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INTRODUÇÃO 

A clonagem molecular envolve o isolamento de um gene de interesse e a sua inserção num vetor 

adequado (vetor de clonagem), que é então introduzido num organismo hospedeiro (células 

bacterianas), permitindo que o gene se replique e se expresse dentro do sistema hospedeiro. A 

clonagem molecular tem como objetivo a obtenção de múltiplas cópias idênticas de um 

fragmento específico de DNA dentro de uma célula hospedeira e envolve várias etapas, 

incluindo isolamento do DNA/gene de interesse, inserção num vetor de clonagem, 

transformação num organismo hospedeiro e seleção (screening) de transformantes para 

verificar o sucesso da clonagem. Estão disponíveis muitas opções de kits de clonagem com 

estratégias e utilidades diferentes, mas sempre com o objetivo de obtenção de múltiplas cópias 

de um gene de interesse inserido num vetor de clonagem em bactérias bacterianas.   

O Sistema de clonagem por vector pGEM-T Easy® foi concebido para a clonagem eficiente de 

produtos PCR (Promega Corporation, 2025). Utiliza uma técnica conhecida como clonagem TA, 

que aproveita a atividade terminal de transferase de certas DNA polimerases, como a Taq DNA 

polimerase, que adiciona uma única saliência de 3'-adenina (A) aos fragmentos amplificados. O 

Vetor pGEM-T Easy ® é um plasmídeo linearizado com saliências complementares de 3'-timina 

(T). Esta complementaridade T-A aumenta significativamente a eficiência da ligação, prevenindo 

a auto-ligação do vetor e fornecendo extremidades compatíveis para o produto de PCR. Após 

uma reação de ligação do produto de PCR+ vetor com uma enzima Ligase, realiza-se o passo de 

transformação por choque térmico, uma técnica fundamental de clonagem molecular, usada 

para introduzir DNA plasmídico em células de E. coli quimicamente competentes (Froger & Hall, 

2007). Ao submeter células bacterianas (previamente tratadas com cloreto de cálcio) a um pico 

súbito de temperatura — tipicamente 42°C por 30 a 90 segundos, depois no gelo — que permite 

a entrada de DNA externo através dos poros temporários criados na membrana. 

Posteriormente, o crescimento das células bacterianas transformadas em meio seletivo. Este 

vetor transporta o gene lacZ que permite a seleção de transformantes por colónias 

azuis/brancas. Para seleção de transformantes, os clones são plaqueados em meio seletivo com 

LB agar com ampicilina (antibiótico) e com IPTG e X-gal para a seleção azul/branco. Esta selecção 

de transformantes baseia-se na funcionalidade do gene lacZ, que codifica a β-galactosidase, uma 

enzima que quebra o X-gal. Assim, colónias azuis indicam um gene lacZ funcional (sem inserto), 

enquanto colónias brancas indicam o gene lacZ inativado (recombinante bem-sucedido- com 

inserto). Todo o processo de clonagem a ser elaborado durante a aula está ilustrado em 

esquema na Figura 1. 
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Figura 1. Esquema dos diferentes passos do processo de clonagem e transformação pelo sistema de vetor 
pGEM-T Easy.  

 

O vetor de clonagem apresenta locais de reconhecimento para várias enzimas de restrição, 

incluindo EcoRI, BstZI e NotI, facilitando a excisão (restrição) do inserto clonado (Figura 2). 

 

 

 

 

 

 

 

Figure 2. Mapa do vector pGEM-T Easy, com indicação os locais de reconhecimento de diversas enzimas 
de restrição, e das regiões complementares dos primers T 7 e SP6 para realização de PCR (Fonte: Promega 
Corporation). 
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pGEM®-T Vector Sequence reference points:
T7 RNA Polymerase transcription initiation site 1
multiple cloning region 10–113
SP6 RNA Polymerase promoter (–17 to +3) 124–143
SP6 RNA Polymerase transcription initiation site 126
pUC/M13 Reverse Sequencing Primer binding site 161–177
lacZ start codon 165
lac operator 185–201
-lactamase coding region 1322–2182
phage f1 region 2365–2820
lac operon sequences 2821–2981, 151–380
pUC/M13 Forward Sequencing Primer binding site 2941–2957
T7 RNA Polymerase promoter (–17 to +3) 2984–3

pGEM®-T Easy Vector Sequence reference points:
T7 RNA Polymerase transcription initiation site 1
multiple cloning region 10–128
SP6 RNA Polymerase promoter (–17 to +3) 139–158
SP6 RNA Polymerase transcription initiation site 141
pUC/M13 Reverse Sequencing Primer binding site 176–197
lacZ start codon 180
lac operator 200–216
-lactamase coding region 1337–2197
phage f1 region 2380–2835
lac operon sequences 2836–2996, 166–395
pUC/M13 Forward Sequencing Primer binding site 2949–2972
T7 RNA Polymerase promoter (–17 to +3) 2999-3

pGEM®-T Easy Vector Circle Map and Sequence Reference Points
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pGEM®-T and pGEM®-T Easy Vector Systems
INSTRUCTIONS FOR USE OF PRODUCTS A1360, A1380, A3600 AND A3610.
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pGEM®-T and pGEM®-T Easy Vector Systems
INSTRUCTIONS FOR USE OF PRODUCTS A1360, A1380, A3600 AND A3610.

Ligation Using 2X Rapid Ligation Buffer
 1. Briefly centrifuge the pGEM®-T or pGEM®-T Easy Vector and Control Insert 

DNA tubes to collect contents at the bottom of the tube.
 2. Set up ligation reactions as described below. Vortex the 2X Rapid Ligation 

Buffer vigorously before each use. Use 0.5ml tubes known to have low DNA-
binding capacity.

Reagents
Standard 
Reaction

Positive 
Control

Background 
Control

2X Rapid Ligation Buffer, T4 DNA Ligase 5µl 5µl 5µl

pGEM®-T or pGEM®-T Easy Vector (50ng) 1µl 1µl 1µl

PCR product Xµl – –

Control Insert DNA – 2µl –

T4 DNA Ligase (3 Weiss units/µl) 1µl 1µl 1µl

Deionized water to a final volume of 10µl 10µl 10µl

 3. Mix the reactions by pipetting. Incubate the reactions 1 hour at room 
temperature. Alternatively, incubate the reactions overnight at 4°C for the 
maximum number of transformants.

Transformation of JM109 High Efficiency Competent Cells 
 1. Prepare LB/ampicillin/IPTG/X-Gal plates.
 2. Centrifuge the ligation reactions briefly. Add 2µl of each ligation reaction to a 

sterile 1.5ml tube on ice. Prepare a control tube with 0.1ng of uncut plasmid.
 3. Place the JM109 High Efficiency Competent Cells in an ice bath until just 

thawed (5 minutes). Mix cells by gently flicking the tube.
 4. Carefully transfer 50µl of cells to the ligation reaction tubes from Step 2. 

Use 100µl of cells for the uncut DNA control tube. Gently flick the tubes and 
incubate on ice for 20 minutes.

 5. Heat-shock the cells for 45–50 seconds in a water bath at exactly 42°C. 
DO NOT SHAKE. Immediately return the tubes to ice for 2 minutes.

 6. Add 950µl room temperature SOC medium to the ligation reaction transforma-
tions and 900µl to the uncut DNA control tube. Incubate for 1.5 hours at 37°C 
with shaking (~150rpm).

 7. Plate 100µl of each transformation culture onto duplicate LB/ampicillin/IPTG/ 
X-Gal plates. For the uncut DNA control, a 1:10 dilution with SOC is 
recommended.

 8. Incubate plates overnight at 37°C. Select white colonies.

Set up ligation. 
Incubate at room
temperature for 
1 hour or at 4°C
overnight.

Thaw competent
cells on ice. Add 50µl
cells to 2µl of the
ligation reaction.
Incubate on ice for 
20 minutes.

Heat Shock for 
45–50 seconds
at exactly 42°C.

Incubate on ice
for 2 minutes.

Add SOC medium.
Incubate for 1.5 hours
at 37°C with shaking.

Plate. Select white
colonies.
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Incubar no gelo 2 
mins
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pGEM®-T and pGEM®-T Easy Vector Systems
INSTRUCTIONS FOR USE OF PRODUCTS A1360, A1380, A3600 AND A3610.

Ligation Using 2X Rapid Ligation Buffer
 1. Briefly centrifuge the pGEM®-T or pGEM®-T Easy Vector and Control Insert 

DNA tubes to collect contents at the bottom of the tube.
 2. Set up ligation reactions as described below. Vortex the 2X Rapid Ligation 

Buffer vigorously before each use. Use 0.5ml tubes known to have low DNA-
binding capacity.

Reagents
Standard 
Reaction

Positive 
Control

Background 
Control

2X Rapid Ligation Buffer, T4 DNA Ligase 5µl 5µl 5µl

pGEM®-T or pGEM®-T Easy Vector (50ng) 1µl 1µl 1µl

PCR product Xµl – –

Control Insert DNA – 2µl –

T4 DNA Ligase (3 Weiss units/µl) 1µl 1µl 1µl

Deionized water to a final volume of 10µl 10µl 10µl

 3. Mix the reactions by pipetting. Incubate the reactions 1 hour at room 
temperature. Alternatively, incubate the reactions overnight at 4°C for the 
maximum number of transformants.

Transformation of JM109 High Efficiency Competent Cells 
 1. Prepare LB/ampicillin/IPTG/X-Gal plates.
 2. Centrifuge the ligation reactions briefly. Add 2µl of each ligation reaction to a 

sterile 1.5ml tube on ice. Prepare a control tube with 0.1ng of uncut plasmid.
 3. Place the JM109 High Efficiency Competent Cells in an ice bath until just 

thawed (5 minutes). Mix cells by gently flicking the tube.
 4. Carefully transfer 50µl of cells to the ligation reaction tubes from Step 2. 

Use 100µl of cells for the uncut DNA control tube. Gently flick the tubes and 
incubate on ice for 20 minutes.

 5. Heat-shock the cells for 45–50 seconds in a water bath at exactly 42°C. 
DO NOT SHAKE. Immediately return the tubes to ice for 2 minutes.

 6. Add 950µl room temperature SOC medium to the ligation reaction transforma-
tions and 900µl to the uncut DNA control tube. Incubate for 1.5 hours at 37°C 
with shaking (~150rpm).

 7. Plate 100µl of each transformation culture onto duplicate LB/ampicillin/IPTG/ 
X-Gal plates. For the uncut DNA control, a 1:10 dilution with SOC is 
recommended.

 8. Incubate plates overnight at 37°C. Select white colonies.

Set up ligation. 
Incubate at room
temperature for 
1 hour or at 4°C
overnight.

Thaw competent
cells on ice. Add 50µl
cells to 2µl of the
ligation reaction.
Incubate on ice for 
20 minutes.

Heat Shock for 
45–50 seconds
at exactly 42°C.

Incubate on ice
for 2 minutes.

Add SOC medium.
Incubate for 1.5 hours
at 37°C with shaking.

Plate. Select white
colonies.
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Incubar a 37ºC,
1 hora (150 rpm)
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pGEM®-T and pGEM®-T Easy Vector Systems
INSTRUCTIONS FOR USE OF PRODUCTS A1360, A1380, A3600 AND A3610.

Ligation Using 2X Rapid Ligation Buffer
 1. Briefly centrifuge the pGEM®-T or pGEM®-T Easy Vector and Control Insert 

DNA tubes to collect contents at the bottom of the tube.
 2. Set up ligation reactions as described below. Vortex the 2X Rapid Ligation 

Buffer vigorously before each use. Use 0.5ml tubes known to have low DNA-
binding capacity.

Reagents
Standard 
Reaction

Positive 
Control

Background 
Control

2X Rapid Ligation Buffer, T4 DNA Ligase 5µl 5µl 5µl

pGEM®-T or pGEM®-T Easy Vector (50ng) 1µl 1µl 1µl

PCR product Xµl – –

Control Insert DNA – 2µl –

T4 DNA Ligase (3 Weiss units/µl) 1µl 1µl 1µl

Deionized water to a final volume of 10µl 10µl 10µl

 3. Mix the reactions by pipetting. Incubate the reactions 1 hour at room 
temperature. Alternatively, incubate the reactions overnight at 4°C for the 
maximum number of transformants.

Transformation of JM109 High Efficiency Competent Cells 
 1. Prepare LB/ampicillin/IPTG/X-Gal plates.
 2. Centrifuge the ligation reactions briefly. Add 2µl of each ligation reaction to a 

sterile 1.5ml tube on ice. Prepare a control tube with 0.1ng of uncut plasmid.
 3. Place the JM109 High Efficiency Competent Cells in an ice bath until just 

thawed (5 minutes). Mix cells by gently flicking the tube.
 4. Carefully transfer 50µl of cells to the ligation reaction tubes from Step 2. 

Use 100µl of cells for the uncut DNA control tube. Gently flick the tubes and 
incubate on ice for 20 minutes.

 5. Heat-shock the cells for 45–50 seconds in a water bath at exactly 42°C. 
DO NOT SHAKE. Immediately return the tubes to ice for 2 minutes.

 6. Add 950µl room temperature SOC medium to the ligation reaction transforma-
tions and 900µl to the uncut DNA control tube. Incubate for 1.5 hours at 37°C 
with shaking (~150rpm).

 7. Plate 100µl of each transformation culture onto duplicate LB/ampicillin/IPTG/ 
X-Gal plates. For the uncut DNA control, a 1:10 dilution with SOC is 
recommended.

 8. Incubate plates overnight at 37°C. Select white colonies.

Set up ligation. 
Incubate at room
temperature for 
1 hour or at 4°C
overnight.

Thaw competent
cells on ice. Add 50µl
cells to 2µl of the
ligation reaction.
Incubate on ice for 
20 minutes.

Heat Shock for 
45–50 seconds
at exactly 42°C.

Incubate on ice
for 2 minutes.

Add SOC medium.
Incubate for 1.5 hours
at 37°C with shaking.

Plate. Select white
colonies.
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pGEM®-T and pGEM®-T Easy Vector Systems
INSTRUCTIONS FOR USE OF PRODUCTS A1360, A1380, A3600 AND A3610.

Ligation Using 2X Rapid Ligation Buffer
 1. Briefly centrifuge the pGEM®-T or pGEM®-T Easy Vector and Control Insert 

DNA tubes to collect contents at the bottom of the tube.
 2. Set up ligation reactions as described below. Vortex the 2X Rapid Ligation 

Buffer vigorously before each use. Use 0.5ml tubes known to have low DNA-
binding capacity.

Reagents
Standard 
Reaction

Positive 
Control

Background 
Control

2X Rapid Ligation Buffer, T4 DNA Ligase 5µl 5µl 5µl

pGEM®-T or pGEM®-T Easy Vector (50ng) 1µl 1µl 1µl

PCR product Xµl – –

Control Insert DNA – 2µl –

T4 DNA Ligase (3 Weiss units/µl) 1µl 1µl 1µl

Deionized water to a final volume of 10µl 10µl 10µl

 3. Mix the reactions by pipetting. Incubate the reactions 1 hour at room 
temperature. Alternatively, incubate the reactions overnight at 4°C for the 
maximum number of transformants.

Transformation of JM109 High Efficiency Competent Cells 
 1. Prepare LB/ampicillin/IPTG/X-Gal plates.
 2. Centrifuge the ligation reactions briefly. Add 2µl of each ligation reaction to a 

sterile 1.5ml tube on ice. Prepare a control tube with 0.1ng of uncut plasmid.
 3. Place the JM109 High Efficiency Competent Cells in an ice bath until just 

thawed (5 minutes). Mix cells by gently flicking the tube.
 4. Carefully transfer 50µl of cells to the ligation reaction tubes from Step 2. 

Use 100µl of cells for the uncut DNA control tube. Gently flick the tubes and 
incubate on ice for 20 minutes.

 5. Heat-shock the cells for 45–50 seconds in a water bath at exactly 42°C. 
DO NOT SHAKE. Immediately return the tubes to ice for 2 minutes.

 6. Add 950µl room temperature SOC medium to the ligation reaction transforma-
tions and 900µl to the uncut DNA control tube. Incubate for 1.5 hours at 37°C 
with shaking (~150rpm).

 7. Plate 100µl of each transformation culture onto duplicate LB/ampicillin/IPTG/ 
X-Gal plates. For the uncut DNA control, a 1:10 dilution with SOC is 
recommended.

 8. Incubate plates overnight at 37°C. Select white colonies.

Set up ligation. 
Incubate at room
temperature for 
1 hour or at 4°C
overnight.

Thaw competent
cells on ice. Add 50µl
cells to 2µl of the
ligation reaction.
Incubate on ice for 
20 minutes.

Heat Shock for 
45–50 seconds
at exactly 42°C.

Incubate on ice
for 2 minutes.

Add SOC medium.
Incubate for 1.5 hours
at 37°C with shaking.

Plate. Select white
colonies.
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pGEM®-T and pGEM®-T Easy Vector Systems
INSTRUCTIONS FOR USE OF PRODUCTS A1360, A1380, A3600 AND A3610.

Ligation Using 2X Rapid Ligation Buffer
 1. Briefly centrifuge the pGEM®-T or pGEM®-T Easy Vector and Control Insert 

DNA tubes to collect contents at the bottom of the tube.
 2. Set up ligation reactions as described below. Vortex the 2X Rapid Ligation 

Buffer vigorously before each use. Use 0.5ml tubes known to have low DNA-
binding capacity.

Reagents
Standard 
Reaction

Positive 
Control

Background 
Control

2X Rapid Ligation Buffer, T4 DNA Ligase 5µl 5µl 5µl

pGEM®-T or pGEM®-T Easy Vector (50ng) 1µl 1µl 1µl

PCR product Xµl – –

Control Insert DNA – 2µl –

T4 DNA Ligase (3 Weiss units/µl) 1µl 1µl 1µl

Deionized water to a final volume of 10µl 10µl 10µl

 3. Mix the reactions by pipetting. Incubate the reactions 1 hour at room 
temperature. Alternatively, incubate the reactions overnight at 4°C for the 
maximum number of transformants.

Transformation of JM109 High Efficiency Competent Cells 
 1. Prepare LB/ampicillin/IPTG/X-Gal plates.
 2. Centrifuge the ligation reactions briefly. Add 2µl of each ligation reaction to a 

sterile 1.5ml tube on ice. Prepare a control tube with 0.1ng of uncut plasmid.
 3. Place the JM109 High Efficiency Competent Cells in an ice bath until just 

thawed (5 minutes). Mix cells by gently flicking the tube.
 4. Carefully transfer 50µl of cells to the ligation reaction tubes from Step 2. 

Use 100µl of cells for the uncut DNA control tube. Gently flick the tubes and 
incubate on ice for 20 minutes.

 5. Heat-shock the cells for 45–50 seconds in a water bath at exactly 42°C. 
DO NOT SHAKE. Immediately return the tubes to ice for 2 minutes.

 6. Add 950µl room temperature SOC medium to the ligation reaction transforma-
tions and 900µl to the uncut DNA control tube. Incubate for 1.5 hours at 37°C 
with shaking (~150rpm).

 7. Plate 100µl of each transformation culture onto duplicate LB/ampicillin/IPTG/ 
X-Gal plates. For the uncut DNA control, a 1:10 dilution with SOC is 
recommended.

 8. Incubate plates overnight at 37°C. Select white colonies.

Set up ligation. 
Incubate at room
temperature for 
1 hour or at 4°C
overnight.

Thaw competent
cells on ice. Add 50µl
cells to 2µl of the
ligation reaction.
Incubate on ice for 
20 minutes.

Heat Shock for 
45–50 seconds
at exactly 42°C.

Incubate on ice
for 2 minutes.

Add SOC medium.
Incubate for 1.5 hours
at 37°C with shaking.

Plate. Select white
colonies.
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reação de 
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pGEM®-T and pGEM®-T Easy Vector Systems
INSTRUCTIONS FOR USE OF PRODUCTS A1360, A1380, A3600 AND A3610.

Ligation Using 2X Rapid Ligation Buffer
 1. Briefly centrifuge the pGEM®-T or pGEM®-T Easy Vector and Control Insert 

DNA tubes to collect contents at the bottom of the tube.
 2. Set up ligation reactions as described below. Vortex the 2X Rapid Ligation 

Buffer vigorously before each use. Use 0.5ml tubes known to have low DNA-
binding capacity.

Reagents
Standard 
Reaction

Positive 
Control

Background 
Control

2X Rapid Ligation Buffer, T4 DNA Ligase 5µl 5µl 5µl

pGEM®-T or pGEM®-T Easy Vector (50ng) 1µl 1µl 1µl

PCR product Xµl – –

Control Insert DNA – 2µl –

T4 DNA Ligase (3 Weiss units/µl) 1µl 1µl 1µl

Deionized water to a final volume of 10µl 10µl 10µl

 3. Mix the reactions by pipetting. Incubate the reactions 1 hour at room 
temperature. Alternatively, incubate the reactions overnight at 4°C for the 
maximum number of transformants.

Transformation of JM109 High Efficiency Competent Cells 
 1. Prepare LB/ampicillin/IPTG/X-Gal plates.
 2. Centrifuge the ligation reactions briefly. Add 2µl of each ligation reaction to a 

sterile 1.5ml tube on ice. Prepare a control tube with 0.1ng of uncut plasmid.
 3. Place the JM109 High Efficiency Competent Cells in an ice bath until just 

thawed (5 minutes). Mix cells by gently flicking the tube.
 4. Carefully transfer 50µl of cells to the ligation reaction tubes from Step 2. 

Use 100µl of cells for the uncut DNA control tube. Gently flick the tubes and 
incubate on ice for 20 minutes.

 5. Heat-shock the cells for 45–50 seconds in a water bath at exactly 42°C. 
DO NOT SHAKE. Immediately return the tubes to ice for 2 minutes.

 6. Add 950µl room temperature SOC medium to the ligation reaction transforma-
tions and 900µl to the uncut DNA control tube. Incubate for 1.5 hours at 37°C 
with shaking (~150rpm).

 7. Plate 100µl of each transformation culture onto duplicate LB/ampicillin/IPTG/ 
X-Gal plates. For the uncut DNA control, a 1:10 dilution with SOC is 
recommended.

 8. Incubate plates overnight at 37°C. Select white colonies.

Set up ligation. 
Incubate at room
temperature for 
1 hour or at 4°C
overnight.

Thaw competent
cells on ice. Add 50µl
cells to 2µl of the
ligation reaction.
Incubate on ice for 
20 minutes.

Heat Shock for 
45–50 seconds
at exactly 42°C.

Incubate on ice
for 2 minutes.

Add SOC medium.
Incubate for 1.5 hours
at 37°C with shaking.

Plate. Select white
colonies.
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Protocolo de Clonagem de um Produto de PCR com o vector pGEM-T 

Easy (Promega Corporation) 
 

1. REAÇÃO DE LIGAÇÃO 

1.1. Prepare a reação de clonagem pGEM-T Easy® de acordo com a Tabela I. 

1.2. Prepare a reação de clonagem pGEM-T Easy® usando os reagentes na ordem indicada. 

1.3. Realize o cálculo da concentração de produto de PCR para uma reação ótima de ligação, 
considerando a proporção de 3:1 (inserto:vetor). Aplique a fórmula seguinte, considerando 
que o inserto tem 500 bp, o vetor tem 3 000 bp, e a concentração do vetor pGEM-T Easy (50 
ng): 

  

 
 

Tabela 1. Reagentes para a preparação da reação de clonagem pGEM-T Easy. 
 

Reagente Volume 
Produto de PCR purificado (25 ng/µl) 0,5–3 μl 
2X Rapid Ligation Buffer, T4 DNA Ligase 5 μl 
pGEM®-T Easy Vector (50 ng) 1 μl 
Água purificada (ddH2O) Perfazer até 10 μl 
T4 DNA Ligase (3 Weiss units/µl) 1 μl 
Volume final 10 μl 

 

Após a adição dos reagentes de acordo com a tabela 1 siga os seguintes passos: 
 
1.4. Misture a reação suavemente por pipetagem e incube por 20-60 minutos à temperatura 
ambiente (22° C a 23 ° C).  
Nota: Incubar overnight a 4°C para obtenção de máximo número de transformantes. 
 
1.5. Coloque a reação no gelo e prossiga para a transformação das células. 
 

 

2. TRANSFORMAÇÃO COM CÉLULAS COMPETENTES JM09 
 

Material 

• A reação de ligação pGEM-T Easy 

• Placas LB/ampicillina/IPTG/X-Gal  

• banho de água a 42 ° C 

• incubadora a 37 ° C com agitação e sem agitação 

• Espalhadores 

• Meio S.O.C. 

• 1 tubo de células JM109™para cada transformação (descongelado no gelo). 
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4. An aliquot of the PCR reaction should be analyzed on an agarose gel before use in the ligation reaction to verify 
that the reaction produced the desired product. The PCR product to be ligated can be gel-purified or purified 
directly from the PCR amplification using the Wizard® SV Gel and PCR Clean-Up System (Cat.# A9281).  
Clean-up of reactions prior to ligation is recommended to remove primer dimers or other undesired reaction 
products, and to improve ligation efficiency. Exposure of PCR products to shortwave ultraviolet light should be 
minimized in order to avoid the formation of pyrimidine dimers.

3.B. Optimizing Insert:Vector Molar Ratios

The pGEM®-T and pGEM®-T Easy Vector Systems have been optimized using a 1:1 molar ratio of the Control Insert 
DNA to the vectors. However, ratios of 8:1 to 1:8 have been used successfully. If initial experiments with your PCR 
product are suboptimal, ratio optimization may be necessary. Ratios from 3:1 to 1:3 provide good initial parameters. 
The concentration of PCR product should be estimated by comparison to DNA mass standards on a gel or by using a 
fluorescent assay (3). The pGEM®-T and pGEM®-T Easy Vectors are approximately 3kb and are supplied at 50ng/µl. 
To calculate the appropriate amount of PCR product (insert) to include in the ligation reaction, use the following 
equation.

ng of vector × kb size of insert 
  ×  insert:vector molar ratio  =  ng of insert

kb size of vector

Example of insert:vector ratio calculation:

How much 0.5kb PCR product should be added to a ligation in which 50ng of 3.0kb vector will be used if a 3:1 
insert:vector molar ratio is desired?

50ng vector × 0.5kb insert
  ×

3
  =  25ng insert

3.0kb vector 1

Using the same parameters for a 1:1 insert:vector molar ratio, 8.3ng of a 0.5kb insert would be required.

Tip: The Biomath calculator (www.promega.com/biomath/) can be used to determine the amount of insert 
DNA needed. The pGEM®-T Vector size is 3000bp and the pGEM®-T Easy Vector size is 3,015bp.
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Procedimento 

2.1. Centrifugue brevemente (spin down) a reação de ligação. Adicione 2μl de cada reação de 
ligação a um Tubo estéril de 1,5 ml em gelo. 

2.2. Coloque as células competentes JM109 em gelo até que descongelem (5 minutos). Misture 
as células batendo suavemente o tubo. 

2.3. Transfira cuidadosamente 50μl de células para os tubos de reação de ligação do passo 2.1, 
e incubar no gelo por 10 minutos. 

2.4. Aplicar choque térmico nas células por 45–50 segundos a 42°C. NÃO AGITE. A seguir, 
colocar rapidamente os tubos no gelo por 2 minutos. 

2.5. Adicione 950μl de meio SOC à transformação da reação de ligação, à temperatura 
ambiente. Incube por 1 hora a 37°C com agitação (~150rpm). 

2.6. Plaquear 100μl de cada cultura de transformação em placas LB/ampicilina/IPTG/X-Gal pré-
aquecidas.  

2.7. Incube as placas durante a noite a 37°C.  Selecione colónias brancas. 
 
 
3. SELEÇÃO DE TRANSFORMANTES E CÁLCULO DA EFICIÊNCIA DE TRANSFORMAÇÃO 
 
A clonagem bem-sucedida de um inserto no vetor pGEM-T® Easy interrompe o gene lacZα, 
prevenindo a produção funcional da enzima β-galactosidase. Assim através do screening de 
colónias azuis e brancas realiza-se a seleção de transformantes. Os clones recombinantes podem 
ser identificados pela triagem de cores nas placas indicadoras: colónias azuis e brancas obtidas. 
Normalmente, clones que contêm produtos de PCR produzem colónias brancas, enquanto as 
colónias azuis não têm insertos, tendo o gene lacZ funcional.  
 
A fórmula para calcular a eficiência da transformação (TE) é: 
 

 
Dados para cálculo e exemplo: 

• Colónias: Contagem de transformantes na placa. 
• Quantidade de DNA (𝜇g):  

Volume de DNA usado (µL) × Concentração (ng/µL) 

Exemplo: 1ng = 0.001µg (25ng= 0.025 µg) 

• Fator de Diluição/Plaqueamento: Se apenas uma parte da mistura de transformação 
for placada, o resultado deve ser multiplicado pelo volume total transformado dividido 
pelo volume de células transformadas colocadas nas placas de meio seletivo.  

!"	(%&'/µg) = !ú"#$%	'#	(%)ó*+,-	((/0)
Quantidade de DNA plaqueado (2g)

 X 3%)0"#	4%4,)	'#	4$,*-/%$",çã%	(2l)
Volume plaqueado (2l)
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Exemplo de cálculo (based on Promega protocol):  

• Transforme 25 ng (0,025μg) de DNA. 
• Adicionar meio SOC de 950μL (volume total = 1000μL) 
• Placa 100μL (uma diluição 1:10 da mistura total). 
• Colónias de contagem (ex. 300). 
• Calcular: 

TE = !""
"."$%&g

× '"""&L
'""&L

= 1.2 × 10%cfu/µg. 

 
Reagentes/Soluções: 

Meio SOC (meio rico para crescimento bacteriano) 
• 2% Triptona 
• 0.5% Extracto de levedura 
• 10 mM NaCl 
• 2.5 mM KCl 
• 10 mM MgCl2 
• 10 mM MgSO4 

• 20 mM Glucose 

Meio LB (Luria-Berthani- para 1 litro) 
• 10 g de Triptona  
• 5 g de Extrato de Levedura 
• 10 g de NaCl 

 

Meio LB + Ampicilina + IPTG + XGal 

Adicione 15g de agar a 1 litro de meio LB. Autoclavar e permitir o meio arrefecer até 50°C antes 
de adicionar ampicilina a uma concentração final de 100μg/ml, suplementar com 0,5mM IPTG e 
80μg/ml X-Gal e distribuir cerca de 30-35 ml em placas de petri. Guardar até 1 mês a 4ºC.   

Alternativamente, pode juntar 100μl de 100mM IPTG e 20μl de 50mg/ml de X-Gal podem ser 
distribuídos pela superfície de uma placa LB com ampicilina (30-35 ml) e deixada a absorver 30 
minutos a 37°C antes do uso. 
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