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AIEEd aSts : TN STHA TR? TR GAT AN a o S € (& HPTTRT non-living T2 & TAGTH, STHA T H
FTSputnik moment” | T HTTEHIAT F5 [9H & —NT slogans & SHASTE T afe=aw | afe@afea@T of
Minnesota HIEH T microscopic fatty §& ¥ Y < T le —39Id¥eE dlgreasy bubble STTEE ®FTTRTmMembranes
TR —STTEH ATTAWH instructions HTset & 3T FATSE MILAT g% & fuse BT TE ®T Tadla, 37
instructions HIITATATIT HT THdTR, T TohdTa AT daughter aﬁ‘ F split ETEHdTE, & rounds T | THh
AT H instructions § SHRTATAH AT SAR ATTRH DA ls HF i 39 1@ a0 48 dulid TTLATRIT HTd

&l

T% UH aHAA & TATdl &, U @ AT SHARE ST 7 STH a9 & bottom-up cell-like TR [@THTAIT
FRTTRFTRT & basic T AITH &GI8 G0 TAHN T8 IHTTHT TG § T I E IR i—A@aT
F I Iga ™ — self-sufficient organism &, T HITHR LT Darwinian 9 T | 9 GH&YIT “STHT scratch &
TAHNET T8 1R | T8 &: TR G THALABI 7 THag T HNia aiaefs 33 & {07 purified Stafs sfe@ &
qTcell-cycle routine FTHTI

SpudCell: evidence chain, not a hero cell

The result is a controlled, defined synthetic system with cell-cycle behaviours. The boundary matters as much as the achievement.

DEMONSTRATED IN THE PREPRINT

Feeds by fusion Copies DNA Grows and splits Selection can act
supply droplets bring in fresh Phi29 enzyme replicates the five-cycle assay uses an introduced faster-feeding
material = genome = mechanical division =  variant spreads

STILL REQUIRES OUTSIDE SUPPORT

Purified machinery Supply droplets Division has two levels Gene-driven split still
ribosgmes and enzymes are small molecules, lipids and mechanical cycle vs needs help
supplied fresh parts gene-driven add-on streptavidin + linker added by
hand
I
Do not merge these:  The repeated five-generation result used a reliable : The more cell-like gene-driven split was separate, lower-yield and
}
I

mechanical split. externally assisted.

BOUNDARY

Reconstituted cell-cycle behaviours in a defined synthetic system; not an autonomous living cell.

Also not shown: simple chemistry assembled from zero, spontaneous Darwinian evolution, or robust genome inheritance.

Original diagram — The Clean Paper - CC BY 4.0
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Original diagram — The Clean Paper CC BY 4.0
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Container § [T &Y | AU efd RBTRTH liposome & —IHIAYE dlfatty Rt H ATICET STAHAT h HPTTRT
FTETATR | S9F WHY EH 7 = TET TG 9T instructions FTset 3T I8 TEHT TLEH T-TH Himiniature
kit |

Instructions &I THIT 90,000 DNA letters (90 kbp) FTSTHR &, @H BE loops (plasmids) & al\zt’.'l'§33lT| Protein-
building kit [T T invent T TS | TE Gﬁﬁﬁ}l’ﬁ' g FI'FQ' T purified W’Sﬁ?‘ é'ﬁi?? —ribosomes, enzymes
AT TTER synthesis HITHITHO—AHTILHNTT mix &, STE S(#TH quantities H assemble FEFTTEM (FYaT &
g9 reconstituted, Ta'd'{?{ specified mixture FIPURE &8 & | TRTTHE IS g qeiyEta” CIC RSN g®RET
e SHH AL ARG &, T & 39 F7eT chemicals & TTHETA)

TH T & G0 AGH SGHTR RBTRFTHRT & basic T T & & | ITRH T¥ IS FH (T |

Wﬁjﬁ T HE ST EET 71?‘ BE w‘{mfa;é (“feeder” liposomes) T fuse @iﬂ‘ fresh I m |
HATT 9T Fil IATE 6T Tdh membrane TER & STTH RPTTAAT STHA & GZ a0 —THIOENT 8¢ ar
T experimenter TILQ{ A T switch on TEIBH] BT T STH 3T ELEA FAE

Waﬂﬁﬁ borrowed T copying enzyme (Phi29), STISTHH # encoded ¥TH 6 DNA "f(ﬂﬁﬁf ST
THIT IR R 59 q&-TTRNY divide FIHF—3T splitting T AR ] STHETIIL & |

IUT IR T &GN STHA H THESAE SHNTIATSI A SPTTRTaS | TN o 37 9¢; T aoid ge- amT
FFTTRT TG A FIT BEA T8 AL AT aHIESIH R, THHT T HITT HF &1

= ~
ECEERIGIE

[ERL TF G0 IAdTe | 6 “TR(ET § g 7 ©F & 9T DNA TAfqhdal SRR AT T@TR{ AT repeating
routine & YT & divide HF AT SAIT-2TET Teh-off demonstrations FIA¥E T& N S8 [T HIFHA TLINTT TR
H, HETREG RTINS ST qa@d! & coupled F¥ah TARTIHIATL. HIFHET TUH & |

FERT AT TR STH & drive ST A & | FFTREE TER TTERAR A ST HENT TAH T 3T —Tdh ST,
FH-ITS a0 | STTaH S{T=aifad 9@ 87 & SH- 9Sd & —d8 TER YIS EWE-T IofTs | T8
QIUTF Idlexperimenter & &/ IS STH 39 instructions T¢ ToT= I 9T HIH & |

WW@W | B T@E:H' & Tt AT “on-switch” ErafE H?\{'FQ‘ promoter) I variant
TS TedTs, 39T descendants BEATR MY scarcity & original Hloutcompete F¥dT] | 5 Tidefs T{"Tl't?ﬁ%
HY ATE 9T a5/ & reproductive success T& aHAATH Hsla |

CIRGEN L & 97 T4 % analysed FRT{H l{u H 9o minority & TH THIDNA loops FTITset T
Daughter §% & §H STHH &9 -AW dEATT reliable TE 7 |
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FATATA 3T TAd 8 —HL HFET

HEAH H99 SARES {70 9K JofTa | THIAE | “TI07 HBTdFa R AT qIAaI 6 a00—TE,

AtRal a-THT &7 divide—RTEH reconstitute 3T TAATR | THRTALT self-sufficient FRTTARTARN TIHAT

<

HEQ@IIT & AT A@d A EdH & |

TEAT HETTRTI-Iprotein-building AYHLE [A-TEHAT! Ribosomes 3T 3TITHET enzymes T8 & purified
Fd AMILAT AT TR ST UCICEES HT manufacture T& [ a N A@HH TLHNT H TLOMH [ metabolism TEa
HATT & 3T 98 ribosomes T& [AATH&HAT IHA 9 metabolic HaA AT AT Ha[GSISTAA I8(T | THIES
FRTTRITHT TAHTR, AT Tbiochemistry scratch & & (ATl

TE routine IFHTT FEX(® & | TH-TEIAIT & d @fine filter & push & split HIATTHTE —T& TLRT
THATT TANTAT@A &l daughters reliably FTeteia | 3T e cell-like, TH-TFTT AT —8 [P AISATTETHT
TRER split drive FXAT8 —TNT TELIA & S@HENTAT TR & AT IRd Fea (bridging TXUIFT streptavidin

MY linker) EI'E'FQ' ATITT A& | TGh O FEd & ﬁf'\q\_rlﬂ?l‘, arfa-yield, controllable TR & FI'FQ“ ;T
FH TETU—ITHT Aiel® avfa skeleton, TR{IHETA® TH A& = |

THMTT FTaT aTIET & SRIGCRIRTEIT TadTs : G AR H-TE=RT FH & split SHAHH HvdTa; STH-

IET split AT A(T fragile add-on & |

A@&-hosted ORI E & TALHE -microscopy FYH, STTEH SIH-IMTq THH (a3 & drefd apfaam s
aﬁi’rfrw—m EHTE AT | BaTf HERET T2 9% commentary & o f{ fair STFIT & A& & resolution 7

[ALATERlT FANTATR; FIT A FRET TR -chain diagram S 0E79 HTH-TECRIT H SHAHE TR
splitting & ST TEdTR |
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T FATICNUH W & 37 IH Sh-of hedeiiln | ARSI el — TN A IR (AR (6 Ghii g
“on-switch” — FRTTREN FITST TG adTa; T A6 T BEAR A7 TaAH SMTEH TeAd 8 | T8 TET
T AfA= aF SqC ¥ qRadid 9978 |

AR TEAR AT 3T ITIHT A& G | THARLARN 7 IH SHN A@h e AT TG H AHSRFmutation STTET
T spontaneously & =T Wartiﬁcially introduced %ﬁGﬁ"J\Tﬂ;—(‘lﬁ Darwinian {6 & ST & mutations
FTSTIS AT arise §H a?'l"ﬁﬁl:ﬁ' FHRI Q'FIT'FFQ': I WY resources F :TFQ“ competition—&N Open-ended
HIqTARLT afhH—n{an

T8 RATA(GH 75 [ dl

% non-living THET-aToAH & RRITRTGTATAG &G0 §TEH purified FFf% components & —Iliving or-
ganisms & ribosomes 3T enzymes, THLA copying enzyme—ﬁﬁ\% ERAE LIS EE F assemble HATITAM

“TAAATd TT § TN ®RT0T T9a7E specified 8, scratch & synthesized T& [ STHIAT ST | HPTTHRT

Flindividually purified Wﬁ components & assembled FAHTR |

Tg self-sufficient organism H@?ﬁﬂ'ﬁ'ﬂ HBTTRTAT ribosomes & [ATHRATATH I Tmetabolism & AT
g&atas supplied FETHLRAT feeder Elﬁ LAY :FF{HT gl

Tg GaaHGLT T TE IR GHN THET imutation TEHHLTBA T SHL XTI AT FEATE 1
Ig A9qd a0 Te IS0 T/ TEAT@ T8 Sdel minority HETTRT & TH TISTHA 9T

TE routine AT & TT H cell-driven IHET AEIGEHN Repeating T -generation ThY AR splitting TT

Hﬁ}ﬂ' & STH-IE T ahIET &7 -yield 3T externally assisted & |

T8 peer—ﬂ"fﬂi‘iﬁr EHEHEE Ta{{'ﬁ." & Science reporting & 3TTET manuscript FETTRTE reject g3 9T
AT THT 79T F& AT underway TAATRTATR | TFSTYE GEAT RRTCIHHH |

SENRENGEICE R

%ﬁmﬁqﬂﬁﬁw@aﬁwwaﬁmﬁ%mwﬁmﬁmﬁzﬁwﬁwm
& qqnguch T 97 T, ‘T(UrFﬁﬁ-OWH ST Wﬁ'ﬂﬁfﬁ coupled EF 3T &% cycles @ repeat §H T
quantified demonstrations & & | HF YA &, FiC WIREFTATT, TRTT-TITE AT TH supported & |

TIUHH metabolic HAAAATIY AaaHRLd d(HH &I &ATailed TTHA-TTIEH S0 Hlq78 T8 TAER(T |
@ S capabilities HITHTE (& [ ; I8 HINE 1T & absent AT AR qdH & | T T& TL0T RPTTAF
TR & AT Fboundaries &, TIVE ST & T TETT T2




synthetic biology

eI HfqATHAGA AT reproducible TFHRATM TOT TqF AT Haaar Tafqal TLHN dd T TET
counts, genome-retention 33T 3T TR yields aﬁ[ﬁl'l!ﬁ? | =t El‘F-‘ZI\’GI’H‘ profile: demonstrated integration of
cell-cycle RITAT 97 AT ; et TELIT ATHA TT AL S8, self-sufficiency TTHTATEARIT dTdH &
THRIT I & scope H TEL |

raSTT{h-facing FEHIRATSIBA T8 —ATL T§ HITHHA

TEHE® AAL ITHIAL AT reality & T Ta] THIAL 3T IqH AT g1 package & a1 & | Manuscript
T[T HTIT HEYH &; overclaim TSR a9 T8 S TLUH &I living RETTERT, “self-sufficient HETTHT AT
“STET | scratch” & STEfT HfATSTHTR | 7 i Toverreads HISH HIATIHIAL HIST S0 & @I downgrade

FIATER ASET T ETET

Manuscript ﬁww:nﬁg;é’ & TE FH RISET & FI‘FQ" Grgﬁ'minimum components =TT YT, H’ﬂ'ﬁ{q‘ T(UTFIﬁ?{VT
& F'FFQ“ T “chassis”, 3T “foundation for ‘1’@3’(%‘ @\T&F organisms” FEdlE AT TS BWW #I‘ultimate]y
AT may ST ?217{?"1'@ hedge F¥aTs | Elﬁﬂﬁ?ﬁ:ﬂ'ﬁ'ﬂ' of Minnesota ®Tpress TIoTis, §9e FTILH “world’s T5AT
afaefs @prfaTwith a TOT STHT I6@7° & I &fila SISTHATSTH &l revolutionize” F¥ HeheiIa, HFTIRIH]

non-living components & built FqE R 3T ITFRTTAT TSI T¥Tindustry & AT MHTR | Caveats lﬁ'{cr
F—datT breakthrough frame & 98 AT &, & SAdTbrake TAATHRST 7 |

TH® AT bad faith AAATSILIMEN T0T TG & T8 TLUH &faET@ A Tlegitimate 3 generous ITRAT &1
q&dle: maﬁﬁﬁmﬂﬁ%@ AT ALAITRIT :T Tahelln, T& lreason A@d ad & | I -profile

journal & rejection hTTTT FATY FH T8 F—ambitious, retraction-risk T ®iplace FLATE Hdd g &efTa

3T scoop ﬁwaﬁﬁaﬁé | T pressures TAEE aﬁTmﬁ!ﬁWg‘ |

AT S 39 r'{ & communication Fd-TToud =AY T8 (ﬁ#\g g Y5l =TS, precision ﬁﬁﬁjﬁ'ﬁﬂn‘q‘ EEAS
rafa EH iR | ST AT & | Press T, T8 maximal TR, THE 98 § STEd R | TH S0 IS
FAE: TEA SERRE AT EWI'F[%TFEFF H{¥ ambition | Z& habit—ambition & Tt SERED AT F{’J‘ﬁ"l‘F—W
AT breakthrough” FEFTIL HITHAHH HT Tahd T8 |

O 9rer

FII@AEITH of Minnesota HIEH THIA7E TN AT RPTTRRTILE HTd IR : ATHIT 90,000-base STHA
3T purified protein-building UM @M Hatty 9e, T i‘? T fuse SEY TE ®¥ds, DNA Attt &ar
g, 9edmr AT I/ TRA & divide F¥ATR | THAIARATTintroduced AHHRF AT I SaTH 99 & SETREA
heAdTs; RERT T af e SHISPT ARTE own STH & drive HTT STTEaa & | 5 purified FafH components
&, scratch & HY¥T THE-T-4 r\rl\ai & a 3T TEL HETRTAT ribosomes & [A-THRATATHIATmetabolism
& AT T routine T -generation TR m &, gl STH-IM(q arIsT F-yield 3T externally
assisted %; SHSTmutation introduced E?EH\_GIH'H:W ﬂﬁaﬁ?‘ ‘;L{I\rlﬁﬁ 7 afEd AT % | hH q:@H\TFc.“ % AT
peer-FH AT TR



https://twin-cities.umn.edu/news-events/worlds-first-synthetic-cell-complete-life-cycle-could-revolutionize-biological

THE CLEAN PAPER synthetic biology

TG GHY I
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r r.
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HET THU: 3NITHT 79T T8 T metabolic Had X & (ribosomes 3T enzymes supplied & ); L =®RT TR
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THRT & TR & AIST

- IYEHI - 2026-07-23

Confidence framing §9Y < FNTE: living, self-sufficient 3T self-evolving cells TH paper & claims & T8 &; T
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Gaut, Deich, Cash, Hoog, Engelhart & Adamala — ’A Chemically Defined Synthetic Cell Capable Of Growth And
Replication’, author-hosted preprint (not peer-reviewed), 2026
https://biotic.org

Science — news coverage of the synthetic-cell preprint (2026)
https://doi.org/10.1126/science.zwa8dvz

University of Minnesota — press release

https://twin-cities.umn.edu/news-events/worlds-first-synthetic-cell-complete-life-cycle-could-revolt
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