
M S L A G E V C L I T G A F G F L G Q R I I Q L L L Q E D E L A E I R L L D R H

Ⅰ A T GT C T C T T GC T GGGGA AGT T T GT C T CA T T A C T GGAGC GT T T GGAT T CC T GGGA CA A AGA AT T AT C CA GCT T CT GCT GCA GGA GGA T GA GCT T GC A GA GAT C A GGC T C C T T GAC A GGC AC 120

Ⅱ

Ⅲ

V R P D I L E S L E E F R G Q T K L T V F E G D I R D A E L L K K A C Q H V S L

GT CA GGC C T GA T A T AC T T GA AT C T T T GGA AGA GT T T C GT GGCC A AA C CA A GCT GAC T GT GT T T GA GGGGGA T AT C AGA GA T GC A GA GCT C CT C AA GAA A GC A T GC C AGC AT GT C A GC C T T 240

Ⅰ

Ⅱ

Ⅲ

V I H T A S L I D V I G A I D E R K L K E V N V K G T Q F L L E A C I Q E N V K

Ⅰ GT GA T CC A CA C AGC T T C GC T CA T T GA T GT CA T AGGAGC T A T AGA CGA AC GGAA A CT A AA A GA A GT GAA T GT A AA A GGT AC C CA GT T C T T GCT GGA A GC C T GT A T T C AA GAGA AT GT GA AA 360

Ⅱ

Ⅲ

S F I Y T S S I E V A G P N T R G D P V I N G N E D T V Y S C S L K F P Y S K T

Ⅰ T C CT T CA T CT A CA C CA GCA GCA T T GA GGT GGC AGGT C C AA A CA C CC GGGGA GA C CC T GT GAT C AA T GGGAA T GA A GA C AC A GT T T A T T C A T GC T C C T T GAA A T T T C CC T AC A GC A AGA CC 480

Ⅱ

Ⅲ

K F Q A E Q L V L Q V N G E V L R S Q D K M V T C A L R P M Y I Y G E G C N F L

Ⅰ A A GT T CC A AGC T GA AC A GC T GGT T C T AC A GGT CA A T GGGGA GGT T C T CA GA AGT CA A GA C AA A AT GGT GAC A T GT GC C CT GCGGCC C AT GT A C AT C T A T GGGGAA GGC T GT A AC T T C C T T 600

Ⅱ

Ⅲ

L G H M D D G I R N G D I L L R S S K K E S V V N P V Y V G N V A W A H I L A A

Ⅰ T T GGGCCACAT GGAT GACGGAAT CAGAAACGGGGACAT AT T AT T GCGT AGCT CT AAAAAGGAGT CT GT T GT GAACCCAGT GT ACGT AGGCAAT GT AGCCT GGGCCCAT AT T T T AGCAGCC720

Ⅱ

Ⅲ G G C

K A M R D P K K A A L I G G R F Y F I S D D T P H V S Y S D F N H V V L K P L G

Ⅰ A A AGC T A T GA GGGA T C C CA A GA A AGC T GC CT T GA T T GGT GGT A GGT T CT A C T T C AT C T C A GA T GA C AC T CC A CA T GT A AGC T A C T C A GA T T T C AA C CA C AT GGT GT T A A AGC CA T T GGGG840

Ⅱ

Ⅲ G [M]

F G I Q E R L A L P L P L L L F L T L L L E M V Q V F L K P F V K Y T P R M N R

Ⅰ T T CGGGA T T C A GGA GA GGC T CGC T C T CC C T C T GC C AC T GC T GT T GT T CC T C AC A CT C CT T CT GGA GAT GGT GCA GGT C T T T CT GAA A CC T T T T GT GAA GT A C A CT C CC A GA A T GA AT C GC 960

Ⅱ G [T]

Ⅲ

Q L L I M L N T Q F S F T Y K K A Q R D F G Y T P K Y S W E D A R T I T T T W L

Ⅰ C A GC T T C T CA T CA T GC T CA A CA C GC A GT T T A GCT T CA C CT A T A A AA A GGC C CA A AGGGA T T T T GGT T A C AC T CC A AA GT A C AGC T GGGA GGA T GC T AGGAC C A T T A CT A CC A CT T GGC T T 1080

Ⅱ

Ⅲ C

E S V L P Q H R A L L K T H *

Ⅰ GA AT C T GT T T T GC C AC A GC A CC GT GC AC T T C T GA A AA C AC A T T A A 1 1 2 5

Ⅱ

Ⅲ

Supplemental Figure S1. Nucleotide and amino acid sequences of 
Amur sturgeon hsd3b type I–III. Nucleotide variations between these 
types and corresponding amino acid alterations are indicated.



Supplemental Figure S2. Nucleotide and amino acid sequences of Amur 
sturgeon cyp17a1 type I–VI. Nucleotide variations between these types and 
corresponding amino acid alterations are indicated.

M E W V L G T A L V L T V A L A V L F V K G R F E R R L K R S N L P N S L P V F

Ⅰ A T G G A G T G G G T A C T T G G T A C T G C T T T G G T T C T C A C T G T G G C A C T T G C T G T G C T G T T C G T A A A A G G A C G C T T C G A G A G G A G A T T G A A G A G G T C C A A T C T C C C C A A C A G C C T G C C C G T G T T C

Ⅱ A[K]

Ⅲ A[K]

Ⅳ

Ⅴ

Ⅵ

P L I G S L L S L R S D L Q P H I L F Q R L Q E K Y G N I Y S L M M G S H Y V V

Ⅰ C C T C T A A T T G G G A G C C T G C T G A G T C T G A G A A G C G A C C T G C A G C C A C A C A T T C T C T T T C A G C G G C T G C A G G A G A A A T A T G G C A A C A T C T A C T C G C T C A T G A T G G G G T C T C A C T A T G T G G T G

Ⅱ C

Ⅲ C

Ⅳ

Ⅴ A [I]

Ⅵ A [I]

I V N N Y Q D A K E V L L K K S K I F A G R Q R T V T T D I L S R E G K D I A F

Ⅰ A T T G T G A A T A A C T A C C A A G A T G C C A A A G A G G T T T T A C T G A A G A A G A G C A A A A T C T T T G C T G G G A G A C A A A G A A C T G T G A C T A C A G A C A T T C T A T C C A G G G A A G G G A A A G A C A T C G C G T T T

Ⅱ G C

Ⅲ G C

Ⅳ

Ⅴ

Ⅵ

G D Y S P A W R F H R K M V H S A F S M L G E G S T S I E K I I C R E A R S M C

Ⅰ G G A G A C T A C A G C C C G G C T T G G A G G T T T C A C A G G A A G A T G G T G C A C T C G G C G T T C A G C A T G C T T G G C G A A G G C T C A A C C T C A A T C G A G A A A A T A A T C T G T A G A G A A G C C C G C T C C A T G T G C

Ⅱ A

Ⅲ T[I]

Ⅳ A

Ⅴ A

Ⅵ

Q T L S D L Q S T A I D L A P E L T R A V T N V V C S L C F N S S Y Q R G D P E

Ⅰ C A G A C C C T A T C C G A C C T C C A G A G T A C A G C C A T C G A C C T G G C G C C T G A A C T G A C C C G C G C T G T C A C C A A C G T G G T G T G T T C C T T G T G C T T C A A C T C A T C C T A T C A A C G C G G G G A C C C C G A G

Ⅱ

Ⅲ

Ⅳ

Ⅴ

Ⅵ C [S]

F E S M L Q Y S Q G I V D T V A K G S L V D I F P W L Q M F P N E D L R I L K D

Ⅰ T T T G A A T C C A T G C T C C A A T A C A G C C A G G G G A T T G T G G A C A C C G T G G C T A A A G G C A G C C T G G T A G A C A T C T T T C C C T G G C T T C A G A T G T T C C C C A A T G A A G A C C T C A G G A T A C T A A A A G A C

Ⅱ

Ⅲ

Ⅳ

Ⅴ

Ⅵ

C I A V R D T L L Q K K Y D E H K A D Y S D G A E K D L L D S L L R A K L C S E

Ⅰ T G C A T T G C G G T C A G G G A C A C G C T C C T G C A G A A G A A G T A T G A C G A A C A C A A A G C T G A C T A C A G T G A T G G T G C A G A G A A G G A C C T G C T G G A T T C C C T C C T G C G A G C C A A G C T C T G C T C C G A G

Ⅱ

Ⅲ

Ⅳ

Ⅴ G[W]

Ⅵ

N N N T R A R E V G L T D D H L L M T V G D I F G A G V E T T T T V M K W A I A

Ⅰ A A C A A C A A C A C G C G A G C A A G A G A A G T G G G G C T G A C A G A C G A C C A C C T A C T C A T G A C C G T G G G A G A C A T C T T C G G G G C T G G A G T C G A G A C C A C C A C C A C T G T C A T G A A G T G G G C C A T T G C T

Ⅱ C

Ⅲ C

Ⅳ A G T [V] A [T]

Ⅴ

Ⅵ

Y L L H H P Q V Q K K I Q E E I D S T I G L D R H P N L S D R G S L P Y L E A T

Ⅰ T A C C T C C T A C A C C A C C C G C A G G T C C A G A A G A A G A T C C A G G A G G A G A T T G A C A G T A C G A T T G G G T T G G A C A G A C A C C C C A A T C T G A G T G A C A G G G G C A G T T T G C C C T A C C T G G A A G C A A C G

Ⅱ

Ⅲ

Ⅳ

Ⅴ

Ⅵ

I R E V L R I R P V S P L L I P H V A L T H S S I G A F T I P K G T Q V I I N L

Ⅰ A T T C G G G A G G T G C T A C G G A T C A G A C C G G T C T C C C C C C T C C T C A T C C C T C A T G T G G C C C T C A C A C A C T C C A G T A T T G G A G C T T T T A C T A T C C C G A A A G G A A C T C A A G T C A T T A T T A A C C T T

Ⅱ

Ⅲ A

Ⅳ

Ⅴ

Ⅵ

W S L H H D E K E W K N P D I F D P G R F L D E E G K Q V Y S P S A S Y L P F G

Ⅰ T G G T C C T T G C A T C A C G A T G A A A A G G A A T G G A A A A A C C C A G A C A T A T T T G A C C C T G G T C G C T T T C T A G A T G A A G A G G G G A A G C A A G T C T A T T C C C C C T C T G C C A G C T A C C T C C C A T T T G G G

Ⅱ

Ⅲ

Ⅳ

Ⅴ

Ⅵ

A G V R V C L G Q S L A K M E L F L F L G W M L Q Q F T L E V P A D Q P L P N L

Ⅰ G C A G G G G T C C G G G T G T G T C T G G G G C A G T C A C T A G C T A A G A T G G A G C T C T T C C T G T T C C T G G G C T G G A T G C T G C A G C A G T T C A C C C T G G A G G T A C C A G C C G A T C A G C C C C T G C C T A A C T T A

Ⅱ T

Ⅲ T

Ⅳ

Ⅴ

Ⅵ

Q G K F G V V L Q P Q K F K V N A R L R D S W V N T E M Y H *

Ⅰ C A G G G C A A A T T C G G A G T C G T C C T C C A G C C C C A G A A A T T C A A A G T G A A C G C C A G A C T T A G G G A T T C C T G G G T G A A C A C T G A A A T G T A C C A C T G A

Ⅱ

Ⅲ

Ⅳ

Ⅴ

Ⅵ



M V F S L V G I S L A S V V A A L V I F K L L K S V V G P S P T T L P C L P S F

Ⅰ AT GGT GT T T T CCT T GGT T GGCAT CT CGCT GGCAT CT GT AGT GGCT GCCT T GGT CAT CT T CAAGCT CCT GAAGAGT GT GGT GGGCCCGT CACCGACCACACT GCCCT GT CT GCCCT CCT T C 120

Ⅱ

P I V G S L L S L G G T T P P H L L F T R L G C K Y G G L F G L Y L G P H Y T V

Ⅰ CCCAT CGT GGGCAGCCT GCT CAGCCT GGGAGGCACCACCCCT CCCCACCT T CT CT T CACCAGGCT GGGGT GCAAGT AT GGGGGCCT CT T T GGT CT GT ACT T GGGGCCCCACT AT ACT GT G 240

Ⅱ

V I N N F K H A K E I L L R K G K V F A G R P H M V T T A L L S R D G K D I A F

Ⅰ GT GAT CAACAAT T T CAAACACGCCAAGGAGAT CCT GCT GCGCAAAGGGAAGGT CT T CGCT GGGAGACCCCAT AT GGT GACAACAGCT CT GCT GAGCAGGGAT GGGAAAGACAT T GCAT T C 360

Ⅱ

A D Y S P L W K F H R K L V H S A F T M F G E G T S K L E T I V C Q E A S S L C

Ⅰ GCT GACT ACAGT CCT CT CT GGAAGT T CCACCGCAAGT T GG- T ACACT CT GCAT T CACT AT GT T T GGAGAGGGCACCAGCAAACT T GAGACCAT CGT T T GT CAGGAAGCCT CCAGCCT GT GC 480

Ⅱ - [I] [L] [S] [G] [S] [S] [T] [A] [S] [W] G

S F L M D N L E T P L D P G L G L S Q A V T N V V C T L V F N S K Y Q P G D S E

Ⅰ T CCT T T T T GAT GGAT AAT CT T GAAACCCCGCT GGACCCGGGACT AGGCCT GT CCCAAGCCGT CACCAACGT GGT GT GCACCCT CGT CT T CAACT CCAAAT ACCAGCCGGGGGACAGCGAG 600

Ⅱ

L Q S V M D Y T S G I V E T I A R G S L V D I F P W L K V F P N K D L K K L N K

Ⅰ CT CCAGAGT GT GAT GGACT ACACCAGCGGCAT T GT GGAAACCAT CGCCAGAGGAAGCCT AGT AGACAT T T T CCCAT GGCT T AAGGT GT T T CCT AAT AAAGACT T AAAGAAACT GAACAAA 720

Ⅱ

C I Q V R D E L L T Q K L E E H K A T Y C M S E T R D L M D A L L T A Q R G P T

Ⅰ T GCAT T CAAGT GCGAGAT GAGT T GT T AACACAGAAACT GGAGGAACACAAGGCT ACT T ACT GT AT GT CT GAGACACGGGACCT GAT GGACGCCCT GCT CACAGCCCAGCGT GGCCCCACG 840

Ⅱ [A]

E S R G L E E T S F S D D H V L M I A A D A F G A G V E T T A T T L K W M I A F

Ⅰ GAGAGCCGAGGCCT GGAGGAGACT AGT T T CAGT GAT GAT CACGT T CT GAT GAT CGCAGCT GAT GCCT T CGGT GCT GGAGT GGAAACCACGGCAACCACT CT CAAGT GGAT GAT AGCCT T C 960

Ⅱ

L L H H P E V Q K K I Q Q E I D E Q I G W N R H P G L S D R R L L P Y L E C T L

Ⅰ T T GCT T CAT CACCCT GAGGT CCAAAAAAAGAT CCAGCAAGAAAT T GAT GAACAGAT CGGAT GGAAT CGCCACCCAGGT CT GT CAGACCGGAGGCT GCT GCCGT ACT T GGAGT GCACACT G 1080

Ⅱ

N E V L R I R P V A P L L I P H V A L E N T S I G E H V I P K G T R V V V N M W

Ⅰ AACGAGGT ACT GAGAAT AAGGCCGGT AGCCCCT CT GCT T AT CCCT CAT GT GGCCT T GGAAAAT ACCAGT AT CGGAGAACAT GT CAT T CCT AAAGGT ACACGT GT GGT T GT GAACAT GT GG 1200

Ⅱ

S I H H D P R E W E D P D S F I P E R F L D S K G Q R F S P P A F I P F G A G P

Ⅰ T CCAT T CACCACGACCCCCGGGAGT GGGAGGAT CCT GACAGCT T T AT T CCAGAGCGT T T T T T GGACAGCAAAGGGCAGCGT T T CT CT CCCCCAGCT T T CAT CCCAT T CGGCGCAGGGCCG 1320

Ⅱ

R V C I G E S L A K L E L F L F T S W L L Q H F S F F C P P G A P L P N L E G R

Ⅰ CGGGT CT GT AT T GGGGAAT CT CT GGCT AAGCT GGAGCT GT T T CT CT T CACCAGCT GGCT GCT CCAGCAT T T CAGCT T T T T CT GCCCT CCT GGGGCCCCCCT GCCCAACCT T GAGGGGAGA 1440

Ⅱ

Y G V V L Q P E S Y R V C V R S R H D W R T K N K D *

Ⅰ T AT GGGGT AGT CCT GCAGCCAGAAAGCT ACAGGGT GT GT GT CCGT T CGCGT CAT GACT GGAGAACCAAAAACAAGGAT T AA 1 5 2 1

Supplemental Figure S3. Nucleotide and amino acid sequences of Amur 
sturgeon cyp17a2 type I–II. Nucleotide variations between these types and 
corresponding amino acid alterations are indicated. (-) indicates the missing 
nucleotides.



Eight steroids were used as substrates. pregnenolone; P5, 17α-hydroxypregnenolone; 
17OHP5, progesterone; P4, 17α-Hydroxyprogesterone; 17OHP, androstenedione; A4, 
testosterone; T dehydroepiandrosterone; DHEA, 5α-androstenediol; A5, n.d; no 
detection

Substrate Product Conversion Rate

Amur 
sturgeon

hsd3b
type II

Amur 

sturgeon

hsd3b

type Ⅲ

Amur 

sturgeon

cyp17a2

type II

P5 17OHP5 n.d. n.d. n.d.

P5 DHEA n.d. n.d. n.d.

P4 17OHP n.d. n.d. n.d.

P4 A4 n.d. n.d. n.d.

P5 P4 9.4% 10.6% n.d.

P4 P5 n.d. n.d. n.d.

17OHP5 17OHP 10.8% 10.1% -

17OHP 17OHP5 n.d. n.d. -

DHEA A4 13.2% 16.5% -

A4 DHEA - - -

A5 T 15.8% 17.4% -

T A5 - - -

Supplemental Table S1. Substrate specificity of amur sturgeon hsd3b type-II/Ⅲ and 

cyp17a2 type-II



Substrate Product Conversion Rate

Amur 
sturgeon
cyp17a1
type-II

Amur 

sturgeon

cyp17a1

type-Ⅲ

Amur 

sturgeon

cyp17a1

type-IV

Amur 

sturgeon

cyp17a1

type-V

Amur 

sturgeon

cyp17a1

type-VI

P5 17OHP5 1.2% 2.3% 1.2% 0.8% 1.2%

P5 DHEA 1.8% 2.8% 2.1% 1.3% 0.8%

P4 17OHP 3.2% 4.8% 3.2% 2.8% 2.1%

P4 A4 4.2% 5.6% 4.8% 6.6% 6%

Two steroids were used as substrates. pregnenolone; P5, 17α-hydroxypregnenolone; 
17OHP5, progesterone; P4, 17α-Hydroxyprogesterone; 17OHP, androstenedione; A4

Supplemental Table S2. Substrate specificity of amur sturgeon cyp17a1 type II–VI


