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Whole-brain transcriptome analysis of wool

sterol synthase heterozygous knockout mice
Li Yanling,Li Yuhao,Sun Xiaomei,Zhang Jun,Zhang Sumei,Zhang Shengquan
(Dept of Biochemistry ,School of Basic Medical Sciences ,Anhui Medical University ,Hefet 230032, China)

Abstract Objective
cholesterol levels that may affect brain function. Methods
— ) mice and WT C57BL/6 mice were analyzed by RNA-SEQ, and the signal pathways involved in the differentially
expressed genes were analyzed by KEGG enrichment. The differential genes were detected by real-time quantitative
By RNA-SEQ analysis,
LSS( +/ =) heterozygous knockout resulted in the difference of 320 genes in the mouse brain,including 145 up-

To investigate the molecular changes of lanosterol synthase (LSS) gene dysfunction and

The differentially expressed genes in LSS knockout( +/

PCR and the protein expression of differential genes was detected by Western blot. Results

regulated genes and 175 down-regulated genes. KEGG enrichment analysis showed that these differentially expressed
genes involved in neural-activated receptor and ligand pathways , hippocampal signaling pathways and glutamate syn-
aptic pathways. Real-time quantitative PCR showed that CCKBR and Hitr5b were up-regulated, respectively. West-
ern blot results showed that CCKBR gene was highly expressed in the total protein of all brain tissues of LSS knock-
out( +/ — ) mice. Conclusion LSS heterozygotic knockout may affect brain function and animal behavior.

Key words lanosterol synthase;gene knockout mice ; RNA-Seq; enrichment analysis



- 1394 -

FHEHRKXFFIR Acta Universitatis Medicinalis Anhui 2022 Sep;57(9)

A3 AN — 7 51 P S5 e v 14 195 0 56 4 A
A5, A0 T 245 W 2 5 A [R) R T 45 24 R0 AR
[ 5 s R A B R T 1Y) 22 S OE AN BETR & 44 2,
ST 2R B-N LR TR & 25 20, 2 B
MR HUERON , HOA LEH T 25 Y1 & I 2R Y
ZECETYIE W

FIZS BRI (linezolid , LZD ) BEA B B £ (fosfomy-
cin, FOS ) % 4 B (00 7 4 BR T 7E (R N AR SN HAT R
LRI E A (S - & Re Bl S
JEURE & AR B 24 W A7 A — 8 IANE PR A
SCHRGT LZD BRG FOS B 58 24 R FH 1) 2 Rl B 45
2720 AR NI B LA 25 T 2530 K
F, P, ZAR ST R 25 7R [ R R ]
B I XTI J5 2N ( post-antibiotic effect, PAE ) Fl12%
B R

1 #B5EFEE

1.1 ZHEH ZIEENE O R
ATCC29213 , FH ZE AN B i 24 Wl oo B3t

1.2 5K 1.ZD M [ 3£ E Selleck Chemicals
25w FOS W B v E B 2 b AE T ST Be . MH Bl
(mueller-hinton agar, MHA ) 14 B %< [# Oxoid 23 A,
MH 7% ( mueller-hinton broth, MHB) Wy H 5 & & #F
el g 14 9 R A IR ), 6~ 1 4 25 W I ) b st
RFFRHLABRA ], FOS ARSI YU 61 R 7
M (LMREE S 25 mg/L) |, 25 W) P4 TE 1A 3 vk T 1Y)
N FHR A3 2 I EABAEAE - 20 °C VKA b2 FH (A 500 2
M)

1.3 FHik

1.3.1 AERHAE AR A9 B 77 ML _EHR
2 ~3 AR/ RN 7 T 3 ml TR A ,37
CREGHFM PR TR, 20 wl 4053 5 720
T2 ml TCHE R RSETE 37 C RS H FRA RS 77
2 ~3 h, A AT BRI, AR5 R 2 TR vk
FER(1 ~2) x10° CFU/ml, FELATCH B 10 175
SR AN R (1 x 107 CFU/ml)

1.3.2 FA& HE % Z ( minimal inhibitory concentra-
tion, MIC) M & Z ML EIG IR 5 S50 E AR EZ 5
SWEENBIEm B E N e, ALKl ER 3
K,

1.3.3 PAE M W AR WK 0.5 ml ATA
4 ml MHB A9 TR (T 48) , FIMA 0.5 ml LZD
5 FOS N VR, I B 3 48 v 2 1 40k 32 3 531l Ry 4
mg/L F12 mg/L, IZMBEMELE 1.5 x10° CFU/

ml 247, SRR Y2 XTI (C ), m
0.5ml AN 1 x 10" CFU/ml K 4.5 ml 1Y
MHB, RAE¥SEHET 37 CHEERFA TR L
RUWE 1 h,

S E A 3 R, | e E LZD 5 FOS
AL A TR 1 h 1) PAE; I 5E P 25 76 AN ) 1Y
NI E S a1 b R B PAE ., EARMINF K2R
HEREBET LZD 1 h, X573 PAE &5 (Th =0
h, %2 LZD Ja 7B A FOS) , Hia) i (Tm =0. 5 h,
UEZ LZD JSE B 0.5 h) MIZE 3 (Te =2 h, P2
LZD J5IIf% 2 h) 43 0 45 3 FOS 288 1 h J5ill &
PAE., BAE 45 24 I (8] B, B9 2% 88 FOS, 76 £
PAE BRI (Th =0 h) , FPaI(Tm =1 h) gk
W (Te =2 h) 4394 T LZD %5 1 h J5 I E PAE,
ARSI R VR B O L BR L 250, VEE R I 4
S, @ B MHB #hesE 329, LA 3 000 v/ min 5.0
5 min EBRZGY), HEEVRY 3 UK, FEFH MHB F B BT

F0.1.2.4.6.8.10 h 35IREE0. 1 ml, HITEH
A BEER K HEFT 10 A5 RAVFRRE G, IO 7 R B T W
TR A TS ABE MR, B8 T 37 CEER A RIS
18 ~24 h [ AT T8 1HEL, PAE BT AR I 45 1
NG PAE =T - C, Horp T %5 B 5 52 5045 v 40 1A
N1 logl0 AT af(a], C R B Jo X B v 20 T 34
B 1 loglO FFFFIFIE] . PAE iz FH T 64 40 1 %4 A
FIE, BAREEA PAE L2 H12 PAE Z FIEE K AH
AL sl T e i DOV 2 4 W A R I AR I s B vE
FEIRIBR 25 25 0, 16 PAE 1 (8] 1 RN 25 5300, A B 1k %
R AN A 2 A B, 75 2 R4 T 10 A5 100 A5 76 B
LbFR

JPREn 25 5L J5 2 55 25 W) 0¥ PAE (B2 M
SEBRINAS Y PAE {ELIE 25 56 2 5% 25 W) 1 5% F8 PAE,
ULAh, Je 5k 85 270 M S 5 85 20 W Z AR A — > R iR
B[] 2% (Th \Tm 1 Te) . MMi%% B PAE J&# & 765 —
TR0 vh 75 3] 4 BR 24 PAE a2 2 58RI E) 2% A
tho LA LZD #Y PAE HH ] (Tm) & FOS i,
LZD H5% ¥ PAE % F 5.2 1LZD ¥ PAE 825 Tm, N
FOS 191t PAE 25T SEFRMAS Y PAE 3£ LZD H5%
¥ PAE,

1.3.4 24 h XA %% B0 0 R 25 7%
O3NS | e R A B R EEAE 1 x 10° CFU/
ml 2247, 9VREEY S 2 x MIC, 43 3 R kg 5 28 .
@ [FINREE ;@ JoRiE LZD 1 h J5 2% FOS;®
JoZkHE FOS 1 h J5 M2 88 LZD, [A20 3 2s 1A R



FHEHRKXFFIR Acta Universitatis Medicinalis Anhui 2022 Sep;57(9)

- 1395 -

4,7T0.2.4.8.10.24 h 5350 50 wl, HIJow A=
PRER K HEAT 10 A5 RIVFRESS | WO 5 0 B B TR R LR
T2 AR, B E T 37 CHEERM TR
24 h AT REVE T e R R i 2, T SRRy
HE 3K,

1.4 Sit=43E R SPSS 23.0 WG ikt
TR 30T o SRR 3 5 22 537 ( One-way ANO-
VA) E# 4 .8.10.24 h 41 4 K A8 1k, B AT
SNK-q 55, P <0. 05 AZEFAFIFRE L,

2 R

2.1 MIC LZD Fl FOS %f ATCC29213 [ MIC 43
9 2 mg/L Al 1 mg/L,

2.2 PAE LZD %81 h i PAE 5(1.2 £0.1)h,
FOS % 1 h i) PAE J(1.6 =0.1)h, A ## 1 h
1) PAE (2.9 +0. 1) h, W25 BEG A AL, 3
PR T A AR g WL 1,

10
B0
=
o 6
Y
¥
= 4+ = Control
f‘;’ —— LZD 2xMIC
NS —— FOS 2xMIC
o —a— [.ZD 2xMIC+FOS 2xMIC

0 1 1 1 1 1 1
0 2 4 6 8 10 12
R 8] (h)

E1 ATCC29213 2% F LZD #1 FOS $Z5REE& 1 h i
PAE @R 4K sk
21 B R I 2 R ) ) P AR B AR i Sk R

PRGN R, e REE 1LZD )5, 4 K
PAE ) Th ' Tm £ Te #%#% FOS, 32l PAE {84351 N
(0.9+0.1) (0.7 £0.3)F1(0.9 +0. 1) h; X} i LZD
() PAE 5% BE 84359 1.2.0.7 F10 h, | FOS fY i
PAE “EHI(E 5 —0.3.0 F10.9 h, 3 Fhaees &0
TR TR A R ULIE 2

MR FE FOS B, 76 H: PAE (1) Th Tm 1 Te %%
#& LZD J& , 705 PAE {E°/ (2.8 £0.1) (2.0
0.2) FI(1.3 +0. 1)h; %)% FOS i PAE 5% B4 {54351
$91.6.0.6 F10 h, W] LZD B4 PAE “E21{E 43 51 Ky
1.2 1.4 F1 1.3 h, 3 FhB@E 50 PRy AR i
L3,

YT B X FGR B (CFU/m)

4
——LZD—FOS(Tb)

2 — LZD—FOS(Tm)
——LZD—FOS(Te)

0 L L L L L L L ]
0 2 4 6 8 10 12 14 16
i 8] (h)

El2 ATCC29213 EET LZD1 h /5,5 37X PAE &Y
Tb.Tm 71 Te 44F FOS RE 1 h AEE KL
2510 1) 2 08 R 2 5k i) R A 25 €5, 1) 2 AR P4 Sk 2w, 38
1 IR LZD B8 AR BR S A5 3 Ml F FOS 1Y 5 58 1 2 bk
3 1 R AR KT o7 2 6 P T AT KT 1 Sk e

10 -
E )
=)
S
= 6}
g
&
® 4t
f’é —— FOS—LZD(Tb)
= | —— FOS—LZD(Tm)
—— FOS—LZD(Te)
0 L L L L L L L ]

0 2 4 6 10 12 14 16

8
A (h)
E3 ATCC29213 2ETF FOS1 h 7,4 37 H PAE B
Tb.Tm #1 Te £4F LZD £%F 1 h HE A K&k

2100 1) 2 8 R 2 53k i) R, 7€, 1) 2 LA K P4 Sk 26 L 38
1 K FOS R M LR A 5,3 FE L LZD (45 88 F 25 Bk
3 AR KT 7 2 F 2 T AN KT 1 Sk 2w

2.3 24 h REXWHREST  JeREE LZD FfE A
FRERRT, 2525 10 h B Z 3 40 B o 0 i B B L —
B EFEE 24 h R E R LGIAE L (P =0.198) , 1fi
ML T o358 FOS, 4525 4 h )5, 40T T ey i e 1
HELT LR e, BIJE 2R #E FOS J5 40w /b B B 5
T 1LZD (P =0.002) M AN 25 (P =
0.012) , H¥F2e % 24 h WS T I E, M2 1
logl0 2ty Beit ot R w4525 ORI 24 h
AEHARERAGRITERE X (F =13.325,P =
0.006) , VLI 4,

3 itig
PAE {0 — Rt [8] 2558022 S8, 7E B2 vh kAT
TTZ MR RIBTSE (B HAE BT RIS A A ST

FEPESCHERE D i Li et al® 158 &30 PAE S Ay
YU R B A 2550 52 R BT 250 1 Z 88 A=



- 1396 -

FHEHRKXFFIR Acta Universitatis Medicinalis Anhui 2022 Sep;57(9)

| —— Control

—=— LZD+FOS(S)
2 I — LZD—FOS(I)
—— FOS—LZD(I)

4 P %o A BE (CFU/m)

0
0 2 4 6 8 10 12 14 16 18 20 22 24
I 8] (h)

4 LZDBXEFOS =MEEAXTHEEBEIKE
ATCC29213 BYR = B £
=R 5 2 Ty = B R] ) R O B €8 Y 3 A Sk R S
[F) s} 5 7 5 T i) P 2 R

FE R, X 3 A 2 8 7 s S Se b B & 1 255000 F
13 A EE AT ZARAE R 07 R AR s AL B R Y
PAE P, B- P Tl e 1 42 4 11 288 5% I B A il
50 A A BTSRRI, B 5 PAE AOR5s:
) A ET

ARG F LA 25°F 48 1LZD 19 PAE tHIN %4 T
FOS 7%, HULT&A /=4 PAE, XM Z I EZ
# LZD WVERG , X FOS Ay BB AR, /i & X e
HreE T PUE R I X R s b & 78 12D 1Y
PAE FUHAME i A7 23 B8 B 23R (1 5 A il 55
FEAE SRR FH AT BE 2 30 ) 75 7E 40 o 2400 K 454
K BHL T 441 it B A B B4 BT TR 2 G TS RO
LZD J2—Ff 3 me o i 5 2 11 B il ), HG ey Se
fil SZ X BT, X 32 Y B A T R A TSR A,
S EEZ A AL T4 M 53 R 1k 5 TR IR A L RE A
B AR TR FOS & A WAE I 2321 AL T 40
oy S EpE I L R Fl d AR X T RE S 8L FOS 5
TR WSS G Re ) TR R AEIR N FOS &
WD T PAE BRI R) 2 40 i P A8 30T B 25 0 5%
RN X R 12D M4 2507 e —
HHA B AT A S —Fh T U e 4%

PRARSMRNG RO 5E 438 | e 2 58 FOS MR 2
AT DL B R A 2 BT RO
AT 24 h RE LI ek #R FOS 25 Tk
[ I S 8 RN S FR 58 LZD 77 A T B S (R B 4 T
17 [ Bof 2 i 5 AR I G Bt A s ) B AR 1 0 T 9ok
BB S M= A 53 b 22 S 14 J PR o] R J2: P
F FOS H A 5 0 BEL Wr 40 ff BE A B B B B HL
il CT S My e il 2 AR R S AE S KR b
()G B, BEIR T A B 0 AR BB 4544, - J5 24 BEL U 40 1 4

JOBE 1) A B, X A A5 LZD B 25 5 i A B N & 45T
PRAVER , SE R 2555 7 A T S5 AP IR AN

25 L AW 25 SR SR LZD B G FOS 1
GRAAT R S N R T B UIAE G , [FIR R R
Al REFF AR R AEDU R BN, 177 SE 2 8 FOS 17 5K
AIRE R A 207 58, i — 2D I IF R 45 it 25
AL AR N SI2 56 D R I PR BIF 9 S R B 465 24 X 1k
B2 2 2R R B T e T LY

[1] Beitdaghar M, Ahmadrajabi R, Karmostaji A, et al. In vitro activity
of linezolid alone and combined with other antibiotics against clini-
cal enterococcal isolates [ J]. Wien Med Wochenschr, 2019, 169
(9/10) ;215 -21.

[2] Barber K E,Werth B J,Mc Roberts J P, et al. A novel approach u-
tilizing biofilm time-kill curves to assess the bactericidal activity of
ceftaroline combinations against biofilm-producing methicillin-re-
sistant Staphylococcus aureus [ J]. Antimicrob Agents Chemother,
2014,58(5) :2989 -92.

[3] Mir6 J] M, Entenza J] M, Del Rio A, et al. High-dose daptomycin
plus fosfomycin is safe and effective in treating methicillin-suscep-
tible and methicillin-resistant Staphylococcus aureus endocarditis
[J]. Antimicrob Agents Chemother,2012,56(8) :4511 -5.

[4] Chen H,Li L,Liu Y Y,et al. In vitro activity and post-antibiotic
effects of linezolid in combination with fosfomycin against clinical
isolates of Staphylococcus aureus [ J]. Infect Drug Resist,2018,11 ;
2107 - 15.

[5] LiL,Chen H,Liu Y Y,et al. Synergistic effect of linezolid with
fosfomycin against Staphylococcus aureus in vitro and in an experi-
mental Galleria mellonella model [ J]. Microbiol Immunol Infect,
2020,53(5) :731 -8.

[6] Usery J B,Vo N H,Finch C K,et al. Evaluation of the treatment of
methicillin-resistant Staphylococcus aureus bacteremia [ J]. Am J
Med Sci,2015,349(1) :36 —41.

[7] CLSL Performance standards for antimicrobial susceptibility testing
[M].29th ed. Wayne,PA;Clinical and Laboratory Standards In-
stitute ,2019.

[8] Li R C,Tang M C. Post-antibiotic effect induced by an antibiotic
combination influenceof mode, sequence and interval of exposure
[J].J Antimicrob Chemother,2004,54(5) :904 -8.

[9] Gudmundsson S, Vogelman B, Craig W A. Decreased bactericidal
activity during the period of the post-antibiotic effect [ J]. ] Anti-
microb Chemother,1994 ,34(6) :921 -30.

[10] Luther M K, La Plante K L. Observed antagonistic effect of linezol-
id on daptomycin or vancomycin activity against biofilm-forming
methicillin-resistant Staphylococcus aureus in an in vitro pharmaco-
dynamic model [ J]. Antimicrob Agents Chemother, 2015, 59
(12):7790 - 4.

[11] Singh S R,Bacon A E,Young D C,et al. In vitro 24-hour time-kill

studies of vancomycin and linezolid in combination versus methicil-



FHEHRKXFFIR Acta Universitatis Medicinalis Anhui 2022 Sep;57(9) - 1397 -

lin-resistant Staphylococus aureus [ J]. Antimicrob Agents Che- 26.

mother,2009 ,53(10) :4495 -7. [16] Otsuka M,Sawahata T,Nakai T, et al. Efficacy of combination ther-
[12] Livermore D M. Linezolid in wvitro; mechanism and antibacterial apy against MRSA in Ibaraki Prefecture [ J]. Jpn J Antibiot,1994,

spectrum [ J].J Antimicrob Chemother,2003,51 ( Suppl 2) :ii9 - 47(6) :781 -9.

16. [17] Skarzynski T, Mistry A, Wonacott A, et al. Structure of UDP-N-
[13] Munckhof W J,Giles C, Turnidge J D. Post-antibiotic growth sup- acetylglucosamine enolpyruvyl transferase, an enzyme essential for

pression of linezolidagainst Gram-positive bacteria [ J]. ] Antimi- the synthesis of bacterial peptidoglycan, complexed with substrate

crob Chemother,2001,47(6) :879 —83. UDP - N-acetylglucosamine and the drug fosfomycin [ J ]. Structure
[14] Mac Kenzie F M, Gould I M. The post-antibiotic effect [ J]. J Anti- 1996,4(12) .1465 - 74.

microb Chemother, 1993,32(4) :519 -37. [18] Cai Y,Fan Y,Wang R, et al. Synergistic effects of aminoglycosides
[15] Monden K,Ando E,Iida M, et al. Role of fosfomycin in a synergis- and fosfomycin on Pseudomonas aeruginosa in vitro and biofilm in-

tic combination with ofloxacin against Pseudomonas aeruginosa fections in a rat model [ J]. J Antimicrob Chemother, 2009, 64

growing in a biofilm [ J].J Infect Chemother,2002,8(3) ;218 — (3):563 -6.

Effect of different exposure regimens of linezolid and

fosfomycin against Staphylococcus aureus
Zhang Guijun' ,Huang Hong',Shen Chenlin',Liu Yanyan®,Xie Na',Jiang Lifang', Li Jiabin> , Huang Xiaohui'
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Abstract  Objective The purpose of this study was to investigate the effect of different exposure sequence and in-
terval on the post-antibiotic effect (PAE) and 24-hour time-kill produced by linezolid and fosfomycin in combina-
tion against Staphylococcus aureus (S. aureus). Methods PAEs were evaluated by exposing S. aureus to linezolid
and fosfomycin individually and simultaneously for 1 h. Further assess of PAEs with the organism exposed first to
linezolid for 1 h,followed by a second 1 h fosfomycin exposure at the beginning(Th) ,middle (Tm)and end(Te) of
the PAE phase induced by linezolid. The next study was similar to the above ,but with the sequence of the two anti-
biotics reversed,i. e. fosfomycin then linezolid. The 24-hour time-kill studies were performed with three exposure
regimens ; simultaneous exposure of the two antibiotics ; first exposure to linezolid for 1 h and then combined with fos-
fomycin,and first exposure to fosfomycin for 1 h and then combined with linezolid to draw the sterilized curve. Re-
sults Compared with the PAE of individual antibiotics [ linezolid(1.2 +0. 1) h,fosfomycin(1.6 +0.1) h],the
PAE produced by simultaneous exposure of the combination(2.9 +0. 1) h presented additive interaction. However,
the PAE of fosfomycin decreased or even disappeared ( —0.3 h for Th,0 h for Tm and 0.9 h for Te ) during the
PAE phase of linezolid ,and with a stronger antagonism at the beginning. Differently,an additive interaction was ob-
served again when the test organism was exposed to fosfomyecin first. In the 24-hour time-kill assays, the antibacterial
effect of the first exposure to fosfomycin regimens was significantly stronger ( difference of 1 loglQ) than that of the
simultaneous exposure and the first exposure to linezolid , while the latter two were similar. Conclusion The phar-
macodynamic behaviour of linezolid combined with fosfomycin against S. aureus was influenced by exposure regi-
men. The first exposure to fosfomycin regimens rather than simultaneous exposure may exert the optimal antibacterial
activity. Therefore ,the exposure regimen is one of the important factors to be considered for the clinical application
of this combination.

Key words exposure regimen ;linezolid ; fosfomycin ; Staphylococcus aureus ; combination



