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E. BERE R BEA Kk (aldo-keto reductase super family, AKRs)E A J 2 &9 &R 4F 14, B AT
MANAM R AKR AR RAERRWALALETRE., AAARAENFEFTFER, FNT RE
(Bombyx mori) AKR A F 49 & seitfb. B R, RERein, T EAFRARLEN, @Biddbia
B Ao 2 B T F A B4k X R (quantitative real time polymerase chain reaction, qRT-PCR)%*
T REALI A RE LT KREEINF BmAKR &£ B 49 & X KF, 5FRH Western blotting 4]
TERIPFZEAONERELE., AR ELEZS 11 ABmMAKRAR, SHE 4 XK B EEKRE, #
EA AKR R A 69(a/B) 8 MR F 44, BRI AN, ZRBUSHTE R, ETHH 24
K i%(AKRL Fo AKR2). 4% FKAABENHT BT, Tk N AR AETRE AR P 69 £E £ 7KK,
—F A I, —¥45 BMAKR AR A H PR EAZEE S THF I, 12 BmAKRL-1 £ 7 ”ﬁ‘ﬁl’
PR K ENRESTEFRFTIN. BaKPHEN LI BmAKRI-1 £FFIAEH T 2R T
AL qRT-PCR %R —2K. & EFA, AR EL 5«7"* BMAKR R ik 69 5 & Fn 47, i itk B
BMAKR1-1 54 4 A4 & 90 L B e91E R A B, M2 st LT RN A .
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Abstract: The aldo-keto reductase super family (AKRs) has a wide range of substrate
specificity. However, the systematic identification of insect AKR gene family members has not
been reported. In this study, bioinformatics methods were used to predict the phylogenetic
evolution, physical and chemical properties, chromosome location, conserved motifs, and gene
structure of AKR family members in Bombyx mori (BmAKR). Transcriptome data or quantitative
real time polymerase chain reaction (QRT-PCR) were used to analyze the expression level of
BmMAKR genes during different organizational periods and silkworm eggs in different
developmental states. Moreover, Western blotting was used to detect the expression level of the
BmAKR in silkworm eggs. The results showed that 11 BmAKR genes were identified. These
genes were distributed on 4 chromosomes of the silkworm genome, all of which had the (o/p)
8-barrel motif, and their physical and chemical characteristics were relatively similar.
Phylogenetic analysis showed that the BmAKR genes could be divided into 2 subgroups (AKR1
and AKR2). Transcriptome data analysis showed that the expression of BmMAKR genes were quite
different in different tissues and periods. Moreover, the expression analysis of BmAKR genes in
silkworm eggs showed that some genes were expressed significantly higher in nondiapause eggs
than in diapause eggs; but another gene, BmAKR1-1, was expressed significantly higher in
diapause eggs than in nondiapause eggs. The detection of protein level found that the difference
trend of BmAKRI1-1 in diapause eggs and non-diapause eggs was consistent with the results of
qRT-PCR. In conclusion, BmAKR1-1 was screened out as candidates through the identification
and analysis of the BmAKR genes in silkworm, which may regulate silkworm egg development
is worthy of further investigation.

Keywords: Bombyx mori; BmAKR gene family; diapause eggs; expression analysis; phylogenetic
evolution

P& A0 )i i E K i (aldo-keto reductase super  FIEEHE . MY . S AN, AKRs FH
family, AKRs)JE—"H 16 MFIE(AKRI-AKR16) LA 34-37 kDa K/ BRI 8 A7, 1%
MR T, BRTgREN R R C &l FIEME WL THFE W E O RS —INA
190 ™M T A T IR A A A R, Wi % B2 5+ #4 [ (triose-phosphate isomerase) I§;
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(a/B) 8 HHIEFFHHIER, AKRs DAHKME AR —
AT FR(W%MR) [nicotinamide adenine dinucleotide
(phosphate)] A i Al -4k S AL I8 5t s i B, HLHL
B Z RS, AN OUHETL T R | B
Vil 24 [ B FT AT 90) B 28 AR Dt , T LS Ak 8 2
[ A 2 005 R i X A e A

AKRs i 53 AT 73 0 £ 38 )5 it (aldehy de
reductase) . L JF i (aldose reductase) F1¥2 &
[ i vt S i (hy droxysteroid dehydrogenase)&5 .
AKRs 17 M5 Z R 19 & A &k i V1A G,
TENRBRUONEIRAS . RIS s . LM . e
Jo8 AN 2 B A0 MR el B Bk A Bz e i
Rl AKRs LWL, 1ERH . BB
SRR R R FEE AR 9140, PPpAKRL
Tt T 5L R T O A R R Bk R A A
(Xerophyta viscosa)f] ALDRXV4 Fik7E M5 H
TLFE RIS T IR T R AR A BT ED, i
AKRs 7] B2 5 A Y0 4 Ffisdi 52 a8 e 137 o 7E
AT RN B, C2Ugs—L% AKRs
(TR I, AN A D AR A D
XL IR S 5 LA AE B R , 1L B
FRE ATy B B 5o A A I PR B A1 25 o

% 4z (Bombyx mori )2 # H # i B i £ 3
PEE R, 4R (Bombyx mandarina) ¥l fk i sk ,
VER— M EEM AR RERECEAF 5 000 4F
PRSI . [FIR, KAt BRI,
—HE R, B, AR 4 DMEEL. N T
FLBEA RIS (R . FER %), KEMME ™
TR, RPN TR A &
BiFw, RPN, wE R —F IR A
YA AE R B E L AEY AU, KAETEZ T
gtk g, R sy,
HET, MARIXTZ A BmAKR R % 8 51 48 08
N A Fiie B L R PO B s M SE me A iRE

YT, AT S0 5K 4 BmMAKR ik [ 5 1 E
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fradeNa e, MHAGET . BTk,
DRAFEEFY | S5 A0 R IR K 2H 2N 3 2 T i 7 55
Fror e, I 1 o R A R N A AR B
BmMAKR JE IR 5 5 il B2 YR IB T B0, F1 5 20 A il
PRI E RSN, AR SR T %R R A
Fe AT A B i

1 MHE7%

1.1 ##

A% i AR 1 (Dazao) 1 75 R K 2 At 35 47 41
YRR B R T R S R, xR
RIEIEIEAT 25 °CROBHR | 15 *CREET 43513k
fHEED . JERE I, wOCTEET 25 °C
SRR, RAELLE 2 AR ON7 5 0-9 d bR,
PR, A7 T80 °CRif.

1.2 A&
1.2.1 BmMAKR KIEMH RBITFIES L E

TE NCBI (http://www.ncbi.nlm.nih.gov/) F 25
AL MRS B . ki Pfam 4%
(http://www.pfam.xfam.org/)##2Z AKR {&5FZ5 41,
(PF00248)!'%), F| il TBtools {2 i 1k 5 45
B, WEEHE BMAKR FIRHISGL . KSR
E ¥ SilkDB3.0 (https:/silkdb.bioinfotoolkits.
net/main/species-info/-1)!'" AT R, FBRIUAT,
W5 455 3 7 1) H2 A2 ) NCBI A5 5F 25 19 358 550 41 P
(https://www.ncbi.nlm.nih.gov/cdd) ik — i &',
AR 11 4 BmAKR HE[H 2 3R P 41
BmAKR il 1 £ 1 /) I [a) U5 2K 117 910 35006 2
E-value {EH<Ixe ™,

1.2.2 BmAKR XEZEBRENL MRS

1t ExPASy 72 BHE % (http://web.expasy.org/)
5B BmAKR ZW M RIS S H L i
KN BEWIRAE R SR AKE R R E M B s
FRA RT3 SilkDB3.0 il BmAKR 4k ]
SR I B 1) 7 40 i A e
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1.2.3 BmAKR Rk BIREM S 4

FE NCBI KU % P AR UK it BMAKREE A K
A AR AR A B E, TR RS2
V525 B (UCSC) Sk I8 4 2304 e v 4R B A 4 45
et ik BB, B LG BRI LEE
TE 28 W 3 MapGene2Chrom (http://mg2c.iask.in/
mg2c_v2.1/), i % Wb e 4 2l K
BMAKR i [ e 8 {4 oz 6 P2,
1.2.4 BmAKR ZI&HIZ Gt (L & 751 b X
T

HIRTE AKRs RGN M RGEKET LR,
MAEL M3 NCBI T #E A P4, KA MEGA
11 #f4(http://www.megasoftware.net/)%} AZ<(Homo
sapiens). /NE(Mus musculus). 4HEE K if(Manduca
sexta) . W 7% 7% ik (Spodoptera frugiperda) . #
# M (Helicoverpa zea) . %74t (Bombyx mandarina)#l
KA 18 MYIFPE) AKRs K5 (P 51T &
GEit A s A, I8 2842 L X (neighbor-joining)
LA 1000 HA S R SR

FIH] Jalview B2 58 A BnAKR FK 4
B B TR 8 1B 2 e 8 E X Y IR R ARRAE
S HEATRRIC, HFIA NCBI H Batch CD-Search 1.
HLAHT BmAKRIE X 515 ) 2 (1 45 A 102, I

Fz1 KRR

it Adobe Illustrator #1740 BRAG 2] ] AL ETE
1.2.5 BmAKR RiEFRFEFURERLEH S

i FH7E £ 4 MEME (http://meme-suite.
org/tools/meme) il BmAKR ZJ% & 1/7 51 {#
SPEEMIRE, B KPR N 10, TR EE N
650, K GSDS2.0 7EZk M uli (http:/gsds.gao-
lab.org/%Z: il 445 11 A~ BmAKR 0% A% 01 14 3
REEFPT ) X HA MR FRUZRIS X (coding sequence,
CDS)i#4753#Hr; FIH TBtools FK KR SF T
FE R A5 40 25 R 7 T A
1.2.6 ¥ FAHIER qRT-PCR 53 #f BmMAKR X
MREREFRIXEN

TEZR fx 3 K %8 SilkDB 3.0 HH R
7% BMAKR JEF K& AU A ek Bl , 444l
AUHAT 0 ISAb B, A Omic-share (https:/www.
omicshare.com/tools/)TE £ 2 il # A, DLIE A i7F
TRZE, ERINHATIH LA . RS2 I 28
I B R A il £ 2L S )V (quantitative real time
polymerase chain reaction, qRT-PCR)fJ J5 ik 4T
W, FIRZE BmTif-4A JEEHRZ, R
B Primer 5.0 Wit51¥), BAFEARE 3 4 E
B 51 h A T AR TR ) B AT B
AR 1.

Table 1  Primers used in this study

Primer name Forward primer (5'—3") Reverse primer (5'—3")

BmAKR2-1 CGGGAAGACCGTCACTCA CGTAGGGCTGCCAGAACA
BmAKR2-2 CCACGTCAACTTAGTGCTTATG GTCTCCAGGTAGTCGATCTTTT
BmMAKR2-3 TCGTTCTTCGGTATTTGA GACTGTGCGTTTCTCCTT
BmMAKR2-4 CGAGGATTGACGATGAAC GCACCGACTTGGGTAGAA
BmAKR2-5 CTCAAGGGATAGTTGTGGTG TGTGGAGGGACTTCGGGAT
BmMAKR2-6 TGCTGAAGGAAGGCACTAT AGCCCATGACTACAACACC
BmMAKR2-7 TCCCACTCTAACAGCACTCG GCCGCTACCTCTTCAAAC
BmAKR2-8 ACTTCAACGAGGAGCAGC AGACCAGACCGAGCGGAGTA
BmAKR1-1 TGACGAGGAGCAGGATACAA TCCCGTTACATTCCAGAGC
BmMAKR1-2 TGCCACCAGGAGGTAATCGT GTCCACCTTCATAGTGCCGT
BmAKR1-3 TTAGAACTCCAGCTTAGTCGAC CGGATTAAACCTTCCCTTTGAC
BmTif-4A CCGTATGCGAAAGGAAATCA TTGGAAGGTAGAGAGGGAGG
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1.2.7 Western blotting 12l BmAKR EHE
B INAIETF B IR RIE

BU™ 5 1-9 d # & DR AR B IR LR 1,
FF Bradford 72: 2 & 85 IV o B B8R AR A
iz 10 pg/fL EAEUEAT RV T e BEIRC FL UK, FRL
VKA AR, [ AR T4 2R Ml — 38 & 4 JEE
RSB, 60 r/min, FRWFH 2 ho
A —Fi st AT (5 1:20 000 1B £ aldo-keto
reductase 1C3/AKRI1C3 —¥t), = A8 3 e % iy
H 2h, 450K )5, & A Tris-HC1,NaCl , Tween-20
= Fh ¥ 5T B B2 vh R (Tris buffered saline with
Tween-20, TBST)BEMR 3 YK, 4:YK 10 min; JiIl A
PUE A (B 1:20 000 FRFR LG A I =E 405 —40),
FIGE BRI E | h, 4595, TBST Pt
3K, BK 10 min, PR RE .
HH A image J HEEEA A KB, FFLA
tubulin Z&4F A KIE(E NN Z:, 15 BmAKR
FIRRIkE, SCIREE 3 K,
1.2.8 FHitH#h

JIT AT B0 445 R 38 fdt 7 S (B 4 o 22 3R
7~, {#i GraphPad Prism 5.0 #X{4(GraphPad
Software Inc.) X} ¥ g &5 Kt fr S it . [A
F, SR S 2R U7 2273 #7 (two-way  analysis of
variance, two-way ANOVA)Jy 15 KK 56 A [F] F£
it 4 8 25 22 57 (P<0.05)

2 HERE4M

2.1 BmAKRERERERREENRERIEL
%R

H4E AKRs 2514 Bl B 7E 58 An JE PR 2 v 4
TERRMF 114> BmAKR LRI RIS . RGEH b5
Mr&m, 11 %4 BmAKR LT LIS R 2 N5
%, BP AKRL 1 AKR2 (K] 1), AKRL &4 3 /3
K, AKR2 5 Hiax 8 AN, MR EA At
& FRAEE IS A AKR 2R F i 4% 7 =2
4394 h BmAKRL-1, BmAKRL-2, BmAKR1-3
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il BMAKR2-1-BmAKR2-8 (£ 2), Hi1, BmAKRI-1
5 2K ) MSAKRIB1 B 7E—E (& 1),
BmMAKR1-2 ,BmAKRL1-3 % 71| 5 7 %% ) BmaADH .
BmalE2-L R7E—il, Z4eh) BmAKR2-1-BmAKR2-8
5 HAB S Rl ) AKR2EA B 7E—
PRALPE o BT 45 SR B, BmAKR F% gL
B IEIR P S A 303-366 aa, AHXT4F
R EETE 33.454-42.466 kDa ZIa]., WG+ %L
IIAEIA], HE 85.71-101.00 Z ], “5HL 50
Flh 5.06-7.52, KR&ESTE 7.00 LI, KX
KRR K Z HIRYERE . B T BmAKR2-1 Fl
BmAKR2-4 DI&h, HAh s A AT E RE /N
F40.00, BiHRZ 5 A BmAKR & K
E, NG, EBSEKRBI/NT 0, UL
Z4x BmAKR & 13 R KM . W20 1
34 78 7 T 4 R (55 2).
2.2 BmAKR ERERELBEIKELS
FAx BMAKR BE R G5 e (A i 37 43 B 245
REY, 11 DRGNS ENTE 4 K00k
(E 2), Hr, 2 SRk bEE, A 6 Mk
B, 439l BmAKR2-1, BmAKR2-2 , BmAKR2-3,
BmMAKR2-4, BMAKR2-5 il BMAKR2-6; 16 ‘54 {f
K A 2 4S5 BmAKR2-7 FI BMAKR2-8;
24 SRk EHA 1 A CH BmAKRL-1;
25 SR A 2 AU, 40iliE BmAKRL-2 il
BMAKR1-3. J34b 2 S @K 1) BmAKR2-1,
BmAKR2-2 F1 BmAKR2-3, DA A BmAKR2-4.
BMAKR2-5, X 2 H B HEA 1Y AKR ST (1)
FRALEE 435K E] T 61.82%H11 50.88%
2.3 BmAKR XFERIEEBR X [FFI b X 524
J T LA BT AR A BmAKR %K A
MEFPIIRR, WRKIGEE AT AT X 53
Mro S5RERW, rA M AEREA AKR KK
A1 (a/B) SAPRSFLEHI(E 3), [HlA &I AE AKR1
M AKR2 FIERIAFIEZE S . 16 B4 F ad 2543,
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1
Figure 1

AKR 1

AKR £ H 5K ik & geidt L it

MmAKRIE? »

°4aAKR2E4-L X2

HsAKRIEZ2 Xl =

AKR 2

Phylogenetic tree of AKR gene family. Bm: Bombyx mori; Bma: Bombyx mandarina; Ms:
Manduca sexta; Sf: Spodoptera frugiperda; Hz: Helicoverpa zea; Lg: Leguminivora glycinivorella; Pr: Pieris
rapae; Si: Streltzoviella insularis; Of: Ostrinia furnacalis; Ha: Helicoverpa assulta; Pg: Pectinophora
gossypiella;, Mh: Maniola hyperantus; Tn: Trichoplusia ni; Hs: Homo sapiens; Mm: Mus musculus; Pm:
Papilio machaon; Aa: Aricia agestis; Vc: Vanessa cardui.

T2 BmMAKRERARERRLETE

Table 2 Identification of BMAKR gene family members
Gene name GenelD Protein ID Chromosome Protein Molecular pI ~ Aliphatic Average Instability Subcellular
(SilkDB) (NCBI) No. length weight index hydrophilic index localization
(aa) (kDa) coefficient
BmAKR2-1 BMSKO0000998 XP_004933321.1 2 341 38974  5.66 95.66 —0.302 40.79 Cytoplasm
BmAKR2-2 BMSKO0000999 NP_001303998.1 2 353 39.800  5.06 90.23 -0.296 32.10 Cytoplasm
BmMAKR2-3 BMSK0001000 XP 037871552.1 2 338 37.745 6.02 9225 -0.245 25.74 Cytoplasm
BmMAKR2-4 BMSK0001042 XP 037871489.1 2 340 38.892 5.79 9721 -0.298 41.50 Cytoplasm
BmAKR2-5 BMSK0001043 BCN86447.1 2 331 37229  7.52 101.00 -0.163 30.21 Cytoplasm
BmMAKR2-6 BMSK0001056 XP_004926779.1 2 343 38986  5.82 90.26 -0.308 35.01 Cytoplasm
BmAKR2-7 BMSK0009262 NP_001296537.1 16 308 33454 546 9438 -0.297 34.95 Cytoplasm
BmAKR2-8 BMSK0009596 XP 037872269.1 16 305 34280  6.02 99.02 -0.263 33.75 Cytoplasm
BmAKRI-1 BMSK0014475 ADQ89807.1 24 303 34168  6.12 9690 -0.217 34.88 Cytoplasm
BmAKRI-2 BMSK0014846 XP_004921850.1 25 324 36316  6.77 88.86 —0.337 36.41 Cytoplasm
BmMAKR1-3 BMSKO0014852 XP 021202876.1 25 366 42.466 7.21 8571 -0.446 32.93 Cytoplasm
&: 010-64807509 B<: cjb@im.ac.cn



4988 ISSN 1000-3061 CN 11-1998/Q 4=4# T #2244k  Chin J Biotech

10 BmAKR2-3
BmAKR2-5

T DIMANINL-L

BmAKR2-4
BmAKR2-6

2 ZR#%E BmMAKR EREREFBIKEL S

BmAKRI-2 BmAKRI-3

Figure 2 Chromosomal location analysis of BmMAKR gene family members.
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Figure 3 Multiple amino acid sequence analysis of BmAKR family members. The conserved (a/f)s-barrel
motif of the AKRs was highlighted in black box, and the conserved amino acids in the columns were

highlighted in different colors.
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o E] Y 2 PR 7 41 A B K, 5 AKR2 KR
JEHIAEL , AKRT KRR 51 25 2 K 10-14 aa;
AL, &M RAE B7 F1 a7 S Fy k) 4 24 5
WAL K, BmAKR1-2 Fl BnAKR1-3 Y% JEM2 5
HNAS [] T HA R IR
24 BmAKR HRiEFRTFTEBEFIH

HF MEME 4T E 10 NEF, W T
KA BmAKR JE[H4mi (2L 75, RIS
A5 BE R L B AR RE— B0, W motif
6-motif 3-motif 4-motif 2-motif 5-motif 8-motif
1-motif 7-motif 10-motif 9 FJNLFHES (K 4).
A ) BMAKR JE K G5 1 1 5 motif 1.
motif 2, motif 3. motif 5 Fl motif 6, AKR1 %
T o BE RS, B T R [R] A J p Ah A A B
motif 4 FI/5{ motif 9. 1 AKR2 Z% Bk T4k

[P A, RGN T motif 7. motif 8
M motif 10, Hp, BmAKRI-2, BmAKRI-3
WHIT motif 9; BnAKR2-1-BmAKR2-8 #4111
motif 7; BmAKR2-1-BmAKR2-7 /i1 T motif 8;
BmAKR2-1-BmAKR2-2 111 T motif 10, TiiX
PRI A —/ N . Motif 4 7E5% T BmAKR2-3
PLAM LA B 3 B AETE
2.5 BmMAKR RixEREZEMH

XFRZE BMAKR FJ% AL 53 2517 3L P 45 44 43
Mr, 458 %0 BmAKR #EA4E T, BT
BmMAKR2-1 F1 BmAKR2-2 JE A (1) 3" k2 I HH
¥ X (untranslated region, UTR)#, HAth sl 51 3
Uit AT AEBHPRIX (] 5). BMAKR ZIG LR A 45
WHAZS, Hi, AKRL ZHEANE TN 6,
AKR2 ZE AN B ¥ H01E 5-9 Z 1]

— Bmakr23 —JHE— 2 B - I Motif 6
B Motif 3
— e - S C
, Motif 2
— BmAKR24  — G R 2 - 7 B Moti 5
[ Motif 8
Motif 7
I Miotif 9

ks — - O 7

BmAKRI-1 S-S 2

51

I I Y A 4

0 30 60 90 120150180210240270300330360390

4 RZ%ZEBmAKR EARTEFESH

Figure 4 Conserved motifs analysis of BmAKR proteins.
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2.6 BmMAKR EARBELRZEMABIEARN  IHERGE TAEE M 58 7 WU
FiEERX J Bt (fragments per kilobase of exon model per

AT R #E BmAKR JEH F G AEAH 4 million mapped reads, FPKM){H, #|F] Omic-share
ZUME BB iR sE, M SIkDB 3.0 T TEL 2l Kl 5t A 2L ) Rk . 45 R &
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Figure 5 Structural analysis of BMAKR gene family members.
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Figure 6 Heat map of expression pattern of BMAKR gene family members in different tissues and
developmental stages. 4L-molting: Fourth-larval-molting; 4L3D: 4th-instar-day-3; SLOD: 5th-instar-day-0; SL3D:
Sth-instar-day-3; Wandering: Wandering stage; PP: Pre-pupa; P1: Pupa-day-1; P4: Pupa-day-4; P7-8:
Pupa-day-7-8; M1: Moth-day-1.
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Figure 7 qRT-PCR analysis of gene expression of BmAKR gene family members in diapause eggs and
nondiapause eggs. DP: Diapause eggs; NP: Nondiapause eggs. Relative gene expression was normalized
against reference gene Bmitif-4A (BMSK0002090). Each point represented X+s of three independent
replicates. *: P<0.05; **: P<0.01; ***: P<0.001 indicated significant difference between two groups.
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Figure 8 Western blotting detection (A) and gray value analysis (B) of BmAKR in diapause and non-diapause
eggs of silkworm. DP: Diapause eggs; NP: Nondiapause eggs. Each point represented X*s of three
independent replicates. *: P<0.05; ***: P<0.001 indicated significant difference between two groups. NS.

indicated no significant difference between two groups.
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