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BIOBASED MATERIALS

C&EN talks with
Insung Choi,
cell protector

Chemist coats cells with silica
shells to help them survive and
thrive in diverse applications

KATHERINE BOURZAC, special to C&EN

nsung Choi,aprofessor at Korea Advanced Institute of Sci-

ence & Technology (KAIST),isachemist who hasacciden-

tally become somethingofacell biologist. Playingaround

with the chemistry ofsilica afew yearsago, he found he could
coatyeastand mammalian cellsin the material, giving them an arti-
ficial cell wall that protectsthe cells from stress. These coated cells
mimic bacterial endospores, adormantcell type that can withstand
extremeconditions. Silica-coated cellscould sitouton ashelfin-
stead ofin incubatorsor beused in durable chemical and medical
sensors. The shellsmighteven one day cloak the antigensfound on
red blood cellsand other cell lines, potentially makingit possible to
give, for example, type A-positive blood to a person who is B-nega-
tive. O n the cusp of testing the coated particlesin animals, Choi sat
down with Katherine Bourzacin hisoffice in Daejeon, South Korea,
to talk about hiscell-in-shell hybridsand why he thinks they each
resembleatiny version of the superherolron Man.

How did you come up with the idea of encapsulating cells?

| started from simple scientific curiosity.|'m interested in con-
trolling the interface between man-made synthetic materialsand
biological entities. Usingchemical approachesto control bio-na-
nointerfaces, we can manipulate livingcellslike we manipulate
molecules.

| wasworkingon bioinspired chemical strategies for mak-
ingsilicaor other biomineralsfound in nature. One exampleis

| call these structures
micrometric Iron Men: Just as
the fancy suit is empty without
Tony Stark, what's important
is the cell, not the shell.

diatoms: water-dwelling, single-celled algae. Diatomshave silica,
notorganic, cell walls. We wanted to mimic the biological pro-
cessesofsilicaformation by using synthetic counterpartsto the
biological catalysts that form the silica cell walls, to chemically
control the synthesisofbiomineralsin the laboratory under very
mild conditions. We found polymersthat catalyzed the silica
polycondensation on solid substrates, forminguniform silica
films.
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Then | thought, why not make silica
wallsfor other typesof cellsthatdo not
have them?So we tried it with yeast cellsas
alivingsubstrate. And then the encapsulat-
ed cell wasalive! While we weredoing the
research on thissimple chemical approach
to formingartificial shells, we saw we could
use the shellsto control metabolic activi-
tiesand other processesin the cell, causing
them to slow down or go dormant without
dying. | thought, wow, thisreally might be
abigdeal.

Does this approach have any precedent
in nature?

When certain types ofbacteriaexperi-
ence nutrientdeprivation or other stress,
they go dormantand produce a protective
coating. | looked at this, and, well, what we
aremakingarereally mimicsofbacterial
endospores. The spores’structureisreally
tough. They survive for yearsunder harsh
conditions. What we are doingismaking
the artificial sporelike structure chemically.
So | named these newly coated cells “artifi-
cial spores.”

What are some potential applications of
cellsin shells?

I’m interested in T-cell therapy for
cancer. When adoctor takes T cellsfrom
apatient’sbody for later reinjection, they
have to be manipulated in the lab. In that
process, the cellsdie easily. We hope to
increase their viability by encapsulating
them. It’sreally difficult because immune
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cellsarevery labile to chemical treatment.
A simpler application isablood-type-
free blood transfusion. The shell blocks
the antigen on thered blood cell, solving
the problem of blood-type mismatching.
Werecently sent samples for testingin
animals.

Inanother application, the cellsare
sensors. When | wasapostdocatMIT, |
read anewspaper article about research-
ersusing Bcellsto detectanthrax. In the
lab, Bcellscan detectone single anthrax
spore and amplify the signal using their
natural amplification pathways. Butin
thereal world, you have to take them to
the battlefield. You have to store that
cell-based sensor for some time— say, one
year— and keep it viable. Encapsulation
mightwork.

What can pass through the shell, and
what is blocked out?

Itwould depend upon what kind of ma-
terialswe are using for cell encapsulation.
Basically, we wantto control the pore sizes
of materialsfor our shells. The pore sizeis
about 5nm or smaller, so gases, nutrients,
and small moleculescan penetrate to main-
tain cell viability. Bigger entities, such as
macrophagesor bigenzymatic complexes,
cannotpenetrate.

Oneoftheproblemsisthattoincrease
the viability of the cellsinside, we have to
make really compact, strong shells. But ulti-
mately, we have to break up the shellsso we
can go on to use the cellsinside. We found
some materials, includingpolyphenols,
that we can form onto individual cells, then
break up or degrade under mild conditions.
| call these structures micrometriclron
Men: Just asthe fancy suitisempty without
Tony Stark, what'simportantisthecell, not
the shell.

You seem to follow your whimsy. How do
you stay open to new ideas?

Inspiration and ideascome notjust
from reading chemistry research papers
butbooks,even comicbooks. Chemistry is
really interdisciplinary;itneedssome help
from other disciplines.

Oneofmy faculty members saysthat
I’'m notachemist: “Whatyou'redoingis
notchemistry—you’redoingscience.” But
chemistryisacore,connected to alot of
other things.Ithasitsown identity, butit
can go hereand hereand here.m
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