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Abstract

Not only can the cells spontaneously move randomly, but they can also show
responses to environmental signals. Since the former can be regarded as the basis for
the latter and plays an important role in various cell functions, it is important to
quantitatively study spontaneous movements related to cell physiological functions
under different physiological conditions. To this end, the paper uses a cell tracking
system to quantify a series of random migration of Dictyostelium discoideum single
cells at different cell densities in the social cycle, and successfully applies the
generalized Langevin model to experimental data, dividing motion into deterministic
parts and the random part, the analytical expression of the velocity distribution function
is derived. Using this model, the paper discusses the relationship between spontaneous
cell movement and cell density. The two contributions show different responses to

density. Random factors depend on density, while the deterministic factor does not.

Key words: Dictyostelium discoideum, random walk, Langevin model
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I AT R I RN AT T vegetative E3F, DL HIEHHIAE N E,
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i, BT BT ERANRAE cAMP? RN N EREE, TERRESNIN slugt, FEEAE LR
. B, slug TR TSEMR, AR 20% MAIAEET:, MK T 4 i 240 i $2
TR LA TR ROMEC A A B . AR T, 2T JURSEMKEE cAMP AL
BER, WA EAMR MRS, K5 AR5 . 7E
WAHFE AT, — YA SRR T A g R B, FIRMEE, BEX
() A A B 2 A il — A RS, e 2 e A S AR o Y, RO AL Hh L
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FESRERIAIE], DUk 40 Hoad 7 e SR EE L 8l, LU 2 i SR AR A
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(X 73 A& AT AL « W Hh PR 2 A0 45 35 DX T () I 580 R A, G i S
RGN EE RS = AT A o AR IX S e A i it (BARD 55 11
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2.1 ¥k

FA 1R H Dictyostelium KAxX-3 /£ 7t Bt F R B A, A8 LT BF AR AL (Can NC4)
[¥] Dictyostelium 1 5 HAT AT DIE TG R 1E 98 IR IR EE T AR AE IR /0. M8 H
Klebsiella {F 8 72K, HH SM A& FREMITE IR . 4 KAx-3 AT 3oy
I, R AR TR I 22 5 O B 7 V20K L S Klebsiella BEAT 70 B, 7089 )5 ) KAx-
3K ET 4°CRIFREE YLK 2 /NiF,  H IR T BEN social cycle. B )5 4H
PP 78 0 4T HUS H 29 B T B> — 801 SM. AR 7R, FRTE AP IR SR A AR X
TEE BPIRAS T M S A5 AN B S AR B R AL SR I B A
2.1.1 SEHALAR

I A EAE: mE K, fHIRET TR, VKA (4°0), Bt (BRI
J9: 10pL. 50pL. 200pL A1 1000uL), #E, bett, daE| 7], &, PH it
WEDJH RS, MERVEEON, ~FSk/MN5”, H A2 RPR20-2 AU 0L, 10mL 5
O, FEK,  Cannonl00-D FAHHAL, B (4x ¥, 10x HED
2.1.2 FERH KB T
2.1.2.1 HL5 %W

#1 HLSBW
ALK, HLS5 % (500mD)
Tryptone 5g
R 5g
Yeast Extract Sg
NaHPO4 0.47¢g
KH2PO4 0.24¢g

B IRV AE 500ml 281K B ARG U pH (EN 6.4-6.6, Bk 2&VKH,
FEAE G 0.015g Dihydrostroptomycin (X2 %), 4 CUKFELRAT




2.1.2.2 PB 298 DA K BEVR
X2 PBEMNWBLLEEEE

4§05 PB £} (400mL)  PB LAE# (600mL)
0.2M NaH2PO4+2H,0 147mL -
0.2M Na,HPO4+12H,0 53mL -
PB B - 10mL

Bo & 5E 5 AT pH 6.4-6.6, = EZ8VRKH, TN 4 CUKFEIRAT -

2.1.2.3 PDF BRHIEE
%3 PDFBHK
Y PDF ¥ (1)
KCl 1.5¢
MgCl, 0.5g
K>HPO4 1.6g
KH2PO4 1.6g

R ERVIRAE 1 L 280K hRke 5 /5 pH (BN 6.4-6.6, iR ZKITUKH
FRREE N 0.5g TRIREER 2R, TN 4 CUKAHTRAE

2.1.2.4 SM AR SR E R E 4G R RN E
4 SM PRI E AR R E

R SM A FRIE (10D SM [E 7R3 (10)

% B 10g 10g
Tryptone 10g 10g
KH2PO4 1.9¢ 1.9¢

K2HPO4+3H20 0.78g 0.78g
MgSO4 lg g
Yeast Extract lg lg
B - 20g

¥ LRV R AR T 2K 1L, A pH{EN 6.0—6.4. & 25ml 733E R
100ml HEE N, 5 R 2600K G TN 4°COKFA PRAF BB NS FR I .




2.2 ik

221 WEHEIAKE (Klebsiella aerogenes) Kj#g%
1) HF LAE & 54K 15min;
2) TELWIREE T, $REL SM PAR b XIZe 55721 Klebsiella B i p& 74, 55
25mLSM VARG TR Ak o,
3) ELE 24°CRIRIGFRIEIR T, LL 120 rpm [0 5%
4) 9-12h J&, VRAKESFRE P IS, IEEMRRIK EECT, BT 4°CiK
GELEE-92ER
5) SM R B FRE ) Klebsiella B AT AE 3-5 RNAEH, &R 3-5 KM
TRRE F5 HE S AR AT SM VA 9208 (25mL) H, HEETE %,

2.2.2 /EMIE (Dictyostelium discoideum) 4 fK3EFRh
1) 7€ SM [ 4435 75 3 thoin N £ 200pL Klebsiella B, #2018 B A4 R 40 g 20 A4
TR A T B AT e
2) F K TR 1) = AR BB AR PR B Ao 240 25 SO HE A LA i A B R L, 32
Pl (0 PR BT 24°CIEIR B 7248 S 9%

2.23 REHKMKRE
PR A B AR 28 36-48h FIAXT O, SR X HOH A A .
1) R4 )R BOR AR & R ok, Bl TR AL, BIRES A 5mLPB
TAEWH 10mL 304
2) KAAIT AL AT, 1000rpm B0 10 38R, FEE BIEW;
3) FEVTVE HI M T F b 10mIPB ¥R, FTHKPK], 1000 rpm &Ly, F2 L
TER, W E R 2-4 R, & BBy (QE T Klebsiella B ZEATF T
@)
4) TEYUHE 40 e [ 5 n 10mL PDF ¥, MK 1000 rpm &0 1K,
REHIE
5) 1 Ji 4 2500 B A5 2 (K 40 B [H B E 3mL PDF &, THORA)S
i FH L BR THEORC & 50 - SR 4 &R G ImagePro B4 1H 4K



2.2.4 FHFEMMIFHE A TRIASGRRE

1) TR TAE G & ANKEE 15min, {8 70%F R BT,

2) FEUER W KA B R AR B R 5 IR ILE . 70% P4 5 AN L
((3EF

3) RUBRIRELT, FEHANER R KT LS R, S E BRI L b

4) FEH—A ImL TS A7 S IRTEB A AL BRI

5) fERE BRI NIR A IG5, BT Sk /N iR R [ A 27 56 BT TR A
HR, ARG /NGRS /N B SRR B O T, SRRSO E IR R AL b
6) Fi 1000ul A2 FEIEL 500ul () HLS ¥, JE ¥ Uiie A1 478G 1
JE M) 500ul 50%H i1, 47275

7 IFARCIETRINKA 4 CATEET 1h, 1h FRB OB WA E S, )
NBESATTES, RAFRE

2.25 FEMIREFEM KK
1) AW ST 9 75 1RSSR A ik WA B A 7 A L, AU R SO A RIS DK AR DL
AT (2 /NI
2) HEM SRR, fH 2g/100ml (B R 2R, A 1% SRR 1A % PH
B 6.2-6.4, &EKE 20 7058, BT IS 35mm IR0, R
FRIL 3mL, BEFRMLAL /KA 8, REF/NEFRILG T b, BiE TAEG RS
SR AN S BRI AP
3) H4 A e 5 P BRI VA N WL 5% FH 85 9= LT, 43114 A 1000uL, 200ul, 100uL,
10uL 1) 4 SCRE IR S SR GRS HEA TR F T80, 8 SR WM R 4T 200
4) fF AP BT WD A M T A SEEG . SRAFENLIREE R 10 544
TEF, A Imgpro SRR EE 2 /N B XIS E A, G T EOR
T 0.1mm, BT A A T A . AR 8 FH 1 % S 2R LY
TR, 450 5 P30 BT 75 TR % T2 BT 7 B A BRT A, T N W58 FH 5 77 ML £ B Ak K
100uL, 4% = FEFR IR *T % /1000l ) , K 5 i VUM e 5 i 7 A s 1
p J&, HL100uL MO AEGFRILA, 3 (iRl s 77 MU A5 9 T 35 &) 78 25 45 Ak s



5) BRR AR BRI IRAT HUS » SLRVBEAT 5% BEAE fh 1, T2 LR Ol ok

SE I il PR AR EATRE A

6) 15 TR ML B T4, (BB & PDF ¥RORSF 1 TR LA R
Aok P B 1 s 2 m A

D CRIrAFRE T RMEE RSN, AR, EREENFES, 5

SARBUTR S D REVAEE AR 4, IR R AR B AR S H b o 1265124 (3~4

G ML, FIRXHE A, SRR RIFRICY 10s —5K, SRR FE N = PR K

PRI o AR BE VR S AR B E . TR Rl B O S IR 34T a 44 T EAT 4]

D IRGEARAL, AE N BN

8) A R R 5 B A0 o TR AR ul s A 1B B .

2.2.6 FIEMAHE %
FERBIRA 2 G, B BN TR el A3k T AR 20 M, AT SEBLRF A
AR EE:, D3RS 583X IS4
YR AE < BB B AN B G FIFE 73845, AR B X Le 50 0t — 2P AT AE G
o FTEIHERT
YHBIEREL: R A4 R A IES AR GL i1 K40 10000 AN ARS8 1) 41 A A gh
Mo B THAR, HORIENZERIKAE CNT 100 N/mm?) [IHT 1000 i, %
EATE BRI TR 2] . WIS S HE S EL MR 3o 7 K X 541
M. ZeECLRAnEsE . B RO TR SIS ot A o g B AT Rk
AR5, Hrh i B O YR, S BB 2 4R SR,
AL HN 3. 4. 5SAMERLE, EIFFMIBR 7 VU A DCHERR B s e
FEI s, RO BRIG AR 2R
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3.1 B RSHHHHAL
3.1.1 FEABBCA I

S Langevin J7AEH3E 1 AT IIZ A, B0 1T S A T R AL IR T 15 7
e Rt DL ALIE 3]

W v+ Lt

1)

X B OTE H R Fy.  (ERTERLT BRI 05 SRl B &
LCA) R ) Fi<Langevin J37L(t) (RRES RS FREEE RS2 8.

HBEHU D RN : dv = dvdt + DAW(t), XEW(O)RE T 4eghid
P YRR FIE S BT RS, HRR f e — 4RGN R i 3 B v T b
MU, I HXTIRESERGRMILN . WA E G5 E)
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