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Abstract

Objective: Recent studies have found that selenoprotein K (SelK) is mainly expressed in microglia
and other immune cells, and can mediate the palmitoylation of CD36, IP3R, Calnexin, ASAP2 and
other proteins, which are related to the phagocytosis of immune cells, by binding to palmitoacyl-
transferase ZDHHC6. Therefore, it is of special significance to study whether the palmitoylation of
SelK can promote the expression of the above proteins for elucidating the mechanism of SELK’s
enhancement of the phagocytosis of immune cells. Methods: SelK overexpression/knockdown of
microglia BV2 was performed with SelK overexpression/knockdown virus vectors. After collecting
samples, real-time quantitative PCR was used to determine the transcription of CD36 and Calnexin
mRNA, and Western blot was used to determine the expression of the target proteins. Results:
Overexpression of SelK increased the expression of ZDHHC6, and significantly promoted the pro-
tein expression and mRNA transcription of Calnexin, one of the phagocyte pattern recognition re-
ceptors, and CD36, one of the proteins involved in promoting Ca?' transporting from endoplasmic
reticulum to mitochondria, in microglia. As expected, SelK knockdown significantly reduced the
protein expression and mRNA transcription of the two proteins. Conclusion: SelK can promote the
palmitoylation of CD36 and Calnexin proteins, improve the stable expression of phagocytic related
proteins, and thus enhance the phagocytic function of immune cells.
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1. 5]

NER/INR TR AIL(BV2): /NI T 4R M2 A 2 B STR A 2. —, & 1E 3 AR A R G rh i ARER M I g%
YfR, FAERGR AR, HAE SN BT A T 4E Y 5%~20%. H ATIET TR, R4 X
WXL R4 (B AN 2 S UME A BB S [1] [2] 1 = A A K R TR HE R 2 Ta A, T R I e
JERG[3]. MhAh, FEAMR R AR T R, /N4 AR R 48 SOE B SCRREA IiT, AT DAY S B Y
Tz A B R [4] [5].

/I8 JE IR 4 B K F BRI R R BRI R AR ST B A R . HEfZHFE NN ek EA
(B-amyloid, AB)TURR I ik B 7= A= A 15 28 152 I AT 3o B2 v A, 5 R A 02 1 8 IS 07 % /0N IR I 4 L o Wk e
fRTHEE R B& ] BE 2 B /K Y e 2R 9% (Alzheimer’s Disease, AD) &5 HIAZ% Lo FEHLHI 2 —[6]. 7E AD fixi 94t +
P PE SRR N IRORES, B0 R R FFERARAE, /NI T 40 7 S s R B8 M A i R 7 Rl i 5%
ik, GIEMZIGIRITIEAR . R /NS 40 B S A 0% 2 5 IR & niB AT AR I RE SR R R (7] [8] [9],
T AT BT 7K 2% 3 R 995 (AD) Fl 22 J PERE AL (MS) P8 AG[10] [11] DRIk, Gn el 72 Jo) /0 s o 240 3 P8 s
72 AR ERE Rl R TR, 42 w70 i o 200 B 170 7 W B2 A D e 7T e B9 Bl R 2RV BRI YR T T B LSRG o Sy L

ik
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FUREAE B /0N T 4 P 7 ik P A ) e 1 7 R AL 1) B A B R S

fifi (Se) & N A AL S W b A vl A ot 3=, 768 N PR 0 R0 R AR P DURR AR R B R
(Selenocysteine, Sec) [ 204l N & 3L R 15 41 W B ATl 25 1 (selenoprotein) [12]. AR IEA 25 FrAfi g 1,
Horp— BT R M ERIEE A, & A K (Selenoprotein K, SELENOK, SelK)&—F4r &N 12
KDa FAL T P4 5 X R AR Sk AR . — S22 B AR B, iR 1 SelK EZELE BRI . /M
YT Hf S5 G PR 4B FR K B R A[13] [14]. Verma S ZE[15]1HE— B HF 7T £ B, SelK 75/ i BT 25 G e 4 4 e
Ik B, bR Selk BRI /N U Y S B 20 i (1 22 Fh D Re R AR Py, S 700k 5s,  eh b HEDIAR 25
SelK 55 /IN B 5 4 M (1 75 Wit PR T RE G 0% . (H2 Al A 11 SelK 350 S e 40 M Th RE IR ML — B2 A A ok 1)
A

AT R I 2 SelK SiFMBER % B ZDHHCe B AR I4s&aey, Jf HAswmd 5
ZDHHCS6 45 &k CD36 [16] [17] [18]. —BERRIELSZ 1K IP3R [19] [20] [21]. ZEHER B ECE H
Calnexin [22] [23] [24]1811 ASAP2 [25]55 55 foy% 20 I 7 Wk At D e 25 VD AH OC 88 1 o (A=A 4k . CD36 i
Uiy Pt o7 R S e AR B SR 0 22—, BB 12 i 2 4T M X R Wt JEC A 1Y) 31 6 F3[18] [26], CD36 7E Fufis
A FRIA[16]. IP3R AP S S 2 Tl IE AR 2 —, Bk T RSk B I Ca® i 41 RS I
A RERS S SR I 2 RLARRE TR, T (e BE 2Rk ATP 7= A4 i e R A I A Wk R 7 [22] [27] [28].
Calnexin FEAH A J5 i8I 5 ZRAA AR ¢ Y R N 8 it SERCA2D (1945 G 4 RFER KL IR Th RESE = S s
SRR FFE T E[22] [23] [29]. 110 ASAP2 (KR HE I A4 e 6% 17 G2 200 A 1Y) 400 it B 28 B 1 R AR R T e )
AR [25] [30] . 17 26 T 2& 1 SelK 41 511 CD36 i1 Calnexin Az A T A4 2 75 {2 3EiX P Fh 2 1 )5 6 38 F1 mRNA
FESKT H T = VA NHEAT WA, LRt SO0t ) B 2 1 Sel K i i % 20 b 5 Wk e i T R RO ML k| 2 7
BV R 7R Pk it B 7 THD P4 LA B 3

2. M5 7E
2.1. YHBAEK

SEZHG R B G e A0 2 /N BN TR 4H L (BV2), WK [ [ 55 A ) Ik 2 S B 200 P 5 D
2.2. EERH

2.2.1. SelK i RIARRFFH &

FACIE AR (F) B IR A A2 [ SelK i Fi& MR 84 4&, pHBAD-EF1-MCS-3flag-
CMV-RFP # AR B TE(S HLIE 1, HEER A BN SelK-Eco/Nhe: TCCAGACCCGGGACCGCCACC LK
GATCAGCTCGCTCATGCTAGC.

2.2.2. SelK R @R B H &

FAL B YL R A PR A AR 2 A SelK Mo 8 S8R (RNA T-Hi#kik), HIEE RNA
T-HUIS P B A A ¢ GV298, #AKITiHY A U6-MCS-Ubiquitin-Cherry-IRES-puromycin (14 2), %
xF SelK it f4E s /7418 CGAAGAATGGGTAGGATCA.

2.3. SRk
2.3.1. 9% BV2 MMRMAER SelK dRi&/BTRILIER

fEHAEE A SelK i 3Rk IR 25 2 AR FE e o e i il BV2, 1E5¢ 6 WA %5 22 H o s 4 s 4,
Western blot I8 iEIT KA 5 1 SelK FIZRIAE R L.

EREE 1 SelK R IAE R B HAA R Y gl BV2, RGBT 551 G g4 gL,
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Western blot 36IF i 1k /5 1 SelK BRI BT .
i SelK 1A B E MR G, %% SelK T [ MilE Calpain 215 & M1k, ki
SRR A AS A 5 (/) ZDHHC6. CD36 #1 Calnexin 1A &1 84 .

PHBAd-MCMV-MCS-3flag-CMV-RFP
5397 bp

Figure 1. Mapping of the SelK overexpression adenoviral vector
B 1. SelK T RZRBHEHIAEIE

Figure 2. Mapping of the SelK knockdown lentiviral vector

B 2. SelK BUR 18 e S 3 i G

2.3.2. CCK8 M E MAaFEE
Y M AE 3% A8 ] CCK8 7 & (Dojindo,  H A)HHATINE, 50K BV2 4Ll 5x10° 425

BeFpE) 96 AL P, 4 6 NEAL, 24 NETEATERE MOIBRULREL, AN FEx 4 R YL e 7)
TR Y, [R5 B B A A B ) B 2 (negative control, NC). %% 24 h J5 #y CCK-8 ik 7] 5 4 ks 35
(AL 1:9) IR & TAEW, 37°CiRMIFE 30 min, {4 HEFFR{CIE 96 FLHRAE 450 nm AWBOGFEf5, HEAH N
(IR BEAEAR N B (SEEE 7L - X REZH)/Of RR2H - 25 L) R LA 1000 R AT 15 2040 /7 vd %6, Fh szt fLar
B, CCK-8 WM. Az, XA S RFRE. CCK-8 XMIMAp, == AfLERFRA CCK-8
WA, A SRR .
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2.3.3. LA EE PCR

H 1 mL ¥ TRIzol i7)(Invitrogen, 3% [E)7EKE EIRIT 6 FLIRAMIAHME. [EH 0T = IAREF 75%
CTEHREU T A AL A0 RNA AT 454 gDNA Eraser fJ PrimeScript™ RT X7 £ (Takara, [ 4)#41T cDNA
WSk, fif] TB Green® Premix Ex Taq™ Il (Takara, H 7)7E Bio-Rad CFX96 Real-Time PCR il R4t
(BioRad, FE[H) kAT Sk € & PCR 3. § 34Wi B RaIF: 95°C 30s, 40 ff¥F: 95C 55, 62°C 30
s, 72°C 30s. PCR 5|%/2& M PrimerBank ¥ it 1. AR SI#F 4 W% 1 (5-3).

Table 1. The primer sequences

F* 1. 5195
B S JF51(5'-3")
p-actin-Forward TTCCTTCTTGGGTATGGAATG
[-actin-Reverse GAGCAATGATCTTGATCTTCA
SelK-Forward CCATGGAGAGTGTCTTTCCTAACT
SelK-Reverse CCATCGTCGTATCTGGAATCAG
CD36-Forward TTGCAGGTCCATCTATGCTGA
CD36-Reverse TTATTTTCCCGGTCACTTGGA
Calnexin-Forward CAACAGGGGAGGTTTATTGCTTT
Calnexin-Reverse TCCCACTTTCCATCATTTATGGC

2.3.4. Western Blot

& 1% PMSF (100 mM). 1% [ B AR BEA0 ] 771 (1 42 22 1 SR ORI @ (L2, P ) $R I 6
LR AN A A A, TEUK B AR B0, IR A IS F BCA & A& &Ik A&,
FR NI E 2 AR, AR A KR B iE RS 5%SDS-PAGE Loading buffer JE 4, 7€ 100°C K & # 10 min.

R B A2 12.5% SDS-PAGE HLUK 73 B3 J5 ## %) 0.2 pm Bi/K P PVDF # ENJE (Millipore, 3 [H)
o BIEAE QuickBlock™ PRk E AR (FE =k, HE)H=IRIFE 20 min, KPIAEE T 4CKFERE it
I, Herp R PG B 1 — PR B L5 2 R« B-actin (1:10000, 1E&E, H[H), SelK (2 pg/mL, ProSci,
F ), Calnexin (1:10000, =&, rh[H), Calpain2 (1:5000, =J&, t1[H), CD36 (1:1000, —/&, f1[H),
ZDHHCS6 (1:1000, 2R &, EE). #HREIC—PUEH TBST ZMilirfvesr 3 k. 5, A Ay
ZEA L PR 19G (1:5000, H1AZ 40, HIE)/E =R NI E 1 h, FFH TBST L2 bt 3 IR . {8 H Pro-light
HRP A5 5 G & QRN A E)RI H PR 8 E, I H Bio-Rad Multi A4 K6 R4t 5 5.

p-actin YENXHIR, FITIH— b & B A RIAIX RIAE. ] Image Lab 2 #Hr#fk(Bio-Rad, &%} 4%
AT BT
2.35. Geit

HH n=3, HHELLITFH{ELSEM £ . 14 GraphPad Prism 9 (GraphPad Software, 3% [E)i#E4T4t11 4>
WA R, FF i 5 R 36 5 22 40 T EAT VA, SR8 )5 3547 Tukey A5, p < 0.05 BN B A Giih % L.

3. &R
3.1. SelK & Rk AR EX BV2 HREFSFRIFNG

BTN T AR SR B AR H BBURR, SR ORI R IA B Jeid RE AR 7 5 1 A L ) S i
A, TR R AR AR /N, DRI T80/ BN BT 2R I e SelK i ik B 2R 8 7 LK. SelK
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ORI EE R . 15 3(A) S /N I 4T I 40 B T2 DA R A R I (B 960kk) s 14 3(B) SelK
T 3 3 4 /0N 5 400 A P A S 25 DA B e s Pl 3(C) A Sel TR Y 2L 14 70N i o 400 L s 4 ik 2 2 DA B B
JetB . 76138 B3 BN T W45 TR EE(MOI 100) )5 /N K 2R B T 25 R G 284k, A IS AL R AT fE,
DA 7 2 77 2 7 A

Figure 3. Transfection of SelK overexpression/knockdown adenovirus vector. (A) Exam-
ples of cell morphology of microglia in the Control group. (B) Examples of cell morphol-
ogy and transfection of microglia in SelK overexpression group (MOI 100). (C) Examples
of cell morphology and transfection of microglia in SelK knockdown group (MOI 100)

[ 3. SelK T RiX/AUBBRRBE A RER(A) = BAEH NIRRT S AR
AR (B) SelK it i 48/ B R 4RBRAO AR BT 25 WA R 5 28 S R 5 (A MO 100
Afl). (C) SelK BUmiLH /N B 57 40 A B SR AE 2 25 LA R B 1B 5 7R 451 (KL MOI 100 9451

3.2. SelK B RIX/AUBREX BV2 MAa7EERIR D

T W8 2] MOI 100 NSS4k, R FE EH FH CCK8 e Il 75 45 44 0] 40 B A7 7% 2 i 2,
TR DR “ 247 TG . B A(A) AT DAEE R, /N K5 40 B kTR Rt B MR 1) SelK
T FIK MR FE L L5, MO E 200 DAY 4l HLAF 5 22 376 4L E, MOI £ 100 LA A 48 i A7 22 351423 100%.
I P 4(B) AT LALEE R, AN [RI FERE FE 1) Sel K s 12 s 25 24 X 24 Hi A7 176 238 FE AR 2 o IR 2% 6 %
MOI Rii&fE 100 LN T a8, B BEsh, Bmasie e 45r 9 MOI 25, 50, 75 #1100,

A B

Hm ADV m LV

100 100+

S 80- = 80
2 2

T 60+ S 60+
3 ©

2 40 2 40
S8 8

20+ 20

0- 0-

0 25 50 75 100125150175200 NC 0 25 50 75 100125150175200 NC
Multiplicity of Infection (MOI) Multiplicity of Infection (MOI)

Figure 4. Effect of SelK overexpression/knockdown adenovirus vector transfection on
BV2 survival of microglia. (A) Effect of SelK overexpression adenoviral vector on mi-
croglial survival. (B) Effect of SelK knockdown lentiviral vector on microglial survival
4. SelK T FRIA/RLABRE B B AL 33/ NR BB BV2 A RMFIE. (A) SelK
WRIE R EHE DR AR EEENSNE. (B) SelK BUAIERmEH A N R
MRETF IR RS
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3.3. SelK T RiA/MAAFXS BV2 RIS EY Selk mRNA 5ZAREEHIFIT

n# 5(A) Kl 5(B)Fa, 1#id RT-qPCR S25all i /N i fa i SelK 784k, SRIG s T g T
AR I PEXT HE (Negative control)4, S236 k8, B XS RE 415 2% F 2H (Control) X 4 SelK Rk B A
S, SelK i Rk 4 H/NR 40 i mRNA FE 5L 7E MOI 25 B iR iA HBE Z 10 SelK. ‘B84, FI /MR R
YA AR FUTRE S, 8T Western Blot SEIG WL EE 1% Y SelK i RiAMH G 2 RIAHHE LM SelK A
[FREH, SelK Fid2H i /N S A RE b 72 MO 25 B 4f 304 Hi B /D ) SelK mRNA 58 [ (& 5(C).
5(D)). SEEGEERFT GRS G T, T LAAREE SRR IE .
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Figure 5. Effect of SelK overexpression/knockdown virus vector transfection on SelK expression in micro-
glia BV2. (A) Statistical results of SelK overexpression adenoviral vector on mRNA in microglia. (B) Rep-
resentative bands and statistical results of immunoblotting of SelK overexpression adenoviral vector on mi-
croglia protein expression. (C) Statistical results of SelK knockdown lentiviral vector on microglia mRNA.
(D) Representative bands and statistical results of immunoblotting of microglia protein expression by SelK

*kk Skokok

knockdown lentiviral vector. "P < 0.05, ™P < 0.01, P < 0.001 or ~P < 0.0001 vs. Control

[# 5. SelK 3T RIA/BBIREFE ARG L3RR BV2 b SelK FRiIZHIFNT. (A) SelK TRIARHFE
RSN R MRNA B4R . (B) SelK ERIABRFEH L LN/ MRRARERRILE
MRBRENTEAREHTREITER. (C) SelK MUk ISR BH AL LA/ RAM MRNA HSiHER -
(D) SelK BiR IS HREH AL RN RREREQAREENRENTREREHREHER, P < 0.05,
“P<0.01. ""P<0.001 8P < 0.0001 vs. Control A

3.4. SelK FRE/ABFHRER BV2 G5 MR B BE ZDHHC6 RiERIFNT

wE 6(A)FR, Bl SelK AR 2, SelK it FIAZH 1)/ AL FE 5 7E MOI 50 BLJE 1A H B £ 1)
ZDHHC6 E A . [FFEH, [ Selk & A D, Selk pg a4 1) /N iR 5 4 B RE 5 £ MOI 50 BT 280k HY 5
/By ZDHHC6E (1 6(B)). SEI 45 FAFH ZDHHC6 [k E2FEE SelK Rk &£ /DAL .
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Figure 6. Effect of SelK overexpression/knockdown on the expression of ZDHHC6 in microglia BV2.
(A) Representative bands and statistical results of immunoblotting of ZDHHC6 protein expression in
microglia transfected with SelK overexpressing adenoviral vector. (B) Representative bands of im-
munoblotting and statistical rgsults of ZDHHC6 prgEgin expression**ip*microglia transfected with SelK
knockdown lentiviral vector. P <0.05, P<0.01, P<0.001or P <0.0001 vs. Control

[ 6. SelK T FIA/MBURIT/INEBRLAAR BV2 s ZDHHC6 RIARIFM. (A) SelK T RIABRFHEH
A/ NZ BRARE S ZDHHCE EAFRIAEBN R ENTER T FFREITEER . (B) SelK GUH1E
REHAE LN RS ZDHHCE EARIAEMRBENTRREHRGITEER. P <0.05,
“P<0.01, ""P<0.001 3P < 0.0001 vs. Control A

3.5. SelK i FiX/ERIREXT BV2 41fa49 i k0E ERZ & CD36 F$5HEFER Calnexin FiARIF MM

Kk,

A SelK overexpression in BV2 B SelK overexpression in BV2
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Figure 7. Effect of SelK overexpression/knockdown on the expression of Calnexin in microglia BV2. (A)
Statistical results of CD36 mRNA in microglia transfected with SelK overexpression adenovirus vector.
(B) Representative bands and statistical results of CD36 protein expression in microglia transfected with
SelK overexpression adenoviral vector. (C) Statistical results of CD36 mRNA in microglia transfected
with SelK knockdown lentiviral vector. (D) Representative bands and statistical results of CD36 protein
expression in microglia transfected with SelK knockdown lentiviral vector. “P < 0.05, "P < 0.01, ™"P <
0.001 or P < 0.0001 vs. Control

B 7. SelK i 3R3&/RURXT /N BRZMAE BV2 Fh CD36 RiZBIFM. (A) SelK T RiAPRmEH kLS
INRRYARE A CD36 4RIE mRNA BIGEITHEER. (B) SelK ERIERHFEH L LA/ MR RAMF
CD36 EARFIEEMRBENTRRETREITER . (C) SelK AURIEHR B H A4 2/ ME R
CD36 #wh5 mRNA MIGIT4ER. (D) SelK AR IERBH AL N RRME+ CD36 ERRTKIEE
B EEMT R REH R Gt ER. P<0.05. “"P<0.01. "'P<0.001 8P <0.0001 vs. Control 48
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Figure 8. Effect of SelK overexpression/knockdown on the expression of Calnexin in microglia BV2. (A) Statistic-
al results of Calnexin mRNA in microglia transfected with SelK overexpression adenovirus vector. (B) Representa-
tive bands and statistical results of Calnexin protein expression in microglia transfected with SelK overexpression
adenoviral vector. (C) Statistical results of Calnexin mRNA in microglia transfected with SelK knockdown lenti-
viral vector. (D) Representative bands and statistical results of Calnexin protein expression in microglia transfected
with SelK knockdown lentiviral vector. P < 0.05, ~P < 0.01, ™"P < 0.001 or ™"P < 0.0001 vs. Control

[ 8. SelK T FIA/MUAIT/NZFRERAE BV2 & Calnexin FRIAKIFM. (A) SelK T REBRBRHHFE LR
ZHAfIh Calnexin 475 MRNA BIRIHEER . (B) SelK T FRiEIRBEE A0/ NIRRT Calnexin EA KR
RILEMGRRENTRBVEFTRAITER. (C) SelK BURIBREEH MG/ RMAT Calnexin 475 mRNA
BZITER. (D) SelK BUBISREEH AL/ RMAAEF Calnexin EARFIEEMREENTRRETRSG
AR, 'P<0.05. "P<0.01, 7P <0.001 3P <0.0001 vs. Control 28

i 7. 8 B, 1E45 T SelK i RIAMEEHAM G, B SelK FiA & R34, /M i BV2 # CD36
1 Calnexin ) mRNA 52 [ i £k 14 KiE T+ =(CD36, 4] 7(A) & 7(B))A(Calnexin, 4] 8(A) & 8(B)).

TELS T SelK R B84 5, BE SelK Fik &9 /b , /N T 41 iid BV2 # CD36 £ Calnexin ] mMRNA
5E AR RS KIE F#(CD36, [ 7(C) & 7(D))F(Calnexin, [ 8(C) & 8(D)). SZitst HiEH] CD36
F Calnexin )ik &5 SelK LA ZDHHC6 & AR IA &K% /D IEM .
4. ¥1ig

f FIRSEER 2 R T LIS . AR SelK (3 3RIA 1T LR 292 =y S AR AR BE AL A& 1 A 5% ¥ ZDHHC6 1)
BT R IA R mRNA 6 53¢, 337 I 35 42 /0 s I3 40 -5 6 0k Ty R 4 R X 11 o e 4 A =0 51 52 4 CD36
fIZRIAF mRNA #5%, FIRHMEHES Ca® iz M4 B A Calnexin fIFaE FIA M mRNA #3t. 3+ H
NI —REAE SelK Bk it /M K5 48 s o CD36 Al Calnexin 2K 5 2351 mRNA B 58K 53 %
FSEAHT AR T 1 SelK BEMT3E CD36 Al Calnexin 253K [ S-EEHEMEAL (OB 0 46 3L, Al LAE Y, Al
SelK &3 i A HE ik 3L 54 A% i ZDHHC6 {233k CD36 A1 Calnexin & [ AR MR , & 2 = CD36 Al Calnexin
AT RIE, AT 5 o2 40 B i) 7 0 D BE 11 .
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