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The Bio Revolution

Four arenas of bio innovations

Biomolecules

Mapping and engineering

intracellular molecules

Biosystems
Mapping and engineering

cells, tissues, and organs

Biomachine interfaces
Connecting nervous

systems of living
organisms to machines

The scope and scale of the potential impact on
economies and societies appear substantial

of the world’s physical
inputs could be made
using biological means

Bio-based
materials
production

Personalized and
precision products
and services

Engineered
organisms

Higher bio-based
R&D productivity

Bio-machine
interfaces and
computing

Agriculture
Meats produced
without animals

Health
Monogenic
diseases
prevented
at birth

of the world’s
disease burden
could be addressed

..with applications

across domains

Examples of applications

&S

R &8

1

$2T-$4T

of annual direct economic potential globally in 2030-40
(significantly higher with downstream and secondary effects)

% &X : Mckinsey, The Bio Revolution, 2020.3

Energy and
materials
Synthetic silks.
produced by
microbe factories

Consumers
Personalized
diets based on
your genome

Biocomputing
Using cells and cellular
components for
computation

of private-sector
R&D spent in
biology-related
industries

...but risks and
issues to manage

Self-replicating, bio %
crossing borders

Unintended
consequences

Low barriers to %
potential misuse
Hard to forge %
consensus
Privacy and consent
concerns

Inequitable access [}
or effects

Materials, chemicals,
and energy

Estimated impact:
$0.2-0.3 trillion (8%)

Human health and

Consumer products performance

and services Estimated impact:

, $0.5-1.3 trillion (35%)
Estimated impact:

$0.2-0.9 trillion (19%)

Agriculture,
aquaculture, and food

Estimated impact:
$0.8-1.2 trillion (36%)

% &4 : McKinsey Global Institute (2020)/ REPORT TO THE PRESIDENT Biomanufacturing to Advance the
Bioeconomy(PCAST,22.12)
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» Birth of Biotech Golden Era: biology as Technology

N7 Analyze, i
%design and _
'\ program\ \L
Trial and error First human therapies .

from
engineered bacteria

New sensor New therapies

) Nt & cures
/ \@3| diag nOSt|C/ I \

Cleanfuels New materials Computing

B2

Biologic Cell
(e.q., Insulin)

* https://techcrunch.com/2019/09/17/biology—as—technology-will-reinvent-trillion—dollar-industries/
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B As long as they have been approved by the authorities they should be allowed in food products
W It is potentially dangerous and should not be allowed in food products
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Technological
Change

Pacing °

Problem

Pace of Change

Political
Change

Time

https://techliberation.com/2018/08/16/the-pacing—problem-the—collingridge—-dilemma-
technological-determinism/

1ooNrior

0x0H12

279
/’t ”’é@wm\
' \ nl=") KiEist / \

£ WkE . 7reNsR [ = H|
o 1] Z2NE ’ ='T=‘ A =
ql [ \ _ o
= > HER O ZIE | ygaw 7
AR 3‘12 " Z2oE | ME| S U
—
g S TR
C osMEy RO —TUmEs

M

X SiA0| 7|2HEIE X256
CA 7 sl HepL M sidis EXst

FEREY

R=/XF

//

S, 2020

>

12l



@ IS YA LM
National Biotech Policy Research Center

I S gZhE atHet

SCHIOIRS HiZIE = wHIZ I3 OF

Al
2 QExpE  HHS A

HIOIL2HIOIE]

il il

SIAIAM S S e Ly e o fles

HooS=S shalsh 2 A0 CHSH DSES ST Q= HOM HIMES &I =61k
TI&H0l 2AT BIIS St WStE ZHE 26t JH XS




r @ uranEanras
3ﬂlml g’“‘g mlil oh' National Biotech Policy Research Centar

[21AI1] 22121 2171 ZCHEO0IX] 2211, AlelHizol 2Exl Biglol! EXsh= IHE2E Xt

SIHUI= =20t AFE FEHOE QAR A XISt
AELH9 HHSE Soll 2212l =2l= SE 0111 S21oH0F SHok= 214 =HAt

e IheCostof

Doing Nothing

N\

OFF A= ofX| 3= Z0f| Chiet HIE




27 BB AT A
National Biotech Policy Research Centar

S0 24 ahy ot

[ I-I-“Z] =1 x-“ I El‘*l Al OI 7'%2' -5' *I 2' =E'| EEE ﬂ'g At=: SEOKBEOM KWONZE|, How does regulatory uncertainty shape the innovation process? Evidence

from the case of Nanomedicine, 2024

THIC| EEAI0] DISIH WA} IS S2O| IS =X= QIO XK
(>

Jafoh A XIZO0| AL Al S=kE I, B+LARL 7”2 MER 71ES HE AL AIF U

== A= Tt EpH0l EIES F

o

Period of the regulatory uncertainty

J
{ )

Qct 2006 July 2007 June 2011 Agpe 2013
L 8- . e
FDA taskforce established Draftguidanceverl released ol- = o
20114 6" 14Y: FDA7Z} X9t 710|E21018
FDA report onnanomedicine Finalversion of guidance
released released

Figure 1. FDA nanomedicine-related documents release timing

60 ot 2.5
1
1
1 Release of the first draft guideline on
50 : - regulatory status of nanomedicine (June
lA‘// 14,2011) 2
1
1 £
€ ao : S
@& —
g . 15 SHA - K| 2stAlMOoZ Ol
= 1 = = O— -
= =
2 H =
- 30 : =
= o= ; =
2 . z L} O|QF JHE | CHSH H| RL|A EH=0]
© 1 B 5 o B | = i — =20
S 1
o 20 H “2
1 = —
: ARSIl HIA 7[0IBHS THSAMO| ULSS A|A}
- 05 o R | e A= oo PN ==
10 1
1
1
1
O SURLRRURUSUSUURUILSUIL S U s e e Lo LR L Lt URERSULB AR AL LU L L AEL UL LA EL L] 2 o
(=3 o (=3 (=1 (=1 o o — ~— — ~— ~— — — -~ — — — — ~ o~ ~ ~ ~ o~
- - A - P b — Py - ~— ) i ~— — - po) - - - - A i - o) A =
(=1 o (=3 o o o o (=3 o o o o o o o o o o o o o o o (=3 o
o™~ o~ o~ o o ™ ™ o~ o o~ o o~ o~ o~ o o™ o™ o~ o~ o~ o™ o~ o~ o~ o~
S, S~ - S~ b 3 = Sy, 2, o <3 2 o 3 ~ S ~_ S~ ~ S S S S~ b P 3 ~ ~ )
< <t < = =+ = = = = = = = =t =t =+ = = =5 =5 < <+ = =+ =+ =
e e e = e e e e e = = = R e = e o R = = = G s =)

All PMA ® Nano PMA 15 l



B LQ
S Bt ER

@aw-a%trwawa
National Biotech Policy Research Centar

I SN g2 obuior
[HRI2] S2I0IM [HASE FRIMIAI
512 Of

‘TI1=’ RHI2] = RIGIA
JI=S Soll MAE ‘NIED MHIAE .
MBS FHO| HSIHQI HalE Usl= 2102
25t QI3{} A0 22

& ZX[EEH0M | AHE|HZ2]
0= HAYIHMO Z MHEIT|= {2, Oj|AIG}HK|

'i\ﬂ'

ERNS=2|

< {
- AIRIXOZ 9/3 £ . 7|2WHE HL}
- 7|25 OFMA Eixt - M7 |Hto] ORI BH740I5E
[ (ABH0| T AIRHOI FH|TES)
- SRR 2|45}, Q01N 25}




Regulation is too important
to leave it to the requlators.
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