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1. ZI¥KE RO4 HHAERY L B MR E

Figure 1.

Fluorescence micrograph of mid-log phase Rhodococcus sp. R04 cells stained with DNA- and

membrane-specific dyes DAPI (blue) and FM1-43 (green), respectively, with asymmetrically or symmetrically
placed septa. A: R. R04 cells with symmetric septa in LB broth; B: R. R04 cells with asymmetric septa in LB broth;
C: R. RO4 cells with symmetric septa in MS broth containing glucose; D: R. R04 cells with asymmetric septa in MS
broth containing glucose; E: Cocci of R. R04 cells. Scale bars represent 4 um, 6 um, respectively.
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LB 35 7% 11 mmol/L 5 26 45 hy i U 1) S Aty 355 7%
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T U5 A LAl 3% 72 BE 35 52 1 100 S0 R 20 BRI
RO4 #ffifd, Z5RUnIE 2 Fron. GAARHR A 40 i a9 58
PR, B ARBR K A A K B AR RN 1,
DA /R B BB AT Ak 7 B o A B A B A L,
Il LA 1, ZEERTE ROA 41 b A A i 17 1 2243
A T 40 MK B Y 30%-50%. WF5E 26, HikdR /s
FRERT S 2405, 40 0 B 1) 2 57 5 L4304 T Al K
FE 1) 20%-500%1", SEAZ M AT M 24, 4i b
% 4 R 437 S A T AN K A 25%-50%1, H
UERT UL, ZTBRDE ROA 53k ol ML (1 43 R FF 1R L
AL FR 28720, B4 i 5 i)
HAL

LTERE RO4 HAEAR IR HEVTE 2 bt
Percentage of R. R04 cells with asymmetrically or symmetrically placed septum

Cell type

Percentage of cells in LB

broth (n=100)

Percentage of cells in MS broth containing
glucose (n=100)

Asymmetrically dividing R. R04 cell with major
deviation in daughter cell lengths
Symmetrically dividing R. R04 cell with minor
deviation in daughter cell lengths

72.67%+1.53%

27.33%+1.53%

71.33%+2.08%

28.67%+2.08%
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BRI 09I 2800 ad 3 B L B OB (TEM)
AN MIBEIE R E AL, 5 4 R, A
H Rl T BT BRTT ROA 40 & A7 A X AR B i
(&l 4-A-4-D)FIXIFRERE (K 4-E-4-H), Hi
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=y ,'-.5’-‘:'/’
S Tas oy
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0 . . .
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Fraction of cell length/um

2. 4I3KE ROA N RALSHINH

Figure 2. Distribution of septum positions in 100 R.
RO4 cells plotted along their axial length. The distance
of the septum was measured from the nearest pole in
fractions of cell length normalized to 1.0; the y-axis
shows the size of individual cells in microns (um).
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2.1.4 ZIBRTE RO4 MTE4HME AR : TEBUIE M2 1
FIZLERE ROA V& 41 time-lapse W% [RIFE /R
T A AR FR 2L, AR A, A
*wﬁhTﬁﬁKH%ﬂLﬁmZA%m@w)
DL A B A5 PR B 20 BK TR RO4 4 L 7E B )
FAERK L hEANERETAXNFR R A 1A
KW Fa0am 1 AN e Fanf, Kanffegksit

K 45 min J5, FRR&ETT T AMFR 2, a8 —
R A i A a4, e 40 (< MBS ) 4k 2k
A 15 h JERFESET T A FRA 2, 7B —
AR A G AR s 55— AN AR A 2 Sl
LT ER T RO4 4l AL K 100 min 2247 B 1 Sk 47
XFFRATEL, 133 2 DKM A, Horp
LAFAIMAER L h JSS T AR FRSR, =4
T — A A L i 00 L 0 e 3 A L SO

ZLIR A ROA 241 i A= 1 43 240 1k BEUE S T 76 40 M 43
ST AR PORX FR A 24 R A, RN T SEM
TEM FlRR/AZ G (050 AR S 3 i WL 45 2R

B 3. 4IBkE RO4 fafAfE R FRMIEE
Scanning electron micrograph of dividing R. R04 cells of mid-log phase cells with asymmetric and
symmetric septa. A, B: R. R04 cells with asymmetric septa; C, D: R. R04 cells with symmetric septa; E: Cocci of R.
RO4 cells. Scale bars represent 1 um.

Figure 3.
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4. £IBKE RO4 HAEST BT RBINIEE
Figure 4. Transmission electron micrograph of mid-log phase R. R04 cells with asymmetric and symmetric septa.
A-D: R. R04 cells with asymmetric septa. E-H: R. R04 cells with symmetric septa. E, G, H: R. R04 cells at the
initial stages of symmetric septation. The arrow indicates the position of the septum. Scale bars represent 0.5 um,

1.0 pum, respectively.

2.2 BREMSE T ZBRE RO4 432

2.2.1 BRFEMETAIRE R4 40 M A XS PR
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R ARLIBR P RO4, 5 0 U AR AL T 48 Floh 1A
MILLERTA RO4 A ffL, 45 REH], LUK RO4 4 i
[FIFE R I X FR 24 (B 6 1 = MATE) RIS AR
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24.14% AN R I TR 24K 2), S5+ 1 Y

ERIAR L, UITEBORIE R AT, JEAE
WA 213K A RO4 20 LA X R 43 2L ML BT o5 19 LG 491
2.2.2 BRORMMA T ZLBRE RO4 HMIHITE SIS

P4 21 mmol/L BEZE Rt —mRiE I F 4T BRI RO4,
YEUHE 50T I 4 08 FH 4 L B R R, D
11 mmol/L %M R b I 15 = LI BRTE RO4 4 i
VEJyXf B, 5 5R A0 7 Fos o S50 R (BT 7-A)FH L,
1 21 mmol/L BRI FAM T, 213K RO4 401
I ARAL, AR, AR TIER M
Gy, T 22 R Ak 20 I Y AR T A R A AR Ak (]
7-B, 7-C)o N T T MEAIRIHR IR LI IR RO4 22
ARICFEEERIFEN , ABF58500 L) 3. 6. 21, 42 mmol/L
IR ME—RRIF 5 IR BR S RO4, K46 BmiT A
ML T )5 T Delta Vision 2t fiss T W
g5, ZERNE 8 fitzn . SXTIR(& 8-A, 11 mmol/L
A IR S R EL , AR R R 552 2% 1
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T, ZIBRIE RO4 AR S A RRIFEAEE K, & 6.4 um, 7.2um. 13.1 um), 1fi H.*4 21 mmol/L FI
BLELRACHN I, BRI K IR IR 42 mmol/L B ME—BIFEE SR L0 ER TR RO4 1,
ISR (] 8-B,8-E ALK 6 um, AT LABH S SR B4 DL HER B4 (K] 8-D, 8-E).

00: 00 01: 00

* =/ ok

6 um 6 pm 6 um
N

A KA

6 pm 6 um 6 um

01: 30

02:30

L

6 um 6 pm

03: 30 P 04: 00

A

6 pm

N

6 pm 6 um 6 um

B 5 LIERE R4 SELAREAL 5 E

Figure 5. Live cell time-lapse imaging of two R. R04 cells undergoing asymmetric and symmetric divisions. The
daughter cells underwent further divisions. Growth and asymmetric division of an R. R04 cell (calatrava cross) to
generate a short daughter cell (triangle symbol) and a long daughter cell (square symbol). The long daughter cell
(square symbol) showed further growth and asymmetric division to generate a short daughter cell (circle symbol)
and a long daughter cell (pentagon symbol). The short daughter cell (triangle symbol) also underwent further
growth and asymmetric division to generate a short daughter cell (crescent symbol) and a long daughter cell
(diamond symbol). Growth and symmetric division of another R. R04 cell (pentastar symbol) to generate two more
or less equal-sized cells (right angle triangle symbol). One of the daughter cells showed further growth and
asymmetric division to generate a short daughter cell (heart-shaped symbol) and a long daughter cell (trapezoid
symbol). The cells were observed for three generations. The arrow indicates the position of the septum. Scale bars
represent 6 um.
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B 6. HABEFFHTLEKE R4 AR BIRIEE
Figure 6. Fluorescence micrograph of R. R04 cells cultured with biphenyl as carbon source stained with
membrane-specific dyes FM1-43 (green) with symmetric and asymmetric septa. White triangles indicate symmetric
division , and white arrowheads indicate asymmetric division. The biphenyl concentration is 21 mmol/L. Scale bars
represent 10 um.

F 2. BFREFEHTLAIRE R4 ABRATIRSHAE D
Table 2. Percentage of R. R04 cells cultured with biphenyl with asymmetrically or symmetrically placed septum

Cell type Percentage of cells (n=100)
Asymmetrically dividing R. R04 cell with major deviation in daughter cell lengths 75.86%+1.04%
Symmetrically dividing R. RO4 cell with minor deviation in daughter cell lengths 24.14%+1.04%

7. BEEFEHTLOIRE R4 MM AREEFREHER
Figure 7. Scanning electron micrograph of mid-log phase R. R04 cells cultured with biphenyl as carbon source. A:
R. R04 cells with normal division cultured with glucose as carbon source; B, C: R. R04 cells with abnormal division
cultured with biphenyl as carbon source; the biphenyl concentration is 21 mmol/L. Scale bars represent 1 um.

2.2.3 BEMME TOERE RO4 4 M A4 2430l « ODeoo fHN 0.576, %) M i Mg 45 R BRI

DA 21 mmol/L 1 42 mmol/L BXIE Ry e 5 1 55 41 Bk MM R w2, dkSeiE9E % 20 h J5, ODgyo
B RO4, /Rl 3E T 13, 20, 34, 45, 60 h  {EH>M 1.104, MEETHIAN AR SR KB S0 3

J& 5 AN A T B G AR K Ry 2 FEESSE 34 h JE, ODewofliN 2.373, ULHHBIKZY

0L, A IS 100 UM (R 3). BRI 94.33%H 40K E IR A, U4 4 5.67%HI 41

JEh 21 mmol/L BF, £IEKE RO4 5535 13 h )5, FUAT SR AL F 55 0 Z4RAS ;. H59% 45 h J5, ODeoo
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B0 3.78, JLF-FiA M43 &2 0 IE 4 44,
HAAH 1-2 4 Ry 5 43 2LIRAS s 5557 60 h
J&i, ODgoo BN 6.394, IHHYI R AT 1Y 41 i H4 9K 42
RIER A3, MR 42 mmol/L B, 21 Bk
B RO4 159% 13 h J5, ODeoo fH 4 0.378, %¢GE
Tlee LR 45 L R T A R3S o S v o 5 dkek
B2 20 h 5, ODgoo {H 4 0.694, ULFHIZH 4K
KRB A RH T3, 1R 34 h 5, ODgoofH N
1.103, IHIFHAZ) 38.67%) 41 1K & 1F 5 43 2L,
Pl 24 61.33% 4 LTS SR AL T 50 43 B4R 5 BE
F: 45 h J5, ODgoo N 1.162, V2 4.67%F 41 il
WS ABLRA; K3 60h J5, ODggoflih 1.193,

6 pm

6 um

WL T A ) 2 SRS R T 43 %4 A 11 mmol/L
IR AR IR G FRLL K RO4 AfIAE X I, &
THOWEE B, AT EH U3 4 40 i 24 2 B0y 1 3 40 24
(B 1), BLBILIERE RO4 4L 1 43 24 4s 32 S| 15
D, [RIBT£TERTE RO4 40 i W] LI AR S B 5K &
EWAH, BAEERINIEFTH, HEEHIE
WG, ZIBREE RO4 AQCIHBCHEIK & IE H 2
S T E R . FEABESE T, A (3
— . REJE BT ¥ B A0 40 Bl T Ok 2 1E 4 3
(1 8-A), T 4 i JE i 305 A5 8¢ G Bt i AEURS B
R BETE 5 5 B FE 114 240 B Bl A A 2 S 40 S ()
8-D, 8-E),

6 um

8. AEIMREIKEIESFMHTLAEKE R4 AR BRIEE

Figure 8.

Fluorescence micrograph of mid-log phase R. R04 cells cultured with biphenyl as carbon source stained

with membrane-specific dyes FM1-43 (green) with abnormal septa. A: R. R04 cells with normal septa cultured with
glucose as carbon source; B-E: R. R04 cells with abnormal septa cultured with biphenyl as carbon source at
concentrations of 3, 6, 21, 42 mmol/L, respectively. Scale bars represent 6 um.

# 3. BEMPBTLAKE R4 FE D RAYELE]

Table 3.

Percentage of R. R04 cells with abnormal division under biphenyl stress.

21 mmol/L biphenyl

42 mmol/L biphenyl

Time/h ODggy™! Percentage of R. R04 cells with abnormal ODggy™! Percentage of R. RO04 cells with
division/% abnormal division/%

13 0.576 99.95+0.05 0.378 99.72+0.28

20 1.104 99.52+0.48 0.694 99.61+0.39

34 2.373 5.67£0.12 1.103 61.33£1.31

45 3.780 0.67+0.03 1.162 4.67+0.08

60 6.394 0.33+0.01 1.193 0.67+0.03
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Asymmetric cell division of Rhodococcus sp. R04 and its
division inhibition under biphenyl stress

Xiuging Yang’, Huihui Shang

Key Laboratory of Chemical Biology and Molecular Engineering, Ministry of Education, Institute of Biotechnology, Shanxi
University, Taiyuan 030006, Shanxi Province, China

Abstract: [Objective] To study the division of Rhodococcus sp. R04 cells and the effect of biphenyl on cellular
morphology and cell division. [Methods] Using fluorescence microscopy, scanning electron microscopy and
transmission electron microscopy, we analyzed the division of R. R04 cells cultured under different conditions.
[Results] Rhodococcus sp. R04 exhibited asymmetric and symmetric division, and the proportion of the two types
of division was about 7:3. The culture conditions did not affect the proportion of asymmetric division cells. The
septum was located on the center to the poles, with some clustering at 30% and 50% of the cell length.
Rhodococcus sp. R04 degraded biphenyl, but its division would be inhibited by biphenyl. Microscopic observation
showed that Rhodococcus sp. R04 cells formed filaments and exhibited abnormal division in early exponential
phase under biphenyl culture conditions. As the culture time was prolonged, the cells finally restored normal
division. [Conclusion] Biphenyl/polychlorinated biphenyl has a strong effect on the reproduction and growth of
Rhodococcus sp. R04 cell, but it does not affect the mode of cell division.

Keywords: asymmetric division, bacterial cell division, biphenyl/PCB, Rhodococcus sp. R04
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