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Effects of low frequency electromagnetic field on protein synthesis
and enzyme activity of Saccharomyces cerevisiae
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Abstract: [Background] It is now well accepted that low frequency electromagnetic field (LF-EMF)
would produce a variety of health effects. [Objective] The objective of this work is to further investigate
the effects of LF-EMF radiation on cells protein expression and enzymes activities. [Methods]
Saccharomyces cerevisiae was used as the research object and was continuously exposed to 50 Hz low
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frequency electromagnetic field in this work, then the expression of its intracellular proteins and relevant
enzyme activities were analyzed. [Results] The effect of LF-EMF treatment on the activities of SOD
(superoxide dismutase), CAT (catalase) and MDH (malate dehydrogenase) in S. cerevisiae appeared a
trend of firstly promoted and then inhibited. LF-EMF treatment can increase 43.18% of the activity of
SOD at 72 h, 12.22% of the CAT at 16 h, and 12.90% of the MDH at 20 h (P<0.05); however, no
significant effects of LF-EMF treatment on the activity of ADH (acohol dehydrogenase) and LDH (lactate
dehydrogenase) were observed (P>0.05). In addition, the results of protein electrophoresis and proteomics
analysisindicated that LF-EMF could change the expression level of intracellular proteinsin S. cerevisiae,
including significant up-regulation of 3 proteins and significant down-regulation of 9 proteins (P<0.05).
[Conclusion] LF-EMF radiation can affect the activity of relevant enzymes in S. cerevisiae, and change
the expression level of some intracellular proteins.

Keywords: Low frequency electromagnetic field, Saccharomyces cerevisiae, Protein expression, Enzyme
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Figurel Growth curveof S. cerevisiae

T FPEIREUE Y 3 A PATRER P {E, R 2E Lk iR
TEHEM T 25 (P<0.05).

Note: The taken data in the figure were the average of the three
parallel samples, the deviation line was derived from the upper
and lower differences of the average (P<0.05).
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Figure 2 Effects of LF-EMF on the intracellular soluble
protein content of S. cerevisiae

e ERREARBUES 3 A PATHES I, 22 kiR
T HER N 225 (P<0.05).
Note: The taken data in the figure were the average of the three

parallel samples, the deviation line was derived from the upper
and lower differences of the average (P<0.05).
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Figure 3 SDS-PAGE analysis of the intracellular soluble
protein (16 h)

H: M fRMEm; 10 22 ASRER; 30 4 RHAEK.

Note: M: Standard; 1, 2: Natural growth; 3, 4: Radiation growth.
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Figure4 Thechangetrend of ADH activity in S. cerevisiae
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Y, 22 2RI T 7B M R 2 5 (P>0.05).
Note: The taken datain the figure were the average of triple assaying

of the three parallel samples, the deviation line was derived from
the upper and lower differences of the average (P>0.05).
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Figure5 The changetrend of SOD and CAT activity in
S. cerevisiae
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Note: The taken data in the figure were the average of triple
assaying of the three parallel samples, the deviation line was
derived from the upper and lower differences of the average.

SOD i S LR U el i LS, e K
ZHikF] 43.18% (P<0.05), CAT B | 2 ¥l 4%
FHEJE TR S, RRIEEZEIRE 12.22%
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Figure6 Thechangetrend of LDH and MDH activity in S.
cerevisiae
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Note: The taken data in the figure were the average of triple

assaying of the three paralel samples, the deviation line was
derived from the upper and lower differences of the average.
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1M, LF-EMF X BRI [ RE ) MDH 1 WA /e B3
(15 M0 (P<0.05), M5 SRR LT 24 h B, F@iT
Az K A TR R RE MDH TP 25 8 1 H AR A K A A
HIEMEAE 20 h #2535 T 12.90% (P<0.05); #Rifi, 4
FRFRETE R T 24 hisp, 4845 0F 09 MDH & P
Mo 2 . YEEFRATREGAS] 72 h, fRGTARY
MDH TH Al 150.87 Uimg, 5 H AR A K R
W £ MDH 3% 7 (224.73 UImg) M Ik, TR T
32.87% (P<0.05). MDH 22 Jifg P 35 S BR G ¥R
TCA TEIFH M 2 —, MDH g 71 (% Je e it
JE I A A LE-EME X TP 15 B 2E K th 26
(5 R 2 s BE W, U B LIF-EMF X RS 15 £
A A TR 52 i -5 HL L A A DG Tl 14 35 1 B2 AR K P
& 271k PN
24 BREESNERREZSH
EEAAE S ERY], LF-EMF 85§ n] 8
TR TP T3 S J PN ¥ 03 2 1 B ) SR K. Tk 1 B
N, Gl LF-EMF3R5TAEEE 16 h f5 () BRI EE R,
HigWmrEtEAmb A SMEARA LT B

x1 ERFEARLER
Tablel Summary of the differential proteins

M) FJHRIAIG ; 9 MR B T
BENTRFRRIAS ., K LRREMN SOD 5
A A A AR A L T R VA G, 12
2-60S BWEATE 11 L40 £S5 SR EE B R B
B PTPE R, I SRR 3L 1 AE W 6
RN A 2022 I D W Ak — R N TR
PEATRERRIL I, S A s bk e 1
TEFRIR R O, U3 R G R
MR e e R, iK% 40.59%, Ak A 4
W -6- il R % AL R LIEE-3-BE R A I N, 2 5 T 4
FOHI ORI . AR AR Z Rl o gl
Zhong “EPVRG IS R B, TS 8 F LR -3- R
A B T 20 06 P LS B R A R, R A 4 i
B 2R A0 i 235 ) ) o B v EL A T A AR RS
Y ZE A SR FE I 5% AT A0 P 7 % S 0 TR T R B A
KA Bz my v &30, i 2830 LF-EMF $54: %
T2 R 7 A S )R B A 1R B bl A B
G, DT BE 5 UL - 31 R A T 110 (35 T IR Rk
A %

7250 kB Bl A Lo X R VAT L 41 PE
Differential peptide Database comparison result Up ordown Proportion (%) P-value
sp|POCHO9|RL402  Ubiquitin-60S ribosomal protein L40 Up 34.21 0.021 6
sp|P54838|DAK 1 Dihydroxyacetone kinase 1 Up 19.28 0.028 5
sp|P00445|SODC Superoxide dismutase [Cu-Zn] Up 15.78 0.005 4
sp|P11986|INO1 Inositol-3-phosphate synthase Down 40.59 0.008 9
sp|P49723|RIR4 Ribonucleoside-diphosphate reductase small chain 2 Down 38.31 0.018 5
sp|Q12118|SGT2 Small glutamine-rich tetratricopeptide repeat-containing protein 2 Down 32.79 0.020 1
Sp|QO4344|HNT1 Hit family protein 1 Down 25.97 0.029 1
sp|P07262|DHE4 NADP-specific glutamate dehydrogenase 1 Down 21.37 0.022 5
sp|Q01532|BLH1 Cysteine proteinase 1, mitochondrial Down 20.08 0.041 2
sp|P54839|HMCS Hydroxymethylglutaryl-CoA synthase Down 19.04 0.0211
sp|Q05905|HRIL Protein HRI1 Down 18.51 0.026 2
sp|P07267|CARP Saccharopepsin Down 14.43 0.027 2
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TR, 3 T R A 4 ik S B 1 T G A Rk R A
AIRE&AE T AL AR AL, LT RE B4 52 Wi RS 17
FRITRA A W2 IR . G BT R E S 4 S 2,
LF-EMF 4 5 0 7 PR e B 185 i 4 2 — A5
PEHEEAE A fE . RIAERT RN LF-EMF 4@ 4T,
76 R PR T B 1 A R BT ARA , SR T B ] 1)
A SR ) 528 38 2 B A o PR TR 1 1 R, (e 4
77 HE T AR FE A3 BRI 32 28] S 2 ], S e 4 e
TR, X ATRESLE LF-EMF 48 51 iRt
(R, A M A R e P F B R 22—

ARILKT LF-EMF 5 555 X6 RGP Bk 50 4 il 1)
T PR M N B A R R A R, RO R — A AR OY
LF-EMF 8 5F 0/ ML SR AL SRRl . SR, 6T
L F-EM F 5 555 2 a0 a5 nm ECG 1B A 2 11 B 38
LF-EMF F@ 5 5 80X — R F1500 19 58 5 7 il
AR T e 2 L 1) P 45 1) R A R idE— 4B
WAWGE . itk 4824858 LF-EMF SRS 51 dn
JHL A 2 35O 1) 3 F-HILARL , AT 3R S A i i U 5
) B A

4 G

ASCGEE X LF-EMF 58 555200 B i £ i
B TR KA S TS Y KB, LF-EMF 48
SRFRT Ao S Y e R v A Ak B R A A T
AEZVR T LF-EMF 2 8F T PRI LR N SOD ,CAT
F1 MDH & M A5 5 o YRR I B AR KA
)5, LF-EMF f2 4% SOD ., CAT F1 MDH [
TEPE SR IIRIVE R, R B R IR el ik s
IR R, A, LE-EMF SRS 2ic2s 7 TR i b
LR 43 2 B YRR K Horh 3R R 1 BT R
REAEE LI, 9 RN R Rk R A T R
(P<0.05), [Hith, LF-EMF %5 FRsms e £k it py 2
F 5 98 38 S AH S TG 7 ) 52 i T 3R 2 Rl A 2
RN TR 2 —
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