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£ Az 22 Higs2 U ¢ XEHez 289 = Us HIE—’F—(spontaneously immortalized
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2(delayed senescence)’ M|Z7MA| ekt JHEO|D, =2 THO{o| oo CHpt Eetot =2o|7t &
Ro|-I:f LEX| N EEs EBS RAAY QMY o),
FDAZ| Scientific Memo &=A{0A] ofzfe| BE E22 W HIYSF M= IPF0| AFESH ME
o
°

20133 A|AIS|0f
I MZE Ao|/UACL F

T 280 ot B2E s & U StLi= &l RYEUM H2 H7O0MM Z(fibroblast) & AHAHH
=28 8= AN =t M=EF, £ ottt= A 5Hel 2|0AM 22 2SEMZ(myoblast)E &
A =% IS AN ZE MZFOICL YAOIEREE & FRE MES 24 Hi(co-culture)

The cell lines are originally isolated from either adult chickens or mid-stage fertilized chicken eggs.

The isolated cell lines are phenotypically characterized using standard methods validated for their

intended purpose, including microscopy and immunostaining. The cell lines are established by selection

of myoblast and fibroblast cells with demonstrated differentiation capacity that are then adapted to

suspension culture. Immortalization is achieved either through selection in culture or through

introduction of a cisgene expressing chicken telomerase reverse transcriptase (TERT).

(FDA's Scientific Memo, page 1)

The cells used to establish the cell banks are isolated either from adult chickens destined for human

consumption (a_myoblast cell line derived from muscle tissue) or from mid-stage fertilized chicken

eggs (a fibroblast-like cell line derived from skin tissue).

(FDA's Scientific Memo, page 5)

The cell lines described in CCC 000002 exhibit cell immortalization due either to spontaneous

immortalization through selection in culture or due to induced immortalization through the

introduction of a constitutively expressed TERT protein.

(FDA's Scientific Memo, page 6)

HiF] ¢ S FDAL| X AELb AAY A/ Page 3 / 17



SRIC

Ct
o

\J
\J

hu

0z

|2+ SFA (Singapore Food Agency
e ALt @A™ 1). & MR
AN =283 A

g™ S A 7l2tel &

H

=

A
oz

Rl

% x
Bl o2t

1>y

Im 1o
Pl
oo

SO o
mO

>

»Q
Rl
Ho
rlo
H

N re

—
e

[

—

OF

M

g© =
|0

C

>

<

0=
S

P

=

I
I
nuE
L]
O

[m

Ol

H o2

, T

(Finless Foods)

=

=

M 1A Pt ot pg

(@]
R

L
> o

el gM= F=2 MUY 2B MEFE

g}
]

= AL

=3 Jjggolats &
=
— —

7
ot= 40 Hloi 29

™NoTr

o

ki

(intrinsically
L HOo|EO

[ w————

In 2w owE $O OF rh

How do we make
GOOD Meat?

GOOD Meat is real, high-quality meat made from cells instead of sla
ughtered animals. Our process all happens in a safe and controlled
environment similar to a brewery.

1. First, we painlessly extract cells from an animal and then

select the best ones most likely to produce high-
quality meat.

Next, we “immortalize” the cells, allowing them to endless
ly replicate and grow.

Then, we feed the cells just as you would a live animal —
providing them nutrients like amino acids, carbohydrates
and vitamins.

When we have enough product, we harvest it and prepar
e it for your plate.

The result: clean, safe and real meat. Because there’s no slaughter, th
ere’s no risk of fecal contamination or pathogens like E. coli. There’s n
o confinement, antibiotics, growth hormones or GMOs.

It's simply GOOD Meat.

See the process

(Believer Meats, 7+ Future Meat Technologies),
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We also considered the information provided by UPSIDE with respect to the observed behavior of the

cell lines in culture, the genetic capacity of animal cells to produce toxins or other potentially harmful

substances, and the viability of the cells following harvest.
(FDA's Scientific Memo, page 16)

The information reported was consistent with chicken-derived cells that displayed enhanced replicative

capacity under in vitro conditions and could be induced to exhibit characteristics of myocytes under
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appropriate stimulus. However, once removed from the protected and controlled environment of the

bioreactor the cells would quickly die, removing any replicative capacity. Subsequent food processing

(such as cooking) would further break down cellular structures and contents. Digestion after consuming

food made from this cell material would also break down any residual cellular structure. No information

presented by the firm or otherwise available to us indicated any mechanism by which this cellular

material, once rendered non-living, heated, consumed, and digested, would retain any replicative

capacity or the ability to induce replicative capacity in living cells exposed to this material.
(FDA's Scientific Memo, page 17)

Finally, while ectopic expression of egg protein allergens was a theoretical possibility given that each

cell contained the complete chicken genome including genetic code for the relevant egg proteins,
there was neither evidence of such expression nor a basis for anticipating it based on the selective
pressures and engineered protein used. In summary, we did not identify any properties of the cells as
described that would render them different from other animal cells with respect to safety for food use.

In summary, we did not identify any properties of the cells as described that would render them

different from other animal cells with respect to safety for food use.
(FDA's Scientific Memo, page 17)
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The harvested material, following washing, is described as a coherent tissue of chicken (Gallus gallus)
cells, similar in composition and nutritional characteristics to conventional poultry products. Microbial

and toxic heavy metal specifications are provided. Species identity and cell identity were verified in the

final product using an enzyme-linked immunosorbent assay (ELISA).

(FDA's Scientific Memo, page 1)

UPSIDE confirms the species identity of the cell lines in the MCB by PCR analysis of mitochondrial

DNA for cytochrome c oxidase | (CO). UPSIDE also measures parameters related to cell growth to

confirm stability of the immortalized phenotype.

(FDA's Scientific Memo, page 8)
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UPSIDE describes characterization of the harvested cell material through compositional analysis,
verification of species identity, and markers for muscle cell differentiation. Species verification relies on

a commercially available validated ELISA test for chicken proteins in cooked meat. Presence of muscle

cell characteristics in the food are assessed by a positive test for the expression of the tropomyosin

protein, which is a major characteristic structural protein of muscle cells.
(FDA's Scientific Memo, page 15)
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The cells are cultured by first increasing total cell numbers in a suspension culture proliferation phase,

followed by a subsequent adherent differentiation phase in which the cells are induced to assume

characteristics of muscle cells supported by both specific medium factors as well as surface contact.

The cells are harvested in the form of sheets of cells washed from the surface of the culture vessel

into a collection basin, followed by subsequent washing and moisture adjustment in a temperature-
controlled environment.

(FDA's Scientific Memo, page 1)

Cell Cell Line Cell Proliferation Differentiation Identity &
Isolation Generation Banking (Suspension) (Adhesion) Composition
| > l >

Cell Banking Meat Production
% 2. HAO|EZxCo| HIYS N BAT
Fi HE2 Mz =5 227|0 &0[stCs FHO| A FA HY2 SF fAEE =€ & Ubte FHO
UL [4]. HAOIEREE MZ 34 IS F7 HHE, 2] 2= g 74 dH=2 Tdsty 2 189
BES SHSfRICh £/ 245 HYS SAO 7SOt ot= MEFE 7HA 2D A7|0f 7St HEOICE &2
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OFCHH, 2 lHE ot OfEA AF8Ste Al & AN

HAOIEZEE MEE 225t MZFE U510, MEFE OfAHAWI (M Z2d)0 22
St HEHE YO0 A 2K (antibiotics and antimycotics)E AHEPICH HHH OpAE/ABIOAM M=
£ HUo ez A A E3AF|s R 0= SEHE TS AMESHA| R=Ck OfAHA
W0 22 SO M= UK H20| YT HOrUC e, CHE HiY DEOAM == B LHX| =™
Hi 3[ME M0 =57 20 1@ &2 s==2 °|“E|71| =ICE olof H5tof HiYs =T NEF
2 US7| ® F=M(washing) IHES AHX|7| W20 SEH TR 00 7HZA EICH FDAR %F
Hi s AEo| &AM =X|7t Of® RS A2 21, URIS %78' t2tn QFSHK| S4QULCE

..UPSIDE states that the components mentioned above are largely removed from the cell material by
washing prior to conventional food processing, that residual levels in the product do not present
concerns given available toxicological information and existing use in the food supply, and that they

have no technical or functional effect in the finished food. UPSIDE also states that no antibiotics or

antifungal agents are used during proliferation or differentiation phases of cell culture.

HiF] ¢ S FDAL| X AELb AAY A/ Page 9 / 17
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(FDA's Scientific Memo, page 13)
2.6. FBSQ! 7}, FBS-freeQ!7|?
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In particular, UPSIDE discusses the firm's intended use of recombinant proteins used to support

proliferation or differentiation in culture. UPSIDE states that the firm uses such proteins in production

to replace biological sources that would ordinarily be available to animal cells in vivo, that the gene

sequences are derived from agricultural species, and that these proteins are among those commonly

present in animals that are consumed by humans.
(FDA's Scientific Memo, page 13)
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UPSIDE notes that their assessment of the available scientific literature indicates that growth factors

are generally recognized as having low stability, and do not exhibit bioactivity via the oral route. ...(&

2h)... As previously noted, with respect to the specific harvested cell material described in CCC000002,
UPSIDE states that, based on the firm's testing using appropriate assays in raw and cooked samples

of both store-bought chicken and UPSIDE's harvested material, these factors are thermolabile and are

typically not detected at any level following cooking.
(FDA's Scientific Memo, page 14)
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= 22 T AME8 Es AEHIIEERE S{UtR[X| Y2 A0l ASHt? BeF olz{st EHO| HOf
UCHH Z[ADH UHFRIIEE NojUl= AR F2E? Ol 7L 58& = THREIY URIS
FY%ts A2z FELL OtHH =4 AAE SioF &l =4 HAE otCtH O S=0|AM O
oz Aysior Lt

LA EELEQ| HiYSE Mt 3HZ HALEH SS0AM ZAZ, ZAM MZEE = HEL
£ 0Pgat OrAEMAHEINN MEZE HUY T4 2 2347 R 1ES 226 44 =
UL FELR IHE0l= & Fall SE(FBS), =X Fai SE(EEY), M7t AAZECH U 0
o= =HX| Fei 220 2MA7F o old AFEE|X| =Lt CiA F3HM|(emulsifiers and surfactants),
gtitetE H(antioxidants), ~Ed Fof S0 A =N H(washing buffers)O] AR EICE HYX| S
22 MRt SR OE IPEOIM AR LD, HiX|Ol= FBS L= HECIXE FIH5H0 AL SiCt

The cells used to establish the cell banks are isolated either from adult chickens destined for human
consumption (a myoblast cell line derived from muscle tissue) or from mid-stage fertilized chicken
eggs (a fibroblast-like cell line derived from skin tissue). ...(52f)... Reagents used at this stage (cell

isolation) may include materials of bovine or porcine origin (serum and trypsin, respectively), in addition

to cell culture media, media components, and antibiotics and antimycotics.

(FDA's Scientific Memo, page 5)

UPSIDE describes the firm's proprietary cell culture medium as containing substances commonly found

in food including amino acids, fatty acids, sugars, nucleotides, trace elements, and vitamins, and states
that these substances are metabolized and used for the fundamental nutritional requirements of the
cells. Additional substances identified by UPSIDE during the production phase of cell culture include
emulsifiers and surfactants, antioxidants, bovine serum albumin, growth factors, and wash buffers.
(FDA's Scientific Memo, page 13)

Sote 3F0| AM8ElEs 2R IRE0| 2 ME ME 3-oE AM8Ees AR, XT
=M SHAOIAM M LZECE D J|E BY e CHE AEQ ZRE 2 [ 0| EEO0| TR
2te 549 90| giCt THCHSHRACEH FDAE O[0f CHsi 0|27t QiCh= YUFO|CH MHEQIXE X Q|
Stie THRY ZFYS Q70K U/UACH 2] F 54 HALE SIX| UL, TFZ FFH2 JEAX
CHol A TH AR n, Al CHE RO EHE AE AXQ Ao=2 ARSI D, OFX|2Ho| Al Y2
FIFSHECE M0 AFEE U2 GRAS Q152 B2 AME AXE THE PBS (phosphate buffered

UPSIDE notes that most of these substances are widely used in traditional food production

technologies such as microbial fermentation and algal cell culture. UPSIDE states that the components

mentioned above are largely removed from the cell material by washing prior to conventional food
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processing, that residual levels in the product do not present concerns given available toxicological

information and existing use in the food supply, and that they have no technical or functional effect

in the finished food. UPSIDE also states that no antibiotics or antifungal agents are used during
proliferation or differentiation phases of cell culture.
(FDA's Scientific Memo, page 13)

g AP0 AF LD 2etRos AMEEX| He =22 Al mali EAD FEH T ™A
C =X Ref EEM2 SdHets 22l 4= 2FA(E =0 Ho[HA)0] EXE 740l
AL, WIS QAYS FAY0 HHSIME AAZ HMASO O 7 34 508 = A7(0f
O[S M EOF oirt, YAIO|EREE= O|0f CHo{ HASHO] DjHZE E|Utt= ZIHE MAISHRALE. FBS2
B 7Y 287t Sl 200A =HEDSI0] ALESIRALE. oA gt Hiet 20|, &M= =etE
&30 AHESHA| R

Bovine sera are verified to be sourced from bovine spongiform encephalopathy (BSE)-free/risk-

negligible herds. Animal derived raw materials are tested for species-specific adventitious agents. If

trypsin is sourced from porcine origin, UPSIDE tests for porcine viruses that could survive in human

cells. Antibiotics and antimycotics are used to support establishment of sterile culture conditions for
subsequent steps in development of the cell bank.

(FDA's Scientific Memo, page 5)

2.8. GMQI7}, non-GMQI7}?

S ZE(GM) 7[&2 S =2 S0 UCH HIYS LA LROIM FHXA REZ2 A
& FAEE gojEe|7| 20| mStn o2 FHCL ZEFH Of7|StAtH, YA EZEE |AXL
2 7|2 M85t UL = GM B 0|t

Hets| WotAIH YAO|EZEZO|M AESH= M=ZF 2T T 130 X ==E Zo|ct
AN 2H3 MEF= HdFOME, GM MEFE ZSZNZO|CH 2SEAMZ| XHAN 2L
=27tsst¥7] WRoZ MR 2SEMEFE TEREHE SEXE =8t GM M ZFolH|, 2
=l AHO| cisgene (trasngenel| HICHENHO|Zt= ERO| M0l O|lgs= e Ho 2|0 E=Xist=
TERT TRl MEE AMEICH g EX %2 A H| m i

= |
2 8 &5, M= 9 MO|E &3 2Xt S 20| 525t

The cell lines are established by selection of myoblast and fibroblast cells with demonstrated

differentiation capacity that are then adapted to suspension culture. Immortalization is achieved either
through selection in culture or through introduction of a cisgene expressing chicken telomerase reverse
transcriptase (7£RT).

(FDA's Scientific Memo, page 1)
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UPSIDE discusses the TERT cisgene expressed in one of the cell lines that is the subject of CCC 000002.
The protein expressed by this gene is a component of the telomere enzymatic complex, which is

responsible for the maintenance and lengthening of telomeres. The gene is already present in the

chicken genome and is expressed in some chicken cells, including muscle cells. UPSIDE uses

constitutive expression of this protein to enable immortalization of the firm’s cell lines in culture.
UPSIDE states that TERT protein activity is subject to the constraints of normal cellular control

mechanisms, and that cells expressing the introduced TERT protein exhibit similar growth requirements,

cell-cycle checkpoints, and karyotypic stability to comparator cells.

(FDA's Scientific Memo, page 7)

YAOIERES M2 AE HE]| YIS F ME7F SAIOf EXHoHOFZE M =7t 7+SStLY. EEf
2hN M EM= GM MZF2| EX7F E4=7tE0tH, MetA GM B ¥SO|Ct Oj=0A GM
o #7|= O/= -“‘E.:.'H(USDA 7t HEYotER, =2 A SAIECHE 0j=0AM ALEEE GM Ufﬂ
=

2l Bioengineered Ot37t 22 X2 RESE A= HZAECH (O™ 4).

1% 4. 0|3 Bioengineered '
Oj= USDA:= DO[=0f|A THOE= REXZZE AIZ0| 0|t 22 B7|E 2| F25tALE.

[
e

SV YIS SASCLE BN 42 & HME HE
gS L)

o
=
SEoHA HEELl= LHEO|E. THef 25 F[& £HE

rl
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BI|6HoF &7ty D-CHH X AT =EIYS|0| oY) H7/ts5d2 212 HES B7|ot=X] 44
X

sf 2X} OfL|, o0 25 H|g2| st 50| 7tsst7h?

LA EEE= HIYS %T AE0| HD7|QIX| &Qlsty| f{sf Hn7| S0l CHEHEZS
2olst= HHZ, 2§ 23S =2lt7| A= tropomyosin FHEZ HESHE W2 ALERUCE
= Sn7|o| HlgolLt 252 Heg2 & = U= YOl ot = FE

7tA 2 HH HH
of ot 9 =Z40I2t

28U, dOfLE ZHL|

Q met Ho
g0 > O

UPSIDE describes characterization of the harvested cell material through compositional analysis,

verification of species identity, and markers for muscle cell differentiation. Species verification relies on

a commercially available validated ELISA test for chicken proteins in cooked meat. Presence of muscle

cell characteristics in the food are assessed by a positive test for the expression of the tropomyosin

protein, which is a major characteristic structural protein of muscle cells.
(FDA's Scientific Memo, page 15)

CtRF MZFE =2l £ OIAHAWI0 225t7| Ho| QCE {8l cor REAel MES
golot=H Ol o = dFds 71T 2" YH-OIL) PCRE O|ES YEH2 FDAOA O 7Sl &
2ols 2ol M =Eel AQH, 2 dHs dHEH JY0| HEYHez Jtsdof =t 71 &
7| HiFsS M=oh7| feh MZ0 BHE Fo M=Z7F A0 UL cor XS] ME0| HEtA|
0 O|F O|&d%tH &O| ot S=0| LotLt Mol A=X| =2 7HSSICE SHXZE QA 29| ==
2 HE FDAOAM f7ct A2 F £40| ot A2z EelCt.

UPSIDE confirms the species identity of the cell lines in the MCB by PCR analysis of mitochondrial

DNA for cytochrome c oxidase. UPSIDE also measures parameters related to cell growth to confirm

stability of the immortalized phenotype. (page 8)

2.10. 7|E 17|} Y SE0| SLoloF SiLt, Fete E|Lb?

Gt SHHONM, H{YS0| 7|E HFo| Aot MR 7} Z[0{0F St=X|0f CHoi d2of £
A OIE S0, Htsd HiYS2 7IE HItsdl et @Y 92 7K AO{OF e? ofL
H7IE AED HE Y d2 ZERMYES Exotdl A0k &= 27 &K= 7|1E BHIEESE
dZ5i0 H7tsd HYSS 7YY HU, I 20| FARHOF A & 0[F0| ALk Y d=2
XHOIZF AT, E5] RS JZ20[ Of0| ALE MiSIEtEH O] S AH|XLO|A F=HohA| 22{0F oot
= f
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Ct= o|HdS O [8], FDA= O|F ZOt=RACH

As a point of reference, UPSIDE also presented nutrition data from a U.S. Department of Agriculture
(USDA) database on skinless light meat chicken and on an aggregate of data on light and dark muscle

products from chicken, including those with and without skin. Protein and amino acid results were

found to be similar; UPSIDE attributes this to the expression of genetically defined muscle proteins as

a dominant feature of the cell material in each case. UPSIDE reports higher levels of some components

(including iron, potassium, phosphorus, folate, and cholesterol), relative to values reported in USDA

data. UPSIDE notes that some form of folate is an essential nutrient for cells in culture to support key
aspects of primary metabolism including nucleotide synthesis, amino acid synthesis, and methylation.
UPSIDE states that nutrient composition for the food is within expected and safe ranges.

(FDA's Scientific Memo, page 16)

2 1. YAMO[EEE H{FFO| AL YE(EM: [2]0|M xto] L= AT TSI M7tE)

Components Media with FBS FBS-free media Control
(mg/ 100 g cul- ground
tured meat) Lot #1 Lot #2 Lot #3 Lot #1 Lot #2 Lot #3 chicken
Cholesterol2 185.3 321.5 289.9 360.8 359.6 429.9 548 + 12.8
Iron 0.515 0.774 0.397 4.4 6.12 5.4 0.552
Potassium 60.4 80.6 459 966 1130 1010 288
Phophorus 159 196 141 593 702 616 168
Folic acidP 36 + 14 n/a

3 For the control for cholesterol, mean + standard deviation is presented.

b Folic acid was measured separately for the Q&A section without specifying the value for

the control.

3. 2

OFZ] USDAZQ| 3{7t7} EotU7l StX|Tt AlF QHHof| 25t FDAS| GO- 5|gnal OHA Dli‘
ANZEOM BiZSS B &0l 43 JHHYACt SHX|TH OtE! HY SO 377t & ¢ IC%
Xl Z2 OfL|Ch HIYSE Ot HIMM, OjX3| 7t4 QIstE i 2+&l= 7| U™ QAL
DICt &, Ot XEXNQl 7|2 ARSI Aol Aoz JfMjof st 20| Bo] EQlIct O
FDA 317l 2M& 7|20 Chst B7tECHs 235|2 AM7|=0| CHe AE {EA sioF Sh=X[of CHal
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1. XAX SHa MEZQIZL RO HiQF MZQI7}?

2. MM EE3 MEF= LMZEQIZL OFHZE?

3. NGS@QI7t, PCROIZ}?

4. 27 HIZQITE 2&F HiFQITF?

5. A 17t T E R QI

6. FBSQ! 7}, FBS-free @l 7}?

7. HREQVL Y HARITE

8. GM2! 7}, non-GMQI7f?

9. Y 2MQI7L FF 2MQITp

10. 7|1& 7|2t Y d&20| sYsiof stLt, et E|Lf?

FDAE XAAE 283t MEFOl AMES d7tsf FUCL XAX MZEF7H 74 g3 Al
OFM3ICHE AX QIM3IQICE =S NGSECHE PCRUF 2 ZiChst o2 HiYSS ABSIEZE
SEfict o 3F0| REdA SE0| OtHoE %FT MEOM UH FHFS HQISHA| AUCH
SE2 0/8%t 5 ZdAls AIASHK| $UCl TR HAs MUK CHSHATH A= F
SHACE GM MZEZFO| AM2S o{7tsIGX|D, o2 O|= USDAOAM GM E7Z|E 20 ZASEZ
ZHY 7tsdol ALt 2|2 Hg2 MR EMSIEE QK| P10 Eel/0jxg O£t
AAMSILE 7|E H1O7|et Y d2 oTO| L8 HEoLL, SHHQ AZo HE L{o| UCHH
ZH X RUACH 2|0 FF Y A HIYS =gt A2 M EE|RACH

FDAS| ol aE O/ AY ZIY AZIE F1 FEHLS =2 JE 479 HIYS
BIME0| HINOoE WSSHEE DHERICE 2020 HIYS AMESIZIE MIIE20 £ E © MA-Q
S A0 O=22 FAZY|0|, BHof oot Zo|2tH O mAel AEz & £ QACH
Om =0 SZHO[Z|7tX| o O/ FDA &{7t0f CHeiA, Oj2io| 21F= dHTH Of ThEgEmnO| AT
HE5HA o ot HEE WME@@K)E FLStA €7k Hi¥s A= MZ0] E
712|2tF0lLt MAM HRE AHNSS FaloioF otrt
4. Fngs
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