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Abstract ; In order to reveal the physicochemical properties, molecular functions and genetic evolution characteristics of
AP2 gene family encoded proteins in Auxenochlorella protothecoides, in this study, the protein members of AP2 gene
family in A. protothecoides are predicted and analyzed in detail by bioinformatics. Eight protein members of the AP2
family of A. protothecoides were analyzed by online tools such as PrtoParam, Pfam 3.20 and Protscale and so on. The
results were as follows: Amino acids numbers of the family members were 247 ( XP _011395646.1) to 715 ( XP _
011401904.1) , the maximum theoretical isoelectric point was 9.39( XP_011396011.1) , and the minimum was 5.81( XP_
011398158.1) ; The positions and numbers of conserved domains in each member of the family were different; All protein
members had no signal peptide, did not contain transmembrane helix, and did not have transmembrane region; The
maximum hydrophilicity value of the protein members was —3.222( XP_011398158.1) , and the maximum hydrophobicity
value was 2.333(XP_011401904.1) , and the average hydrophilicity/hydrophobicity values of all members were less than
0; The values of many phosphorylation sites in the members were far beyond the standard value of 0.5, and the maximum
value of phosphorylation site was 0.998; The component content of secondary structures of protein members in the gene
family was arranged in the order of random coil > alpha-helix > extended strand > B-turn; and it is speculated that
alpha-helix and random coil are the main modes of its secondary structure, while extended strand and B-turn are
dispersed in the amino acid chain of all protein members; Alpha-helix, B-sheet, B-turn, N-terminal and C-terminal
were observed in tertiary structure of all members; Phylogenetic analysis showed that Ostreococcus tauri was the most
distant relative to Auxenochlorella protothecoides, the closest relatives were Chlorella wvariabilis NC64A and
Helicosporidium, and the next closest relatives were Picochlorum sp. SENEW3 among the other 15 species. This study
systematically analyzed the physicochemical properties, conserved motifs and phylogenetic relationships of AP2 protein
family in Auxenochlorella protothecoides. It provides a reference for further study on the function and interaction of AP2
transcription factors in A. protothecoides.
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Table 1  Physical and chemical properties of AP2 protein in Auxenochlorella protothecoides
AR
. Physicochemical property
B D IR ST
k Number of  Molecul . " " " o .
Protein ID an‘}‘;ﬁ;":c‘i’d ;:i"‘l‘ltar B pl ity WIEHR ARERE I V.41 7 A
& Theoretical 3% " Bk H Instability Aliphatic Subcellular
pl (Asp+Glu)  (Arg+Lys) index index localization
XP_011395646.1 247 27 377.91 8.98 26 31 66.10 70.89 41 L5, 20 A
Cytoplasm, extracell
XP_011396011.1 361 37 242.76 9.39 32 41 46.47 66.95 2 i 5T
Cytoplasm
XP_011396127.1 375 40 364.66 6.08 42 37 49.28 64.21 A 5T, 20 B Ak
Cytoplasm, extracell
XP_011400319.1 339 36 701.84 8.83 39 42 74.47 63.45 il
Cytoplasm
XP_011401790.1 682 71 540.98 6.37 85 81 42.67 58.87 it 5
Cytoplasm
XP_011401904.1 715 74 708.18 7.86 68 69 58.52 62.81 YA 5T, 200 A%
Cytoplasm, nucleus
XP_011400550.1 305 32 414.34 6.34 34 29 55.92 74.26 Y1 5T, 20 4
Cytoplasm, extracell
XP_011398158.1 324 34 742.98 5.81 36 26 47.43 70.9 2 Jifd T
Cytoplasm

T (Asp+Glu) i A BT IR S BB, (Arg+Lys) 9 IE BT AR 4 B KL
Note: (Asp+Glu) is the total of the residue of the negatively charged; (Arg+Lys) is the total of the residue of the positively charged.

®2 FBNKE AP EARTFEWEHHENCE

Table 2 Number and location of conserved domains of

AP2 protein in Auxenochlorella protothecoides

AP2 fi5F
R N o
gk ‘
HEHID Number of fReye *@bﬁﬂ”ﬁﬁ
. . Conservative
Protein ID conservative . .
domain location
structural
domains in AP2
XP_011395646.1 2 Yoo=T), Fisi—Ayy
XP_011396011.1 2 Qies A3, 556 =G
XP_011396127.1 3 K3x_]‘%’R||x_Yl7x ’Fle()_EZ()()
XP_011400319.1 2 K77 Eqss 5 Yoes ~Esge
XP_011401790.1 3 567_DI(I4VWISB_A233 ’SZM_E322
XP_011401904.1 2 e D L)
XP_011400550.1 1 Yoo~ Eos
XP_011398158.1 1 Yso—Eyy

x 3 FERR/NBKGE AP2 EARFERKE

Table 3 Hydrophilicity/hydrophobicity of AP2 protein from

Auxenochlorella protothecoides

57K HE Hydrophilicity

/K Hydrophobicity

A ID
Protein D g pem L o
Value Position Value Position

XP_011395646.1 -2.667 21 1.878 100
XP_011396011.1 -2.500 179 1.444 332
XP_011396127.1 -2.378 48 1.822 267
XP_011400319.1 -2.489 231 2.044 62
XP_011401790.1 -2.967 654 1.800 16
XP_011401904.1 -3.122 586 2.333 316
XP_011400550.1 -2.967 19 1.789 127
XP_011398158.1 -3.222 60 1.389 117

PR (K 3,18 3) o AARIE R, YA AR s 24 2%

FRAREEE , IEfH R R HK

TR R 7R KK B A

BoRNEIERIF I E (K 3) (,2015) .

2.4 BB AL R ST

SO KB, AE B (E R 0.5 BF, LR /) BR
AP2 g5 PN 8 H B AP A Y W R AL 1 R e 2
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XP_011395646. 1 XP_011396011. 1

B

P14

“/Il\

XP_011401790. 1

S
“»

XP_011401904. 1

a3

ﬁﬁ 1‘*

&>

XP_011396127. 1

XP_011400550. 1

P23

XP_011400319. 1

m Ala(A)
m Arg(R)
m Asn(N)

Asp (D)
= Cys(C)
m GIn(Q)
m Glu(E)
m Gly(@)
m His(H)
m lle()
m Leu(l)
m Lys(K)
= Met (M)
m Phe (F)

Pro(P)

Ser (S)
m Thr(T)
m TrpW)
m Tyr(Y)
= Val (V)

XP_011398158. 1

4 P24

L\

; No RA&MERE; D. REAEM,; C. HER; Q. #ARN,; E. #8R; G. HEAR; H. 14R; I. #u%
ﬁ ?ﬁﬂﬁ& M. EER; F. RINAR; P. AR; S. Z&MR; T. HEm; W. O&R; Y. BEIR; V. HER

A. Alamne R. Arglmne N. Apsaragine ; D. Apsartic acid; C. Cystine; Q. Glutarnine; E. Glutamicacid; G. Glycine; H. Histidine; 1. Isoleucme
L. Leucine; K. Lysine; M. Methionine; F. Phenylalanine; P. Proline; S. Serine; T. Threonine; W. Tryptophan; Y. Tyrosine; V. Valine.

B JEhR/NEREE AP2 B A B MR 2

Fig. 1

f42: XP_011401790.1 (77) , WEAERE IR AL AL 15 Fe /b
)72 XP_011400550.1 (24) . 4 [R] Fh 22 3 2 % b
GEHT FEREAS R 7**?&5%7%§L@§(S)%&§
HZ M XP_011401790.1, 3K 5] T 49 M &, %k
/DI XP_011395646.1 F1 XP_011400550. 1
PIASBLGY, 88 17 AL 5 WA A R 5 2R
(T) BB B £ M J& XP_011401790.1, 53] T 24 4~
A7 5 B R /DY XP_011400550.1 V& A 4 4
P WEMNENEAR(Y) k2 mE
XP_011396011.1F1 XP_011401904.1 , #83ik%| T 5,
B /DR XP_011398158.1, % 1 M7 s (5

4) . TE55 4 D4y 32 XP_011400319.1 1, %5 164
A7 565 218 (YRR , 56 142 i 56 160 17 22 TR
DLICES 268 o7 45 2 R P RE = U 7 (4 B W2 Ak 1o A5,
Horb i W] B SR T TE B R A6 6 5 1 U2 58 142 (R0
55160 fir) 22 R, HAE ¥ T 35 3 0.998, it # Fn
HEE 0.5, R A 358 B 2 11 5 AT B 3 o 22 2 1R W i
o7 sk SEHH D RE IR (£ 4) .

Amino acid composition of AP2 protein from Auxenochlorella protothecoides

25 RBANKE AP2 BERBEFREEEN _-RE
M =R BTN 5 R

B ) R A R R TS A T 2 ks
AR EE NS (FRMD% 2016) 785
H/NBREE AP2 B SRR T IL IR AR A R b P, e sh
Fa 2 43 i R BI/INHE 17 2 R T8 B 00 4 i > oc-
WERTE > A it 5 > B-F A1, v 0 R U] 4 i D oM TE
B 7 H s R, A JHE 4 ) 5 ke AN | L 37 3 ) B4 [a)
MHEAE B R (FEH,2017) , FEH —H%
F2H 53 o 1 B R ) /& XP_011400550. 1, i
LIk %] 40.00% , o- B2 TiE (B e/ NI & XP_011396011.1,
HAT N 26.04% 5 185 = A5 H 4 4 A E A BE
Fede Ko XP_011400319.1, 35 16.22% , H:AE A% fiz /)N
d7 Eb A XP_011396127.1, 3K 10.40% ; %4153 B-F4 A
5N 3.64% (XP _011395646. 1) ~ 8. 64%
(XP_011398158.1) ; H: &% ¥4 4 43 v JC K 0 5 iy (£
g 40. 00% ( XP _ 011400550. 1) ~ 54. 55%
(XP_011401904.1) (£ 5) ., UL AT HEWr, 76 5 4h
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Fig. 2 Prediction of amino acids conservative domain of AP2 protein in Auxenochlorella protothecoides
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Table 4 Phosphorylation site analysis of AP2 protein

family in Auxenochlorella protothecoides

E{ERI) AR E 1 VA
Protein ID Amino acid Number  Value Position
XP_011395646.1  #2% % 17 0.998 59,60,72
Serine
INRTR 10 0.984 86
Threonine
HRAMR 2 0.877 148
Tyrosine
XP_011396011.1 2% % 21 0.997 214,290
Serine
INARTR 8 0.844 143
Threonine
TN 5 0.978 119
Tyrosine
XP_011396127.1  #4%& % 26 0.997 239
Serine
piX N 8 0.991 52
Threonine
KRR 4 0.983 339
Tyrosine
XP_011400319.1 # %R 29 0.998 142,160
Serine
IRR 9 0.989 164,218
Threonine
KRR 3 0.705 268
Tyrosine
XP_011401790.1 271 R 49 0.998 305
Serine
pix =N 24 0.965 683
Threonine
A 4 0.951 677
Tyrosine
XP_011401904.1  #2% % 47 0.997 102,389
Serine
PN 19 0.995 205,241
Threonine
KR 5 0.895 366
Tyrosine
XP_011400550.1  22% % 17 0.993 59,204,277
Serine
AR 4 0.664 45
Threonine
SR 3 0.984 217
Tyrosine
XP_011398158.1  #2% % 18 0.969 239
Serine
AR 11 0.954 64
Threonine
KRR 1 0.514 166
Tyrosine

/NEREE AP2 BRI T, A B 322 motif3 |
motifS(E 6, 7)

® 5 RANIKE AP2 EA RSN
THEE LS
Table 5  Statistical analysis of the content of secondary
structural elements of AP2 protein in

Auxenochlorella protothecoides

cHE EMEE e AN
Alpha Extended Random
EAID . B-turn .
Protein 1D helix strand (1) coil
’ (Hh) (Ee) (%) (Ce)
(%) (%) (%)
XP_011395646.1 36.03 12.96 3.64 47.37
XP_011396011.1 26.04 14.68 8.03 51.25
XP_011396127.1 30.40 10.40 5.07 54.13
XP_011400319.1 26.55 16.22 5.31 51.92
XP_011401790.1 29.33 11.14 8.21 51.32
XP_011401904.1 26.15 10.91 8.39 54.55
XP_011400550.1 40.00 11.80 8.20 40.00
XP_011398158.1 35.80 10.49 8.64 45.06
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Fig. 4 Prediction of secondary structure of AP2 protein in Auxenochlorella protothecoides
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Fig. 5 Prediction of tertiary structure of AP2 protein in Auxenochlorella protothecoides
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Fig. 6 Conserved motifs analysis of AP2 family proteins in Auxenochlorella protothecoides
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Fig. 7 Distribution of conserved motifs of AP2 protein in Auxenochlorella protothecoides
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Fig. 8 Phylogenetic tree analysis of AP2 protein family in Auxenochlorella protothecoides
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