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  采集我国地带性土壤山东泰山天外村棕壤,分
离提取粗胶体(0.2~2.0μm)和细胶体(<0.2

μm),对两部分胶体进行去有机质和不去有机质处

理,得到0.2~2.0μm含有机质粘粒、0.2~2.0μm
去有机质粘粒、<0.2μm 含有机质粘粒和<0.2

μm去有机质粘粒。以上述不同类型的棕壤胶体、
蒙脱石、羟基铝-蒙脱石复合物,高岭石和针铁矿为

试验材料,研究DNA在土壤胶体和矿物表面的吸

附解吸行为和结合机制、固定态DNA的稳定性和

细胞转化、固定态质粒DNA的PCR扩增以及土壤

胶体和矿物对微生物代谢活性的影响,获得如下主

要结果:

1.运用吸附和解吸等化学方法和现代仪器分析

手段如衰减全反射傅立叶变换红外光谱(ATR/FT-
IR)、圆二色光谱(CD)、荧光光谱、微量热分析技术,
系统探讨了恒电荷土壤活性颗粒表面DNA吸附、
解吸及固定的特点,基本揭示了DNA分子在不同

类型土壤活性颗粒表面的结合机制。DNA在土壤

胶体和矿物表面的最大吸附量顺序为:蒙脱石≫去

有机质细粘粒>含有机质细粘粒>高岭石>去有机

质粗粘粒>含有机质粗粘粒。体系pH 从2.0增加

到5.0,DNA在含有机质粘粒和蒙脱石表面的吸附

量显著降低,pH 大于5.0时,DNA在含有机质粘

粒表面的吸附量几乎忽略不计。对于去有机质粘粒

和高岭石,pH从2.0增加到9.0,DNA的吸附量逐

渐降低。Mg2+比 Na+ 更能促进DNA在土壤胶体

和矿物表面的吸附。土壤胶体和矿物表面吸附态

DNA依次用10mmol/LTris-HCl、100mmol/L
NaCl和100mmol/LNa2HPO4-NaH2PO4溶液解

吸。Tris-HCl和NaCl溶液对含有机质粘粒和蒙脱

石表面DNA的解吸率为53.7%~64.4%,对去有

机质粘粒和高岭石表面DNA的,29.7%解吸率仅

为10.7%~15.2%;Na2HPO4-NaH2PO4溶液对去

有机质粘粒、含有机质粘粒、蒙脱石和高岭石表面

DNA的解吸率分别为39.7%~42.2%,23.6%~
28.8%和11.4%~29.7%。DNA在含有机质粘粒和

矿物表面的吸附为吸热反应(1.1kJ/g<△Hads<
3.5kJ/g),而在去有机质粘粒表面的吸附为放热反

应(-0.3kJ/g<△Hads<-0.1kJ/g)。上述结果

表明,DNA可能主要通过脱水作用和静电力作用吸

附在含有机质粘粒和蒙脱石表面,而在去有机质粘

粒和高岭石表面,氢键和配位交换可能是DNA吸

附的主要作用力。ATR/FTIR结果显示固定在去

有机质粘粒和高岭石表面的DNA构型由原来的B
型变为Z型;而蒙脱石和含有机质粘粒表面DNA
的构型仍为B型。通过荧光光谱和CD谱观察到从

高岭石表面解吸的DNA为C型,而蒙脱石和土壤

胶体表面解吸的DNA仍为B型。

2.查明了不同类型的有机和无机配体对土壤活

性颗粒表面DNA吸附的影响。体系中柠檬酸、酒
石酸和磷酸浓度从0mmol/L增加到5mmol/L,

DNA在蒙脱石和高岭石表面的吸附量显著降低;随
着配体浓度继续增加,DNA在蒙脱石和高岭石表面

的吸附量逐渐增加。在土壤胶体体系中,随着配体

浓度的增加,DNA的吸附量降低,各配体抑制效率

的大小顺序为:磷酸>柠檬酸>酒石酸。和去有机

质粘粒相比,配体对含有机质粘粒表面DNA吸附

的抑制效果更强。这些结果表明,配体对DNA吸

附的影响和配体的类型、浓度以及土壤组分的表面

性质密切相关。在配体加入体系之前先加入DNA
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的处理使DNA在土壤胶体表面的吸附量最大。对

于蒙脱石和高岭石而言,在DNA加入之前先加入

配体的处理使DNA吸附量最大。

3.选取土壤中2种常见的细菌如革兰氏阳性菌

苏云金芽胞杆菌(Bacillusthuringiensis)和革兰氏

阴性菌恶臭假单胞菌(Pseudomonasputida),研究

了细菌对土壤胶体和矿物体系吸附DNA的影响。
发现2种细菌细胞对 DNA 的吸附量没有显著差

异,DNA主要通过范德华力和静电力作用吸附在细

菌表面,恶臭假单胞菌表面的 DNA更易被解吸。
除了恶臭假单胞菌对高岭石体系中DNA的吸附影

响较小之外,在土壤胶体或矿物体系中加入苏云金

芽孢杆菌和恶臭假单胞菌均可显著促进DNA的吸

附。与恶臭假单胞菌相比,苏云金芽孢杆菌更能促

进DNA在土壤胶体表面的吸附。

4.合成了含有不同浓度羟基铝的蒙脱石复合物

(含铝 量 为2.5、10.0、20.0 mmol/g,用 AM2.5、

AM10和AM20表示),探讨了DNA在其表面的吸附

解吸行为和结合机制。发现羟基铝在蒙脱石表面的

包被显著降低了蒙脱石对DNA的吸附量,但增强

了对DNA的结合强度,使吸附态DNA分子很难被

解吸。在 Na2HPO4-NaH2PO4体系中,DNA在蒙

脱石或羟基铝蒙脱石复合物表面的吸附量显著高于

其在Tris-HCl体系中的吸附量,但DNA的吸附亲

和力较低;随着蒙脱石表面羟基铝含量的增加,

DNA的吸附量显著降低,这表明在羟基铝-蒙脱石

复合物表面,磷酸根阴离子与DNA分子形成了强

烈的竞争作用。体系中CaCl2浓度的增加或pH的

降低均可促进DNA在羟基铝-蒙脱石复合物表面

的吸附。蒙脱石,AM2.5,AM10和AM20表面的吸附

态 DNA 用 Tris-HCl充 分 洗 涤,解 吸 率 分 别 为

65.01%,30.00%,8.04%和5.18%,这表明蒙脱石

表面羟基铝的存在可显著增强DNA的吸附强度。
应用等温滴定微量热技术测定了DNA在蒙脱石和

羟基铝-蒙脱石复合物表面吸附的焓变,结果显示

DNA在蒙脱石表面的吸附为吸热反应(△Hads=
1.15J/g),而在羟基铝-蒙脱石复合物表面的吸附

为放热反应(-9.50J/g<△Hads<-6.64J/g)。

DNA分子的碱基和磷酸基团参与了吸附过程,固定

在AM10和AM20表面的DNA构型由原来的B型变

为Z型,且和DNA分子之间形成了氢键。上述结

果表明,DNA可能主要通过静电引力、氢键和配位

交换等多种作用力吸附在羟基铝-蒙脱石复合物表

面。扫描电镜结果显示,DNA可在AM10表面形成

一层薄膜,而在蒙脱石表面没有观察到。

5.联合应用凝胶电泳技术和等温滴定微量热技

术,揭示了土壤胶体和矿物体系(表面)固定态染色

体DNA的稳定性特点,基本阐明了固定态DNA抗

核酸酶降解的机制。凝胶电泳结果显示,核酸酶质

量浓度为2 mg/mL时,DNA的条带消失,DNA完

全被降解。体系中核酸酶质量浓度为20 mg/mL
时,高岭石、去有机质粗粘粒和细粘粒体系中的

DNA在23kb处的条带全部消失,仅剩一些大约

2kb和4kb的碎片段。对于蒙脱石、含有机质粗粘

粒和细粘粒体系中的DNA而言,即使核酸酶质量

浓度增加到40 mg/mL,DNA 的条带均无明显变

化。等温滴定微量热结果显示,游离态DNA、固定

在去有机质粗粘粒、含有机质粗粘粒、高岭石和蒙脱

石表面 DNA 的水解热分别为-4.76、-4.06、

-2.38、-2.36和-0.22mJ。上述结果表明,土壤

胶体和矿物可保护DNA,使之抗核酸酶的降解;在
供试的土壤胶体和矿物中,高岭石表面的DNA最

易被降解,而蒙脱石表面的DNA较难降解;与去有

机质粘粒相比,含有机质粘粒表面的DNA更难被

核酸酶降解。DNA在土壤胶体或矿物表面的降解

与DNA的固定强度及DNA构型的变化无关,土壤

中有机质和2∶1型矿物(如蒙脱石)的存在以及土

壤胶体和矿物对核酸酶的吸附程度可能是固定态染

色体DNA抗核酸酶降解的主要原因。

6.使用CaCl2处理的大肠杆菌 TG1感受态细

胞,系统区分了土壤胶体和矿物对固定态质粒p34S
DNA转化活性和抗核酸酶降解的影响,基本明确了

固定态DNA的转化机制。不同Ca2+浓度下制备了

土壤胶体或矿物-质粒p34SDNA的复合物,复合物

的转化效率随Ca2+ 浓度的增大而增大。高岭石表

面固定态质粒 DNA 的转化效率最低,尤其是在

Ca2+浓度为5~100mmol/L时,没有观察到转化

子。与含有有机质粘粒和细粘粒相比,去有机质粘

粒和粗粘粒表面固定态质粒 DNA 的转化效率较

低。加入10ngDNaseⅠ,10μg游离质粒DNA的

转化子数下降了99.8%,而土壤胶体和蒙脱石表面

固定态质粒 DNA 的转化子数仅下降了2.0%~
57.8%。加入100ngDNaseⅠ,去有机质粘粒表面

固定态质粒 DNA 的转化子数下降了92.3%~
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93.8%,DNaseⅠ的量达到1000ng时,固定态质粒

DNA完全被降解,检测不到转化子。对于含有机质

粘粒和蒙脱石表面质粒DNA,即使加入2000ng
DNaseⅠ,转化子数仅下降了64.0%~98.0%。固

定在粗粘粒表面质粒DNA的转化子数下降比率高

于细粘粒。蒙脱石、含有机质粘粒和细粘粒对质粒

DNA有较强的保护作用。质粒DNA在土壤胶体

和矿物表面的吸附亲和力以及构型的变化可能是影

响固定态质粒DNA转化效率高低的主要因素。

7.首次利用PCR技术扩增了土壤胶体和矿物

表面固定态质粒pGEX-2TDNA中600bp碱基对

序列。土壤胶体、高岭石或蒙脱石-质粒DNA复合

物直接用于PCR扩增,无扩增产物出现;土壤胶体

或高岭石-DNA复合物稀释10倍或20倍后,可观

察到扩增产物,蒙脱石-质粒DNA复合物即使稀释

到100倍,仍不能进行扩增;对于固定在针铁矿表面

的质粒DNA而言,复合物在不稀释、稀释10倍和

20倍条件下,均可观察到扩增产物。因此,PCR体

系中粘土矿物类型和浓度显著影响固定态质粒

DNA的PCR扩增结果。

8.应用等温微量热技术,首次获得了土壤胶体

或矿物体系下大肠杆菌的代谢热曲线。通过拟合指

数方程,发现大肠杆菌在LB液体培养基中的生长

速率常数(k)为0.074/min,而LB中加入去有机质

粗粘粒、高岭石、含有机质粗粘粒、蒙脱石和针铁矿

后,k分别为0.073、0.058、0.054、0.045和0.020
min。供试的土壤胶体和矿物对大肠杆菌生长代谢

有显著的抑制作用。3种矿物中,对大肠杆菌代谢

抑制能力最强的是针铁矿,最弱的是高岭石,蒙脱石

居中。土壤中有机质对大肠杆菌的生长代谢也有较

强的抑制作用。

关键词 DNA;土壤胶体;矿物;吸附;解吸;降解;转化;扩增;代谢活性

Bindingmechanisms,stabilityandbiological
activityofDNAonsoilactiveparticles

CAIPeng

CollegeofResources&Environment,Huazhong
AgriculturalUniversity,Wuhan430070,China

TypicalzonalsoilsuchasBrownsoilwassampledfromTianwaivillage,Taishan,ShandongProv-
inceinChina.Twosoilcolloidalcomponentsi.e,fineclay(<0.2 mm)andcoarseclay(0.2-2.0 mm)

wereseparatedbycentrifugation.Twotreatmentsappliedtofineandcoarseclayswereorganicmatter
leftonthesamples(organicclays)andorganicmatterremovedfromthesamplesbyH2O2(inorganic
clays).Brownsoilwasdividedintofourtypesofclays:coarseorganicclay(0.2-2.0μm,organo-mineral
complexes),coarseinorganicclay(0.2-2.0mm,H2O2-treatedclay),fineorganicclay(<0.2mm,organo-
mineralcomplexes)andfineinorganicclay(<0.2 mm,H2O2-treatedclay).Theadsorption,desorption
andbindingmechanismofDNAonBrownsoilcolloidormineralsuchasmontmorillonite,hydroxyalumi-
num-montmorillonite,kaoliniteandgoethite,theabilityoftransformingcompetentcellsofboundDNA
andtheresistancetoDNaseⅠdegradation,thePCRamplificationofboundplasmidDNAandtheeffects
ofsoilactiveparticlesonmicrobialmetabolicactivitieswereinvestigated.Themainresultswereasfol-
lowing:

1.Adsorption-desorptionofDNA,ATR/FTIR,circulardichroism (CD),fluorescencespectroscopy,

microcalorimetrywereusedtoclarifytheadsorptionmechanismofDNAonpermanent-chargesoilactive
particles.ThemaximumamountofDNAadsorbedfollowedtheorder:montmorillonite≫fineinorganic
clay>fineorganicclay>kaolinite>coarseinorganicclay>coarseorganicclay.Amarkeddecreaseinthe
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adsorptionofDNAonorganicclaysandmontmorillonitewasobservedwiththeincreaseofpHfrom2.0
to5.0.LittleDNAwasadsorbedbyorganicclaysabovepH5.0.Asforinorganicclaysandkaolinite,a
slowdecreaseinDNAadsorptionwasfoundwithincreasingpHfrom2.0to9.0.Magnesiumionwas
moreefficientthansodiumioninpromotingDNAadsorptiononsoilcolloidsandminerals.DNAmole-
culesadsorbedonsoilcolloidsandmineralsweredesorbedbysequentialwashingwith10mmol/LTris-
HCl,100mmol/LNaCland100mmol/LsodiumphosphatebufferatpH7.0.Apercentageof53.7%-
64.4%ofDNAadsorbedonorganicclaysandmontmorillonitewasreleased,whileonly10.7%-15.2%
ofDNAoninorganicclaysandkaolinitewasdesorbedbyTris-HClandNaCl.Thepercentdesorptionof
DNAfrominorganicclays,organicclays,montmorilloniteandkaolinitebysodiumphosphatebufferwas
39.7%-42.2%,23.6%-28.8%,29.7% and11.4%-29.7%,respectively.DNAadsorptiononorganic
clayswasendothermic(1.1 <△Hads<3.5kJ/g),whereasthatoninorganicclayswasexothermic
(-0.3kJ/g<△Hads<-0.1kJ/g).DehydrationeffectsandelectrostaticinteractionsdominatedDNA
adsorptiononorganicclaysandmontmorillonite,andDNAwasadsorbedpredominantlybyligandex-
changeandpossiblyhydrogenbondingoninorganicclaysandkaolinite.ATR/FTIRspectrashowedthat
thebindingofDNAonkaoliniteandinorganicclayschangeditsconformationfromtheB-formtotheZ-
form,whereasmontmorilloniteandorganicclaysretainedtheoriginalB-formofDNA.Astructural
changefromB-toC-forminDNAmoleculesdesorbedfromkaolinitewasobservedbyCDspectroscopy
andconfirmedbyfluorescencespectroscopyandDNAmoleculesdesorbedfromsoilcolloidormontmo-
rillonitewerestillB-form.

2.TheeffectsofvariousorganicandinorganicligandsonDNAadsorptiononactivesoilparticles
werestudied.AnobviousdecreaseinDNAadsorptionwasobservedonmontmorilloniteandkaolinite
withincreasinganionconcentrationsfrom0to5mmol/L.However,theamountofDNAadsorbedby
montmorilloniteandkaolinitewasenhancedwhenligandconcentrationwashigherthan5mmol/L.Inthe
systemofsoilcolloids,withtheincreaseofanionconcentrations,asteadydecreasewasfoundandthe
abilityofligandstodepressDNAadsorptionfollowedtheorderofphosphate>citrate>tartrate.Com-
paredtoinorganicclays,asharpdecreaseinDNAadsorptionwasobservedonorganicclayswiththein-
creaseofligandconcentration.TheresultsindicatedthattheinfluenceofanionsonDNAadsorptionva-
rieswiththetypeandconcentrationofanionaswellasthesurfacepropertiesofsoilcomponents.Intro-
ducingDNAintothesystembeforetheadditionofligandshadthemaximumamountofDNAadsorption
onsoilcolloids.OrganicandinorganicligandspromotedDNAadsorptiononmontmorilloniteandkaolin-
itewhenligandswereintroducedintothesystembeforetheadditionofDNA.

3.AdsorptionanddesorptionofDNAonBacillusthuringiensisandPseudomonasputidaandtheir
compositeswithsoilcolloidsormineralswereinvestigated.B.thuringiensisandP.putidadidnotshow
significantdifferenceintheamountofDNAadsorptionalthoughthetwobacterialcellshaddifferentsur-
faceproperties.DNA wasadsorbedonbacteriamainlythroughvanderWaalsforceandelectrostatic
force.ComparedwithB.thuringiensis,DNAadsorbedbyP.putidawasdesorbedmoreeasily.Therewas
nosignificantdifferenceintheamountofDNAadsorptiononkaolinitebetweentheabsenceandthepres-
enceofP.putida.ExceptfortheeffectofP.putidaonDNAadsorptiononkaolinite,thepresenceofB.
thuringiensisandP.putidasignificantlypromotedDNAadsorptiononsoilcolloidsandminerals,andthe
promotionofB.thuringiensiswasstrongerthanthatofP.putidainthesystemofsoilcolloids.

4.AdsorptionofDNAondifferenthydroxyaluminum-montmorillonitecomplexes(Al(OH)x-M)

containing2.5,10.0and20.0mmolcoatedAl/gclay(AM2.5,AM10andAM20)wasstudiedinTris-HCl
andsodiumphosphatebuffersatpH7.0.Thecoatingsofmontmorillonitebyhydroxyaluminumspecies
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decreasedtheamountofDNAadsorption,butincreasedtheaffinityofDNAadsorption.AtthesamepH,

theamountofDNAadsorptiononmontmorilloniteorAl(OH)x-Mcomplexesinsodiumphosphatewas
greaterthanthatinTris-HCl,suggestingthatthenatureofabuffersolutionstronglyaffectedDNAad-
sorptiononclays.AsforAl(OH)x-Mcomplexes,thehigherthelevelofAl(OH)xcoatings,thelesserthe
amountofDNAwasadsorbedinsodiumphosphatebuffer.ThereductionofDNAadsorptioninsodium
phosphatebufferwiththeincreaseofthelevelofAl(OH)xcoatingsmaybeascribedtothestrongcom-
petitionofphosphateanionswithDNAmoleculesonsurfacesitesofAl(OH)x-Mcomplexes.Anincrease
oftheconcentrationofCa2+and/oradecreaseofthevaluesofpHhelpedDNAadsorptiononmontmoril-
loniteandAl(OH)x-Mcomplexes.ThedesorptionpercentofDNAfrommontmorillonite,AM2.5,AM10
andAM20was65.01%,30.00%,8.04%and5.18%byTris-HClbuffer.Itsuggeststhatthelargerthe
OH-AlloadingonMsurface,thegreaterthebindingenergyofDNA.DNAadsorptiononmontmorillon-
itewasendothermic(△Hads=1.15J/g),whereasthatonAl(OH)x-Mcomplexeswasexothermic
(-9.50J/g<△Hads<-6.64J/g).ThebasesandphosphategroupsofDNAareinvolvedinDNAad-
sorptiononclaysandDNAchangesitsconformationfromtheB-formtotheZ-formastheresultofits
bindingonAM10andAM20.Electrostaticforces,hydrogenbondingandligandexchangedominatedDNA
adsorptiononAl(OH)x-Mcomplexes.SEMshowedthatathinlayerwasformedonthesurfaceofAM10
afterthebindingofDNA,whilethatwasnotobservedonmontmorillonitesurface.

5.ElectrophoresisandthermometricTAMIIIwereusedtoinvestigatethedegradationofchromo-
somalDNAinthesystemofactivesoilparticlesorboundonsoilcolloidormineralbyDNaseⅠ.When
nucleaseconcentrationwas2.0 mg/mL,DNA wascompletelydegraded.Insystemsofkaoliniteand
coarseandfineinorganicclays,DNAwasdegradedto2-4kbsegmentsat20 mg/mLofnuclease.For
DNAinsystemsofmontmorilloniteandcoarseandfineorganicclays,noevidentchangewasobservedin
thepatternswith40mg/mLnucleaseincomparisonwithnonuclease.Theheatreleasedfromthehydrol-
ysisofDNA,freeorboundoncoarseinorganicclay,coarseorganicclay,kaoliniteandmontmorilloniteby
thenucleasewas-4.76,-4.06,-2.38,-2.36,-0.22mJ,respectively.Theseresultsindicatedthat
soilcolloidsandmineralscouldexertaneffectiveprotectionforDNAtoresistdegradationbythenucle-
ase.Amongthesoilcolloidsandmineralsstudied,montmorilloniteandorganicclaysprovidemorepro-
tectionforDNAagainstdegradationbyDNaseⅠthankaoliniteandinorganicclays.Theprotectionof
DNAwasnotaresultoftheadsorptionaffinityofDNAforsoilcolloidormineralandthechangesin
DNAstructure.Thepresenceoforganicmatterandanefficientadsorptionofnucleasesonsoilcolloids
andmineralsappearedtoberesponsibleforthelowerdegradationofDNAinsoilecosystems.

6.Theabilityofboundplasmidp34SDNAonsoilcolloidsandmineralstotransformcompetent
cellsofCaCl2-treatedEscherichiacoli,andtheresistanceofboundplasmidDNAtodegradationby
DNaseⅠwereinvestigated.ThetransformationefficiencyofboundplasmidDNAincreasedwithincreas-
ingconcentrationsofCa2+atwhichsoilcolloidorclaymineral-plasmidDNAcomplexeswereformed.
PlasmidDNAboundbykaoliniteshowedthelowesttransformationefficiency,andespeciallynotransfor-
mantswereobservedwithkaolinite-plasmidDNAcomplexpreparedat5-100mmol/LCa2+.Compared
withorganicclaysandfineclays,plasmidDNAboundoninorganicclaysandcoarseclaysshowedalower
capacitytotransformE.coliatdifferentCa2+concentrations.Transformationby10 mgoffreeplasmid
DNAwasinhibited99.8%by10ngofDNaseⅠ.AsforthesameamountofplasmidDNAboundbysoil
colloidsandmontmorillonite,100ngofDNaseⅠresultedin92.3%-93.8%inhibitionoftransformation
byplasmidDNAboundoninorganicclays,whereas2000ngofDNaseⅠcausedonly64.0%-98.0%inhi-
bitionoftransformationbythatonorganicclaysandmontmorillonite.Thepercentageofreductionof
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transformantsbyplasmidDNAboundoncoarseclayswashigherthanthatonfineclays.Montmorillon-
ite,organicclaysandfineclaysshowedstrongerprotectiveeffectsforplasmidDNAthanthatofinorgan-
icclaysandcoarseclays.TheadsorptionaffinityofplasmidDNAforsoilcolloidormineralandaconfor-
mationalchangeintheplasmidDNAmoleculeboundonclaysmaydeterminetheefficienciesoftransfor-
mation.
7.Thepolymerasechainreaction(PCR)wasusedtoamplifya600-basepair(bp)sequenceofplas-

midpGEX-2TDNAboundonsoilcolloidalparticlesandthreedifferentminerals(goethite,kaolinite,

montmorillonite).DNAboundonsoilcolloids,kaolinite,andmontmorillonitewasnotamplifiedwhen
thecomplexeswereuseddirectlybutamplificationoccurredwhenthesoilcolloidorkaolinite-DNAcom-
plexwasdiluted10-and20-fold.Themontmorillonite-DNAcomplexrequiredatleast100-folddilution
beforeamplificationwasdetectable.DNAboundongoethitewasamplifiedwhetherthecomplexwas
useddirectly,ordiluted10-and20-fold.ThePCRamplificationofmineral-boundplasmidDNA was
markedlyinfluencedbythetypesandconcentrationsofmineralsused.
8.ThethermodynamicdataofthemetabolicactivityofE.coliasinfluencedbysoilcolloidsandmin-

eralswereanalyzed.Thegrowthrateconstant(k)ofE.coliinLBwas0.074/min,andthekvaluesofE.
coliinthesystemofcoarseinorganicclay,kaolinite,coarseorganicclay,montmorilloniteandgoethite
were0.073,0.058,0.054,0.045and0.020/min,respectively.Itsuggestedthattheselectedsoilcolloids
andmineralsinhibitedsignificantlytheexponentialgrowthofE.coli.Theinhibitoryabilityofthethree
mineralsonmetabolicactivityofE.colifollowedthesequenceofgoethite>montmorillonite>kaolinite.
Comparedwithinorganicclay,organicclayshowedahigherinhibitoryeffectonmetabolicactivityof
E.coli.

Keywords DNA;soilcolloid;mineral;adsorption;desorption;degradation;transformation;am-
plification;metabolicactivity
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