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Abstract: [ Objective ] This study aimed to isolate and identify autotrophic nitrogen-fixing bacteria in vegetation concrete under
freeze-thaw conditions and to investigate their effects on the physical and chemical properties of vegetation concrete and the
growth of ryegrass. [ Method ]Autotrophic nitrogen-fixing bacteria GDJ-1 and GDJ-2 were isolated from vegetation concrete that
had experienced multiple freeze-thaw cycles by selective nitrogen fixation medium. The strains were identified by morphological,
physiological, and biochemical characteristics, 16S rDNA, and phylogenetic analysis. The effects of target strains on
physicochemical indexes of vegetation concrete and the growth of ryegrass were explored. [ Result ] Strain GDJ-1 was identified
as Microbacterium proteolyticum, a Gram-positive bacterium with a round yellow colony. The strain GDJ-1 did not produce
oxidase but was capable of producing catalase and it could not degrade gelatin or hydrolyze starch. This bacterium exhibited
favorable growth under pH levels that ranged from 7 to 9 and in the presence of sodium chloride (NaCl) concentrations between
0.5% and 2%. After treatment with GDJ-1, the aboveground fresh biomass, aboveground dry biomass, belowground fresh biomass,
and belowground dry biomass of ryegrass increased by 29.09%, 5.05%, 13.40%, and 16.40%, respectively, compared with the
control group. The contents of organic matter, total nitrogen, alkali-hydrolyzed nitrogen, and available phosphorus in vegetation
concrete were increased, and the increase of alkali-hydrolyzed nitrogen was 62.95%. Furthermore, strain GDJ-2 was Ralstonia
pickettii, a Gram-negative bacterium with a round beige colony. The strain GDJ-2 produced oxidase but did not produce catalase,
and was capable of hydrolyzing gelatin and starch. It exhibited favorable growth under conditions with a pH range of 7to 9 and a
sodium chloride (NaCl) concentration of 0.5% to 2%. After treatment with GDJ-2, the aboveground fresh biomass, aboveground
dry biomass, belowground fresh biomass, and belowground dry biomass increased by 35.71%, 4.93%, 46.38%, and 13.79%,
respectively, compared with the control group. The contents of organic matter, total nitrogen, alkali-hydrolyzed nitrogen, and
available phosphorus in vegetation concrete were increased, and the increase of available phosphorus reached 35.73%.
[ Conclusion ] There were great differences in morphology and enzyme metabolism between the two strains, but both were capable
of enhancing the nutrient condition of vegetation concrete and promoting the growth of ryegrass. In the ecological restoration of
vegetation concrete, autotrophic nitrogen-fixing bacteria GDJ-1 and GDJ-2 displayed application potential. GDJ-1 possessed a
robust nitrogen fixation ability, effectively converting nutrients in the soil, which was more suitable for regions where the soil was
poor or lacking nutrients. However, GDJ-2 demonstrated superior environmental adaptability, especially exhibiting heightened
tolerance to alkaline environments, making it more fitting for regions with stringent conditions such as saline-alkaline soils.
Considering the necessity for nutrient balance in actual engineering projects, further research can be conducted on freeze-thaw
tolerant indigenous phosphate-solubilizing, potassium-releasing, and cellulose-decomposing bacteria, to develop a composite
bio-agent tailored for vegetation concrete ecological restoration in freeze-thaw areas.

Key words: Vegetation concrete; Autotrophic nitrogen-fixing bacteria; Isolation and identification; Freeze-thaw condition;

Ryegrass
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A REFFE R L FHF AR EXLHE,

BT, ASCEBHREE L NPT 4, il
T JE R RIS, W7 AR A [R) Rl JELEE 15
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1.1 f#hk#r#
] FAE R BE L BT I e ) SR AR L S A AR

HeoKle. AYE. AEBERAM SR K, R
TR L, A AT RGMmX, Z2AK
TRt 2 mm G4 . KPR AER KT CHE)
FRAE AT/ PO 42.5 TERERRERKIE. A YL
BER IR BIER AL FEAM T SRR, 2 RTE
2 mm i g5 FH o AEBE A el K500 i b e R A S R
WA BRS FIHEE (LA 01138343.7 ). iR FEH 4
BF, SHIATRERA bR (KB TREBE A R
kAR BB E HORITE ) (NB/T 35082—2016) M,
By R AR L KYE A YR - AR B
MR F] : K=100:6:4:3:34,

1.2 FRZFGETEEERREMNS BifiLR
1.2.1  HREER  RAFRJ] (ERZH 100 mm,
15 BE R 100 mm ) il #5 AR B R R -3 RE . & ST U
FAREERE R 1, FE TSR = (IR 2082 C.
AHXHREE 95% ), 24 60 do TR SERUG , KHRFEL
AR IGAS ( XT5405G-FSC &, 25 rhofe iR 4 A
AIRAF, HUM) , RA SRR SRR
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PIFPZRRIRE, JFE SURSS 12 h, Rlfk 12h 2 13K
AR . SrHIZE O, 1, 2. 5. 10, 15, 20 KABEIR
e 8 P85 ST A i ) s R A A v e
1.2.2 rE5RE SR Ashby O Ak 77 2%
AT ERAMAEY g, difk, HA0 a5 H &R
10 g WER A1 0.2 g, BiiREE 0.2 g, &1L 0.2 g\
MIRES 0.2 g. BRIRES 5 g. BR 15 g. Z&KIEK
1000mL . ¥55% . S aifbny AW KkH LB
( Luria-Bertani ) }5 55 3%, HA /58 A% 10 g
TR S g SAALEN 10 g, Z8187K 1 000 mL, H
20 YRR AR TR R, AR R 4 N
10", 1072, 107, 10*, 10° M 10 WY B, BT
30 CREERRT IR PSR 48 ho 35375 0 B TR LR
TR SRR, 18 8 5 7% 2 B A%
FABRIE 3 ANEE, PBUR—FTE 2R & aifb it
fEgs o B0 ag th B R s A 2 =M B R 10 d
J&i, FAHE7L (ODgoo fH ) FLE S TR AE K22 5.
S I I EC R I AR A o A, AR A AR
i 1 HH [ R RE 7 SR Y B R
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DNA F BifE i, LL 16S rDNA 475158 FH5 19
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A 94 CHIAEYE 5 min; 94 CAEYE30s, 57 C
Bk 30s, 72 CHEMH 90s, 25 PMEH; 72 CHEfH
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HL KA T = MBI . KB 1 e % A s B YR
AR AR TIE , Ry 25 R S e
FAEYH ARG B AL (NCBI) Bl 047 X

1.4 EREKHLANIAEE MR
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B AR R A WL 2 mL [ R T AN [
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1.5 BEEREMEEILR

151 BAEREMTIHARE S EH
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R F AT REEE SR CHOSUZ 848 ), AL 30
R SJPER . PRUEIE AR BN ML, FHZE R K T A
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KRR RIFRIERNA T KFER=(F 5 KOk
R B BRI AT SR x100%, BHEF=(TC
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RIS HE] S 2022 4F 12 H 22 H &£ 202343 A 31 H,
[ B 100 d, Hb e B B T 06 B R 06 3
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g5 BOHE (https://data.cma.cn/ ), X563 18] < iR £ s
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fdi 1] Excel 2016 17 8E 40 22, SPSS 19.0 i#47
VST, 350 MEGA 7.0 # 4R Bkt
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2.1.1  URERSAT R B A A Y B AR A K2
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30+ Maximum air temperature

Sk Air temperature/ °C.

Minimum air temperature

BE | B

50 55 60 65 70 75 80 85 90 95 100
KA Days/d

e BERVET P EAR AR I BE (https://data.cma.cn/ ), BN Y K AR AT 0°C, mMRSE/NT 0C, 24k
25 i — IR R B 28 , Note : The data are from Wufeng Station of China Meteorological Data Service Centre( https://data.cma.cn/ ). The dashed

line indicates that the highest temperature on the day is greater than 0 °C, the lowest temperature is less than 0 °C, and the pot undergoes a

freeze-thaw cycle.

B e e R

Fig. 1 Air temperature during the experiment
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URREFRKEL The freeze-thaw cycles

{E: F1, F2 IPFEHRE, F125-10 CE 10 C, F2
20 CZE 20 C. Note: F1 and F2 represent two freeze-thaw
modes, Flis—10 C to 10°C, F2is-20 C to20 C.

K2 MR (FL. F2) T EAURZE i ot 281
Fig. 2 Changes in the number of nitrogen-fixing microorganisms
under two freeze-thaw modes ( F1, F2)
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T F1#, 7E 20 IERALIEERRT , F2 BT i [ Uk
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HER i s L =~ VR RS R i =W B o S A )
GDJ-1. GDJ-2, GDJ-3. GDJ-4, X435 H Y & &
4T ODgoo TELFI[E A RE S, 4558 %, GDI-1.
GDJ-2. GDJ-3. GDJ-4 ) ODggo fH535128 0.349 .
0.458.0.125.,0.101, [& & &350k 2.84.3.22. 1.12,
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H: M: DNA 4 FRimbniiE; 1. BATEXTHR; 2. GDI-1 BHikk; 3: GDJ-2 H#k. Note: M: DNA molecular quality standard; 1:

negative control; 2: GDJ-1 strain; 3: GDIJ-2 strain.

B3 RVEIEASFHE (a. GDI-1, b.GDJ-2) 5 PCR #4458 (c)
Fig. 3 The colony morphological characteristics of strains GDJ-1 (a), GDJ-2 (b) and their PCR amplification results ( ¢ )

S LL RS 22 [P A Y SO, b o 22 PR L (8 1Y A [F]
B 7R T T T R A Y BE 25 4 5 2 AR TE 22 57
2.2.2 WPRAAERAERE R 1 EIR, PIRE
PRI A: BA (LR PEAFTE 22 5, GDI-1 A= 4 L iHE
7 i S U AN L S A B KSR K A 3 A e
1M GDJ-2 PS8 AL B E A i S AL Ul B8 J i ]
JBEFIK St VE Ry Y BE ) o
2.2.3 Ak 16SDNAJPHI PCRY MR RGRT W
P 3¢ fif s ,GDI-1 5 GDJ-2 i@ i i 1 514 27F/1942R
SRR 1386 bp. 1411 bp (1 H A

S FEA R R X8R T A (BLAST) J731 1L
Xiah A GDI-1 5 GDI-2 i) 16S rDNA FF3 R4t
KRB HAWEE R IE 4 s, BARE GDI-1 )8 Tl
FFE B4 29 H Y5 Microbacterium proteolyticum
strain RZ36 ( GenBank %55 NR 135869.1) 7511}
LR L 99.13%, [FAH GDI-2 J& T % /R & 4
%It H5 Ralstonia pickettii strain NBRC 102503
( GenBank %55 NR 114126.1) J¥81 By A BLE 15
99.93%. ZEG LA FRRAE . A AR N AT 168
DNA FHIRGE R B SR, 1% GDI-1 Wtk E NE
HK AT ( Microbacterium proteolyticum strain
RZ36), fiw44 N ( Microbacterium proteolyticum sp.
GDJ-1). K GDJ-2 Ta B 42 %E N Bz [ B IR W it 1
( Ralstonia pickettii strain NBRC 102503 ), Ffy&ah
( Ralstonia pickettii sp. GDJ-2 ),

HHFFE W], B KA BT T Sl Alves 251
TEHF A DR PR 0B, HOB AR IE . ARk
FROE . BRIP4 5O R TR MR, 2 —Mo

BT s o B2 R IR e e —Fh 2 AT
P A, REJE AN ZE ) BUR T ] RS A A
F£1 BHEESZHE GDJ-15 GDJ-2 B4 B4 (L451E

Table 1 Physiological and biochemical characteristics of two
autotrophic nitrogen-fixing bacteria GDJ-1 and GDJ-2

A PR AE AR

GDJ-1 Bk GDJ-2 Hitk

Characteristic Strain of GDJ-1 Strain of GDJ-2

&L Oxidase - +

1 A AL £ Catalase
[k} Urease

Tl AR IA S Nitratase

FH LT3 MR test —

T LBEAE V-P test —

+

+ o+ o+
+

WA i itk Gelatin liquefaction —

TERIIKf# Amylohydrolysis —

+ o+ o+

A5| RS2 56; Indole experiment +

AR 7K f#% Oil hydrolysis —

PR AL A Sulfureted hydrogen —
N g £k Malonate
FrigRh Citrate

%M Glucose

+ o+ o+ 4+

TERE Sucrose
FLBH Lactose — —
iz 3P Motility + +

T 7 Rm AR B 7 Ram PR . Note: “+”

3R]

indicates a positive reaction; indicates a negative reaction.
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a)
96 r Microbacterium zeae strain 1204 (NR 149816.1)
94 Microbacterium enclense strain NIO-1002 (NR 136462.1)
39 — Microbacterium proteolyticum strain RZ36 (NR 135869.1)
20 ————GDJ-1

Microbacterium flavescens strain 401 (NR 029350.1)
69 | Microbacterium hominis strain DSM 12509 (NR 042480.1)

100 Microbacterium hominis strain IFO 15708 (NR 112004.1)
Microbacterium testaceum strain DSM 20166 (NR 026163.1)
65 Microbacterium chocolatum strain DSM 12507 (NR 114984.1)

Microbacterium jejuense strain THG-C31 (NR 134085.1)

97 4':/\/Iicrobacterium trichothecenolyticum strain DSM 8608 (NR 044937.1)
92 Microbacterium trichothecenolvticum strain IFO 15077 (NR 112002.1)

—
0.0020

65| | Ralstonia syzygii strain ROOT (NR 025975.1)

b) ﬁ Ralstonia syzygii strain ATCC 49543 (NR 040803.1)
91! Ralstonia syzygii subsp. indonesiensis strain UQRS 464 (NR 134150.1)

85 ——— Ralstonia syzygii subsp. celebesensis strain UQRS 627 (NR 134149.1)
Ralstonia pseudosolanacearum strain UQRS 461 (NR 134148.1)

47 33 Ralstonia solanacearum strain K60-1 (NR 044040.1)
991 Ralstonia solanacearum strain K60-1 (NR 118984.1)
Ralstonia mannitolilytica strain LMG 6866 (NR 025385.1)

GDJ-2

Ralstonia insidiosa strain AU2944 (NR 025242.1)
Ralstonia pickettii strain NBRC 102503 (NR 114126.1)
Ralstonia pickettii strain ATCC 2751 1(NR 043152.1)
Ralstonia pickettii strain JCM 5969 (NR 113352.1)

56

100‘

—
0.0020

T A AN BUTF R 1000 R B EE AT B9 SR E 40 e, BRI 0.0020 R BEfLIEES . Note: The number at the branch represents

the percentage of support for 1 000 bootstrap resampling analyses, and the scale 0.0020 represents the evolutionary distance.

4 T 16S rDNA J¥F(#% GDJ-1 (a) #1GDJ-2 (b) W ARG L B MM (N-J %)
Fig. 4 Phylogenetic tree of GDJ-1 strain (a) and GDJ-2 strain (b ) based on 16S rDNA sequence ( N-J method )
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231 wARAE KL e s fizs,GDI-1 7E 0~ R pH (3G R K . 78 pH by 9~11 W), Ffi%E pH
6 h AEKIRZE, 6~18 h EXFFUERK, 18~24 h b T P WP [ AR T B 1Y ODgoo fHIZE IR/ o LA,
FaEW. GDI-27E 0~4 h AEKIRE, T 4~16 hit  7E 5 pHBEE T GDJ-2 ) ODgoo (E1475 T GDI-1,
APGEA KBS HI, 16~24 h A FRE . F W] GDJ-2 MR (T 52 ML T GDI-1.

2.3.2 pH Xt HEBAE GDI-1 5 GDI-2 A K 233 BiEEX AARFAE GDI-1 5 GDI-2 A KH
] i 6a iR, Witk GDJ-1 5 GDJ-2 #40] 7€ 5 A & 6b %, GDI-1 5 GDJ-2 1E 6 Fl NaCl
™ pH KR T K, HAERKE (0Dg) 4178 W T W OEE (ODgoo ) 4347 18 Bl 431 ) 0.227~
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§ 10} FOHBe )R T B, Ak, PR EAE AR T
08 BIEAE N A 25 16 0.5%. 1%. 2% NaCl ik &
061 T, GDI-2 ] ODgo fE 7 T~ GDJ-1, 7E 3%, 4%. 5%
047 NaCl ¥ JE R, GDIJ-1 ) ODggo fH = T GDJ-2,
02+ - " e _
e 24 EHYEERETELEROEN
2 4 6+ 8 ‘ 10 1'2 14. 16' 18 20 22 24 2.4.1 lﬂ’ﬂﬁ'lﬁﬁ/ﬁ’ﬂﬁ % 2 LER R , éﬁéﬁ%@ﬁ
157205} E] The incubation time/h L .
ARG 4 GDI-1 5 GDI-2 4 pH 43 %14 7.91 .8.06,
ol 1 B o lNeS <t 2 e — N
~ E5 AZEERE GDI-15 GDI-2 MK %t BRI R AR B9 M . 160 GDI-1 &5
Fig. 5 Growth curves of autotrophic nitrogen-fixing bacteria GDJ-1 . e P R
and GDJ-2 GDJ-2 W5, HHREE LA DL Ao I 2 43
a) 14, b) 16,
oGDJ-1 i\La oGDJ-1
8 GDJ-2 | B8GDIJ-2
121 BbI_ALb _Bﬂ 14
o 12| Aa Ab
1.0 Bagl  Bb 1
A 1.0} il Ac
= 0.8f ¢ g Bo
2 Be L 2 (T
a 2 08¢t
© 06} ©
: Bd Ad 061 AdBd
04+
041
Be A ACBe  Af
1N I B
0 0.0
4 5 7 9 11 0.5% 1% 2% 3% 4% 5%
pH NaCl/fiH/3 4% The NaCl mass fraction

E: ANRVNG FRERR R —F [ A4 B2 A F pH 8 NaCl B /- e 22 5 2 3% (P<0.05), AIRIKRS 783756 — pH 2 NaCl
B B AN H A B AU ) 22 5% 3% (P<0.05 ), Note: Different lowercase letters indicate significant differences among different
pH or the NaCl mass fraction for the same autotrophic nitrogen-fixing bacteria ( P<0.05 ), while different capital letters indicate significant

differences between two kinds of  autotrophic nitrogen-fixing bacteria at the same pH or the NaCl mass fraction ( P<0.05) .

El6 pH (a) MBEKE (b) X HAEBER GDIJ-1 5 GDJ-2 A KA

Fig. 6 Effects of pH (a) and osmotic pressure (b ) on the growth of autotrophic nitrogen-fixing bacteria GDJ-1 and GDJ-2.

%2 BYEESRE GDIJ-15 GDJ-2 %l # 85 + 1L 14 R &Y 820

Table 2 Effects of autotrophic nitrogen-fixing bacteria GDJ-1 and GDJ-2 on the physical and chemical properties of vegetation concrete

e % Bulk HHLBE g Bl A A R A
B
pH density/ Organic matter/ Total N/ Alkaline N/ Available P/ Available K/
Treatment
(grem?) (gkg') (mgkg!) (mgkg™!) (mgkg") (mgkg")
CK 8.30+0.01a  1.29+0.02a 8.89+0.08¢c 340.23+2.14b 28.15+0.24¢ 277.44+0.18¢c 187.46+1.48a
GDJ-1 7.91+0.02¢  1.25+0.01b 9.40+0.07a 416.14+2.34a 45.87+0.34a 426.35+0.24a 191.52+1.57a
GDJ-2 8.06£0.01b  1.23+0.02¢ 9.16+0.09b 414.35+2.54a 31.65+0.22b 376.57+0.21b 174.33+1.61a

E: CK WA BB % 841, GDI-1 i/ GDJ-1 W, GDJ-2 jifi  GDI-2 Bl [Fl— 3P RF/NG 4 FRoR AR Rl b 3y 2
(i) 2% 5 .3 ( P<0.05). T, Note: CK represents the control group without bacterial solution, GDJ-1 represents the application of GDJ-1
bacterial solution, and GDIJ-2 represents the application of GDJ-2 bacterial solution. Different lowercase letters in the same column indicate

significant differences among different treatments ( P<0.05) . The same as below.
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e AV BY SS G0 aiRae
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K7 RERIRBE L IAE BT HE AR AR DG (a). FRZZREM R 2738 R SF ORI /AR (b)
Fig. 7 Correlation analysis of physical and chemical properties of vegetation concrete (a), germination rate, germination potential, seedling

height and root length of ryegrass (b )
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Table 3 Effects of autotrophic nitrogen-fixing bacteria GDJ-1 and GDJ-2 on the growth of ryegrass

Ho b AR A
Qb3 /3= Shoot biomass/g Root biomass/g
Treatment Shoot height/cm i 1) J5 T ) o T
Fresh biomass Dry biomass Fresh biomass Dry biomass
CK 20.20+1.32b 2.39+0.36¢ 0.44+0.11b 0.32+0.02b 0.2940.02¢
GDJ-1 23.214+2.61a 3.04+0.76b 0.46+0.15a 0.36+0.03b 0.34+0.03b
GDJ-2 25.80+1.95a 3.2540.13a 0.46+0.03a 0.46+0.06a 0.43+0.07a

e FR POV L Uk 3 i T B A A A T A 3R 7 A B S
MA MR, R 4 AL ZE AR IR R B R, T
176 S T D 3 g ) SR04 R i 4 2 2R 0 M 1 Il it R R
# 3P GDI-1 5 GDI-2 (5| A AE 5 HARLEY)
WNEF 453 v 7 AL DR R VE T, AR AR B TR 8 ik
VIHEIE S5 AR, IR SR R M e
TR PR PR R BE 1 5 PR AR A BT, WA
WREAERE Aok b N AL CSM-129 Bk 13510 pH
M 4.32 FREZ 3.68, AWFFTH, Jita PO B S AR
PriREET pH R TFREEE (F 2), W GDI-1 5
GDJ-2 — @ FEEE b n] sh AR Bl TR 58 i oA 85, R
FHYAE K. HPORE L pH B 54 %S 20
i F AR (P<0.05)( K 7a), XJEH T GDI-1
Y5 GDJ-2 i i AR WTRE - 10 pH [R] 22 52 1)
AR s ] A S AT — 5, A AR
SR TE R 5 2ok A rhon] BB BRI SRS T LA SCA LR T
i AP AR IR, 3k SE R M ) o RE A2 - 198 rp X v 1
WL AW S — I, XEHPLREER S +
B B BESRETIERESY, Woe
JE B SRR PR AE S, DT R T A v 1R
AP g, HMPRE AR SRS 2R
B A 2R . AT R RGO o R B R IR A e R
(F 7a). I FAVURMER b A, . #5%
HEITEMN BB, FEHEMER T B2 0 ik
TR A 5 TR TEHUE A, IS8 T 3 v
BRUA . B RS RP
3.2 A GDJ-1 5 GDJ-2 Bk BEEAKHRN
R AR AR, W AR
(9 DI-1 A A= B B T R L e B S5 T
T R T 26.01% ., 86.5%. 74.37%. W54
B E A E R A B kR TR b

TR T E 0 14.85%~27.72% .
4.93%~5.05%. 16.40%~44.30% ( £ 3), $&TH3UR
B DI-1 Wbk, (HARIR R th 3 R AR RO .
Jiti 1 GDJ-1 5 GDI-2 W) , BRE R F IR R
REH . B SRKEAES (K 7b). XEHT
A 4[5 A B GDI-1 5 GDI-2 ¥R S i Ak b Wik
MARIEA, TERFi R AL L Z R A R E TR,
PEERRT 59 PRI ShANE & B s B A T it
4k, GDI-1 5 GDI-2 43 AR =4 vl Re A S A
WE, XFMYERATERIRCTR (TAA), 41
HHEFE (CTK) BEHRER (GA) EPY, nl M|
R0 R 2 A, (R R BRI 28 i b iz A 11200,

HAAEERE, R GDI-1 A MR . 24 .
AR A L A AR AR AR T GDI-2 (3R 2),
HEEZRNK AR . AR T AEY
WHMET GDI2 4 (£ 3), ZHML 5 HERSFE
SRR A K R R ) — MR AR . i n]
fEZ 1 T GDJ-1 5 GDIJ-2 7EA8 w IR % 1 b R 5 1942
ERIIREA S . B, M GDI-2 MR
PR ZFRME . RKYKT GDI-1 (B 7b),
W A A A GDI-2 765 AR W 3R A2 2 Fh
BRI KD A GDI-1 BAR ., Hik, GDIJ-2
£ pH 2l 7~9 A A K & F GDI-1 ([ 6a ),
X FAE B IR BE 1 A0 5 Ak PEEREE GDI-2 AT AL Ak
TER M, XN SZ LR B GDI-2 TEIZAE T
B T 1 7 T T BB R A KR itk — bR Ak
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R X R EE T A S B S T AR R — Rk i A
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Fig. 8 Analysis of the mechanism and application effect of autotrophic nitrogen-fixing bacteria GDJ-1 and GDJ-2
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