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The Crlzl gene is known to be expressed specifically in the pre-B cell stage during B-cell
development. With regards to the specific expression of the pre-B cell stage of the Crlzl gene, we
have previously identified three pre-B cell-specific DNase I hypersensitive sites (HSS), which are
named HSS8, 9, and 10, in the upstream vicinity of this gene. In this paper, we report that H558 in-
creases further the strong Crlzl promoter activity driven by HSS9/10 and, therefore, acts as its
enhancer. Furthermore, H558 has been finely mapped between -1055 and -1159 from the transcription

start site of the Crlzl gene.
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2 mM L-glutamine, 0.1 mM MEM nonessential amino acids,
1 mM MEM sodium pyruvate, 50 tM 2-mercaptoethanol, 100
U/ml penicillin G, 100 ug/ml streptomycins 713k 1l &kl
& A8kl A CO, 5% B 7hssol © 37T} 7oA st
At

Criz1 promoter upstream deletion constructs A&t

Crlzl promoter 5919 genomic DNAE 7123 phage A
clone$ HjY3te] %3 DNAS Sml o2 A& F 7411
bp DNA fragmentE #2|3} %t} g pGL2-Basic luciferase
reporter plasmid vector (Promega)= HindllZ A& 3 T4
DNA polymerase (EC 2.7.7.7)& fill-in3}3 CIP (EC 3.1.3.1,
calf intestinal alkaline phosphatase) *2]3}4 ©<14ks} Al
Ak SJol A9} Zo] FHlE 7411 bp Smal DNA fragment<}
pGL2-Basic plasmid fragmentE ligation 3tiZ DHb5a
(Stratagene)®l| transformation A7 ¥, Y3k colonyE A1
34, FEH O plasmid DNAS #2391t}

Aol A e} o] pGL2 plasmid®] Hindl site®] 7411 bp Sma
I DNA fragment’} 494 ¥ sub-clone.Z HE Z%3ste o}
oA AT 4 7FA deletion constructsE A| 23}t
Crp-4476, Crp-1845, Crp-1159, Crp-1055, Crp-880 deletion
constructsE 2}2+e] A9l K1, Neol, Hindll, Eca3l1,
BseRT AR a5 AH&ste] Azt gidh

Transient transfection & luciferase assay

Transient transfection® DEAE-dextran ol <3}
CsClZ A H plasmid DNAE 0.5 pmole 2|1 PD36 A%
Z 110" 7} AHE-3ke] Holl Bag uhel o] FH3F 7.
ke8] aokste] Aelstd, WA MEE TS solution (138 mM
NaCl, 5 mM KCl, 0.37 mM NaHPO,, 1 mM MgCL « 6H,0,
0.9 mM CaCl, * 2H;0, 25 mM Tris-HCl, pH 7.4)0. 2 |
AolE & plasmid DNA mix (luciferase reporter plasmid
construct 0.5 pmole, plasmid sizeZ 13 DNA ¥9] }o]=
pBluescript plasmid2 %50} 31, 10 mg/ml DEAE-dex-
tran 50 ul, TS 500 u)& ¥ & F33] 1583 41 + ¥
100 uM chloroquine®] 37} RPMI1640 media 10 mlE 7}3}
31 37T A 3087 A 25ttt Plasmid DNA mix$} chlor-
oquine RPMI1640 media #|2] A] A7} 7}e}tA] 45 A
A AR AEE ALK FRAA FAG vpA o2
FBS 5] %7} RPMII640 media S AHE-31e] MojFa 22
Hj gl 10 mlE oA 7hek 3 5% CO, B 30T S0l A 297t
Hj ot sl

Luciferase assay & 3 3}7] $Jate] 247t v st A X E
PBSE 2¥ A o] =1L lysis buffer (Promega) 300 ulE 7}t
Aol M 3083 FAANAN A AE &l F 50 ulE
F3k luciferase assay reagent (Promega) 100 ul& 7kt

3 luciferase activityE 43}t

DNase I hypersensitivity assay

PD36 AE 5x10° 7§Z HAA7 £, 10 ml hypotonic
solution [10 mM Tris-HCl (pH 8.0), 10 mM KCl, 3 mM
DTT, 0.1 mM EDTA, 0.75 mM spermidine, 0.15 mM sper-
mine]& 7}8te] FfrA1Z1 & Dounce homogenizerZ 7|
G Aol 2027 ot FUTk 1 M DTT 30 plE %
T %, tight A pestles AM83t 208 FE3tS M xS
Az & §H AZIHE JAAAZHD JHE AT
DNase I digestion buffer [0.25 mM sucrose, 60 mM KCl,
15 mM NaCl, 15 mM Tris-HCl (pH 7.5), 5 mM MgCly, 1
mM CaCl,, 0.5 mM DTT, 0.1 mM EGTA, 5% glycerol] 1.2
ml¢} 1 M DTT 60 ulE 931 419 FRT2]. ©]o]A DNase
I (Promega, EC 3.121.1) 10 unit& Yol 1 0, 1, 3 3t
HE3-A1Z1 3 400 ul 4 quenching solution (200 mM EDTA,
10% SDS) 50 pl7} 71 micro-tube® %74 FoZH ¥H&-S
HEA A A48t RNase A (USB, 10 mg/ml, EC
3.1.27.5) 20 plE H7istelA 37ColAM 147 WH-3A17 &
proteinase K (USB, 20 mg/ml, EC 3.4.21.64) 18 ul& %7}
stodA 55CellA WA AZstAdtt. B & phenol 3
chloroform®] £8}¢] sampled| A} DNAE F&3}31, Nekl
& Agse] F oule RN S8 BEAA 2

Southern Blot

DNase I hypersensitivity assayollx] &HIE samples
0.8% agarose gelol X A7]%4% 3 £ 0.2 N HCl & 10
8 27 FARE SREE AT oo WAE(15
M NaCl, 05 N NaOH)2.2 &4 2087 A3 EE0
F3 A FHFE Ao F F v o2 Tris-HCl $54
(15 M NaCl, 1 M Tris-HCl)& AHE-3te] Z3A1 T 919}
o] 2% agarose gel 2] DNAE nitrocellulose mem-
brane©. & 10x SSC (saline sodium citrate) &% & %S A&
sho] oF 18A17F &<t ©]F A2l F nitrocellulose membrane
S AT BR80Tl A 3083 A2lste] DNAS 1A AA
t}. Pre-hybridization buffer [5% Denhardt’s, 50% for-
mamide, 5% SSC, 50 mM Na-PO, (pH 6.8), 0.1% SDS, 100
ug/ml sonicated salmon sperm DNA]®} hybridization buf-
fer [1x Denhardt's, 50% formamide, 5x SSC, 50 mM
Na-PO; (pH 6.8), 0.1% SDS, 10% dextran sulfate sodium
salt, 100 pg/ml sonicated salmon sperm DNA, probe
DNA]Z A& 2 A3t hybridizationdh-3-2 42Tl A
&g 5 membrane blot& FE3] Ao F3th. Membrane
blotel] &7]7} HolA &3 A=7} Hls v vl oz &
31 70T el A autoradiography 3% Th.
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H A pGL2-Basic luciferase reporter plasmid vectorE
HindllZ A& % T4 DNA polymerase (EC 2.7.7.7)Z fill-in
gk o4& CIP (EC 3.1.3.1, calf intestinal alkaline phosphatase)
Ae) & 3ttt 3td, A E A phage clone® Z5-E HSSS,
9,100] 25 X3¥ DNA fragmentE 47| $15}4 phageol Al
23 DNAE Smal 2.2 ZeX4 0.8% agarose gelol load-
ing 3}31 71955 & U T DNAE FE3) 3l
ok 9JellA] FHIg Smal DNA fragment®} plasmid DNA
fragmentE sub-cloning®]l 33t
Sub-cloning®] 33 ¥ Xll, EcoRV, Acc651, BamH]1,
Sacl, Scal, Cal To= #g} Bozn syt
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Fig. 1. (A) The 7411 bp Smal DNA fragment of Crlzl promoter
with its upstream vicinity, which contains HSSS, 9, 10,
is originated from the A phage mouse genomic DNA
clone. (B) Map of pGL2-Basic luciferase reporter plasmid
vector, which is used to sub-clone the 7411 bp Smal
DNA fragment as depicted in panel A. The plasmid vec-
tor for sub-cloning this Sma1 DNA fragment was pre-
pared for the sub-cloning as followed: the Hindll site
within multiple cloning site of plasmid was cut by its
restriction enzyme and filled in by T4 DNA polymerase,
and then dephosphorylated by CIP (calf intestinal alka-
line phosphatase).
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constructs & T WAt 27+9] deletion constructE -
Crlzl fa7ke] AAF AR o251 AL)E #A67] 9ot
o Crp-7277 (Smal construct), Crp-4476 (Kpn1 construct),
Crp-1845 (Neol construct), Crp-1159 (Hindlll construct) =
stk 183 HSS9/105HS X338k Crlzl promoter
construct [13]= Crp-664 (Xlal construct)® B3It
(Fig. 2).

olgA doJA deletion constructES pre-B AEF<I
PD369l| transient transfectiondt ¥l luciferase reporter®] &
a2 84E AT 2N 7+ deletion construct”} 7HA =
HAL 245 vl B4 (Fig. 3). o213 Hlal #2404
HSS9/10¢] HSS8S t Z 3}k deletion construct (Crp-4476,
Crp-1845, Crp-1159)50] HSS9/10& ¥ 3511} HSS8L ¥3
3F2] %2 deletion construct (Crp-664)9} Hln3l& uf oF
2] o] AAF F44E 7HAA 2 1 5 AT Crlzl pro-
moterdl| 3 F3l= Crp-664 deletion construct”} 7F2] &= HA}
B2 3 A Zo N TG AS g BN ) AT AL
%3 91+ EFla (elongation factor 1a) promoter®] A} 24
o M7k, CMV (cytomegalovirus) promoter2] oF 1/4, 1
2] 31 SV40 (simian virus 40) promoter2] 2F 20 Hjol| 3 2
AEE WS =0e AS Ad =wdlA ofn] Bastd
[13]. wabA] o] A3 o] Azt HSS8Q) 7)% 0] HSS9/100]
7HA= Crlzl promoter®] 73 AA BAE BS S7HAA
< enhancer®] 9 shal &2 Hol F1 gl a1y
Crp-7277 construct®] HA}F &4 Crp-4476 deletion con-
struct®] 74-$-9} Bl ske] & w) HSS8e 9]¢ enhancer E3}7}
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Fig. 2. A schematic diagram of various deletion constructs that
were used to test the transcriptional activity of HSS8 in
the upstream vicinity of Crlzl gene. Various restriction
enzyme sites utilized to delete the 7411 bp Smal DNA
fragment from its 5-end are indicated together with
HSS8, 9, 10, and Crlzl transcription start site. Black bars
below for the various deletion constructs are aligned to
the indicated restriction enzyme sites, and also labeled
on the left with their corresponding names, in which the
number indicates the distance in bp from the Crlzl tran-
scription start site.
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Fig. 3. Transcriptional activities of various deletion constructs
as mentioned in Fig. 2 were compared to the one of Crlzl
promoter (Crp-664), which contains H559/10 only [13].
The transcriptional activity of this Crp-664 deletion con-
struct was set 100% as a control. The bar graph repre-
sents the relative luciferase activity of each deletion con-
struct with an SEM (standard error of the mean) error
bar calculated from at least 3 independent duplicate
experiments.

AR A Crlzl promoterZA12] Crp-664 deletion con-
structZ7} 7HA = FAF 43 2ot A= AHE Ho F3loH,
HARAM= ol g Aol et o] f-5 BeeHA dHer|=
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construct), Crp-880 (BseR1 construct)o]2ta 3}t
Fig. 301 A9} vF7FA] & luciferase reporter assayS -3 3}7]
8k Crp-1159, Crp-1055, Crp-880, Crp-664 deletion con-
S PD36 pre-B M| ZE5-¢]| transient transfection A|7]3L
luciferase reporter assay s FF o2 A AL EAS S35t
HTHFig. 4). olzist AP Ao A Crp-1159 constructs
104 bp H &} Wl Crp-1055 deletion constructZ5-E+= ZA}
o] a3t Crp-664 deletion construct’} 7FA= WA}
A7 oA 2ol A= AL E 5 Yt o|H3 48 A9E
EU2 3450 B o) HSS89] )X 7} Crp-11598} Crp-1055
9] A}o], Z 104 bp chromatin DNA Aol 248 AYL o4
AA Fa o

o]2]gt deletion construct5 9] HAF EAE SA st E&
A 2RSS EAst o4t @ HSS8 $14]E DNase
I hypersensitivity assayg FT33stAAE SH3tLA PD36
pre-B MEZFE AME-3F HSS8 919 Nkl sites 7|02
&ko] DNase I hypersensitivity assayE THA| -3 3} 31 THFig.
5). Nl sitew= Crp-1159 deletion construct®] 5-end {1 Hind
1M siteZHE] ofel £, 5 3 02 32 bp Hojzl o A3}
i Stk Nkl & AH8-3te] thA] 4283k DNase 1 hyper-
sensitivity assay2] Southern blot ZZ}o] A B 0] HSS9/10
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Fig. 4. Transcriptional activities of two additional deletion con-
structs around HSS8, which are named as Crp-1055 and
Crp-880, were compared to the ones of Crp-1159 as well
as Crp-664. The transcriptional activity of Crp-664 dele-
tion construct as the Crlzl promoter was again set 100%
as a control. The bar graph represents the relative lucifer-
ase activity of each deletion construct with an SEM error
bar calculated from at least 3 independent duplicate
experiments.

el |

T

Ndel (ggg‘;) Ndel Hindlll
Nuclei PD36
DNase |
(min)
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fragment ——>»
(3226 bp)

Fig. 5. HSS8, 9, 10 are located to the 3'-side of the first Nael
site in the upstream vicinity of Crlzl promoter as dem-
onstrated by Ndel Southern blot analysis of DNase I
hypersensitivity assay in PD36 pre-B cells. This first up-
stream Ndel site is located at the 32 bp position of
3'-side of the Hindlll site, which was utilized to make
the Crp-1159 deletion construct.

2 Crlzl promoter “goll $118kaL 91o.H, HSS82 Nkl frag-
ment9] 5-end HIZ %, Wl Hindll site2FE = ofef
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ZZ : Criz1 promotere| A2|0f| CI&st DNase 1 hypersensitive site 82| enhancer 7|s

Crlzl fr87= B A X 23} #4 F pre-B Al X £3} @A oA Solx oz W] ¥ A ot Crlzl F4
7o) #E7 AFE = 3709 DNase 1 hypersensitive site (HSS8, 9, 10)7} Crlzl A8 AL A2 0.2 2H
2 $%:9 chromatin oA LA AL, T FA HSS9/102 Crlzl promoter A Hol| 3 F3tH s =2
A RS 7S AR ofn] B Hth B AFdxe ¢ AFelA o volrt HSS8¢] Crlzl promoter]
ARG S oF 2 ¥ S7HA7] = enhancerd] A5 st Qe @S HEl oM, 3 HSS89 9147} Crlzl #3
2] AAF AR S 7Fo 2 S u -10559) -1159 Ale], = 104 bp Z10] 9] chromatin DNA 4ol £4)3}H,
o] 23k HSS8<] 13+ luciferase reportere] &4 40 2 Hlul H245 017 deletion constructs 9] HA}F &40
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