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Abstract
Our research aims to tackle the existing challenges presented by Moore’ s Law and K
oomey’ s Law, applying synthetic biology to yeast mating-type switching to create a
computing platform. First, we induce mating-type switching in the yeast types MATa
and MAT ¢ using HO endonuclease, followed by microscopic examination to confirm su
ccessful mating and evaluate efficiency. Subsequently, we employed homologous reco
mbination to replace yeast mating genes with crucial for essential amino acid prod
uction (TRP1 and HIS3), substituting a and a during the mating-type switching. Th
1s allows us to transform the yeast mating-type switching into an innovative binar
y unit for biological computing. We have designed specific primers to facilitate P
CR verification, guaranteeing the accurate integration of TRP1/HIS3 sequences into
the third chromosome of yeast. We have effectively reconstructed one mating type b
y integrating the HIS3 gene. This study serves as a foundational step for subseque
nt alterations of mating types involving different genes, as well as for broader r

esearch utilizing CRISPR systems for computational applications.
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1. The Cassette Model of Mating Type Switch
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2. The Homothallic Life Cycle of Yeast
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() CRISPR/Cas9
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S IRACEH
BN R B %* F)Saccharomyces cerevisiae ~Lithium acetate(z p&42) ~ PEG
(®z =-p%)~ddH. O~ Salmon or Herring Sperm DNA(single strand D
NA) ~ SCM medium/plate ~ YPD medium/plate ~ raffinose ~ galactose »
KAPA2G ~
FHREr 2 4441 | SCM(Synthetic Complete Medium) ~ YPD(Yeast Extract Peptone Dextr
ose Medium) ~ tip
FHRRE ZRRM B A LR E g AL B(pipette) ~ TEEE TR
*,f; % (pipette tip) ~ M 3 g ~ B ~ ok ~ TARBUIVE & -
T Mo~ T~ &~ % % & 3 (nanodrop) ~ PCR &
g 1] Snapgene
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1.
2.
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3 A 4a
4,

fri0]
5.

5000rpm & 3 4~ 4&
* 800 L dH. 0 w3

Af bt oo
o 3w 5000rpm &3 L 4T B wre o £4F = X o
30°C#% m 2304 48> & 154 48k — =< o

% 3mL YPD medium® i & * culture tube#: % fiz* *ﬁ]%%(MATaerATa)J‘li@f?ﬁf“ °
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6. 2% transformation mix e F 7| i - i»eOE -

® dH20 65 uL
® M LiAc 36 L
® 10mg/mL ss-DNA (denature) HuL
® 50%PEG 240 1L
7. 5000rpm&g.~ 3~ 48 > 4eb0 pLeddH O o

8. & eppendorf ¢ ¥ » 4c» DNA~100uLin?# 4 350 #L transformation mix ° vorte

X EB3 o

9. 30°C %40 »45 > & alZR -k# 42°C T £ ks (heatshock)20 4~ 45 o
10. 2 5000rpm =g B Blmiedpe 1 248 & 100 L dH20 ® resuspends @ #2718 &SC

M-URA * B3y ok ik 4 -
(2)HO g it

1. ZH4 4%

fe ¥ raffinose 20%-ki% % galactose20% k% % f= SCM-URA(no glucose)

SCM-URA(no glucose)fie = :
(1) 1000ml dH. O
(2) 8.21g SCM MIX (KIM ADNDT RECIPE)

3) Adenine ( 2 mg/ml)
Histidine (10 mg/ml)
Tryptophan (10 mg/ml)
Leucine (10 mg/ml)
Arginine (10 mg/ml)
Methionine (10 mg/ml)

2. MATa& MATa % %

10 ml
2 ml
4 ml
10 ml
2 ml
2 ml

(1) #*MATa x HOf- MATa x HO¥ - @i 3wz 2100 L ddi- 0 ¢ > £ 4c > F|3ml

siraffinose SCM-URA (culture tube)® » ¥ 2xFss £ 457 B R Bk o

(2) #r<34485000rpm °
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(3) wiaddH. O0F &< » £ w3 33ml galactose (SCM-URA) 2%*® - 2z 3|32 % 44 %6
) pE e

(4) 6-] pFis > Hr.w 34 485000rpm > w3 ddH. 0 10041 -

(5) #px* Ferk AR w3 ~10 B/l ml~10* /®1 ml~10 *®/1 ml ~10°%®/1 m
1.

(6) %45 : YPD(Eglucose) > MATafeMAT o 8+ ~ 4
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"'r = =
—— — J — —1
105/ml 10%/ml 104/ml 10%/ml 10%/ml

l L

2 ) O
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(=) ™oligos¥=%mating type switchsz

Novel HO induced Mating-type Switch System

MAT a —[ HIS3transform ]—‘ HO transform HTRPltransform ]

MAT a *{TRPI transform ]—[ HO transform ]*[ His3 transform ]

Bl - ~ £Ep* FlEb
1. #.snapgenet K itprimer
(1) Z72RE%F A74LR > &7 Mal ~a2~ al -~ a2BR 72 EaRNAR 7 |fc £ 48 B
7| 0 K Pprimer BF R o
(2) “YRA3® #7548 ~ % p PRS423 plasmid«HIS3 ~ HIS3 promoterdr % p PRS424 p
lasmid«~TRP1 ~ TRP1 promoter#/HML ~ HMR*® ¥ iE# = » -
(3) &5 diprimer{fr-HR(homologous recombination) & 71
2. A ITFE Y ktprimer 0 * ¥R TRPI/HIS3EZE & 373~ P 5 7 o
3. 1 * primeri& {(7PCR 3 4 TRP1/HIS3 ¥ ¥ & -
(1) % f#master mix T 3x¥ skt G104 48
(2) ®@gcprimer 15000rpm Imin > & ¥551F & £ 4F2 4v » -k > #5R & Fvortex
dmin °
(3) #Arereppendorf4e » ddH20 20ul & #-k| 4 #t.w c010ul primer reverse f=10ul
primer forward /& & > # 3| % 40ul<25um primer °
(4) peBPCRF %3 %
template DNA 1ul
primer lul
2x mix 10ul
ddH20 8ul

Total  20ul
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(5) PCR (biometra tadvanced) i &3k <

Denaturel | 95& Jmin I cycle
Denature2 | 95& l5sec

Annealing | 50 A& 15sec 35cycle
Extension | 32& 60sec/1kb

Final 2R Imin/1kb 1 cycle

4. B FEtPCRE BB 7« ) £ 7 0
5. i&{7gel extraction © 2 ",f template DNA feie 5 :
(1) ARUVFERE 7 iz ¥ > 27 7 {4 » eppendor f
(2) #4v »>500ul=PCR Gell buffer > 4 # FI60& 2 F|7% % ©
(3) “4v »DHF column - #.~2000rpm Z2min -
(4) 4c»300ul wl buffer#t~7000rpm 2min -
(5) “4r »300ul wash bufferdg.<7000rpm 2min -
(6) #.~15000rpm bmin ™ iz °
(7) 4c»30 ul elution buffer®* &5~ 4
(8) &t~ 15000rpm 34 485 L = §a " AES
6. #pRS423 ~ pRS424 plasmid frnegative control- A=transform®|MATafeMAT @ - & %
% SCM-TRP1 4-SCM-HIS3 * » »zgiaplasmidiE & * -
7. FEius #PCR%E % » wtransform > MATafeMAT @ - # & %% &SCM-TRP1 4-SCM-HIS3
o NBEBERILTEE S
8. FEina s 0 & AYPDF # A ¥ BB U Arintransform > & e E E L templates
LR AR o
9. rlggsis > PCR ‘M ehprimer IE5 R rUFERLS ] KR HAE ~ R FODNAE ALTE
I FE:
(1) #-lwrz i w20ul<mNaOH® 4 £ 3100 & 10minié £ smPe B24E 5 > 3 ¥ 30 4e 048 Poi@
BTk i e Bk s dga AN 0 SRz ¢ PDNA o e SRR TR IR IR R
v oo
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(2) %PCR eppendorf® 4c » :

Pre-mix 10ul
Primer Tul
Cell buffer 9ul
Total 20ul

(3) PCR program:§ & &
4) FH %

MAT a (TRP1) 401bp
MATa(HIS3) 360bp
MATa(a primer) 319bp
MATa (a primer) 259bp

10 BT kF ki L me 7
(1) * & & OpE* Ftransform »H0 - 32 €472 b o i 4 3% > & 2.SCM-TRP1-U
RA/SCM-HIS3 -URA} » & 2 px 8 3 a3t ¥ st 5§ o
(2) #dpF B L RA TR LA - S 5w BHA - L2 L2 8 transfo
rm ~HO - EA4F e it 3R 0 & & SCM-TRP1-URA/SCM-HIS3-URA}Y » % 2 L%

LFHEpE e .
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(=)

"REHeA e % mating type switch % »x3 & 4%
1.

HO transformation
() pentd @z r 227 UdHody AFap® 5o » pedl %3 g 210 k&

B A F %2 FHO transformation @ p* A7 Wi HO 2 e i7 fe ) ¥4k o
2) 2% :

|

B~ - ~HOJ #i ~ plate SCU-URAFE* f -

(A) HO # » MATa (B) HO # » MATa
o

>

E

£ e d H0 R
7 ®Widuracil G F] o F T L HETE P G EGERG P o
» MATa e » 25 @ &g < 32 MATa -

() @ -
2. #HO

Bl ® 5 MATafoMAT @ # ~ £ 4 HO=Hf #8115 & SCM-URA Y %

. =

AR 3 MMATa S~ p AL S MAT a chi % 0 I ALY o

(1) P HOZA Fladifligalactose FF g 4451t » @ % 7 ik fTmating type switc
h » &5 5% #-i¢ f¥* F#P-galactose °

[ Erraffinosed J 16hr

Ehtgalactosed &hr ZryPDE
overnight [TRitg =3 | EREssE

B+ =~ B HO AR ]
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(2) #%:

MATa
MAT o
Fl- e~ s HOM A2 FAYPDY 2 £ 5 %
o upm

> R AEPREORAEA L glucose>galactosedraffinose o Flit A F %
& FEiREEA ) #EP-galactose 0 € AEH 2 & &R j raffinoses kB ¢ o
£ #4# 7ISCM galactosed ik ® % » T 5.1 2YPD(E 7 glucose) t % % % &
F e
> pE* R BAe® thraffinose d%kE ¢ o #frA &% 5 10°% /ml > @ mating
type switch #&%IZEP~* 102 B/mlhpEis » “r 0 F & ™ &7 5547 -
> VAW R A &R LR BIABCOD s REPGH -
" kg sy e % Mating-type switch
(1) P50 FEsimating type switch »x3 » 1% fE* 7 Fmating type §:i&(7
it e A ) B AL
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(2) #B%:

original MATa MATa MAT a MAT «
HO
MAT « MAT « MATa MATa
switched
mating
MATa MAT MATa MAT a
with
Mating
Yeast
=
Mating A
. l‘,
2 & mating no mating mating no mating
E F G H
a a a a
HO switchl HO switchl HO switchl HO switchl
a a a a
T R B Mating l xMatlng l xMatmgl Matingl
a a
a a
a a a
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84
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76

74

mating type switch &%

max

min
max
min
MAT a ——>MATa MATa-—>MAT o

B e AR o

wp

BIA~B~C~D2 # %~ Bl 5 B ™ & Fmatingshp$* > ¥ 7 fImating”
R F(RIA ~ BID¥ < ) § o X 2) 285 chaj ik o

BE-~F G- H3p* AMatingsw £ B > M {2 F L3 H R w2 BFin
ating*| %7k » & 2 3 FMAAP LB~ ARG T 4% o

B+~ Zmating type switch »x3 5Lzt - Bl P > fed| % #5254 *Tmax{emin
2. o MAT a BiMAT a simating #& %% £ 3002 » 2 ¢ 15022 MATa mating ~ ¥
15022 MATa mating * MATa BiMAT a v F» - £ = =t £ 1002 “mating¥ % * M
AT a iiMATasrE 324 4% »c 5 % 91% > MATaEiMAT a % 83. 7% -

d P E R I A A a4k ffgalactose pE @ p (6hr) %4 7 % mating typ
e > FlonF R EH T RA -

(=) # a ¥ alpha mating type &4 5 HIS32 TRP1 2 ¥ %mating type switchsz

%3513 B~ @ TRP14-TRP1 promoter/HIS34-HIS3 promoter #] & £

(1) B e uaeF 8 4§ chtransformation fF* Fmating typesHHR o
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(2) % :
pRS423 pRS424
)
sy 433,0
ofo,b %Qo N
%, we? e, <®
B+ - ~pRS423 F #8{f- pRS424 F 44
HMR per check-F forward_his pcr check reverse_a pcr check
HMR FORWARD HMR REVERSE  HMR pcr check-R
— — —_ -~ <4
X Ya I HIS3+HIS3 promoter I Z
HMR
B+ ~ ~HMR 2 F1® & Primer X3+
HML pcr check-F forward_trp pcr check reverse_o pcr check
HML FORWARD HML REVERSE HML pcr check-R
—p -— —
X Ya I TRP1+TRP1 promoterl
HML
B4 ~HMLA FIR £ Primer %3+
®

» I * snapgenei#i 88K - primer 2 homologous# 7| (B ~ ~ B+ 4 ) £ pRS42
34epRS424( @ -+ = )PCR# ¥|TRP14=TRP1 promoter/HIS34-HIS3 promoter# #]
B £ o HMR FORWARD, HMR REVERSE, HML FORWARD, HML REVERSE(®*® 2 ¢ &
)
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> Y%A wprimerte b . F 4~ 44 48 o MR per check-F(B® &4 4 ),
HMR per check-R (B¢ &4 # g8 ), HML pcr check-F(® ¥ % 4 # g ), HML

pcr check-R(E®l® ¢ 4 2f)

Bl=- L ~mPCR& 21 p 5 7T AR Bl - - - ~gel extraction# it 5 7

o up
> Bl- L LmRPCRAY A FE A Tk o BlY #2371000bp R 5 R
BB T R BEIEY o RT G T R I R A DT W {rprine
ro
> Bl- +- 5gel extractte 7PCRA Y » 7 § ™ ¥ 7TRP14-TRP1 promoter/H

IS34-HIS3 promoterzk 1% £ - ¥ ¢ |5 #Egel extraction R 7|5 3 &or
N E3T1000bpen R ¥ o F G AT

o

+
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4 = ~primeri

HVR-FORVARD 5 CAATACATCTCCTTATATCAAAGAAAATCAAGAAGGACACTAGTACACTCTATATTTTT-3

fIVRREVERSE 5 GGTACTGAGATTGATGAAATCAATCTCAATACTAATAATCTTTATAATGTATGTTTTCATT-
.

forward_HIS per chec | 5 ~CCACCAAAGGTGTTCTTATG-3'

k

MR per check T 5 ~GTTGGCCCTAGATAAGAATCC-3'

R per check R 5~ GGAAAGTAATTTGACTAAAGTAGAGC- 3

reverse_a per check |5 ~CTTIGCTTTCTTCTAAAAACCTGTTC-3

VL. FORVARD 5 GATTTCAATCTCTCCTTTATATATATTTTTAAGTTCCAACATTCTATTTCTTAGCATTTT-
.

IV, REVERSE 5 CCAAACAAAACCCAGACATCATTAATGTTTTGAAACATAAAACGACATTACTATATATAT-
.

forward_IRP per chec | 5 —CGATGCTGTCTATTAAATGCTTCC-3'

k

reverse_a per check | 5 ~GAGAGGAAGGAACAGGAATC—3

ML per check T 5~ GTTGTTACACTCTCTGGTAACTTAG -3

ML per check R 5 - CCTGCTTTCAAAATTAAGAACAAAGC —3'

2. TRP14-TRP1 promoter/HIS34-HIS3 promoter# %] 5 £ transformation

1) pen: BATFFEE AR FHY > @ HAopER AR ¢ 8% 4 homologous recom
7] 7]

£

bination #& » ff* F% = F 4 4 # -

HML/a ] W HMR/a
V/ V
A

HML/a - I HIS3 I HMR/a

B- -+ = ~homologous recombination- &, @]
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(2) 5%
MAT a - TRP1 MAT ¢ -TRP1 MATa -HIS3 MATa -HIS3
(overnight) (overnight)
DPDIN
HIS3

TRP1/HIS

X

3 plate
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