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Abstract

Understanding compositional syntax is important in human communication. Here, we developed a
strategy which can program living cells to understand compositional syntax through precise ge-
nome editing ability of CRISPR/Cas9 system. In our example, the E. coli successfully tells the differ-
ence between “good morning” and “morning good”. This study shows not only can genome editing
technology be used in storing or recording information, but it can also be used in understanding
information. Through this strategy, the range that people can communicate with living cells will
widen to any information which can be encoded into DNA. This will advance the construction of intel-
ligent genetic devices. We believe that this strategy has many potential applications in biocomputing,
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biosensing, biotherapy, and so on.
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1. 5|8
6% DNA ﬁzﬂiﬂ’ﬂiji% iﬁﬁﬂéaﬁleﬂﬁﬁﬁzﬁﬁﬂﬂﬁdwﬁuﬁiwE‘J DNA %, X% DNA
U T2 S TR AR 1-(3]) BURAEGE[4] [5]. FFATTHEL[6]. fLIRAS[7) B8 R 58] [9] 545K -

FESE R 2 T B Tﬂ(ﬁ&fmﬂ %)h DNA HLERICAZ I RS AL G5 7R [10]. H AT CA 2 R AR B N FH T4
AiOfZEE, GG DNA BB 11]-[14]. H4F DNA E4L T RE[15] LA S k% H e 1a] Be 46 0] S0 B 2 51
JCRISPR KBt 9 RSi(CRISPR/Cas9 %4t) [5] [16] [17]. CRISPR/Cas9 ZGiAE Ay Rt 3 R4 TR T
BIEFRGZRFE[18]. ZARGUHEIT sgRNA 5| R IR Cas9 & H 245 E DNA JFAI(JREFGX), H 37K
it T A JEL ARG X AH AT LR (PAM, 751 5'-NGG-3"). sgRNA H1 5| SFFIM LR FEFIREL: 51 5578
N 20 bp, ATARHE SERR T R A T8 LAFE 2 HE ] DNA ﬁ)ﬁ- YHFHIN 80 bp, 5T sgRNA 5
Cas9 1456 . 24 Cas9 AL 4 DNA XUEEWIRL 5, 4 23 i ) H 4 1) 3 [R5 R o 2 32 B R U e 4B
WLHHATIEZ (A 1),
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Figure 1. The pathway for genome editing by CRISPR/Cas9. Left: NHEJ, the double-stranded break are repaired by endogenous
DNA repair machinery and rejoined, which can lead to random indel mutations resulting in gene knockout. Right: HR, which
allows precise editing according to the template

[E 1. CRISPR/Cas9 ZGHITEFEAMIBRIIRE. ZMN: ERFERMERIESHREZE. NERTHAMAMRAIR DNA 25
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NKEF e @i A G A FERRC TR B G 15 L, WA BRIV RIE TR & o B A5 X Fh
BT RML MBI 3, TR ORVAE A Rt . 25T CRISPR/Cas9 2 K 4H 4 SE I 1)iCAZ D) BE, AW
TR IR FE R AT B L8802 1) “ good morning” X—HE1E . JHNIEFEFE A “morning good”
INF, R B U AN 2 7= A i

XPEERAE Y, M A RFH N o 18 B 7% PCR AL IZE S, SI PRI iR AL 46 07 i b R e 51t
IEHETE P “good morning ” 45 F ELAR R 1E P K4 1 kb, IXJERN “morning” TRV #5771 kb FF{EgmiS CC2
(Bl 3)o WP 25 FAE S KA B DR A T “ good morning” HIA A &

2. ARGt

ARG IER A e L — /MR AE G SR AG R . HiaEn s, 88 FaN & F3mr
WA VUL AR A o VAL 2 B g% N DNA 741, SR EA ME— R RFE R S H 0000 . W 70k
T =Fh DNA HERIRAHAEE L(E 2).

(a) (b)

sgRNA-word
pldentification pCleavage
MBI repAl101 (ts)
p

sgRNA-pMB

(c)
ARRRRRRRRRRRRRERARRRARENANN ARRRRRRRRARNRNE

Upstream Word CC Downstream

Figure 2. (a) Identification circuit. (b) Cleavage circuit. (c) Word template circuit

2. (a) RHIFEEE. (b) PIEIEEE. (o) EICARARAES

PR RN S, BRI, FHTRANENCE S YR BT Peons BRENFE [a) AR AL 1V AFAE
Rt sgRNA 5%, ZHERMH pMB1 &Hl 1. 5RO UIEIEER, ROV BERE, BT Cas9 &
Mo RIJEF)T Pcas W3 Cas9 Fi&, PTG ¥ FA G 3IF Ptre WILRANHE 127 L% pMBI1 ] sgRNA %
S, 1% BB PR R )T repA101(Ts)o 55 =R IAVCR LIS, WUEE DNA 45K, & B
FEBS AR RRAE SR RS AN R VP 51 o BRI 3 Br G L B RFIE i o IR L B ARV AR , CRISPR/Cas9
RGN FTARER L BGRTCAR B, S 24 BEnT 8 AR ARV R REAE S b A T A

TESEHUR NI, 7 Sk U1 F B N A LA AL Cas9 B SEHUANAENCE, K FLIR A H B S 1A
BN R LA AR Y o U LS T ) sgRNA BB RAZ RN R IE g EY, AT 515 Cas9 S RS
SEAL, FERRE VAR LS 5N H AR AT

SERCRIIC B IS 5 R 1 L 5 1A VAR L B s BT B LAEAT T — 40X R P K@ IPTG 15 F9F
K. IPTG BOE VI EI BT Ptre B3 T4 24015 pMB1 [ sgRNA, £ sgRNA 5 Cas9 /EfiF, pMBI i#
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T AEFNR AR s FE ML R, ATTTEBR DL pMB1 SR il AR 5 FLEg o TRl AAR LR R IC v B 3R A
RIXEE DNA Rk, 7ERG IR i vl BARTERR . e A wiC e BUs, @ THR 5 S D)5 s g 3 IG5,
I FEA FH LR U & T repA101(Ts)ENE

ARSI, e e RE R A A B IR AR AL i . KA R AR T EED aroA 1N IR AR AR AL A
AR ATEE R, fEAZAL AR AT PAM FEFII 20 bp FFAESRED CCO. FLIRMIEIRNC AN ¥ “good”
S DNA 70315001 23 bp H 37 PAM FIRHERES CCL, ¥ CCO LJiF. “good” DNA J7%1. CCl1
K CCO FFERERI R “good” VLA ¥ “morning” Wi~ DNA 41, BHARAGAIC, HFmikit
251 kb FKAFFIESRAY CC2 f# TA, K CC1 Liff.  “morning” DNA JF41. CC2 Jz CC1 RilEZEHEH A
“morning” TAJCAFAR o

B 5 AT R LS e BERE “good” T CCO it sgRNA 4% pldentification-good J5iFi;
EFXf “morning” F£T CC1 #it sgRNA #J%2 pldentification-morning Jiiki. b4 H¥F “good morning”
5 “morning good” N KIAFE DHSa: X T 1ERET, [F 4 pldentification-good 5 “good” AR
i, PRI pldentification-morning 5 “morning” B X THENRE T, WA BTN 8B
% PCR Kl 25 SR, SR LA AT 55 B NP St IERIET “good morning” (145 SR LS A1E
FFK2) 1kb, XZFN “morning” WC#5H 1 kb FFEGmAS CC2 (] 3). 7 25 FL ik SR B A B s Ty L i
T “good morning” FIFINE E..

(a) (b) (©)
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pldentification- template “good” pldentification-  template “morning”
good l morning l H i
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Figure 3. The reading procedure of recognition origin. (a) The input is “good morning”. (b) The input is “morning good”. (c)
Results of colony PCR

& 3. IRFRIBLSAIEEURTZ. (@) #MIAA “good morning” BIESL. (b) $IAA “moring good” HIENL. (c) 7% PCR
EEES

3. RRNEE
3.1. FRAMEZERR

AW FUAL I B BURLS SEARZ R VE LA 1 AN 2.0 FirA A% H IR B ToloBio & At. pldentification-good
J5RL A 2 vk N . 514 pldentification-good-F 1 pTargetF-R X pTargetF Jii #3473 14,
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pldentification-morning J§i % 144 4 | K 51 #) pldentification-morning-F 1 pTargetF-R. PCR j=#J% Dpnl
WUIEGALEE, FIEIS T4 DNA LR T4 2 R ERRMEEEAT HE. RIS BRI AL 2 KT &
DH10B /B2 A4, Jf il I 756 uEAd 2 45

Table 1. Plasmids used in this study
F 1. AR PERBRRTIR

Plasmid Characteristics Source

It contains a Cas9 gene with a Pcas promoter, an isopropyl
pCleavage f-p-1-thiogalactopyranoside (IPTG)-inducible sgRNA, which can guide Cas9 to the
pMBI replicon of pTargetF, and a temperature-sensitive replication repA101(Ts).

[19] (Addgene
62225)

[19] (Addgene

pTargetF It is used to express the targeting sgRNA. 62226)
pldentification-good It is used to express the sgRNA which targets the recognition origin. This study
pldentification-good It is used to express the sgRNA which targets the word “good”. This study

Table 2. Oligonucleotides used in this study
2. AARPERNELEER

Oligonucleotide Sequence (5'-3")
pldentification-good-F GCAGCAGCAGCAATCAAAGGGTTTTAGAGCTAGAAATAGCAAG
pldentification-morning-F AGGTATAATACTAGTCAATCGTACGTACGTGCGACGTTTTAGAGCTAGAAATAGC

pTargetF-R ACTAGTATTATACCTAGGAC

UP-F GGTCCATTACACGCAGAAGG

Good-R CGTACGATTGTGCGAACGAACGAGTGTGCTGCTGCCAGAAAGTAAG

Good-F CGTTCGCACAATCGTACGTACGTGCGACGGGAAAGTGACCGGTATTGGACG
DN-R CAACGCCACCAGCGAGAAAC

Morning-F GTTCTAGCGTGCGGCCGTGCGCTGACGGGAAAGTGACCGGTATTG
Morning-R GCACGTACGTACGATTGTGC

MorningCC2-F GCACAATCGTACGTACGTGCAAGGCCCAGTCTTTCGACTG

MorningCC2-R CGCACGGCCGCACGCTAGAACGGACGCTCGAGTCCCTATCAGTGATAG
3.2. YRHG

3] “good” M4E ASCII gmfth % ¥y — 3| 7 #F 8 “01000111011011110110111101100100” , B )5
FEIE AL (00-A, 01-C, 10-G, 11-T)4%#: 4 DNA 4ah% “CACTCGTTCGTTCGCA” o NIIARNC it T4 HEdm
i CC1 “CAATCGTACGTACGTGCGACGGG” o fEME “good” BRI, FEHUKMH B DHSa BEKI2H,
fEFH 519 UP-F 5 Good-R #$43545 522 bp I bl B, A 514 Good-F 5 DN-R 4 143545 408 bp I~
Uit Fr Bt ¢ fa LA UP-F F1 DN-R 95190 b il v B ATk & 43, R19 58801 “good” AR

HLiA] “morning” HR4E ASCII gt a% ¥y — it il 7 74 5

“011011010110111101110010011011100110100101101110011001117, F-7% FIAH A $R 4% 455 DNA Zwtid
“CGTCCGTTCTAGCGTGCGGCCGTGCGCT” » NI BRI SEY CC2 FFHI N
(CTCGAGTCCCTATCAGTGATAGAGATTGACATCCCTATCAGTGATAGAGATACTGAG-
CACATCAGCAGGACGCACTGACCGAATTCAACAATAGCATACATTATACGAAGTTATAAAGAGGA

DOI: 10.12677/hjbm.2025.156117 1091 LR 2


https://doi.org/10.12677/hjbm.2025.156117

Wit

GAAAGGTACCATGGTGAGCAAGGGCGAGGAGCTGTTCAC-
CGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCG
GCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGG-
CAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCTTCGGCTACGGCCTGCAATGCTTCGCCCG
CTACCCCGACCACATGAAGCTGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTAC-
GTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGTT
CGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGG-
CAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATATCATGGCCGACA
AGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTG-
CAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGTGCTGLTGCCCGACAA
CCACTACCTGAGCTACCAGTCCGCCCTGAGCAAAGACCCCAACGAGAA-
GCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCT
GTACAAGTAATAAAAGCTTAACAGAATTTGCCTGGCGGCAGTAGCGCGGTGGTCCCAC-
CTGACCCCATGCCGAACTCAGAAGTGAAACGCCGTAGCGCCGATGGTAGTGTGGGGTCTCCCCAT
GCGAGAGTAGGGAACTGCCAGGCATCAAATAAAACGAAAGGCTCAGTCGAAAGACTGGGCCTT)-
AT 5T ToloBio A % morning-CC2 Jv Bt {4 514 UP-F 55 Morning-R 3Kf5 555 bp ki ;v Bt, Morning-
F 5 DN-R 3K75 437 bp Fiif B, MorningCC2-F 5 MorningCC2-R 3875 1074 bp A F Bl it 5
) UP-F A1 DN-R X} B fr By 4N v BOKRC Rl Bodt AT a7 3, M9 58 541 “morning” BEAR
3.3. [

KPR HERIHIEH pCleavage FURLAE AL MM, HE N 10 mM B HzfHH%15 5 1-Red FHAH RG KL
BEHL “good” B, 4 pldentification-good Jiiki5 “good” AR ILFENMELNM; 12H “morning” B, ¥
pldentification-morning Jii ¥ 5 “morning” BIARILHEAL . BEAMRNC G UE, 0.5 mM IPTG 531t
LB IR L. EESHORE N 2.5kV. 200 Q, HALEAIILTE 30°CR IR 1 /NN, FiRfm T & RIE
(50 mg/L)FIH: M2 25 (50 mg/L) ) LB IRk, 30CHFRIIRK . i@k DNA WP uEE+. &%, ¥
W% BT 37 CH RIS R LLSEIL pCleavage UMLK H FRiG  -

4. &g

FEARWTFLH, BATIET CRISPR/Cas9 R GAHHESE A A i SCBLIICAZ T RE, MR 7 B r] G A s 4
BRI T8 SR R GE . i RIS R4 ARG AT, 75 25388 % CRISPR/Cas9 A 4t 1A fl #E AU N T3 5
PERA: E 5, BEASETE R AL 1 sgRNA WA 2™ 18 i CRISPR/Cas9 RGUArAEREAT BT FLik, K
I T 7 5 2B il % 90 el B0 S UK v 3R DR AL 2 419

FENGVESE IR A g BB At |, AR GUIE T W0 it SEBLAL S8 SCR B — 0, RN RN it AR
TR, B DR REAE IR A RS G S5 — 0D, RGP AT R AT B B, AT S 22 4RI
M B H o AN RVC RS ,  HARU BB S VAR RO B s Se O A R B, D) AL th s
B o

PN SO 2T . FIWT . HEPE S 1501 S5 REim sl I Sk hth . BT TR I 1 ) AT 25 R 26 L] 4 20 i
BORFI B RS SR BRI 1. AR, IR, R 55 R KE B /76T DNA H1[5] [20] [21],
RXAEAF AL ST AR A VE v R R AT AT A% 0y DNA ISR . BAh, ZRGA M T AT Jyi
e T MARS, BT A AR A R 7 SIE 22 RN, SRR AT e B 2% (I e i SR T
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PRI, R G V8 SO A RO R RE s A 3R PF IR . RATIE RO S AR 5. BRI A )
T UL T ] B A S5

R, HHTRGVIAAE—ERIRYE. 15, FERARBREEEIR, JOIREEE; Hik, KRG
JEMET R AL, BEEFRNCECR A, R SRIR I kB, A, RGUER BB T AR E
PERE Rt f it — D it RORIT AU MRS R A BOR . M AT AR G T T, W
ErE. ERY RIS RED T RS .
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B FAEIT IR AGVRTTRE " B
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