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CELL NANOBLENDERS

ra —r

((imAGINE AN DBJECT THAT WOULD BE: )

- MICROSCOPIC: CARRIED TO THE
TUMOR BY THE. BLOODFLOW

P

- SNEAKY: INVISIBLE
TOTHE IMMUNE SYSTEM

T0 TREAT CANCERS WHILE WEAKENING
PATIENTS AS LITVLE AS POSSIBLE,
WE ARE LOOKING FOR WAYS T0 ATTACK

SICK CELLS FROM UP CLOSE.

4

I' AND CONTROLLABLE : ONCE iNSIDE A SicK CELL, 1T (AN BE

ORDERED TO KILL IT :

SICK CELL

WiTH PROJECT MAVERICK, QUR ATIACK STRATEGY
iS T0 SHRED THE MEMBRANES iN THE CELL:

THE (EL WALL ITSELF
WHICH SEPARATES THE (ELL

| RIP iT OPEN A BiTu

AND AS A REMOTE (ONTROL, WE WANT T0 USE
A ROTATING MAGNETIC FIELD NM-INVASNE
NOR HARMFUL TO HEALTHY (EUS,

S0, HERE, WE |

]

OUR MYSTERY OBJECT .

v ELONGATED NANO-DBJECTS, SPINNING IN THE MAGNETIC FiELD
I.iKE TINY BLENDERS lNSIDETI'E CELWL:

10 SHRED MEMBRANES EFFICIENTLY WiTH A ROTATING OBJECT WiTHOUT
NEEDING A STRONG FIELD, WE (AN ACT ON TWO PARAMETERS:

« THE MORE ELONGATED THE
OBJECT, THE MORE EVERAGE T
WAS T0 PUSH ON THE MEMBRANE :

+ THE MORE MAGNETIC THE 0BJECT,
THE STRONGER THE PUSH

A FEW MAGNETIC
NANOPARTICLES

1 FEEL
A BIT WEAK,

)

A LOT OF MAGNETIC

NANOPARTICLES /‘

STEP 1; (HEMICAL SYNTHESIS

STEPZ: DEFORMATION UNDER MAGNETIC FIELD

T0 mAKE
SUCH 0BJECTS,
WE L. PROCEED
IN THREE. STEPS.

WE (REATE SOFT AND HOULOW MICROSPHERES,
OR "VESICLES”

+ LOADED WiTH
MAGNETIC

A FLEXBLE MEMBRANE i

w AND MADE OF MOLECUES WITH DESIRED
PROPERTIES, USING A (USTOM RECIPE.

A NicE
ELONGATED POTATO,

UV LIGHT TRIGGERS A CHEMICAL REACTION
iNSIDE THE MEMBRANE : iT BECOMES STIFE AND
Will KEEP iTS SHAPE OUTSIDE THE FIELD.

THE NANOPARTICLES ALIGN WITH THE DIRECTION
OF THE FIELD, PULLING THE SOFT MEMBRANE
ALONG WITH THEM..,

{/  AND KERE iS
A

NANOBLENDER |



FINDING A'CUSTOM Recipe”
0 MAKE VESICLES THAT yJoULD
SUIT OUR NEEDS iS A BIG PART

OF MY PHD WoRk.!

FIRST, NOT ALL. MOLECILES (AN FORM
THAT KIND OF STRUCTURE.

YOU NEED “POLYMER" MOLECULES: LONG CHAINS
OF SMALLER MOLECULAR UNITS, LINKED TOGETHER
LIKE A PEARL NECKLACE :

"mm" THE SMALL UNIT

& 4T

REACTION

+ ENE%‘!; CA“LYST' ETC. s

o

"POLYMER" :

THE MOLECULAR EQUIVALENT OF A NCDDLE

AND EVEN SPECIFIC POLYMERS, MADE OF PARTS WiTH
DIFFERENT  CHEMICAL AFFiNITIES, TiED TOGETHER -

RN
HYDROPHILIC PART

HYDROPHOBIC PART

LET'S
NOT 60 FOR
A swim!

ABSOLUTELY NoT!
"BLOCK (OPOLYMER,
IT'S MORE ACCURATE.

AND WE'D (ALL THAT -
" FRANKENSTEIN'S POLYMERS "

l

IN WATER, THESE MOLECULES SPONTANEOUSLY

ASSEMBLE. {NTO STRUCTURES THAT GROUP

DEPENDING ON THE NATURE AND PROPORTION OF THE BLOCKS
iN THE CHAIN, COPOLYMERS FiND DIFFERENT SOLUTIONS :

THE HYDROPHOBIC BLOCKS TOGETHER . c~———— =
\ _—J L
) PROPORTION WE (AN GET:
ME UMD DEMIY, st were Tied | | oF Vian A
LIKE OiL iN WATER.. TOGETHER! FILLED SPHERES,

GEOMETRICAL. SOLUTION:
CHAINS PLACED iN A DOUBLE LAYER

W@Ww

NiCELY

PROTECTED!

/ < OR "MiCELES"

L

{ CYLINDRICAL MICELLES)

HOLLOW ~ SPHERES,
~ THE VESICLES

WE WANT THAT!

WHY SPECIFICALLY VESICLES, AND NOT MICELLES ?

WELL, iT'S EASIER TO SRUISH A SOFT, THIN
MEMBRANE THAN A PACKED SPHERE..

AND A HOLLOW OBJECT COULD CARRY ALL SORTS
OF USEFUL THINGS FOR FUTURE PURPOSES

iN PARTICULAR, THERAPEUTIC MOLECULES !
(BUT THAT'D BE FOR LATER)

&

HESE POLYMER. VESICLES ARE CAUED LH;JLWS

1

AN

THE MiD 1990's FOR A VARIETY

D HAVE BEEN DEVELOPPED SINCE

OF USES IN NANOMEDICINE.

I'm AN
ARTIFICIAL

THEIR BI6 ADVANTAGE iS THAT BY (HOOSING [V AND 1/l CARERULLY,

I (AN HeAT

LOCALLY, TO KiLL
CANCER CEUS!
Cew

WE (AN GIVE THEM CUSTOM PROPERTIES, FOR EACH USE.

HERE, WE NEED:

[ s &

ONSTRAINT 2 D

[ ———————
CONSTRAINT 4 DiFFicULTY o

W

() INVISIBLE T0 THe IMMUNE  SysTem

ey e e

CONSTRAINT 3

A SOFT ELASTOMER

THAT REACTS UNDER UN LIGHT To FORM
A STIFF NETWORK OF TIGHT LINKS

THE MAGNETIC NANOPARTICLES
MUST FIT INSIDE THE MEMBRANE

piFFicuy ¥ o

AND OF (OURSE,
T MUST BE moawmm!
UJH"WI FUK'IHER ADO,
HERE. 1S A RECIPE ] (REATED
DURING MY PHD:

ON THE OUTSIDE,

WE HAVE PEG:

A POLYMERSOME VETERAN,
IT's BEEN EVERYWHERE,
DONE EVERYTHING

INSIDE THE MEMBRANE,
A NEWCDOMER:

A BRUSH COPOLYMER,

WiTH SiDE BRANCHES

THAT wilL REACT iN

UV LIGHT AND MAKE

A TIGHT NETwoRK !

¢




INTERLUDE -
A BIT OF
CHEMICAL
COOKING

BINDING SITE: GROUP OF ATOMS
EAGER TO FORM (HEMICAL BONDS.
WE'LL ATTACH A SIDE CHAIN HERE, |ATER

SITE PROTECTION:
we DON'T WANT iT T0 REACT
WITH WHATEVER (omeS (LOSE! J

Iy

&~ TS SITE WilL BIND
T0 THE MAIN CHAIN

SPECIFIC CHEMICAL BONDS
( c=C DOUBLE BONDS)
WE'LL MAKE THEM REACTIVE
0 UV LIGHT, LATER..

S

ASSEMBLING THE MAIN CHAIN \

ﬁl' DEPROTECTING THE BINDING sh'es...x

(JUST THE BACKEONE, NO BRANCHES YET)

iN THE MEMBRANE. OF OUR FUTURE POLYMERSOME .

AR,
.

6 NANOMETERS
SMALL, 0 FiT INSIDE

e it

S e Sy S T

WiTH A mo&onfosic SURFACE
TREATMENT, 10 LIKE 1T THere!

Pode s

fr T R ey ey

g S RN e e B AT

IN_ PARALLEL T0 AU THAT, 3
We HAVE TO SYNTHESIZE THE MAGNETIC 2 ¢ 2
NANOPARTICLES, AND MAKE THEM DISPERSIBLE 5 -

AND LASTLY, 6: MODIFYING THE C=C DOUBLE BONDS
SO THEY'LL REACT TO UN LIGHT iN THE FINAL STEP

FINALLY THE SELF-ASSEMBLY OF THESE DIFFERENT PARTS
HAPPENS ALL TOGETHER, BY "NANOPRECIPITATION"

(OPOLYMER,
PEACEFULLY SWiMMiNG
IN A SOLVENT THAT 8OTH
OF IS BLOCKS LiKE,
“THE"

« WHILE THE THF
EVAPDRATES...

WHAT HORROR
IS THiS?1?

(uGE 200MS: NONE OF THAT iS VisiBe! )

PROGRESSIVELY FORCING

THE MOLECULES TO
SELF - ASSEMBLE :




AND NOw, AFTER ALL THIS HARD WORK,
iT’S TIME FOR A LITILE UV SESSION..

( WeLL, RiGHT HERE, iN THIS SmALL TUBE !

POLYMERSOMES

+ INITIATOR
@ SENSITIVE T0 UV
LiGHT, To START THe
- : CHEMIAL REACTION

MAGNETIC CHAMBER. CUSTOM-MADE AT THE LA (3D-PRINTED)

WE BUILT THIS CHAMBER T BE ABIE TO
GENERATE A UNIFORM MAGNETIC FIELD,

UNDER A MAGNETIC FIELD, THE NANOPARTICLES BEHAVE
UKE TINY MAGNETS, ALIGNED WiTH THE FIELD:

—
lkﬂ’ULsioN
(\ =
ATTRACTION .

IN A UNiIFORM FIELD, THE MAGNETIC FORCES
BETWEEN PARTICLES ARE DOMiNANT.

-

S

BUT iF THE FIELD INTENSITY iS NOT UNiFORM,
THE PARTICLES Will INSTEAD MOVE TO WHERE

THE FiEw IS srma.svr_/
N
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SAME FIELD INTENSITY EVERYWHERE

THEY ALIGN INTD PARAUEL CHAINS,

NOT AT ALL WHAT We WANT!

NOT VERY STRETCHED +MOVING = |

FOR MAGNETS T0 6ENERATE A UNIFORM FIELD, THEY MUST
BE ARRANGED IN A SPECIFIC WAY.

A SINGLE MAGNET:

(WEAK THERE)

HALBACH ARRAY
ARRANGEMENT :

UNIFORM FiEWD AT
THE (ENTER!

HERE, THE SAMPLE

iS PLACED AT THE
(ENTER OF MAGNETS iN
SUCH A CONFIGURATION

AND AN OPTICAL FiBeR
BRINGS THE UV LIGHT

AFTER CHECKING CAREFULLY THAT WE DID ‘

ﬂ'mww T PASS THE BALL TO OUR

C(REATE ELONGATED OBJECTS...

TWO SERIES OF UV-EXPOSED POLYMERSOMES ARE (OMPARED :

WE'RE
THE (ONTROL
GRouP !

. UV EXPOSURE: YES V
. UNDER MAGNETIC FiEw: NO

« UV exposuee: Yes V'
+ UNDER MAGNETIC FIELD: YES

BIOLOGIST  COUEAGUES, WHO WilL TEST
THE POLYMERSOMES ON REAL TUmoRS!




