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ABSTRACT. We wanted to clone the glucocorticoid receptor (GR) from slender African
lungfish (Protopterus dolloi) for comparison to P. dolloi MR, which we had cloned and were
characterizing, as well as for comparison to the GRs from humans, elephant shark and zebrafish.
However, although sequencing of the genome of the Australian lungfish (Neoceratodus for steri),
aswell as, that of the West African lungfish (Protopterus annectens) were reported in the first
three months of 2021, we could not retrieve a GR sequence with aBLAST search of GenBank,
when we submitted our research for publication in July 2021. Moreover, we were unsuccessful
in cloning the GR from dlender African lungfish using acDNA from the ovary of P. dolloi and
PCR primers that had successfully cloned a GR from elephant shark, Xenopus and gar GRs. On
October 21, 2021 the nucleotide sequence of West African lungfish (P. annectens) GR was
deposited in GenBank. We used this GR sequence to construct PCR primers that successfully
cloned the GR from the slender spotted lungfish. Here, we report the sequences of nine P. dolloi
GR isoforms and explain the basis for the previous failure to clone a GR from slender African
lungfish using PCR primers that cloned the GR from elephant shark, Xenopus and gar. Studies

are underway to determine corticosteroid activation of these slender African lungfish GRs.

Key words:. glucocorticoid receptor, lungfish, evolution, slender spotted African lungfish.

1. INTRODUCTION

The glucocorticoid receptor (GR) belongs to the nuclear receptor family, a diverse group
of transcription factors that arose in multicellular animals[1-4]. The GR has many key rolesin
the physiology of humans and other terrestrial vertebrates and fish [5-8]. Important for
understanding the function of the GR isthat it is closely related to the mineralocorticoid receptor
(MR) [9-11]. Thesetwo steroid receptors evolved from a duplication of an ancestral corticoid
receptor (CR) in ajawless fish (cyclostome), which has descendants in modern lampreys and
hagfish [11-13]. A distinct GR and MR first appear in cartilaginous fishes (Chondrichthyes)
[1,9,11,14,15], which diverged from bony vertebrates about 450 million years ago [16,17].

Lungfish are important in the transition of vertebrates from water to land [18-22], and
aldosterone activation of the MR isimportant in this process [11,22-25]. Aldosterone, the main

physiological mineralocorticoid in humans and other terrestrial vertebrates [26-29], first appears
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in lungfisn [21-23]. To investigate the origins of aldosterone signaling, we cloned the MR from
dender spotted African lungfish (P. dolloi) and studied its activation by aldosterone, other
corticosteroids and progesterone [30]. To continue our investigation of early eventsin the
evolution of the GR and MR, we sought to clone the P. dolloi GR for comparison with P. dolloi
MR, aswell aswith the GR in coelacanths, zebrafish and humans. However, a BLAST search
with the sequence of the GR from coelacanth and zebrafish did not retrieve the sequence of P.
dolloi GR or any other lungfish GR from GenBank. Nor could we clone the P. dolloi GR using a
cDNA from P. dolloi ovary using PCR primers that had successfully cloned a GR from elephant
shark GR [15] and chicken, alligator and frog GRs [31]. Fortunately, on October 21, 2021 the
nucleotide sequence of African lungfish (P. annectens) GR was deposited in GenBank, which
gave us sufficient information for PCR primersto clone nine isoforms of P. dolloi GR. Here we
report the sequences of these nine P. dolloi GR isoforms and explain the basis for the previous
failure to clone a GR from slender African lungfish using PCR primers that previously cloned
the GR from eephant shark, Xenopus and gar [15,31,32]. Our analysis of these nine GR

sequences indicates that they evolved by alternative splicing and gene duplication [33,34].

2. Results and Discussion.

2A. Multiple sequence alignment of nine P. dolloi GR isoforms.

Figure 1 shows a multiple sequence alignment of the nineisoforms of P. dolloi GR. The
nine P. dolloi GRs cluster into three groups: group | (GR-A1, GR-A2), group Il (GR-B1, GR-B2,
GR-B3) and group Il (GR-C1, GR-C2, GR-C3, GR-C4). GR-A2 beginsat “MMDP’, a
sequence motif that is conserved in al nine GRs.

The multiple alignment reveal s that these nine slender African lungfish GRs evolved
through alternative splicing and gene duplications (Figure 1). GR-A2 appears to be a product of
aternative splicing of GR-Al. GR-C4 appears to be a product of alternative splicing of one or
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more GR-C isoforms, which supports a GR gene duplication in P. dolloi genome. Therealsois
evidence for gene duplications among the P. dolloi GRs. MLSE at the beginning of GR-Al is
conserved in GR-B2 and GR-C2. A closely following YAPAD sequenceis conserved in all P.
dolloi GR isoforms. Fifteen of thefirst sixteen amino acids at the amino terminus of GR-A-1 are
conserved in GR-B2 and GR-C2 (Figure 1A). Thisamino acid sequence is highly conserved in
the other seven GRs. The rest of GR-A2 beginning at MMDPAGALNSLNGTQSLNKY is
identical in GR-A1, and this amino acid sequence is highly conserved in the other seven GRs.
MPFESLKYYAPAD is conserved at the beginning of GR-B3 and GR-C3. Beginning at the
conserved MM DP sequence in the N-terminal domain, the two GR-A isoforms differ at 55
positions from the three GR-B and the four GR-C isoforms.
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NTD
GR-A1l MLSEARIARKDYAPADMMDPAGSLNSLNGTQSLKYVERSDKTS 43
GR-A2 MMDPAGSLNSLNGTQSLKYVERSDKTS 27
GR-B1 MSVWHESRHDTDWDVCSLKFNRCGLHLDYAPADMMDPAGSLNSLNGTQSLKY AERSDKTS 60
GR-B2 MLSEVRITRKDYAPADMMDPAGSLNSLNGTQSLKY AERSDKTS 43
GR-B3 MPFESLKYYAPADMMDPAGSLNSLNGTQSLKY AERSDKTS 40
GR-C1 MSVWHESRHDTDWDVCSPKFNRCGLHLDYAPADMMDPAGSLNSLNGTQSLKY AERSDKTS 60
GR-C2 MLSEVRITRKDYAPADMMDPAGSLNSLNGTQSLKY AERSDKTS 43
GR-C3 MPFESLKYYAPADMMDPAGSLNSLNGTQSLKY AERSDKTS 40
GR-C4 MMDPAGSLNSLNGTQSLKY AERSDKTS 27

EEE R RS LR SRS EREEEEEEEIEEEEEEES

GR-Al SGYPFNPICRGGAGATVTISTSPSRQTSAQLDAKQFTCDISNGLGRNDSSRDPSKAVSLS 103
GR-A2 SGYPFNPICRGGAGATVTISTSPSRQTSAQLDAKQFTCDISNGLGRNDSSRDPSKAVSLS 87
GR-B1l SGYPFNPICGGGAGATVTVSASPSRQASAQLECKQFTCDISNGLGRNASTRDPSKAVSLS 120
GR-B2 SGYPFNPICGGGAGATVTVSASPSRQASAQLECKQFTCDISNGLGRNASTRDPSKAVSLS 103
GR-B3 SGYPFNPICGGGAGATVTVSASPSRQASAQLECKQFTCDISNGLGRNASTRDPSKAVSLS 100
GR-C1l SGYPFNPICGGGAGATVTVSASPSROQASAQLECKQFTCDISNGLGRNASTRDPSKAVSLS 120
GR-C2 SGYPFNPICGGGAGATVTVSASPSROASAQLECKQFTCDISNGLGRNASTRDPSKAVSLS 103
GR-C3 SGYPFNPICGGGAGATVTVSASPSROASAQLECKQFTCDISNGLGRNASTRDPSKAVSLS 100
GR-C4 SGYPFNPICGGGAGATVTVSASPSRQASAQLECKQFTCDISNGLGRNASTRDPSKAVSLS 87

khkkkhkhkkkhkhkdx KIhkdkhkhkkdkkx * *hkkkk *kkx EEEE RS EEEEEEEE RN EEEEE SRR

GR-Al MGFYMGEVNSKAAGTDFGSQQQGQQSCVSSAENDFFLLEESLANLNRDAGTEASFLSAET 163
GR-A2 MGFYMGEVNSKAAGTDFGSQQQGQQSCVSSAENDFFLLEESLANLNRDAGTEASFLSAET 147
GR-B1 MGFYMGEVNSKAAGT GFGCQQQEQQSCVSSAENDFFLLEESLANLNRDA ETEASFLNAET 180
GR-B2 MGFYMGEVNSKAAGT GFGCQQQEQQSCVSSAENDFFLLEESLANLNRDA ETEASFLNAET 163
GR-B3 MGFYMGEVNSKAAGT GFGCQQQEQQSCVSSAENDFFLLEESLANLNRDA ETEASFLNAET 160
GR-C1 MGFYMGEVNSKAAGT GFGCQQQEQQSCVSSAENDFFLLEESLANLNRDA ETEASFLNAET 180
GR-C2 MGFYMGEVNSKAAGT GFGCQQQEQQSCVSSAENDFFLLEESLANLNRDA ETEASFLNAET 163
GR-C3 MGFYMGEVNSKAAGT GFGCQQQEQQSCVSSAENDFFLLEESLANLNRDA ETEASFLNAET 160
GR-C4 MGFYMGEVNSKAAGT GFGCQQQEQQSCVSSAENDFFLLEESLANLNRDA ETEASFLNAET 147

khkkkhkhkhkkhkhkhkkhhkhkdhhkkx *,k dhhkk *hhkdhkhhdhhhhhhhkhdhdhkrdrhkdhhddx *hxkddkx **x%

GR-A1l ADSLARGQDFLAMGKTDFPSEQETFSHLGGSDTNGTSRLFSDDONSFDIFPELSLQTDSP 223
GR-A2 ADSLARGQDFLAMGKTDFPSEQETFSHLGGSDTNGTSRLFSDDONSFDIFPELSLQTDSP 207
GR-B1 TDSLARGQDFSAMGKSDFPSEQETFSQIGVSDPNGTSRLEFSDDONSFDIFPELSLQTDSP 239
GR-B2 TDSLARGQDFSAMGKSDFPSEQETFSQIGVSDPNGTSRLEFSDDONSFDIFPELSLQTDSP 223
GR-B3 TDSLARGQDFSAMGKSDFPSEQETFSQIGVSDPNGTSRLFSDDONSFDIFPELSLQTDSP 219
GR-C1 TDSLARGQDFSAMGKSDFPSEQETFSQIGVSDPNGTSRLFSDDONSFDIFPELSLQTDSP 239
GR-C2 TDSLARGQDFSAMGKSDFPSEQETFSQIGVSDPNGTSRLFSDDQONSFDIFPELSLQTDSP 222
GR-C3 TDSLARGQDF SAMGKSDFPSEQETFSQIGVSDPNGTSRLESDDONSFDIFPELSLQTDSP 219
GR-C4 TDSLARGQDF SAMGKSDFPSEQETFSQIGVSDPNGTSRLEFSDDONSFDIFPELSLQTDSP 206

khkhkkkhkkkhkk *hkkk *hkkhkkkhkkkx * kk kkhkkkkhkhkkkhkhkhkhkhkhkhkhkhkhkdkhkhkhkhkhkhkkk

GR-Al GRITDGSPWNLETFCDDEDDGGAGLSPLLIDNAISEPGGLNEECRGLVGNNMEFDVKNNEC 283
GR-A2 GRITDGSPWNLETFCDDEDDGGAGLSPLLIDNAISEPGGLNEECRGLVGNNMEFDVKNNEC 267
GR-Bl GRITDGSPWNLETFCDDEDD -GAGLSPLPIDNAISEAGGLSEECRGLVGNNNFEVKNNDC 299
GR-B2 GRITDGSPWNLETFCDDEDD -GAGLSPLPIDNAISEAGGLSEECRGLVGNNNFEVKNNDC 283
GR-B3 GRITDGSPWNLETFCDDEDD -GAGLSPLPIDNAISEAGGLSEECRGLVGNNNFEVKNNDC 279
GR-Cl GRITDGSPWNLETFCDDEDD -GAGLSPLPIDNAISEAGGLSEECRGLVGNNNFEVKNNDC 299
GR-C2 GRITDGSPWNLETFCDDEDD -GAGLSPLPIDNAISEAGGLSEECRGLVGNNNFEVKNNDC 282
GR-C3 GRITDGSPWNLETFCDDEDD -GAGLSPLPIDNAISEAGGLSEECRGLVGNNNFEVKNNDC 279
GR-C4 GRITDGSPWNLETFCDDEDD -GAGLSPLPIDNAISEAGGLSEECRGLVGNNNFEVKNNDC 266

dkhkhkkkhkhkhkkhdhkhhkhkdkdhrhkd dhkkhkdkddx *hkhhkkdkd *k* *kxddkhkdxhkhkddx * *xk*x *x

GR-Al HDSQMPSTSAELPQVKREKESYIELVTPGVIKQEQLSRGFCQASSSEFDAPAPISIHGVS 343
GR-A2 HDSQMPSTSAELPQVKREKESYIELVTPGVIKQEQLSRGFCQASSSEFDAPAPISIHGVS 327
GR-B1l HVSQMPSTSAELPQVKREKESYIELVTPGVIKQEQLNRGFCQASSSEFDATATISIHGVS 359
GR-B2 HVSQMPSTSAELPQVKREKESYIELVTPGVIKQEQLNRGFCQASSSEFDATATISIHGVS 342
GR-B3 HVSQMPSTSAELPQVKREKESYIELVTPGVIKQEQLNRGFCQASSSEFDATATISIHGVS 339
GR-C1 HVSQMPSTSAELPQVKREKESYIELVTPGVIKQEQL NRGFCQASSSEFDATATISIHGVS 359
GR-C2 HVSQMPSTSAELPQVKREKESYIELVTPGVIKQEQL NRGFCQASSSEFDATATISIHGVS 342
GR-C3 HVSQMPSTSAELPQVKREKESYIELVTPGVIKQEQL NRGFCQASSSEFDATATISIHGVS 339
GR-C4 HVSQMPSTSAELPQVKREKESYIELVTPGVIKQEQL NRGFCQASSSEFDATATISIHGVS 326

* khkkhkhkhkhkhhhkhkdkhkdkdkhhkhkhhkhkhkdddhkhhhkhhhrdd dhkdddrhhddhhdx * *hkdhxx*k

GR-Al TSGGQSYCYGVNSSPRSQHQDQKPVFTFIPPFTAIGNNRSRCQGSSENPSLSPLTTGSYA 4
GR-A2 TSGGQSYCYGVNSSPRSQHQDQKPVFTEFIPPFTAIGNNRSRCQGSSENPSLSPLTTGSYA 3
GR-B1l TSGGQSYCYGVDSSPCSQQKDQKPVFTFIPPFTTIGNNRNRCLGSSDSSSLSPLTAGSYT 4
GR-B2 TSGGQSYCYGVDSSPCSQQKDQKPVFTFIPPFTTIGNNRNRCLGSSDSSSLSPLTAGSYT 4
GR-B3 TSGGQSYCYGVDSSPCSQQKDQKPVFTFIPPFTTIGNNRNRCLGSSDSSSLSPLTAGSYT 3
GR-C1 TSGGQSYCYGVDSSPCSQQKDQKPVFTFIPPFTTIGNNRNRCLGSSDSSSLSPLTAGSYT 4
GR-C2 TSGGQSYCYGVDSSPCSQQKDQKPVFTFIPPFTTIGNNRNRCLGSSDSSSLSPLTAGSYT 4
GR-C3 TSGGQSYCYGVDSSPCSQQKDQKPVEFTFIPPFTTIGNNRNRCLGSSDSSSLSPLTAGSYT 399
GR-C4 TSGGQSYCYGVDSSPCSQQKDQKPVEFTFIPPFTTIGNNRNRCLGSSDSSSLSPLTAGSYT 386

khkkkkkhkhkkkkhkk, *xk*k **x khkhkhkkkhkkhkhkhkhkkkhkk,k *kkhkkhkkx **x *k%k khkkkkk *k*k

GR-Al GVSGFISSSTGTALKINSSSPPSGTSSSPGPPAKV 438
GR-A2 GVSGFISSSTGTALKINSSSPPSGTSSSPGPPAKV 422
GR-B1l GVSGFISSSTGTAVKTNSNSPPSGTLSSPGPPAKV 454
GR-B2 GVSGFISSSTGTAVKTNSNSPPSGTLSSPGPPAKV 437
GR-B3 GVSGFISSSTGTAVKTNSNSPPSGTLSSPGPPAKV 434
GR-C1 GVSGFISSSTGTAVKTNSNSPPSGTSSSPGPPAKV 454
GR-C2 GVSGFISSSTGTAVKTNSNSPPSGTSSSPGPPAKV 437
GR-C3 GVSGFISSSTGTAVKTNSNSPPSGTSSSPGPPAKV 434
GR-C4 GVSGFISSSTGTAVKTNSNSPPSGTSSSPGPPAKV 421

97 *khkkkkkhkhkkkkhkhkhkkx * **x *Fhkkkkk *xhkkkhkkkkk Fig
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98

99

DBD

GR-Al 439 |CLVCSDEASGCHYGVLTCGSCKVFFKRAVEGQHNYLCAGRNDCI IDKIRRKNCPACRYRK

GR-A2 423 [CLVCSDEASGCHYGVLTCGSCKVFFKRAVEGQHNYLCAGRNDCIIDKIRRKNCPACRYRK

GR-B1 455 [CLVCSDEASGCHYGVLTCGSCKVFFKRAVEGQHNYL,CAGRNDCIIDKIRRKNCPACR FRK
GR-B2 438 [CLVCSDEASGCHYGVLTCGSCKVFFKRAVEGQHNYIL,CAGRNDCI IDKIRRKNCPACR FRK
GR-B3 435 [CLVCSDEASGCHYGVLTCGSCKVFFKRAVEGQHNYLCAGRNDCIIDKIRRKNCPACR FRK
GR-C1 455 [CLVCSDEASGCHYGVLTCGSCKVFFKRAVEGQHNYL,CAGRNDCI IDKIRRKNCPACR FRK
GR-C2 438 |CLVCSDEASGCHYGVLTCGSCKVFFKRAVEGQHNYLCAGRNDCIIDKIRRKNCPACR FRK
GR-C3 435 |CLVCSDEASGCHYGVLTCGSCKVFFKRAVEGQHNYLCAGRNDCIIDKIRRKNCPACR FRK
GR-C4 422 |CLVCSDEASGCHYGVLTCGSCKVFFKRAVEGQHNYLCAGRNDCIIDKIRRKNCPACR FRK
R R R R R R R R EEEE R R R R R EE R R EEE R R R

hinge
GR-A1l 499 [CLOAGMNLDARKSKKKMKGIQQPNEPSVANPASESTANKALLPTSLERQLTPTIINLLEVI
GR-A2 483 [CLOAGMNLDARKSKKKMKGIQQPNEPSVANPASESTANKALLPTSLRQLTPTIINLLEVI
GR-Bl 515 |CLOAGMNLDARKSKKKMKGIQQOPNEP LVAKPASESTTNKALLPTSLIPQLTPTIINLLEVI
GR-B2 498 |CLOAGMNLDARKSKKKMKGIQQPNEP LVAKPASESTTNKALLPTSLPQLTPTIINLLEVI
GR-B3 495 |CLOAGMNLDARKSKKKMKGIQQPNEP LVAKPASESTTNKALLPTSLPQLTPTIINLLEVI
GR-C1 515 |CLOAGMNLDARKSKKKMKGIQQOPNEP LVAKPASESTTNKALLPTSLIPQLTPTIINLLEVI
GR-C2 498 |CLOAGMNLDARKSKKKMKGIQQPNEP LVAKPASESTTNKALLPTSLIPQLTPTIINLLEVI
GR-C3 495 [CLOAGMNLDARKSKKKMKGIQQPNEP LVAKPASESTTNKALLPTSLPQLTPTIINLLEVI
GR-C4 482 |[CLOAGMNLDARKSKKKMKGIQQPNEP LVAKPASESTTNKALLPTSLPQLTPTIINLLEVI

khkkkhkkkphkhkhkhkkhkhkhkhkhhkhkhkhkhkdhkhkdk* *% *hkhkd**x *hkkhkdkkhhkhkdkAhkhkkkdhkhkkkhkkkkxk

LBD

GR-Al 543 |EPDVIYAGYDSTSPDTSPRLMSAMNTLGGRQVVAAVKWAKSLPGFRNMPLDDQMSLIQYS
GR-A2 513 |EPDVIYAGYDSTSPDTSPRLMSAMNTLGGRQVVAAVKWAKSLPGFRNMPLDDOMSLIQYS
GR-B1l 575 |EPDVIYAGYDSTSPDTS SRLMSAMNTLGGRQVVAAVKWAKSLPGFRN LPLDDQMSLIQYS
GR-B2 558 |EPDVIYAGYDSTSPDTS SRLMSAMNTLGGRQVVAAVKWAKSLPGFRN LPLDDQMSLIQYS
GR-B3 555 |EPDVIYAGYDSTSPDTS SRLMSAMNTLGGRQVVAAVKWAKSLPGFRN LPLDDQMSLIQYS
GR-C1 575 |EPDVIYAGYDSTSPDTS SRLMSAMNTLGGRQVVAAVKWAKSLPGFRN LPLDDOMSLIQYS
GR-C2 558 |EPDVIYAGYDSTSPDTS SRLMSAMNTLGGRQVVAAVKWAKSLPGFRN LPLDDOMSLIQYS
GR-C3 555 |EPDVIYAGYDSTSPDTS SRLMSAMNTLGGRQVVAAVKWAKSLPGFRN LPLDDOMSLIQYS
GR-C4 542 |EPDVIYAGYDSTSPDTS SRLMSAMNTLGGRQVVAAVKWAKSLPGFRN LPLDDQOMSLIQYS

khkkkhkhkhkkhkhhkhkhkhhhhk, *hkkhkhkhhhhkhhhhkhhhhkhhhhkhhhhhkhkkk, *kk kkkkrkhkk**

GR-Al 619 [WMFLMTFGLGWRSYKQSSGTMLCYAPDLVITEERMRLPYMMEHCHHLIRIAQAFAQLQIT
GR-A2 603 |WMFLMTFGLGWRSYKQSSGTMLCYAPDLVITEERMRLPYMMEHCHHLIRIAQAFAQLQIT
GR-B1l 635 |WMFLMTFGLGWRSYKQSSGTMLCYAPDLVITEERMRLPYMMEHCHHLT KIAQAFAQLEIT
GR-B2 618 |WMFLMTFGLGWRSYKQSSGTMLCYAPDLVITEERMRLPYMMEHCHHLI KIAQAFAQLEIT
GR-B3 615 |WMFLMTFGLGWRSYKQSSGTMLCYAPDLVITEERMRLPYMMEHCHHLT KIAQAFAQLEIT
GR-C1 635 [WMFLMTFGLGWRSYKQSSGT VLCYAPDLVITEERMRLPYMMEHCHHLI KIAQAFAQLEIT
GR-C2 618 [WMFLMTFGLGWRSYKQSSGT VLCYAPDLVITEERMRLPYMMEHCHHLI KIAQAFAQLEIT
GR-C3 615 [WMFLMTFGLGWRSYKQSSGT VLCYAPDLVITEERMRLPYMMEHCHHLI KIAQAFAQLEIT
GR-C4 602 [WMFLMTFGLGWRSYKQSSGT VLCYAPDLVITEERMRLPYMMEHCHHLI KIAQAFAQLEIT

khhkhkhkhkhkkkkhkkhkhhhhkhhkkkhk, dhhkhkhkhkhkkhkhdhhhhkhkhkhkhddddhkhhxdx*x *k*dkdkhkxx*x *%

GR-Al 679 |FEEYLCMKALLLLSTIPKEGLKSQAVFEEIRMTYIKELGKAIVQKERSSTONWQRFFQLT
GR-A2 663 |FEEYLCMKALLLLSTIPKEGLKSQAVFEEIRMTYIKELGKAIVQKERSSTONWQRFFQLT
GR-B1l 695 |[FEEYLCMKALLLLST VPKEGLKSQAVFEEIRMTYIKELGKAIVQKERSSTONWQRFFQLT
GR-B2 678 |[FEEYLCMKALLLLST VPKEGLKSQAVFEEIRMTYIKELGKAIVQKERSSTONWQRFFQLT
GR-B3 675 |[FEEYLCMKALLLLST VPKEGLKSQAVFEEIRMTYIKELGKAIVQKERSSTONWQORFFQLT
GR-C1 695 |[FEEYLCMKALLLLST VPKEGLKSQAVFEEIRMTYIKELGKAIVQKERSSTONWQRFFQLT
GR-C2 678 |FEEYLCMKALLLLST VPKEGLKSQAVFEEIRMTYIKELGKATIVQKERSSTONWQRFFQLT
GR-C3 675 |FEEYLCMKALLLLST VPKEGLKSQAVFEEIRMTYIKELGKATIVQKERSSTONWQRFFQLT
GR-C4 662 |FEEYLCMKALLLLST VPKEGLKSQAVFEEIRMTYIKELGKAIVQKERSSTONWQRFFQLT

khkkkhkkkhkkhkhkhkhkhkhkhkk *hkkhkhkkhkhkhkhkkhkhkhkhkdkhhkhkdkhhkhkdkhhkhkdhhkhkddhkhkdkkdhkhkkkdkxk*x*

GR-Al 739 |KLLDSMHDVVAKVLNVCFONFLDRSRCVEYPDMLQELITNQLPRIRSGNVKPLLFHQK [196
GR-A2 723 |KLLDSMHDVVAKVLNVCFONFLDRSRCVEYPDMLQELITNQLPRIRSGNVKPLLFHQK [/80
GR-B1 755 |KLLDSMHDVV SKVLNVCFONFLDRSRCVEYPDMLQELITNQLPRIRSGNVKPLLFHQK (812
GR-B2 738 |KLLDSMHDVV SKVLNVCFONFLDRSRCVEYPDMLQELITNQLPRIRSGNVKPLLFHQK [795
GR-B3 735 |KLLDSMHDVV SKVLNVCFQONFLDRSRCVEYPDMLQELITNQLPRIRSGNVKPLLFHQK [792
GR-C1 755 |KLLDSMHDVV TKVLNVCFONFLDRSRCVEYPDMLQELITNQLPRIRSGNVKPLLFHQK (812
GR-C2 738 |KLLDSMHDVV TKVLNVCFQONFLDRSRCVEYPDMLQELITNQLPRIRSGNVKPLLFHQK [795
GR-C3 735 |KLLDSMHDVV TKVLNVCFONFLDRSRCVEYPDMLQELITNQLPRIRSGNVKPLLFHQK |792
GR-C4 722 |KLLDSMHDVV TKVLNVCFONFLDRSRCVEYPDMLQELITNQLPRIRSGNVKPLLFHQK 779

khkkhkkhkhkhkhkhk khhkkhkhkhkkhhhkhkhhhkhkhhhhkhhhhkhhhhhhhhhkhhhkhkhkhkkhkhrkkrkhx*x
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104 Legend for

105 FigurelA and 1B. Multiple Alignment of the amino acid sequences slender African

106  lungfish glucocorticoid receptors.

107 Total RNA wasisolated from P. dolloi ovary and trandated into cDNA. PCR was performed
108 using four primer sets based on the sequence of P. annectens GR, as described in the Methods
109 section. Theamplified DNA fragments were sub-cloned into a vector for sequence analysis.
110  Similar to other steroid receptors, slender African lungfish GR can be divided into four

111  functional domains[6,8], consisting of aligand-binding domain (LBD) at the C-terminus, a
112 DNA-binding domain (DBD) in the center that isjoined to the LBD by a short hinge domain
113  (hinge), and adomain at the amino-terminus (NTD). GenBank accession no. BDF84376 for GR-
114 A1, BDF84377 for GR-A2, BDF84378 for GR-B1, BDF84379 for GR-B2, BDF84380 for GR-
115 B3, BDF84381 for GR-C1, BDF84382 for GR-C2, BDF84383 for GR-C3, and BDF84384 for
116  GR-C4. Sequenceswere aligned with Clustal W [35], as described in the Methods section.
117

118
119 2B. Comparison of dender African lungfish GRsand West African lungfish GRs.
120 To begin to understand sequence conservation and divergence among lungfish GRs, we

121  compared GR-A1, GR-B1 and GR-C1, which are the three longest slender African lungfish GRS,
122 with the four West African lungfish glucocorticoid receptor sequencesin GenBank (Figure 2).
123  The multiple sequence alignment, shown in Figure 2, reveals strong sequence conservation in the
124  DBD, with adifference at only one position containing a semi-conserved phenylalanine-tyrosine.
125 The sequencesin the LBD and hinge domains of slender African lungfish GR and West African
126  lungfish GR also are highly conserved. There are small segments of sequence divergence in the
127 NTD, but most of the NTD is conserved. Overall slender African lungfish GRs and African

128  lungfish GRs are very similar to each other.
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NTD
Slender lungfish GR-Al MLSEARIARKDYAPADMMDPAGSLNSLNGTQSLKYVERSDKTS 43
Slender lungfish GR-B1l MSVWHESRHDTDWDVCSLKFNRCGLHLDYAPADMMDPAGSLNSLNGTQSLKY AERSDKTS 60
Slender lungfish GR-Cl1 MSVWHESRHDTDWDVCSPKFNRCGLHLDYAPADMMDPAGSLNSLNGTQSLKY AERSDKTS 60
African lungfish GR-X1 MSVWHESRHDTDWDVCSLKFNRCGLHLDYASADMMDPAGSLNNLNGTQSLKYVERSDKTS 60

African lungfish GR-X2 MLSEARIARKDYASADMMDPAGSLNNLNGTQSLKYVERSDKTS 43
African lungfish GR-X3 MQFESLKYYASADMMDPAGSLNNLNGTQSLKYVERSDKTS 40
African lungfish GR-X4 MMDPAGSLNNLNGTQSLKYVERSDKTS 27

khkhkkkkhkkhkkhkkkhkkkkhkhkhkhk,k, *kkhkkk*x

Slender lungfish GR-Al SGYPFNPICRGGAGATVTISTSPSRQTSAQLDAKQFTCDISNGLGRNDSSRDPSKAVSLS 103
Slender lungfish GR-B1 SGYPFNPIC GGGAGATVTVSASPSRQASAQLECKQFTCDISNGLGRNASTRDPSKAVSLS 120
Slender lungfish GR-Cl SGYPFNPIC GGGAGATVTVSASPSRQASAQLECKQFTCDISNGLGRNASTRDPSKAVSLS 120
African lungfish GR-X1 SGYPFNPIC GGGAGATVTVSASPSRQTSAQLECKQFTCDISNGLGRNATTRDPSKAVSLS 120
African lungfish GR-X2 SGYPFNPIC GGGAGATVTVSASPSRQTSAQLECKQFTCDISNGLGRNATTRDPSKAVSLS 103
African lungfish GR-X3 SGYPFNPIC GGGAGATVTVSASPSRQTSAQLECKQFTCDISNGLGRNATTRDPSKAVSLS 100
African lungfish GR-X4 SGYPFNPICGGGAGATVTVSASPSRQTSAQLECKQFTCDISNGLGRNA TRDPSKAVSLS 87
*kkKk kkk*x

dkkkkhkkkhkkkk *kkkkkkkk X * *hkhkhkkkkkkkkkkx Fkkkkkkkkk

Slender lungfish GR-Al MGFYMGEVNSKAAGTDFGSQ QQGQQSCVSSAENDFFLLEESLANLNRDAGTEASFLSAET 163
Slender lungfish GR-Bl MGFYMGEVNSKAAGT GFGCQQQEQQSCVSSAENDFFLLEESLANLNRDA ETEASFLNAET 180
Slender lungfish GR-Cl1 MGFYMGEVNSKAAGT GFGCQQQEQQSCVSSAENDFFLLEESLANLNRDA ETEASFLNAET 180
African lungfish GR-X1 MGFYMGEVNSKAAGT GFGCQQQEQQSCVSSAENDFFLLEESLANLNRDA ETEASFLNAET 180
African lungfish GR-X2 MGFYMGEVNSKAAGT GFGCQQQEQQSCVSSAENDFFLLEESLANLNRDA ETEASFLNAET 163
African lungfish GR-X3 MGFYMGEVNSKAAGT GFGCQQQEQQSCVSSAENDFFLLEESLANLNRDA ETEASFLNAET 160
African lungfish GR-X4 MGFYMGEVNSKAAGT GFGCQQQOEQQSCVSSAENDFFLLEESLANLNRDA ETEASFLNAET 147

dkhkhkkhkdhkhkhkhkhkhkhdhkkdk dk * *kk Fhkkhkhhdhhhkdhkhdrhdrhdhkdhhdrdxd d*hkhkdx *x%k

Slender lungfish GR-Al ADSLARGQDFLAMGKTDFPS EQETFSHLGGSDTNGTSRLFSDDONSFDIFPELSLQTDSP 223
Slender lungfish GR-B1l TDSLARGQDFSAMGKSDFPSEQETFSQIGVSDPNGTSRLESDDONSFDIFPELSLQTDSP 240
Slender lungfish GR-Cl TDSLARGQDFSAMGKSDFPSEQETFSQIGVSDPNGTSRLESDDONSFDIFPELSLQTDSP 240
African lungfish GR-X1 TDSPARGQODFSTMGKSDFPSEQEAFSHIGVSDPNGTSRLFSDDONSFDIFPEL NLQTDSP 240
African lungfish GR-X2 TDSPARGQDFSTMGKSDFPSEQEAFSHIGVSDPNGTSRLEFSDDONSFDIFPELNLQTDSP 223
African lungfish GR-X3 TDSPARGQDFSTMGKSDFPSEQEAFSHIGVSDPNGTSRLFSDDONSFDIFPEL NLQTDSP 220
African lungfish GR-X4 TDSPARGQDFSTMGKSDFPSEQEAFSHIGVSDPNGTSRLFSDDONSFDIFPELNLQTDSP 207
* %

* kkkkk khkk kkhkkk kkk k% * kk khkkkhkkhkkkhkkhkkhkhkhkhkhkhkhkhkhkkhkkk khkkkkk

Slender lungfish GR-Al GRITDGSPWNLETFCDDEDD GGAGLSPLLIDNAISEPGGLNEECRGLVGNNMFDVKNNEC 283
Slender lungfish GR-Bl GRITDGSPWNLETFCDDEDD -GAGLSPLPIDNAISEAGGLSEECRGLVGNNNFEVKNNDC 29
Slender lungfish GR-Cl GRITDGSPWNLETFCDDEDD -GAGLSPLPIDNAISEAGGLSEECRGLVGNNNFEVKNNDC 29
African lungfish GR-X1 GRIT GGSPWNLETFCDDEDD EGVGLSPLOIDNAISEAGGLSEACRGLVGNNNFEVKNIEC 30
African lungfish GR-X2 GRIT GGSPWNLETFCDDEDDEGVGLSPLOIDNAISEAGGLSEACRGLVGNNNFEVKNIEC 28
African lungfish GR-X3 GRIT GGSPWNLETFCDDEDD EGVGLSPLOIDNAISEAGGLSEACRGLVGNNNFEVKNIEC 28

26

African lungfish GR-X4 GRIT GGSPWNLETFCDDEDDEGVGLSPLOIDNAISEAGGLSEACRGLVGNNNFEVKNIEC
hkkk khkhkkkhhkhhhkhkhhkx Khhkkhkkkk *hkkkkkx kkk * *kkkkkkkx * *xk* K

Slender lungfish GR-Al HDSQMPSTSAELPQVKREKE SYIELVTPGVIKQEQLSRGFCQASSSEFDAPAPISIHGVS 343

Slender lungfish GR-B1 HVSQMPSTSAELPQVKREKESYIELVTPGVIKQEQL NRGFCQASSSEFDATATISIHGVS 359
Slender lungfish GR-Cl1 HVSQMPSTSAELPQVKREKESYIELVTPGVIKQEQLNRGFCQASSSEFDATATISIHGVS 359
African lungfish GR-X1 DSQMPSTSAELPQVKREKEGYIELVTPGVIKQEQL NRGFCQASSSEFDTPATISVHGVS 360
African lungfish GR-X2 DSQMPSTSAELPQVKREKEGY IELVTPGVIKQEQL NRGFCQASSSEFDTPATISVHGVS 343
African lungfish GR-X3 DSQMPSTSAELPQVKREKEGY IELVTPGVIKQEQL NRGFCQASSSEFDTPATISVHGVS 340
African lungfish GR-X4 DSQMPSTSAELPQVKREKEGY IELVTPGVIKQEQL NRGFCQASSSEFDTPATISVHGVS 327

khkhkkkhkkhkkhkkhkkhkhkhhhhddk khkhkhkhkhkhkhkddkdddkhd*x *hkhkhkhkrhhkhxxx * kk kkkk

Slender lungfish GR-Al TSGGQSYCYGVNSSPRSQHQ DQKPVFTFIPPFTAIGNNRSRCQGSSENPSLSPLTTGSYA 403
Slender lungfish GR-Bl TSGGQSYCYGV DSSPCSQQKDQKPVFTFIPPFTTIGNNRNRCLGSSDSSSLSPLTAGSYT 419
Slender lungfish GR-Cl1 TSGGQSYCYGV DSSPCSQQKDQKPVFTFIPPFTTIGNNRNRCLGSSDSSSLSPLTAGSYT 419
African lungfish GR-X1 TSGGQSYCYGV DSSPCSQHQDQKPIFTFIPPFTTIGNNRSRCQGSSDNSSLSPLTTGSYT 420
African lungfish GR-X2 TSGGQSYCYGV DSSPCSQHQDQKPIFTFIPPFTTIGNNRSRCQGSSDNSSLSPLTTGSYT 403
African lungfish GR-X3 TSGGQSYCYGV DSSPCSQHQODQKPIFTFIPPFTTIGNNRSRCQGSSDNSSLSPLTTGSYT 400
African lungfish GR-X4 TSGGQSYCYGV DSSPCSQHQDQKPIFTFIPPFTTIGNNRSRCQGSSDNSSLSPLTTGSYT 387

dkhkkkhkkkhkkkkkx *kk *k khkkk hhkkkhkkkkdkkx kkkkkx *k *kk *kkkhkkxk kkk

Slender lungfish GR-Al GVSGFISSSTGTALKINSSSPPSGTSSSPGPPAKV 438
Slender lungfish GR-Bl GVSGFISSSTGTA VKTNSNSPPSGTLSSPGPPAKV 454
Slender lungfish GR-Cl1 GVSGFISSSTGTA VKTNSNSPPSGTSSSPGPPAKV 454

African lungfish GR-X1 G LSGFISSSTGTAMKINSNSPPSGTSPSPGPPAKV 455
African lungfish GR-X2 GLSGFISSSTGTAMKINSNSPPSGTSPSPGPPAKV 438
African lungfish GR-X3 GLSGFISSSTGTAMKINSNSPPSGTSPSPGPPAKV 435
African lungfish GR-X4 GLSGFISSSTGTAMKINSNSPPSGTSPSPGPPAKV 422
129 * kkkkkkkhkkhkkhkkk * kk *hkkkkk *khkkkkkhkkkk
130 FIGURE 2A
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DBD

Slender lungfish GR-Al 439 [CLVCSDEASGCHYGVLTC GSCKVFFKRAVEGQHNYLCAGRNDCIIDKIRRKNCPACRYRK

Slender lungfish GR-B1l 455 [CLVCSDEASGCHYGVLTC GSCKVFFKRAVEGQHNYLCAGRNDCIIDKIRRKNCPACR FRK
Slender lungfish GR-C1 455 [CLVCSDEASGCHYGVLTC GSCKVFFKRAVEGQHNYLCAGRNDCIIDKIRRKNCPACR FRK
African lungfish GR-X1 456 CLVCSDEASGCHYGVLTC GSCKVFFKRAVEGQHNYLCAGRNDCIIDKIRRKNCPACR FRK
African lungfish GR-X2 439 (CLVCSDEASGCHYGVLTC GSCKVFFKRAVEGQHNYLCAGRNDCIIDKIRRKNCPACR FRK
African lungfish GR-X3 436 (CLVCSDEASGCHYGVLTC GSCKVFFKRAVEGQHNYLCAGRNDCIIDKIRRKNCPACR FRK
African lungfish GR-X4 423 |CLVCSDEASGCHYGVLTC GSCKVFFKRAVEGQHNYLCAGRNDCIIDKIRRKNCPACR FRK
PR R R RS RS S SRR SRR EEE SRR SRR EEEEEEEEEEEREEEEEEEEEEEEEEEEE IS
hinge
Slender lungfish GR-Al 499 (CLQAGMNLDARKSKKKMK GIQQPNEPSVANPASESTANKALLPTSLPQLTPTIINLLEVI

Slender lungfish GR-Bl 515 [CLOAGMNLDARKSKKKMK GIQQPNEPLVAKPASESTTNKALLPTSLIPQLTPTIINLLEVI
Slender lungfish GR-C1 515 [CLOAGMNLDARKSKKKMK GIQQPNEPLVAKPASESTTNKALLPTSLPQLTPTIINLLEVI
African lungfish GR-X1 516 |(CLOAGMNLDARKSKKKMK GIQQPNEQSVAKPASESTTNKALLPTSILPPQLTPTIINLLEVI
African lungfish GR-X2 499 |[CLOAGMNLDARKSKKKMK GIQQPNEOSVAKPASESTTNKALLPTSLIPQLTPTIINLLEVI
African lungfish GR-X3 496 (CLOAGMNLDARKSKKKMK GIQQPNEOSVAKPASESTTNKALLPTSLPQLTPTIINLLEVI
African lungfish GR-X4 483 |CLOAGMNLDARKSKKKMK GIQQPNEQSVAKPASESTTNKALLPTSILPPQLTPTIINLLEVI
Ak kkhkkPrhkdrddhkhddhhdhd, *hkkxxkkk *k Kkhkhkhkkhkk Ihkhkhkhkdhkhkk|khkhkkkkhkhkkkkkkk
LBD
Slender lungfish GR-Al 559 [EPDVIYAGYDSTSPDTSP RLMSAMNTLGGRQVVAAVKWAKSLPGFRNMPLDDQMSLIQYS

Slender lungfish GR-B1l 575 [EPDVIYAGYDSTSPDTS SRLMSAMNTLGGRQVVAAVKWAKSLPGFRN LPLDDOMSLIQYS
Slender lungfish GR-C1 575 [EPDVIYAGYDSTSPDTS SRLMSAMNTLGGRQVVAAVKWAKSLPGFRN LPLDDOMSLIQYS
African lungfish GR-X1 576 [EPDVIYAGYDSTSPD SSSRLMSAMNTLGGRQVVAAVKWAK TLPGFRNLPLDDOMSLIQYS
African lungfish GR-X2 559 [EPDVIYAGYDSTSPD SSSRLMSAMNTLGGRQVVAAVKWAK TLPGFRNLPLDDOMSLIQYS
African lungfish GR-X3 556 [EPDVIYAGYDSTSPD SSSRLMSAMNTLGGRQVVAAVKWAK TLPGFRNLPLDDOMSLIQYS
African lungfish GR-X4 543 [EPDVIYAGYDSTSPD SSSRLMSAMNTLGGRQVVAAVKWAK TLPGFRNLPLDDOMSLIQYS

kk*kkhkhkkhkhkrkhkhkkkkx * khkkhkhkhkhkhhkhkhkhhkdhkhkhkhkhhhhhd, *hhd*d*x *hddddrxhrkx*k

Slender lungfish GR-Al 613 WMFLMTFGLGWRSYKQSS GTMLCYAPDLVITEERMRLPYMMEHCHHLIRIAQAFAQLQIT
Slender lungfish GR-B1l 635 WMFLMTFGLGWRSYKQSS GTMLCYAPDLVITEERMRLPYMMEHCHHLI KIAQAFAQLEIT
Slender lungfish GR-Cl 635 WMFLMTFGLGWRSYKQSS GTVLCYAPDLVITEERMRLPYMMEHCHHLI KIAQAFAQLEIT
African lungfish GR-X1 636 WMFLMTFGLGWRSYKQS NGAMLCYAPDLVITDERMOLPYMMEHCHYLIKIAQAFAQLQIT
African lungfish GR-X2 619 WMFLMTFGLGWRSYKQS NGAMLCYAPDLVITDERMOLPYMMEHCHYLIKIAQAFAQLQIT
African lungfish GR-X3 616 WMFLMTFGLGWRSYKQS NGAMLCYAPDLVITDERMOLPYMMEHCHYLIKIAQAFAQLQIT
603

African lungfish GR-X4 WMFLMTFGLGWRSYKQS NGAMLCYAPDLVITDERMOLPYMMEHCHYLIKIAQAFAQLQIT

kkkkhkhkkhkhkkkkhkhkkhkk*kx * kkhkhkhkhkkhkhkkhkkk *kk *hkkkhkhkkhhkhkhkhkk* *khkkkkkkk %%

Slender lungfish GR-Al 679 [FEEYLCMKALLLLSTIPK EGLKSQAVFEEIRMTYIKELGKAIVQKERSSTONWQRFFQLT
Slender lungfish GR-Bl 695 [FEEYLCMKALLLLST VPKEGLKSQAVFEEIRMTYIKELGKAIVQKERSSTONWQRFFQLT
Slender lungfish GR-Cl 695 [FEEYLCMKALLLLST VPKEGLKSQAVFEEIRMTYIKELGKAIVQKERSSTONWQRFFQLT
African lungfish GR-X1 696 [FEEYLCMKALLLLST VPKEGLKSQAVFEEIRMTYIKELGKAIVQKERSSTONWQRFFQLT
African lungfish GR-X2 679 [FEEYLCMKALLLLST VPKEGLKSQAVFEEIRMTYIKELGKAIVQKERSSTONWQRFFQLT
African lungfish GR-X3 676 [FEEYLCMKALLLLST VPKEGLKSQAVFEEIRMTYIKELGKAIVQKERSSTONWQRFFQLT
African lungfish GR-X4 663 [FEEYLCMKALLLLST VPKEGLKSQAVFEEIRMTYIKELGKAIVQKERSSTONWQRFFQLT

LEEEEEEEE SRR IS ESEESEEEEESEEEEESEEEEEEEEREEEEEEEEEEEEEEEE

Slender lungfish GR-Al 739 [KLLDSMHDVVAKVLNVCF QNFLDRSRCVEYPDMLQELITNQLPRIRSGNVKPLLFHQK |796
Slender lungfish GR-B1l 755 [KLLDSMHDVV SKVLNVCFQONFLDRSRCVEYPDMLQELITNQLPRIRSGNVKPLLFHQK (812
Slender lungfish GR-C1 755 [KLLDSMHDVV TKVLNVCFQNFLDRSRCVEYPDMLQELITNQLPRIRSGNVKPLLFHQK (812
African lungfish GR-X1 756 [KLLDSMHDVV TKVLNVCFQONFLDRSRCVDYPEMLQELITNQLPRIRSGNV RPLLFHQK|813
African lungfish GR-X2 739 [KLLDSMHDVV TKVLNVCFQNFLDRSRCVDYPEMLQELITNQLPRIRSGNV RPLLFHQK| 796
African lungfish GR-X3 736 [KLLDSMHDVV TKVLNVCFQNFLDRSRCVDYPEMLQELITNQLPRIRSGNV RPLLFHQK| 793
African lungfish GR-X4 723 [KLLDSMHDVV TKVLNVCFQNFLDRSRCVDYPEMLQELITNQLPRIRSGNV RPLLFHQK| 780

131 dhkkhhkkkhkhkk Fhkkhdkdkdx khkkdkhkhkhddkdx *x Fhkkkdkhkkddkhkkdkhkrdddx *xxkkhxx

132 Figure 2B
133  Figure 2. Multiple Alignment of the amino acid sequences of three African lungfish GRs
134  andfour West African lungfish GRs.

135  West African lungfish glucocorticoid receptor sequences were downloaded from GenBank
136  (Accessions XP_043925084 for X1, XP_043925085 for X2, XP_043925087 for X3,

137  XP_043925088 for X4). Sequenceswere aligned with Clustal W [35], as described in the
138  Methods section.

139

140

141 2C. Comparison of the amino acid sequences of slender African lungfish GR, West African
142  lungfish GR, coelacanth GR, zebrafish GR and human GR.

143 To begin to understand the relationship of lungfish GRs to other selected GRs, we

144  constructed a multiple sequence alignment of slender African lungfish GR with West African
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145  lungfish GR, coelacanth GR, zebrafish GR and human GR (Figure 3). The DBD and hinge

146  domainsare highly conserved in all GRs. Thereis good sequence conservation of the LBD in all
147 six GRs. However, thereis an interesting pattern of sequence conservationinthe NTD. Thereis
148  excellent sequence conservation in the NTD among slender African lungfish GR, West African
149  lungfish GR, coelacanth GR and human GR. The stronger conservation of the NTD in lungfish
150 GRswith human GR than with zebrafish GR, indicates that the NTD in zebrafish GR has

151 diverged from the other GRs.

152

10


https://doi.org/10.1101/2022.03.19.484994
http://creativecommons.org/licenses/by-nc/4.0/

153
154

Slender lungfish
African lungfish
Coelacanth GR
Human GR
Zebrafish GR

Slender lungfish
African lungfish
Coelacanth GR
Human GR
Zebrafish GR

Slender lungfish
African lungfish
Coelacanth GR
Human GR
Zebrafish GR

Slender lungfish
African lungfish
Coelacanth GR
Human GR
Zebrafish GR

Slender lungfish
African lungfish
Coelacanth GR
Human GR
Zebrafish GR

Slender lungfish
African lungfish
Coelacanth GR
Human GR
Zebrafish GR

Slender lungfish
African lungfish
Coelacanth GR
Human GR
Zebrafish GR

Slender lungfish
African lungfish
Coelacanth GR
Human GR
Zebrafish GR

Slender lungfish
African lungfish
Coelacanth GR
Human GR
Zebrafish GR

Slender lungfish
African lungfish
Coelacanth GR
Human GR
Zebrafish GR

Slender lungfish
African lungfish
Coelacanth GR
Human GR
Zebrafish GR

Slender lungfish
African lungfish
Coelacanth GR
Human GR
Zebrafish GR

Slender lungfish
African lungfish
Coelacanth GR
Human GR
Zebrafish GR

Slender lungfish
African lungfish
Coelacanth GR
Human GR
Zebrafish GR

GR
GR

GR
GR

GR
GR

GR
GR

GR
GR

GR
GR

GR
GR

GR
GR

bioRxiv preprint doi: https://doi.org/10.1101/2022.03.19.484994; this version posted March 20, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made

available under aCC-BY-NC 4.0 International license.

MSVWHESRHDTDWDVCSPKFNRCGLHLDYAPADMMDPAGS LNSLNGTQSLKYAERSDKTS 60
MSVWHESRHDTDWDVCSLKFNRCGLHLDYASADMMDPAGS LNNLNGTQSLKYVERSDKTS 60
MMESKEV LNTSGGD-SLKCVD-YSKRE 25

SKES LTPGREE-NPSSVL-AQERG 24

QGGLENGK---------- KRDERL 16

SGYP FNPICGG
SGYP FNPICGG
EVYD FNPVFRG!
DVMD FYKTLRG

GR NASTRDPSKA 116
GR NATTRDPSKA 116
SG NATPQDLSQA 81
VS NAQOPDLSKA 81
NSPTLEEHTSS 76

GA---TVTVSASPSRQ-ASAQLECKQFTCDI SN
GA- - -TVTVSASPSRQ-TSAQLECKQFTCDI SN
PI---PLTPASSLLLV-SEADSPRQLASGDTSN
TV---KVSASSPSLAVASQSDSKQRRLL PK

NTLDYNKRATEGILPRRIQSTMSVAPTSMVPQAGPMMQPVSGDIPNG!

SMGFYMGEVNS GFGCQQ
SMGFYMGEVNS GFGCQQ
SMGLYMGESDS KARLQK

QOSCVSSAENDFFL
QQSCVSSAENDFFL
QIS-GLSVETEFAL I
QIS-LSSGETDLKL I

DAETEASF -
DAETEASF -
STRIGEVSG 140
STSVPENPK 140
SPSMDSLI 132

SMGLYMGETET DLGFPQ

--SIFGDDSELKLLGKEQRALQQQTLV-PFTLGDSLSGLEAS

LNAETTD SLARGQDFSAMGKSDFPS EQETFSQIGVSDPNGTSRLFSD DQNSFDIFPELSL 235
LNAETTD SPARGQDFSTMGKSDFPS EQEAFSHIGVSDPNGTSRLFSD DQNSFDIFPELNL 235
SLAPGQV SL---DNGSGMAKCDLSV EQETFAQT-DSDPNGNLSFFPD DQAAFDILQELDL 196
SSASTAV SAAPTEKEFPKTHSDVSS EQOHLKGQ-TGTNG KLYTT DQSTFDILQODLEF 199

GGVDPNLFPLKTEDFSPMIKGDMDLDQDSFGHIGKDVDVGNHKLFSDN - - TLDLLQDFEL 190
QTD SPGRITDGSPWNLETFCDDED-DGAG

QTD SPGRITGGS PWNLETFCDDEDDEGVG

-IDNAISEAGGLS EECRGLVGNNNFE 293
-IDNAISEAGGLSEACRGLVGNNNFE 294
TPC SPGKE - - -NPWSLDPIYDGGGR - -GL -ADDPFLMAAVANEDCKSSLVTNTSQ 250
SSG SPGKETNESPWRSDLLIDE--N--CL GEDDSFLLEGNSNEDCKPLILPDTKP 255
DGSPSDFYVAD----- DAFLSTIG-EDAL TN--------- LDRDSKAAV--SGSN 233

g o

VKNNDCHVSQMPSTSAE QV LNRGF SSSEF----DA 349
VKNIECQDSQMPSTSAE QV LNRGF SSSEF----DT 350
STNNECGNLFIPDLSSQ QI LGRSY! NLTSAAST-TA 309
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155 Figure 3. Multiple Sequence Alignment of slender African lungfish GR, West African
156 lungfish GR, coelacanth GR, zebrafish GR and human GR.

157 Glucocorticoid receptor sequences were downloaded from GenBank (Accession no.
158 NP_000167 for human GR, XP_005996162 for coelacanth GR, and NP_001018547 for

159  zebrafish GR) and aligned with Clustal W [35], as described in the Methods section. The NTD
160 in zebrafish GR has gaps and sequence differences with the other GRs.

161

162 2D. Comparison of functional domainsin dender African lungfish GR with domainsin
163 West African lungfish GR, coelacanth GR, zebrafish GR and human GR.

164 Figure 4 shows the percent identity in the comparison of the different functional domains
165 on dender African lungfish GR with the GR and MR from other vertebrates.

166

167
168
1 455 521 561 812
Slender lungfish GR A/B C |D E
1 456 522 562 813
African lungfish GR 92 100 (95 95
1 416 482 519 770
Coelacanth GR 40 100 |40 71
1 421 487 526 777
Human GR 38 98 |50 66
L 387 453 495 746
Zebrafish GR 28 98 |39 67
169
170

171  Figure4. Comparison of functional domainsof slender lungfish GR with domainsin West
172  African lungfish GR, coelacanth GR, zebrafish GR, human GR.

173  Comparison of domainsin slender African lungfish GR with GRs from West African lungfish,
174  codacanths, humans and zebrafish and MRs from slender African lungfish, West African

175  lungfish, humans and zebrafish. The functional NTD (A/B), DBD (C), hinge (D) and LBD (E)
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176  domains are schematically represented with the numbers of amino acid residues and the

177  percentage of amino acid identity depicted.

178

179 As shown in figure 4, the DBD and LBD are highly conserved in all GRs. For example,
180 dender African lungfish GR and human GR have 98% and 66% identity in DBD and LBD,

181  respectively. Thereare similar % identities between corresponding DBDs and LBDs in lungfish
182 GR and other GRs. Thisstrong conservation of the DBD and LBD contrasts with the lower

183  sequenceidentity between the NTD of slender African lungfish GR and human GR (38%) and
184  evenlower sequence identity with the NTD in zebrafish GR (28%).

185
186 2E. Phylogenetic Analysis.
187 To better understand the relationships among the nine P. dolloi GRs and four P.

188 annectens GRs, we constructed the phylogenetic tree, shown in Figures 5. In this phylogeny, the
189  four African lungfish GRs cluster into one group. Slender African lungfish GR-A1 and GR-A2
190 arein aseparate branch from the other ender African lungfish GRs. GR-A2 appearsto be

191 formed by aternative splicing of GR-A1l. GR-B1, GR-B2 and GR-B3 cluster. GR-C3 and GR-
192  C4 cluster, and GR-C4 appearsto be formed by alternative splicing of GR-C3.

193

194

13
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100—— A2
A1
82 C3
100 c2 |Slender lungfish GR
100 21 C4
B1
38 B2
>3 33 B3_|
24 X17]
x4 African lungfish GR
99 X2
—3___x3_
Coelacanth GR

Elephant shark GR

195

196

197  Figure5. Phylogeny of slender African lungfish Glucocorticoid Receptors, West African
198 lungfish Glucocorticoid Receptors, Coelacanth GR and Elephant Shark GR. MEGAS5 [36]

199  was used to construct this phylogeny. Statistics are based on 1,000 runs.

200
201  2F.Basisfor thefailureto clone P. dolloi GR.
202 Figure 6 shows the location of the PCR primers that we used to successfully clone GRs

203  from chicken, alligator and frog [31]. Due to the strong conservation of the GR and MR these
204  PCR primersretrieved partial sequences from both the GR and MR in chicken, alligator and

205 frog. Thefull sequences of these GRs and MRs was achieved in the next step using RACE. Our
206 failureto clone P. dolloi GR was due using WQRFY Q instead of WQRFFQ for the 1St/2nd-

207  reverse primer. When we used WQRFFQ we were able to clone P. dolloi GR.

14
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lst-forward primer site 2nd-forward primer site

human GR 430 GCHYGV 435 human GR 441 CKVFFK 446
chicken GR 425 GCHYGV 430 chicken GR 436 CKVFFK 441
Xenopus GR 429 GCHYGV 434 Xenopus GR 440 CKVFFK 445
zebrafish GR 396 GCHYGV 401 zebrafish GR 407 CKVFFK 412

coelacanth GR 425 GCHYGV 430 coelacanth GR 436 CKVFFK 441
P.a lungfish GR 465 GCHYGV 470 P.a lungfish GR 476 CKVFFK 481
P.d lungfish GR 464 GCHYGV 469 P.d lungfish GR 475 CKVFFK 480

lst/2nd-reverse primer site

human GR 712 WQRFYQ 717
chicken GR 707 WQRFYQ 712
Xenopus GR 711 WORFYQ 716
zebrafish GR 681 WQRFYQ 686

coelacanth GR 705 WQRFYQ 710
P.a lungfish GR 748 WQRFFQ 753
P.d lungfish GR 747 WQRFFQ 752

208
209 P.a. = Protopterus annectens, P. d. = Protopterus dolloi

210
211 Figure®6. Location of PCR primersused for cloning of slender African lungfish GR,
212  coelacanth GR, elephant shark GR, zebrafish GR and human GR.

213 The correct 1St/2nd-reverse primer for PCR cloning of P. dolloi GR is WQRFFQ instead
214  of WQRFYQ.

215
216 2G. Summary
217 P. dolloi contains nine GR isoforms, in contrast to P. annectens, which contains four GR

218 isoforms. We do not know how many GR isoforms are in Australian lungfish (Neoceratodus
219 forsteri) becausetheir GR sequences have not been deposited in GenBank. The availability of
220  sequences of P. dolloi GRs and P. annectens GRs should permit using PCR to clone N. forsteri
221  GRs, which would eucidate the number GR isoforms in this lungfish and the relationship of
222  their GRsto the GRs of P. dolloi and P. annectens.

223 The response to corticosteroids of any lungfish GR is not known, nor are the functions of
224 the multiple GR isoformsin P. dolloi GRs and P. annectens GRs. We have initiated studiesto
225  determine corticosteroid activation of P. dolloi GRsto begin to elucidate the functions of slender
226  African lungfish GRs. It isinteresting that there are multiple isoforms of human GR, dueto

227  dternative splicing of human GR, and these isoforms are important in achieving functional

228  diversity of human GR [6,8,34,37]. A similar scenario islikely for P. dolloi GRs and P.

229  annectens GRs.
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230
231 3. Methods

232  3A. Animal

233 A slender spotted African lungfish, Protopterus dolloi, was purchased from a local

234  commercia supplier. Lungfish were anesthetized in freshwater containing 0.02% ethyl 3-

235  aminobenzoate methane-sulfonate from Sigma-Aldrich, and tissue samples were quickly

236  dissected and frozen in liquid nitrogen. Animal handling procedures conformed to the guidelines
237  set forth by the Institutional Animal Care and Use Committee at the University of Tokyo.

238

239  3B. Molecular cloning of lungfish P. dolloi glucocorticoid receptor.

240 For P. dolloi GR cloning, we designed 4 types of forward N-terminal primers:

241 F-X1:5-GTCATTTTCCCCGTGCTTAACGAA-3,

242 F-X2:5-GTCTGCAGCTTGAAACTTTGTAAC-3,

243 F-X3:5-GACGAACATGCTGACCGGATCATAA-3, and

244  F-X4:5-CATACTGCATTTACCAGAATAGAC-3

245  and one C-terminal Reverse primer: R: 5 -GTTAAGGCAAATTTCTGATATTAAGGCAG-3
246  based on the sequences of P. annectens GR (X1: XM _044069149, X2: XM _044069150, X3:

247  XM_044069152, X4: XM _044069153). PCR was performed using four primer sets (F-X1xR, F-
248 X2xR, F-X3xR, and F-X4xR) with ovary cDNA of P. dolloi, and the amplified DNA fragments
249  with KOD-plus- DNA polymerase were subcloned into a cloning vector, pCR-BluntlI-TOPO,
250 and sequence analysis was performed for 10 or more clones for each primer sets.

251

252  3C. Database and sequence analysis.
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253  GRsfor phylogenetic analysis were collected with Blast searches of Genbank. A phylogenetic
254  treefor GRs was constructed by Maximum Likelihood analysis based on the JTT + G model
255  after sequences were aligned by Clustal W [35]. . Statistical confidence for each branch in the
256  tree was evaluated by the bootstrap methods [38] with 1000 replications. Evolutionary analyses
257  were conducted in MEGADS program [36].

258
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