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(AATP binding) . CAKuFZ5H I (CTD) . HA2 ¥ (HA2) Al Oligos/Accharide 25 & #f & (O/A
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DNA U J¥ 5 JiF 2y 8 45 A4 B 2% 14 9 1E 8 M. 455 : PCR LY 4 19 H M A Bt ATP binding (2 148 bp) .
c-terminal-1 (1326 bp). c-terminal-2 (1269 bp). HA2-1 (2205bp), HA2-2 (894 bp) F1O/A binding
(2583 bp) KESEIT—%; Hind Il §8 )% 28 fi kL AATP binding, Ac-terminal, AHAZ2 F1 AO/A
binding fold, 8% EIL DNA A B, KE/HI 88939, 7589, 8036, 854018027 bp, =4 447 K/
S EEHA . DNATF Blast ¥ H M, AATP binding $t48 ATP binding 5445 (1~442) . Ac-terminal
B c-terminal £5 #3% (443~735) . AHA2 k& HA2 85 #9388 (736~861) 1 AO/A binding fold #it 2k
O/A binding fold 45 3% (862~1158), 4r5l#tsk 1326, 879, 375H1891 bp, 45 548 [T ki H 2 1) 45 4
BT E K S8 S8 MW HE ADHX37 34 (5 AATP binding . Ac-terminal, AHAZ2 Fl
AO/A binding fold 44~/ [a] Ty G 45 44 3 2 4 .
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ABSTRACT Obijective: To discuss the functional domains of the human RNA helicase DHX37 gene
predicted by online websites and software, to construct its different functional domain deletion vectors, and
to verify the correctness of the constructed vectors 27. Methods: Using the human DEAH-box helicase 37
(hDHX37) plasmid as a template, based on homologous recombination cloning technology, SnapGene V
6.0. 2 software was used to design functional domain-specific primers for the truncations ATP binding
domain (ATP binding), C-terminal domain (CTD), HA2 subunit (HA2), and Oligos/Accharide binding
fold domain (O/A binding fold) ; prime STAR GXL polymerase, a high-fidelity DNA polymerase, was
used to perform PCR amplification of the truncated target fragments ATP binding, c-terminal-1, c-terminal-2,
HA2-1, HA2-2, and O/A binding; a recombination cloning kit was used to directionally clone the
truncated fragments into the double-digested pCMV-MCS-3XHA-Neo empty vector; after transforming
the recombinant vectors into E. co/i DH5a competent cells, the correctness of the functional domain vectors
was verified by restriction enzyme Hind Il digestion, agarose nucleic acid gel electrophoresis, and DNA
sequencing. Results: The lengths of the target fragments amplified by PCR, ATP binding (2 148 bp),
c-terminal-1 (1 326 bp), c-terminal-2 (1 269 bp), HA2-1 (2 205 bp), HA2-2 (894 bp), and O/A binding
fold (2 583 bp), were consistent with the design; Hind [l single enzyme digestion of the mutant plasmids
AATP binding, Ac-terminal, AHA2, and AO/A binding fold yielded linearized DNA fragments with
lengths of 8 939, 7 589, 8 036, 8 540, and 8 027 bp, respectively, and the product band sizes all matched
the design. The DNA sequencing Blast comparative analysis results showed that AATP binding lacked the
ATP binding domain (1—442) , Ac-terminal lacked the c-terminal domain (443—735), AHAZ2 lacked the
HA2 domain (736—861), and AO/A binding fold lacked the O/A binding fold domain (862—1 158),
with deletions of 1 326, 879, 375, and 891 bp, respectively; the positions and lengths of the deleted
domains in each mutant plasmid were completely consistent with the design. Conclusion: The four
different functional domain vectors of human DHXS37 gene, A ATP binding, Ac-terminal, AHAZ2,
and AO/A binding fold, are successfully constructed.

KEYWORDS DEAH-box helicase 37; Functional domain vector; Recombinan clone; Restriction enzyme

digestion; Polymerase chain reaction
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S AN RAIEREIL, ATP A )G 7655 & B i
PR S K%, B RE St DHX 37 P17 i e 55 T B o
CTD fu#5E AR IEHE (winged helix, WH) , BJE R
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NZK CCND 1N g iy i) — Fh A B, A0 T A e
K 11q13. 3 K3, CCND 12 20 g J& 1 v iy 56
P, EEIRE R IR G EA S,
MTT 2 40 M3 i . WF5E Y SR DHX37 5234
W HF 1 (pleiotropic regulator 1, PLRG1) #f &
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B UESE T HAE IR YT R S AN . AR
i, HRTX T DHX37 18 52 Wi i 1) % 22 A0 G 25 14
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(ATP binding domain, ATP binding) . CTD (fJ3%
c-terminal-1 fl c-terminal-2) ., HA2 . 3 (HA2
subunit, HA2) #1 Oligos/Accharide 4% & #1 & 1}
(O/A binding fold domain, O/A binding fold) #k
W, Rtk — 2 B DHX37 W) A W) 2% T RE I 7E I 2k
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1Ll me . 2 Z2&XAAFE ANKHEHAK
HEK293T 40 g & Wy T 3¢ [ % 2 B A i 4 v o o
pCMV-hDHX37-3X HA-Neo i ki Il T 2 1 45 7 /-
PWRLHA R A, KBTI DHSe 1l TAb st 2 4
EHARARA ), o Bed 2 e il & . PR
wo BRI & . DNA BE R 4l Ak a1 i3k 77 65 A0 R il
PR & (dbmt RAR AR A BRA R ; iR
= H PCR B (PrimeSTAR® GXL Premix) .
Quick Cut Hind Il . Quick Cut Xho | F1 Marker
(I EHEEYEARARAA), GelRed #% 2 Y
B RN IR 220l AR Y B BRA ), BsmB 1
(dbma s =W HE AR AR 7). Nano Drop 2000
OO (SEE R R B AW
T100™ PCRAX (EEMA R A H ), Bio-Rad #E H A
BAL (REMRRAFD .

1.2 314 & ZDNA K B&H# & )i JH SnapGene
V6.0 28 AF it de k514, s A DNA R B

53 A 3" 5 A 2 AR S 15~25 bp B B, 5l
PP AL 1. LLhDHX37 AAAH, PCREEY 1%
H Y DNA F Bt . PCR [ B & & B A& FL 50 pl:
hDHX37 ki 1 pl.. GXL Buffer 10 pL.. F 519
(10 pmol-L™") 1 pL. F#E5IY (10 pmol-L ")
1 pL. dANTP Mix 4 pl.. Prime STAR GXL
polymerase 1 pL f1ddH,O 32 plo J W 5. A8k
98°C. 10s; 70°C~60°C, #EiRk; 68°C. 1 min/kb
FEA, EI0MNEIN, W4 CEAE. KP M E M
77 ) ) Bt A O T L A T e 7 ) gy K
HE RIS PG A B A&, A PC
VWL, K R RCR AL . KA AR R, R
3min, 12000 r-min "#.0> 60 s, 74508 % 19 WA
W2 B A Ao A 9k 600 pll, 12 000 remin ' 0>
60s, FMAAIRIEM; HERBREZTERLIK, 7+
AW s 12 000 remin "B5.0 2 min, B W B AR
BEEBEOE T, #E 10 ming WA 50 pL
ddH,O, it ®E 2 min, 12 000 r-min ' & . 2 min;
1 B0 A RS TR A A VR T I B B AT v, i 2 min,
12 000 remin "B§.0r 2 min. B0 55 I HB 1A W HD v Al
¥ # DNA ¥ , Nano Drop 2000 # 8 £ 73 )6 6 B
TR DNA ¥

1.3 B R K MAEAGHE& hDHX37 k&
Quick Cut Hind Il /Quick cut Xho 1 X EFYI . BEEYI
B . 10X Quick Cut Buffer 5 pl., hDHX37 5 pL.
(295 pg) . Quick Cut Hind Il 5 pl., Quick cut Xho |
5upl, S ddH,O % 50 pL. ¥k R 2 )5 W&,
30 CHE IR A W 8 P B 15 mine Y1~ 90 28 1% B
BAHEE RS VK B, AR ik, 3RS hDHX37 £k
AL 3 AR pCMV-hDHX37-3 X HA-Neo (vector)
1.4 B3AEBMARGEALE NHEFBERN
o % 2 pCMV-MCS-3XHA-Neo (vector) %5z (&
i, FIH Easy Geno Pk 5 41 3 71 & 44 8 hDHX37
B DR 44 AN TR) 3 il 465 b Bl B 2 (0 AR . )
WE L, HEATERESLRIAR: vector 1 ul, A F B
(£ 2). 2XEasyGeno 1 IR G W (2X EasyGeno
Assembly Mix) 5 pL, ddH,O #h & 10 L, 44
o2 v B 98 iR &R, Hoh ATP binding 1 O/A
binding & ¥l B ri e AR R, &2 FHA Bk
%, c-terminal-1 fll c-terminal-2; HA2-1 fil HA2-2
2R BEMAREKR, 22 EHKR. DNA
5 vector BE/R L 3 1 1, vector 50 ng, 4 DNA I
AR 2, AT HFEREFE M 50 CHEIR KW
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Tab.1 Sequences of primers needed for amplifying targeted fragments of DNA

Name Primer sequences (5'—3")

ATP F CCAAGCTGGCTAGCGTTTAAACTTAAGCTTGCCACCATGTTCAACAAGCGGACACCGC
ATP R AATCAGGTACGTCGTATGGGTACTCGAGGTGGACAGTGGT

c-terminal-1 F CCAAGCTGGCTAGCGTTTAAACTTAAGCTTGCCACCATGGGGAAGCTG
c-terminal-1 R CTCGGCGGCATGCACAGTCACTGGGAACTG

c-terminal-2 F CTGTGCATGCCGCCGAGGAGC

c-terminal-2 R AATCAGGTACGTCGTATGGGTACTCGAGGTGGACAGTGGT

HA2-1 F CCAAGCTGGCTAGCGTTTAAACTTAAGCTTGCCACCATGGGGAAGCTG
HA2-1 R TCCCACGGCAAGAAGGGCTTCCAC

HA2-2 F GCCCTTCTTGCCGTGGGAGCCTGTG

HA2-2 R AATCAGGTACGTCGTATGGGTACTCGAGGTGGACAGTGGT

O/A bind ATP F CCAAGCTGGCTAGCGTTTAAACTTAAGCTTGCCACCATGGGGAAGCTG
O/A bind ATP R AATCAGGTACGTCGTATGGGTACTCGAGGGCGCCCAGCAGC

DNA fragment

Recombination

Mutant plasmid

PCR
‘_- .
—Forward primer
hDHX37
Reverse primer
Hind Il
Digestion
———
Vector hDHX37

B 1 hDHX37 587 B 2 fi i
Fig. 1 Construction flowchart of ADHX37 mutant plasmid

9, SO 15 ming BERFESL, TR EESE .
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Tab. 2 Amount of each DNA fragment in recombinant

cloning experiment

DNA concentration Volume added

Name of DNA
[py/(mg-L 1] (V/pL)

ATP binding 229.6 1.0
O/A binding 199.3 1.0
c-terminal-1 120.0 0.4
c-terminal-2 214.1 0.2
HAZ2-1 158.4 0.4
HA2-2 220.3 0.2

1.5 BEHEARGEL 80 CLHAEM DHSa J&
ZAMMK BRI, B <147 B4 BIWEL S pl
A B DHSa o A B 5], UK B CE 30 min;
42 “CHE iR K % 8 b # il 90 s UK 2 ming fiIn A
0.9 mLAB W (Luria-Bertani, LB) (A& & F
HRRE) R KEOEE T 37 CHEREIR,
200 r*min ¥ 1 ho 3000 rrmin "B .0 2 min, &
100 pL B WIR AT, IR A6 AR 23 DR A o I A 22 LB [
R FRIE (F100mg- L'/ N HFHER), B FmE
BT 37 CHEESE A P, PRk, BT
To0mg L AN EHERNWLBE FESD, BT
37 CHE R 4R PR, 180 remin '#&¥% 12 h, &I K
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1.6 REFARGHRARA IR HET
12 000 remin B0 60 s, REWRER L mUKERE
R A 250 pL (E R P, I iEdR & D0TE B 77
A 250 pL B P2, RABIE: 6 I, =R CE
2 min, RS 20%; N 350 L W P3, i
LT BB O 6 W, T 2R U
12 000 remin B0 10 min; % EiE W =N,
AR E T, FIBCE 2 min, 12000 rrmin
B 60 s, FEBRNCHEM A ; T UEAE A 750 pL
BRI, 12 000 remin "B5.0 60 s, FBRIKHB WA,
7E 3 Uk B N A 750 pll VE VRO E T R 1K
12 000 remin "0 2 min, FEREFE 10 min; $f
B FE B 2O R B0 A T, B AR o A 50 pL
ddH,O, JE 2 min, 12000 rmin "B 2 min; BFE
W E B A, BCE 2 min, 12000 r-min”!
B0 2 min, B0 RGO VR AR ARV W . A
FIES p LB A TAY TR (L) KA R
ANIRUUPE

2 & B

2.1 ¥(AHAEHDNARKZ LIADHX37 (8939 bp)
RN, SRR SR 5 ok PCR 40 5l 97 4
6 1~ DNA F B (B 2). 4%l 5 ATP binding
(2 148 bp) . c-terminal-1 (1 326 bp) . c-terminal-2
(1269 bp). HA2-1 (2 205bp). HA2-2 (894 bp)
1 O/A binding fold (2 583 bp) . £ H i1 A B K
58, Il T 64 DHX37 3R R 3
A 25 A8 31 B
22 BBREREFEZRRLEMRNH K
hDHX37 F 4 9€ 7% #% K #0181 3, R 4l
hDHX37 Y)Re 45 ¥ S 2 i r &, 58 28 34K 43 5l i
% 4 AATP binding . Ac-terminal, AHAZ2 f1 AO/A
binding fold, H H# AATP binding Al AO/A binding
fold Jy ¥ F Bt 41 o B S B0 A4 4, Ac-terminal Al
AHA2 B Z R Be B A s e SC ity gt . hDHX37 X 4%
5 7% Ji ki AATP binding. Ac-terminal, AHAZ2 #l
AO/A binding fold Z& Hind T P BT, 5 2 241k
DNA A B, KBEE4510 8 939, 7 589, 8 036, 8 540 Fil
8027 bp, BAMEWHEE R UK 4R (B 4) B
hDHX37 £ % %8 # /& AATP binding, Ac-terminal,
AHAZ2 FI AO/A binding fold i i Bt K & 5 NCBI %
2, RUIBM R BS B ERERY), ADHX371Y
AN~ GEAR B AAAE IR

- (Ww2583hp

.' < 1269b
1000 “ P

- <350

Lane 1: Marker; Lane 2: hDHX37; Lane 3: ATP binding;
Lane 4: c-terminal-1; Lane 5: c-terminal-2; Lane 6: HA2-1;
Lane 7: HA2-2; Lane 8: O/A binding fold.

B2 hDHX37EEARF DNA Y"1 i ik &
Fig. 2 Electrophoresis of different DNA amplification

of RDHX37 gene

2.3 DNAMBPEZRRLHBREAL LR
VKA E 1 4 A R AR (AATP binding .
Ac-terminal, AHA2 Fl AO/A binding fold), 4%
WS pLk AT AY TR (Rl KA RS
PEAT DNA T o 1 SnapGene V 6. 0. 2 B 4F 43 #r
DNA JF41], DNA Jll ¥ Blast Xf [t 4 #7 45 F iR
AATP binding #t 2 ATP binding 45 #4385k (1~442) |
Ac-terminal Hft 2% c-termina % 4 1§ (443~735) .
AHAZ2 it & HA2 45 # B (736~861) Hl AO/A
binding fold %t % O/A binding fold 45 ¥ I (862~
1158), 4»3lltse 1326, 879, 375f1891 bp (J&5),
R hDHX 37 4% 53 78 AR ol 2k 25 Mg Bl 7 o FC 2
NCBI# I — 20, FFRUE ADHX37 1 4 4> 58 28
PR AE R )
3 i i

DHX37 15 i FE A& 5F 1 DEAH-box RNA fi# fig
M R B CEEM — 5, ERZ AL RNA
R R PR R PR T RE L B Y R
DHX37 MY Z 5\ . @ik &, MEseg
T A RNA 5y 4% DL S e 18 55— RYVEEA M A= Y ok 2
B AT B S 5 e e R A0 B B A L R T R RN
8 S5 i Jeg 1) e Ak B A 0 PR AR .
XF i e L R4 B % (The Cancer Genome Atlas,
TCGA) i 40 M M JH % (liver hepatocellular
carcinoma, LIHC) $¥EHEM M, RS CH
CHRHRIE , A DHX37 E A 4 &t ) 2 m #%
ik, HIHFRIRIKE 5 835 WU 18 Ol 2 B 5 1R oG O¢
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DHX37 FL

c-terminal

O/A biding fold .

443

indi | [ |
1 ATP binding HA2 880

73%

AATP binding [

Ac-terminal

AHA2 —

443 1158
— |
736 1158
e — =
735 861 1158
[ I

|

1

861

B3 hDHX37 R4 587 b=

Fig. 3 Schematic diagram of ADHX37 and various mutant plasmids

bp

10000 gy uuu 8027 b
— u ’

7 000

4000( -y

2000 .

Lane 1: Marker; Lane 2: ADHX37; Lane 3: AATP binding;
Lane 4:c-terminal; Lane 5: AHA; Lane 6: AO/A binding fold.

B4 hDHX37 B4 758 ok i vk B
Fig. 4 Electrophoregram of ADHX37 and various

mutant plasmids

% (P<<0.01), UESET DHX374E HCC H § 42 9 )
g, EOR R Y WAB R T DHX37 178 5
A A SN A R AE S R R EAE A, SR HT
REFE R IR G P2 IR 9T IS B 45 . /4§ DHX37 15
IR 2 A R G 8 R 4 v 1 EE R A8 B R) BIE S
R HAR S F IR PERLE R 52 T e 25 4 1l 5 40 2R
F1 I A AR 6 TR S A B, BRI T
FE 6 LA W2 T e 11 4 TR

N T ARG AT DHX37 A [ D) fig 45 44 1 16 1
JAH AR 4 v i BARAE AT, 1 S8 2T UniProt

0B E (https: //www. uniprot. org/) 9 i i
S AR G Sk T il B T DHX37 & W
AP SF I B DI RE 45 M 8k : D ATP binding,
{3 & Walker A/B B )7, 11357 ATP 454 FlK itk )
fie; @CTD, HH WH, HBM OB HHK, 25
RNA G5 7 T HAE; OHA2EME, HMFHENA
AW, @O/A binding fold, HeiE JiE Y
SEMER G . A SCVEH DL NCBIEUE B i ADHX 37
R FS] (NM_032656.4) MM, 18 e f 5
PCRY MK EHREX LK AFE, BHEEZE
pCMV-MCS-3 X HA-Neo #Z & i, 223 75 F1 il V) 56
W M T ADHX37 B A R ek #dk Y. AR
SCAE 5 SR FH 45 0 Sl s S M i O S, Tt RS TR
SR S Y S Y, T PCR Y 315
AH R 1 Bk 2 9 A8 1 7 B o fif H Quick Cut Hind I #1
Quick Cut Xho 1 XY & 484k #2544k, IFim i
PR 2 AR D 1 R B A Bk R, 4
k. 9 A0 TR B UG, il 4F Sanger I A D)
B 3E, Wb # T AATP binding. Ac-terminal
AHA2 F1 AO/A-binding fold 4 4> 4% ¥ 1 it 2k %
AR

AW B RV Z A T REME T DHX37 4N
[F] OG5 ) e 45 40 B B4, IR AT DHX37 5
HOAR UM B T A 4 AL AR AR T E B A S T
Ho bR gk my sl T8 8 A U4 B F I B DHX37
2% ) e 45 A B 7E RNA A {5 5 5 S v iy BAR 1
i, WK N8R DHX37 76 R & A L e 8 45 fn
HeAE B 43 F BIL B AR 0 B oY R B . fE S
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AAGCTTGCCACCA TC'TTE}'\-' CAA

all .
AN e

GCGEGGACA

AAGCTTGCCACCATG-- del1326bp|--TTCAACAAGCGGACA

;
CCAGTBACTGTGCA

MWWMWM

CCAGTGACTGTGCAT

feccecceaseaseTg

I

[deiB790d ~GCCGCCGAGGAGCTG

atggggaagetgegeogge

33gg ggegggecce aagccalc
agatc otc tgtcttcat
g °gg getgg g 9gagg gg glcg
gaatc
ggaggaacgg 9g
ggtgaga -acal -aglgaagacar igagececgecgagt | | aaatitiocn
99 99 99 ggtatgeagg: jacca g g 9
99 99 ggagegt
-9 999 tggagg
A
Qp
Y

GTGCTGCTGGGCGCC-- (del891bp CTCGAGTACCCATAC

éccglgggagcctglgaglalgccagdgcacacoocagtmgogaagocaaogggctgoggta
g >caccgeaglc:
tgagctc it tgacctacct

gtgacg 999! ggcccgeagggtccagagcgaggaga

gccgccgaggagctgttg atogcactgggtgccctgcaaccgccocagaaagcag
aaagggtgaagcaactgcaggagaaccggctgagcetgecccatcactgegetgg
geccggacaatggccacattccecegtggcacceegetacgetaagatgetggcactg
agecgacaacacggctgectgecctatgecateaccategtggecageatgacggt
gcgggagctglttgaggagcetggacagaccageggecagtgacgaggagctcac

tgctggage gaccctgtcttcatccace

ccagctcegtectiticaaagagetcecegagttigtggictaccaggaaategtggagaccactaa
gatgtacatgaaaggcgtctetagegtggaggtccagtggatceeggecetgetgecetettactge

cagtttgacaagcccctggaggaaccagcccctacatactgccccgagegggggegggtgetgt
gtcaccgggecagegtgtictategegtgggetggecgcteccegecategaggtggattttccaga
goggattgaccgclacaagceacttigceceggticelgetggaagggeaggtcticecgecaagetgge
ctcataccggagctgtctgetgtccagecceggeaccatgetgaagacgtgggecaggcetgeage

caggctgaagagcaagcgggeccgggtggeecagatgaagaggacctgggeag
ggeagggggcttctetgaageteggegaccteatggtgetgetggge
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