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between samples are indicated by different lower cases.

(18]

18C 10%C 18c™ 16c™ 12°C (201
e 28C ——m——
1d 3d 5d 1d 3d 5d

o T ] | S |

b

28C

pp38 [F - || - - - | 2 . 18°C
manx[EETw S = W | oc
ACTE [ ——— [ — —— : 18C
; 10°C ,
3 Western Blot p-JNK (Thr183/Tyr185)

p-p38 (Thr202/Tyr204) yH2A.X (phosphorylate S139) ROS

ACTB (f-actin) . .
Fig. 3 Western Blot showing the protein levels of phosphory- 18°C ) 10C
lated-JINK(Thr183/Tyr185), phosphorylated-p38 (Thr202/Tyr204)

and yYH2A.X (phosphorylate S139) at low temperatures ACTB
served as a control. (D

MAPK 3
:ERK JNK p38,

) ( ) :



4 : ZF4

ROS

MAPK 775

1) MAPKs
ZF4
MAPK ,
p-JINK p54 p-JNK p46  p-p38
3d , DNA
YyH2A.X « 3 ,
, ROS ( 2B),
ZF4 ROS MAPK
, ROS

10C

MAPK
, ROS
MAPK 22231 ROS
, ASK1
ASK1,
JNK  p38 [24] MAPK
(23] ZF4 , p-INK
p-JNK p46  p-p38 10C
( 3 , ;
ASK1 JNK  p38

p54

ROS

18°C
p-p38 ,

3d ,
ROS
p38 ,

, ROS
MAPKSs (p-JNK p54 p-JNK p46 p-p38)
, 10°C 3d
MAPK ,
3 d

ROS

ZF4

Sk

[1] Brett J R. Temperature and fish[J]. Chesapeake Sci, 1969,
10(3): 275-276.

[2] Perry A L, Low P J, Ellis J R, et al. Climate change and
distribution  shifts 2005,

308(5730): 1912-1915.

in marine fishes[J]. Science,

(3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

Donaldson M R, Cooke S J, Patterson D A, et al. Cold shock
and fish[J]. J Fish Biol, 2008, 73(7): 1491-1530.
Bonga S W. The stress response in fish[J]. Physiol Rev, 1997,
77(3): 591-625.
Long H. The effect of temperature to fish survival[J]. Fishery
Modernization, 2005(2): 20-22.[

[J]. ,2005(2): 20-22.]
Gracey A Y, Fraser E J, Li W, et al. Coping with cold: An
integrative, multitissue analysis of the transcriptome of a
poikilothermic vertebrate[J]. Proc Natl Acad Sci USA, 2004,
101(48): 16970—16975.
Chen Z, Cheng C H, Zhang J, et al. Transcriptomic and ge-
nomic evolution under constant cold in Antarctic nototheni-
oid fish[J]. Proc Natl Acad Sci USA, 2008, 105(35): 12944—
12949.
Nordberg J, Amer E S. Reactive oxygen species, antioxi-
dants, and the mammalian thioredoxin system[J]. Free Radic
Biol Med, 2001, 31(11): 1287-1312.
Chinnusamy V, Zhu J, Zhu J K. Cold stress regulation of
gene expression in plants[J]. Trends Plant Sci, 2007, 12(10):
444-451.
Chen J Y, Wang C, Wang J, et al. Advances in MAPK sig-
naling pathway[J]. China Medicine and Pharmacy, 2011,
1(8): 32-34.[ , , , . MAPK

[J1. ,2011, 1(8): 32-34.]

Ray P D, Huang B W, Tsuji Y. Reactive oxygen species
(ROS) homeostasis and redox regulation in cellular signal-
ing[J]. Cell Signal, 2012, 24(5): 981-990.
Son Y, Cheong Y K, Kim N H, et al. Mitogen-Activated
Protein Kinases and Reactive Oxygen Species: How Can
ROS Activate MAPK Pathways?[J]. J Signal Transduct,
2011: Article ID 792639.
Lesser M P. Oxidative stress in marine environments: bio-
chemistry and physiological ecology[J]. Annu Rev Physiol,
2006, 68: 253-278.
Heise K, Estevez M, Puntarulo S, et al. Effects of seasonal
and latitudinal cold on oxidative stress parameters and acti-
vation of hypoxia inducible factor (HIF-1) in zoarcid fish[J].
J Comp Physiol B, 2007, 177(7): 765-777.
Howe K, Clark M D, Torroja C F, et al. The zebrafish refer-
ence genome sequence and its relationship to the human ge-
nome[J]. Nature, 2013, 496(7446): 498—503.
Driever W, Rangini Z. Characterization of a cell line derived
from zebrafish (Brachydanio rerio) embryos[J]. In Vitro Cell
Dev Biol-Anim, 1993, 29(9): 749-754.
Hu P, Liu M, Zhang D, et al. Global identification of the

genetic networks and cis-regulatory elements of the cold re-



776 23

sponse in zebrafish[J]. Nucleic Acids Res, 2015, 43(19): pathways mediated by ERK, JNK, and p38 protein kinases[J].
9198-9213. Science, 2002, 298(5600): 1911-1912.
[18] Tseng Y C, Chen R D, Lucassen M, et al. Exploring uncou- [22] Torres M, Forman H J. Redox signaling and the MAP kinase
pling proteins and antioxidant mechanisms under acute cold pathways[J]. Biofactors, 2003, 17(1—4): 287-296.
exposure in brains of fish[J]. PLoS ONE, 2011, 6(3): [23] Mccubrey J A, Lahair M M, Franklin R A. Reactive oxygen
e18180. species-induced activation of the MAP kinase signaling
[19] LongY, LiL, LiQ, et al. Transcriptomic characterization of pathways[J]. ARS, 2006, 8(9—10): 1775-1789.
temperature stress responses in larval zebrafish[J]. PLoS [24] Tobiume K, Matsuzawa A, Takahashi T, et al. ASKI is re-
ONE, 2012, 7(5): €37209. quired for sustained activations of JNK/p38 MAP kinases
[20] Tang S J, Sun K H, Sun G H, et al. Cold-induced ependymin and apoptosis[J]. EMBO Rep, 2001, 2(3): 222-228.
expression in zebrafish and carp brain: implications for cold [25] Widmann C, Gibson S, Jarpe M B, et al. Mitogen-activated
acclimation[J]. FEBS Lett, 1999, 459(1): 95-99. protein kinase: conservation of a three-kinase module from
[21] Johnson G L, Lapadat R. Mitogen-activated protein kinase yeast to human[J]. Physiol Rev, 1999, 79(1): 143—180.

Effects of cold stress on ROS production and expression of MAPK
proteins in zebrafish ZF4 cells

XU Qionggiong, HAN Bingshe, LUO Juntao, LI Yan, HOU Yanwen, HU Peng, ZHANG Junfang
Ministry of Education; College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China

Abstract: In our previous study, we compared the transcriptome between Antarctic fish and temperate fish and
found that genes were involved in reactive oxygen species (ROS) scavenge and Mitogen-activated protein kinase
(MAPK) pathway associated with the cold adaptation in fish. To further study the regulatory network and the re-
active oxygen species (ROS) homeostasis under cold stress in fish, we examined the level of ROS and the expres-
sion of stress-related proteins in zebrafish Danio rerio-derived ZF4 cells exposed to mildly and severely cold
temperatures, 18°C and 10°C, at various time points (1 d, 3 d, and 5 d). Results showed that (1) DCFH-DA probe
method was used to determine the level of ROS in cells. We found that the level of ROS in cell positively corre-
lated with the intensity of cold stress. After 3 days of cold treatment, the level of ROS in cells significantly in-
creased to 1.23+0.04 (P<0.05) and 2.31£0.08 (P<0.05) times, respectively, at 18°C and 10°C, compared with that
in cells at 28°C. (2) Western blot showed that the expression of MAPKs (p-JNK p54, p-JNK p46 and p-p38) was
induced under cold stress, and reached the highest at 3 d of 10°C. (3) In addition, the expression of YH2A.X
reached peak after 3 days both at 18°C and 10°C. These findings showed that cold temperature could induce the
production of ROS in ZF4 cells. The level of ROS in ZF4 cells is dependent on the stress intensity and duration.
We observed the markedly induction of ROS in the cells at the first 3 days of cold treatment, while the expression
of p-JNK, p-p38, and YH2A.X was markedly induced at the 3 d, indicating that 3 d of cold treatment might be a
key time point to determine the protein expression in ZF4 cells.
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