = ~ 100 nm
~ 30-40 nm as hydrated | (Hydradynamic diameter)

Particle 1.0x 10™ 43x10" <1.7x 10" 1x10™ 1-4 x10™

Concentrations liposome /ml albumin particles /ml gold particles /ml particles /mi cfu
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Liposomes can be clearly observed by K-Kit

O Liposomes in Doxil®

2O Acc, voltage=100.0kV
S Magnificalion=x2

Cryo-TEM (In formula) On Cu grid (Negative stain) In K-kit (Negative stain)

The original look of particle distribution in liquid can be observed by K-kit and Cryo-TEM,
whereas Cryo-TEM is very expensive and difficult to be done well.
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Doxorubicin

Liposome

Methoxypolyethylene
glycol (MPEG)

Fie name22jpg
Acc. voltage=100.0kV
Magnification=x40.0k

The enclosed drug crystals in liposomes can be well identified with K-kit.
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NOAAs of Au Nanoparticles (NPs) in Blood Labtech
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O Image-based statistic analysis of particle concentration o9 ©E
. 8 . Citrate -GNP.
(K-Kit vs. ICP-MS) o A e
F 2| S mPEG2k-GNPs
Citrate-AuNPs mPEG2k-AuNPs mPEG5k-AuNPs cPEG5k-AuNPs £ 10 Py P et e,
T glaaat [ 2 K
H:‘c{‘o’\—}o\/“sn da Vel FE ] cPEG5K-GNPs
Red blood cell o 113 n= 113 Fgu 1:...._‘_ALA_LL*%"““‘A-‘.HIM““-A-LM_A_,
- o 20 ‘E:I'PEGSK—GNPS
= D e A

10 100 1000
Distance to neighbor particle

in TEM images (nm)

Nanoparticle
White blood cell

=
5 100
o
£ 80
600 e 2 .
—o— K-ki )] 60
5004 ™= Blood plasma ICP-MS E 40 B
@
400 § 20 - -
200 e { T 0. ﬁ—
1) o
o & &
>3 K - £
<

GNPs number / pl

200- ¢ S
o & el
&
100 | & & &
oo () [ Statistic analysis of Aggregation
* Scale bar: 20nm 10 20 3 40 50 . .
time (hr) and agglomeration of Au NPs in

blood
— K-Kkit can be used to perform physicochemical characteristics of NPs in blood.
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Other K-Kit examples in Nanopharmaceuticals Labtech
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(Example) Resovist® solution, which a human used
MRI T2 contrast agent with iron oxide nanoparticles
in the solution, was directly loaded into K-kit and
sealed for TEM observation in wet condition.

Qaueous =S CaAin oil phase Polymer atinterface.
R © helps stabilized globulé

o i i ® .
m."“ ‘ . Large 4' b 1 !
< © . globule e
‘ * Erem o o
water int
& et
B S, 34
© oL sufacant " 7 9
lobhle B A P Sty ® i SR

(Example) Restasis®, cyclosporine ophthalmic emulsion eV e
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What is K-Kkit
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An innovative specimen holder for liquid analysis in TEM Labtech
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/
K—K\" -
~V [ K pbea™  Ob ti
e servation
Electro” window
Silicon body -

(=}
(=]
L

S
(=)
!

Particle Number (%)

N
(=]
L

o

0 40 80 120 160 200
Size (nm)

Quantitative analysis of nanoparticles in liquid

* Scale bar: 200 nm

Liquid
channel

— To be used for Liquid-TEM applications
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Nanoparticles of CMP slurry in K-kit and on Cu grid

Acc. volta 00.0kV
Magnification=x10.0k

File name=8.tif

Acc. voltage=100.0kV
Magnification=x10.0k

MNA-TCK

1.0pm
(Wet Mode/ gap 0.2 pm K-kit)
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Any page, or pages of this report can not be used separately.

PAGE 59



Zinc oxide Nanoparticles in sunscreen lotion Labtech
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® K-Kkit can be used for characterizing NOAAs in
cosmetics in final product forms.

4

-
2 < |
2 " 4 10-
3 |
B
2 9-
VA 0
%
10 [ Nano-objects
O Nano-objects O Aggregates/Agglomerates

0 »  100nm

T

10+ I Aggregates/Agglomerates

Particle number %

s N

e X 0 200 400 600 800 1000 1200
100 nm .
- Diameter (nm)

TEM images Size and size distribution

— To assess the safety risks of nanomaterials in cosmetic ingredients.
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K-Kkit application

O
—
—
a)
Lo
—
L
 —
=
 —-—
o
=
Q
—
L

.. Bi0 MN\A-TCK

Slurry

- SlO2 Nanoparticles in CMP Slurry

Lotion

- TiO, and ZnO Nanoparticles in Sunscreen

[—o— Summation
—A— Primary particles

20 —e— Aggregatedlagglomerated partcie El ectro ni CS

DAggregated particle

ik L T
0 20 40 60 80 100120140
Diameter (nm)

gZO Mean diameter é
=
Cosmetlcs ; womszom | g
815 i g
: i 5
in| | z
[} WL [
- fre =
g3 At 2
£ i £ ,
0 SiA ARt s 0 |
& 70510 152025 303540 & A9 100 1000
Diameter (nm) Diameter (nm)

O Primary particles FOO d
.8 @ =2 . Summation
a 10
® & & & % ynna nJimm-——
= Ew P
fimary particle
D Aggregates/agglomerates 310 J‘i‘h_“
L s &0
‘ ' &" o 20 B ggregatelagglomerate|
T
e L
— 100 200 300 460 500 600
-

Diameter (nm}

Blo IVI ed Aggregation/agglomeration  Particle concentration
600
W —&—in 50 % blood a K-kit
z . — 500{—s—8iood plasma ICP-MS
@ 15 s o e @
g A" 4 400
and a
2 o[ o % gucose 3 300 _%+—l
@
a o 200
Z 15 / A o
o o Z 100ll/
plannn® -, U] o
10 00 1000 r
Distance to inaignnur particle 0 10 20 30 40 50

time (hr)

in TEM images (nm)

: : ‘ —
' - 0om 200nm
% -— -—

Beverage

- CaCO; Nanoparticles in milk

Bio Sample

- Au nanoparticles in blood
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Contribution of electron microscopy to industrial

K_ kit in the news multimodal characterization of products and raw materials

ML. Sgarra, . Fayard, L. Petit, C. Girardon, C. Peyrot, F. Greco, A. Deliot, MC. Nicolai, F.
Ronzon, 5. Marco, H. Ponceblanc

Analytical Sciences, Sanofi Pasfeur, Marcy L'Efoile and Neuville sur Sadne, France.

—— Background Examples of applications
RC.A.CH N ™ SCIENCES Electron microscopy iz used by the pharmaceutical industry for the
7 0 L \qpad SORBONNE characterization of products and raw materials at the level of: * Protein complexes
g . UNIVERSITE research and develoament

+ product characterization
e + quality contro

RANCE-BIOIMAGING This imalies overcoming technological barriers for:
» the technical adjustment or developments of tailored tooks
SR * theuse of multimadal sparoaches
18%mes journées de formation du RCCM + the automatization of image acquisition, proceszing and analysiz
(05 - 07 juin 2019) ) * Viral particles
Observatoire Océanologique de Banyuls Tailored tools 2

(Station marine de Banyuls sur mer)

® Hydrated samples observation in TEM

Nouvelles techniques tridimensionnelles
en microscopie électronique

Main challenge: to filling in the sy ith high reti fi
=

= TEM-MEB correlation

* Raw materials

Single negatively stained grid
g - of viral partiches can be
I.Fsi @ > /‘\ milexa  _feica A abserved by bath TEM and
D JEOL e SEM Z
=ush J M P il i
[ 0RsAY PHYSICS Thermofisher wpéaen 3y
= Support to transfer TEM K
grids to SEM for correlative 2 g
microscopy Morphological imaging Chemical imaging

The poster on right side was published in June - Soware development Challenges
at RCCM Banyuls 2019 meeting in France; K-kit pem— |

has been considered as an EM-based imaging
solution on new drug development by the
pharmaceutical company SANOFI

= From subjective image interpretation to
quantitative analysis

= From manual acquisition to automatized

image recording

In some cses reguires standalone 21 CFR part 11 compliant software.

= Towards a GMP compatible approach

SANOFI Y
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K-Kit process
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Quick and easy sample preparation Labtech
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Channel tips

Remove the channel tips

Liquid loading

(WOXT 2 i 25 W

Gluing Copper grid
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The fastest speed for liquid-TEM observation La bteCh

Less than 1/5 of the time required,

=®+ o
. - as compared with the others

90min required for 10 samples
Liquid loading and gluing for 10 K-kits (70min) + vacuum

K-kit pumping (20min)

E‘g HEEEENEEN.

450min at least for 10 samples
One by one; it needs the steps including surface treatment,
assembly, leakage detection, and post-cleaning etc. for each.
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Functional features Labtech
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1. Native state in liquid 2. Quantitative analysis

® Abrasives in CMP slurry (K-kit vs. Cyro)

® (Ds particles in chloroform

W MUCASRY o ' = ; " =
wet P T " e = .
-] e _wl 2 IA
e St et Tl rie R =2 2 — 2
The liquid was preserved o o - 42 ’ - 12 'y Izgnnm - 12 H | 0¥ -39 100nm
in the chamber. - w2 N Y S5 1] ¥ 5 0l \ t
€5 5 8. » Designed chamber height 3 sl Limited to~100nm
Thin Layer T g 2 o & A
Biaw s £ Y £ 9 |
- 2 pm gap i 2 4 (] & a4
4 - L
The liquid has been dried P _ 2 / 1 s M / . l\.,.\
out by pumping. > e o e o i :
0 20 40 60 BO 100 120 140 160 180 200 220 240 260 0 20 40 60 80 100 120 140 160 180 200 220 240 260
Size (nm) Size (nm)
3. In-situ observation 4. Compatible to versatile microscopy analyses

® Dynamic observation of silicate particles ® Applicable to TEM, FIB, and STEM

t (sec) Os 101s 217 s T T - £ " B 2 ™ *
- - ; o
b I\’a geiny
290 s 380s ' o

P ™~ . See _. |
tachi-TEM @100Kev FEI-STEM @30Kev

FEI-TEM @200Kev Hi

" .-
L
®
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Available for SEM & EDX analyses

f."‘l\..ll

1 1| 
'S il

For EDX analysis, it needs to
give a tilt toward the detector

Labtech

Serving scientists

K-kit with Au particles

nnnnn

nnnnn

TEM by Hitachi HT7700 SEM/ STEM by FEI Helios 400
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Example K-Kit application (1) Labtech
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O The applications by multiple loadings of K-kit

15t loading with liquid A
(Such as liposomes/ LDL)

(2
|

The K-kit prepared in
dried mode for liquid A

(ex. Liposomes with negative staining treated)

(4
| P

24 Joading with liquid B The K-kit in dried mode
(Such like staining solution) again for liquid B
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Labtech

Example K-Kit application (2)

O Rapid and selective detection of pathogens by K-Kit

4. To observe the captured
antigens on the beads by K-kit

2. Coating with 3. Mixed with
multiple antigens

1. Nanoparticles
(Polystyrene or Au)  different antibodies

The polystyrene beads in K-kit can be clearly observed by TEM.

PAGE 23
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K-Kit specifications Labtech
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(Chip Size) T“‘%J/ l |

~1.4mm

300
~1.6mm
25 -l

K-lut -l K-Kit

~1.7mm | Chamb er gap: 200 nm

Unit: um ! [

Unless noted 400

otherwise 1 800
400 \

Shipping packages K-Kit carrier
® Window length 300 um, width 25 um
® Channel height (H): Ea— Fo

0.2 and 2.0 standard; 0.1, 0.5, 1.0 and 5.0 available 1o ¢ 1=02051.2,5 (um)
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K-Kit tool box for sample preparation Labtech
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[ e |

www.bioma-tek.com

Glass-slide pack

Gluing stand
Sample-loading stage

80 For K-kit Loading

Y %1 ]
DImti-ng Moﬂnﬁq a0
A(x) /\B(x) /= §

Accessory box ' Shipping package
K-Kit holder & needle pen
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Conclusions La btech

1. K-Kkit is a sample holder designed to facilitate convenient TEM observation
of liquid samples, allowing nano objects, aggregates, and agglomerates
(NOAAs) in liquid samples to be characterized.

2. K-kit is a silicon chip made by MEMS; it fits on a 3 mm diameter of copper
grid and, hence, is compatible with most existing TEM holders from FEI,
JEOL and Hitachi etc.

3. K-Kkit can be the fastest and easiest solution for liquid-TEM applications. It
is suitable for the nanomaterial research with multiple test conditions and
industrial applications such like IQC for CMP slurry or CMC in
Nanopharmaceuticals etc.

4. We have a full product plan of K-kit for the future; many exciting
possibilities ahead!
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