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1.2 Fik
121 sgRNABG, “RACHIBER L
M dictybase.org |- 3K B 5L AR Tl pikd F11 pikB
i FE K 7 5] (pikd: DDB_G0278727; pikB:

DDB_G0274109), FH M3k http://crispr.dbels.jp/43
STt pikA Fl pikB 1 sgRNA (single-guide RNA ),
FASES M5 B

ﬁﬁ]ﬁi?ﬁ”"’ﬁkﬁ/*ﬁiﬂﬁ sgRNA 1E [1] 5 I [n] 5
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ZRIB AR SN A R AR FRAPFE R 10 pl, T PCRAY
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TRk RS, BUS w5 R RK R R
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FH R S ZEACHK SN R AN FE 2 10 pl, T-37°CK
v A A BE 30 min, 3% 42 A -80°C VK AR
(Exaa

Table 1 Primer information

Primers Sequence (5'-3") Endonuclease Application
sgRNA-pik4-F AGCAGATAAGTTATGGCAAAAAGA Bbsl Insert sgRNA and enzyme digestion site into plasmid
sgRNA-pik4 -R AAACTCTTTTTGCCATAACTTATC Bbsl
sgRNA-pikB -F AGCACTTAGCAATCGATCGAGAAT Bbsl
sgRNA-pikB -R AAACATTCTCGATCGATTGCTAAG Bbsl
tRNA-F GCTCGATTAGCTCAGTCGGCAG Colony PCR
pikA-screen-F CTATTGAAGTGATTTTCAAAGCTGG Identification of gene knock out strains

TTGCAACACAATAACCAGCAC
ACAATTGACCCAAGTGTTAAAGT
TTATCAATGATCAAACCCTTGGC

pikA-screen-R
pikB-screen-F
pikB-screen-R

Underline represents the enzyme cutting site.

1.2.2 pTMI1285-sgRNAZk ARl %

FH BbsTN UI g IH AL PR AR JBR pTM 1285 i 2 B
BRI FURL B LS, BEDIR 2 o A SRR S5
NEE, RSB R TR B, & 75%
LR PE AR AL FNRGE K R, IRAS4lifb 2k
PR . FUHE pTM1285-sgRNA ZR AN, 2 ul Ff
B 100 f5 MR Ak 51 W — AR . 2 W&k
pTM1285 Jiikr . 1 ul 10xT4 Ligase Buffer, 1 pl T4
Ligase IR A, I K B ZEACK: SN 4 R AN 7
F 10 pl, T 16°CKB IR . 42%#&%@5{%%
AL AL 2 R AT TR DHS o @3z 25 41 A v
B F LB [ A 525 (Amp+) §fiik 16~20 h, %EER
HEribET, A A sgRNA 519 FHRNA HE1T
V& PCREE (1), S0F5E 5 $EHUH N v
G v ) SR LA AL
1.2.3  H5E{kpTMI1285-sgRNAZE A

TG TR 15 2% B A T8 95 5 DA P AX2 41 i 2 4 5K

ARE Orikiz% 3k [20] ), IR 2x1074>
AX2 A 15 ml B.0E T, vK EALPR 15 min, H
(] A Bl A% 22k, F4°C. 2 000 r/min 2544 T &0
Smin, F IR BT 0 HS0 28t 25000k 2
W fJa 100 pl HSO R 40, JFmA 5 ul
pTMI1285-sgRNA # /& 5 Z IR & )5, Wik R ?’%/\
0.1 em L AR, L SEALIGHE TR 4L,
k750 V., 25 pF, HLdi 29K, 2U\EE$ZIETJIHWWJ
5s, UAMEBARKER X, BigdflE, &
B A EREE A 10 ml HLS 3535353555 24 ho [l 1)
RN G418 (20 g/L) #Ef70fdE, 293 dif,
X REZE 20 M G R T AR R, S A e
I EEAE A
1.2.4 WA BTS2 HR v

F SM A ifi ik K4 J5, PRICHLTR 7% 51 100 ml
Wl SMEEFRIE | 22°CH; % 48 h AJ TAF LI 7 2L
MR BE, T LUMET 7 d 2255
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M AR KR B R RS, R
DNA $EIGA I £ 57 29 2 AR FE R 41 DNA, FFLA
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TR, ARATAY PP 51 5 0 A Y20 it v 4 7 91 e
G PN VSN

JFH B 1 5 BP0 30 3 A 5 A8 Ak 40 it v ) AKTT A
ERKA #& 2T 0 L& Okl 2% 3
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100
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FHHr (%) DB 22 vhil e ve 2 5, dh2HI DB 22 o
WOUHRALFE 3 h, HARRAHA, IG5 240 L D 21 hn
/NEH, WEES min, 35 BEEYE A, MAIGH) DB
Zropil, ARYESCE HAY, TE/NE W R AR
BEHRE ., WA CCD Y e ic s 40 e B
G iz s g O, A0 RO A (B 1 min 471 W,
630 min. HARRSEAUR, B EA T A Image) F/F
AT RS R ERE 3K, BRI
9 LA~k 50 S o ge it A5 R O 1) M 4R A
(directedness) FIJ7 [a]FF2EEF8 50 (persistency)
Yr 4 MLAE B L 3 b B 0 1) AR — 4R Oy ) L)
FReeAt ol MR B3 E (track speed) FI{iz
R (displacement speed) PEMTAIAETE B HL %
i shEE ), Hrh, B AR A A A
B (min) WAYIZZNEEHE (um), SRS EEFE 1)
SERALNE (min) WEIREZEERE (um).

2 & R

2.1 CRISPR/Cas9Z& St B E fmigH ik
AWFFE BE A all-in-one 2 3k 2K pTM 1285 1E K
JEk B 4R CRISPR/Cas9 JL [N g gk A, Sehd s
PikA F pikBEER PG R, TEINB 735 h F4k
PAM J¥%1 (NGG), #EHZITF LR 4814 20 bp
BIE T B /E N sgRNA (& 1a), Ffil i 75 NCBI &
Zirh BLAST UXT, HEBR BRLA% R 2 A5 Pk P 91 (1 ]
REPE, JFRZHE sgRNAFESISE (£ 1), )
i sgRNA 7E pTM1285 Jit ki 1 1) 4 A7 55, 78
sgRNA [} 2K 3 il I Bbs1EE YA 55751 AGCA (IE

pikB sgRNA

1
5'\! I - ‘3'
-
- S~o
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CTTAGCAATCGATCGAGAATAGGAGGGC

(©

iCACT TAGCAAT CGATCGAGAATGTTTATA

vl et AL,

Fig. 1 Selection of sgRNA and plasmid construction

(a) Schematic view of sgRNA targeting locus of the pik4 and pikB genes. The blue sequences indicate the target sites of the sgRNA. The red

sequences indicate the PAM and the black sequences indicate the restriction enzyme cutting site. (b) Agarose gel electrophoresis of tRNA-sgRNA by

PCR. Gel images were cropped, but no other bands were present. (c) Sequence analysis of the tRNA-sgRNA junction.
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SCEE S ) FTAAAC () SUEE 5" ) o #5149 — %
BRI, 5 BbsIBG YIS AL 2 M pTM1285
Bk 4, AR R AT R DHSa L I
MR TE BRI, DT B, FIH
sgRNA (1) 52 [ 51 Fl tRNA (1 1F 17 £ 51 R 5 | kA T
PCR Y14, T3R5 100 bp A1 F BL (K 1b),
Y G g oAb e R S TI Y (B o), HRAE
JEHME B RT3 R A5 D e d Al . SRy
Y 7E 1 5% AL % TR DNA, 3845 pTM1285-
sgRNA-pikA Fl pTM1285-sgRNA-pikB T L 514
22 RTHKMSE

18 1o H 2 AL B AROKE pTM1285-sgRNA-pikA Fl1
pTM1285-sgRNA-pikB T 20 % 1A 43 51 S A B A= 7l
AX2 4ifarh, FIH 20 mg/L G418 ik 3 dJm, BRTE
AL I IRy 24058, i, S FIF 5 K4
RATG R BRMAE SM M b, 43d)E, M
WA (El2a), FEEIGFRIIAIAYER, W
PRBEAD I — 2D AR T, T > W5k 7 BRE H e Xl P 4 T
53 KA B AR T A0 B U, AR s 4b T L
R, IR m Z A E T o R4

@

VeI R, W AR AR YR N P RE D 2 4k B 1Y
AT . I, SRR RS S SR AN R
EZ2) iy -a-RiOES = S P AR e A o=
TH SRz B, W2 TG, BN
FAEG | BB RN GAESTE .,
TP REEFR . B, 38 a0 46 HCX S 2 it Ay i R 41
DNA, JfF| ¥ ) 32 5 W o i 5 | it A5 1 (1]
2b) . PR BRI R/ INOT e B A R rp R ) 41
i, WATREZ SRR, Wi, HRERGR R
PEEY 38 B, AR — 2D LT R P S . TR
ENTL T LI = ve S s - e Y i UE 2 N
A5 AW BERRIREL T 91 AR AL R Al = R A AR
A, R PFAE I 2 ST, AN
IR T pika-1 (X3 pikd FE R B 5€ 728 )
pikB -5 (f{3% pikB HH B 548 ) TINS5 ABBRAE
WA A A bk . Horpr, SEPAERIAY pika
L P AL, pikd-1 W9 FEHF F1 8D T — A
e, 15 AR pikB FE R R SVAH L, pikB -5 1)
FEHFEZINE T 40083 (E2¢).

WT  TAATGGATAAGTTATGGCAAAAAGAAGGTT

pikA-1

TAATGGATAAGTTATGGCAAAA-GAAGGTT (-1)

WT  GTGCACTTAGCAATCGATCGAGAATAGGGCAT

pikB-5

GTGCACTTAGCAATCGATCGAG----AATAGGGCAT (+4,TATA)

Fig. 2 Identification of gene knockout cell lines

(a) An example of of pikB mutants in plaque. Single clones grown on a bacteria lawn on SM agar plates after 3—4 d. (b) Identification of mutations in

the targeting locus of pikA and pikB genes. Clones were used for further sequence analysis. Gel images were cropped, but no other bands were present.

(c) Two sequences for pikA and pikB mutants were presented. Parental strain AX2 was used as a control. The target sequence is shown underline, and

mutations are shown in space line. Numbers in parentheses indicate the number of modified nucleotides.
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23 SHMRAREERE

A R 2 R DA TR AN B AR DU AR T TR
Al FHELE T Z A PR, R LA T L
MR R N Z MR E . TR E,
WFFE AN R 35 BE AT R 11 22 A L 8 A 2
RAEBTE (Z94h)., HMEEFE (8 h) . A
BBt (£912h) FIFSERBB: (Z922h),

BT RSE pikA 1 pikB FE PR 7E 355 35 AR A 22 4
Mk BB AVER, KRB0 pikd F1 pikB JE
RS MR S TIERIIIRE I b, iR
6.5x10°/cm’ [ EFAE RUZ ML | pikA S8 75 KR40 AN pikB
GASPRANML . 22°CHF P EIE SRR, IR AL i
TRy IV 55 8 hFl 24 h Ik = Tl 40 it 1) 22 40 i
REMEN (K3), NERFREHEARE, Tl
T 8 h Y B AR R4 AX2 Fll pikd ZRAFRRESE 240 T

AX2

8h

24h

pikA™-1

. vinef % : h - =y
3 - g bdur i O " ¢ p

Y BB B, AH pikA 9828 BRIA AT /0 BN Ak 1 3R
B, 5 T8 MIEL, pikB ARG & B B GE
R—2 WY pikB S RRAN L & B A AR E
BrBto MUUEk24 h)m, BFA: TR 20 RN 58 A8 R A AT
TR T A PR 2 A Uk, sk, 5
A= RUARPIE B Z AN HUARAH L, pikd 2878 1k
4 i 1 pikB 5 78 A 4H ML B 1) 22 4 M AR FE T 25
KN EARRIE 22 20k, o, pikd RABKR A MR
T A R T A AT R 1 ) T TR 5 R I
fi AR EHDH:, KR TR TR,
PikB 7SR AN LIE B ) F T ST AR 5 B A UL
RH) LB A R0 MY 6L T4 TR /N, AP AR LR
Y, (AR (6l TR Ar B TSR, X segh
57~ T PI3K1 AN PI3K2 7 #5 JE MAR B 2 4l i & 7 i
R DIRE A 2 571,

pikB™-5

Fig.3 Development of wild—type and mutant cells plated on non—nutrient agar

The beginning of starvation concentration is 1x10'° cell/L (approx. 6.5x10° cell/cm?). Mutant cells exhibit mild developmental.

24 RETKREETRBHFRHEBEME

4 5 A AR 240 it R 2% 8 PR A I O3 ) T 0 R
12 Viem W B, Gl S0 SRR R G004
MLz s L, SRR, pikd F pikB 98 S MR AE
EI A iz 3y a5 B A B AR AR ], R

W HL 3 Al s g s (Bl da, b) o AT 40
TR0, SER LI BT
A E R I iz s s 5 (0.86+
0.03), Tfii pikd i pik B9 AR AE B i FL 3 v 112 3y
I8 R (0.95£0.02) F1 (0.94+0.03), —
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B G RN (B A 2 5 PR R Y
D7 LR Bl (0.36+£0.01), pikA F pikB5E7%
bR B 7 ) 2k 4R B s B ke (0.60+0.01) A
(0.62+0.01) , 156 B 5 57 A= AU 20 L AH LL ,  pikd il
PpikB 5 7% BRAE U L 3 W 1] B A% 58 B A T R
CEEET N SRR B H g T s s i T
Gt o M A B, AR AR A0 Y SF H 0 R
(3.34+0.08) um/min, i pikA Fl pikB 578 ¥k -1
S0 E 43 591y (4.85+0.20) F1(5.48+0.15 ) um/min,,
(A6 % B S AR MR R A TR 2 B A A AR 5 T 25 57

300

SRS B G AT A R R, B AR R AN
INi B E (1.26£0.05) um/min, [fij pikd Fl pikB
G875 BR S Y0R8 R 43 )l (3.0420.17) Al
(3.46+0.13) pm/min, ¢ £ 55 [A] 4 3% B 58 228 pk Fi1 Y
AR Z AAE B E R 22 55 (Kl4e), DL 4504
TN T pikA 1 pikB 55 K7 25 55 AR B 248 e 137 11 3
Y R A E MR R R EEMRIER, AN
Tt pikA F pikB BRI 5, 58 A8 AR 6 [ 58 B 1) L
it L S vy e B R s AN, A, pikA F pikB K&
s T I E T i 4 ALz s

pikA™-1

Y/um

300

Y/um
S

S R LEEEEEE.

-200 0 200 -300 300 -300
X/um X/pum
©
Lo [ *k 0:AXx2 6.0 |- Hokk
= H
: pikd -1
08 : pikB~-5
Gy kR 40
0.6 | 3 ik
04
20
02
0 0
Directedness Persistency Track speed Displacement speed

Fig. 4 Electrotaxis of pikA and pikB mutants

(a) Movement of pikA null and pikB null cells in 12 V/em DC electric field within 30 min. (b) Trajectory plot of wild-type cells and mutant cells.

(c) Quantitative analyses of electrotaxis of wild type cell and mutant cells. The trajectory data is the result of cell movement for 30 min, track more

than 50 cells, and the average result of three experiments. Significant differences are calculated from the data of mutant cells and wild-type cells by

t test. **P < 0.005, ***P < 0.001.
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Fig.5 Western blot showed expression of Akt and ERK in wild—type and mutant cells

(a) The expression of Akt in wild type and mutant cells. The expression of p-Akt in pikB~ mutant was significantly higher than that in wild type.

(b) The expression of ERK in wild-type and mutant cells. The expression of p-ERKA in pikA™ and pikB~ mutant cells was lower than that in wild-type

cells, however, the expression of p-ERKB in pik4™ and pikB~ was higher than that in wild-type cells.
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Abstract  Objective  Phosphatidylinositol 3 kinases (PI3Ks) play an important role in cell directional

movement by regulating F-actin. However, the structure and function of PI3Ks are complex. The role of PI3Ks in
cell electrotaxis is not fully understood. Therefore, in this study, the model organism Dictyostelium discoideum
cells were used as experimental materials to explore the role of PI3K1 and PI3K2 in electrotaxis. Methods Firstly,
PI3K1 coding gene pikA knockout mutant and PI3K2 coding gene pikB knockout mutant were constructed by
CRISPR/Cas9 system. Secondly, two mutants were placed in a DC electric field with a strength of 12 V/ecm and
the electrotaxis were analyzed. Results Data analysis showed that the direction index of wild-type cells in DC

electric field was (0.86+0.03), while the direction index of pikA™ and pikB~ mutants in DC electric field was
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(0.95+0.02) and (0.94+0.03), respectively. In addition, the average trajectory speed of wild-type cells in the
electric field was (3.34+0.08) um/min, while the average trajectory speed of pikA™ and pikB~ mutants were (4.85+
0.20) um/min and (5.48+0.15) um/min, respectively. The 7 test showed that there were significant differences in
the directedness index and speed between the mutant and wild type. Western blot results showed that both
phosphorylated Akt and phosphorylated ERK were significantly increased in pikA~ and pikB~ mutants.
Conclusion PI3K1 and PI3K2 may inhibit the electrotaxis of Dictyostelium discoideum cells by increasing the
activity of Akt and ERK.
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